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This paper presents a comprehensive analysis on the interference avoidance for dynamic spectrum sharing (DSS) between FDD
LTE and NR to solve the coverage layer for NR standalone (SA) network with low FDD LTE bands. In the first place, detailed
collisions between FDD LTE and NR are presented and involved with physical control channel, physical data channel, and
physical signal of both downlink and uplink. The corresponding principle of collision avoidance is also proposed based on the
flexible configuration of NR physical layer in both the time domain and the frequency domain. Due to LTE CRS across the
whole bandwidth, the collide with LTE CRS cannot be fully avoided by flexible configuration and need LTE CRS puncturing or
NR puncturing on these collided LTE CRS with DSS activation. However, both LTE CRS puncturing and NR puncturing more
or less cause the impacts on the performance. As with NR puncturing for LTE CRS, the simulation analysis on the impacts of
NR SSB and RMSI is presented. On the other hand, LTE CRS puncturing influences the reception performance of LTE UE,
and we analyze the impact of RSRP measurement, demodulation, and frequency/time offset measurement by simulation.
Finally, capacity loss also is explained based on essential overhead.

1. Introduction

Both capacity and coverage are essential for each generation
mobile network, especially in the initial deployment [1].
Undoubtedly, 5G coverage layer for outside cities will be a
challenge for operators. Low bands are the best choices for
5G coverage layer, but most accessible low bands are occu-
pied by existing technology [2]. Few options are left for
operators. 600MHz or 700MHz is the most possible spec-
trum for 5G coverage layer, but nationwide deployment will
be tremendous investment for operators. On the other hand,
refarming existing spectrum to 5G is a helpless choice for
operators where these low bands are still occupied.
Undoubtedly, the refarming solution will decrease the
capacity of existing network while LTE traffic domains con-
tinue to grow in the next these years till the penetration of
5G User Equipment (UE) exceeds LTE UE. Therefore, a
coefficiency spectrum refarming solution is urgent for oper-
ators to solve both 5G coverage lay and LTE capacity.

Dynamic spectrum sharing (DSS) between LTE and NR
is proposed to satisfy operators’ requirements, and it allows
that one dedicated carrier can support LTE and NR simulta-
neously by partially or fully overlapped carriers [3–6]. The
foundation of DSS is the flexible configuration of 5G physi-
cal layer, and NR signals will be assigned to unused LTE
resources as far as possible. Undoubtedly, interference
avoidance will be the first issue to focus.

In this paper, we aim at a comprehensive analysis on
interference avoidance for DSS between FDD LTE and NR
based on model simulation. In the paper [7], it gives the gen-
eral guideline for DSS and requires the implementation of
DSS for standalone (SA) and nonstandalone (NSA) follow-
ing the same principles. Because NSA is temporary, DSS
on SA will be our focus. In doing the analysis, the interfer-
ence of downlink physical channels and uplink physical
channels between FDD LTE and NR is distinguished, and
the principle of interference avoidance is subsequently pre-
sented in details. Based on the principle, puncturing on
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symbols is the best choice for DSS and LTE CRS (Cell Refer-
ence Signal) puncturing and NR puncturing for LTE CRS
presented for DSS. As with LTE CRS puncturing, the simu-
lation is focused on the impact on RSRP (Reference Signal
Receiving Power), demodulation, time-domain, and
frequency-domain measurement. For NR puncturing, SNR
(Signal Noise Ration) is our focus.

We present the paper in seven sections. In Sections 2 and
3, downlink and uplink interference conflict between FDD
LTE and NR is presented for both control channels and data
channels and detailed avoidance principle and mechanism
are also introduced for DSS. Section 4 covers analysis on the
impact on NR SSB and RMSI with NR puncturing in DSS
based on AGWN and TDL-A. Subsequently, in Section 5,
the performance on LTE CRS puncturing for NR is evaluated
based on RSRP measurement, demodulation, and frequency/
time offset measurement. As with capacity loss, it is mentioned
based on systematic overhead in Section 6.

2. Downlink Interference Avoidance Principle

The subcarrier spacing (SCS) used for Synchronization Sig-
nal and PBCH Block (SSB) is dependent on frequency band;
it can be either 15 kHz or 30 kHz for FR1 [8]. 15 kHz is the
best choice for DSS between FDD LTE and NR because
the energy of 30 kHz subcarriers leaks to 15 kHz subcarriers
and causes interference if 30 kHz subcarriers are adopted
for NR.

Downlink interference avoidance needs consider inter-
ference on physical channels and signals. As shown in
Table 1, these interferences caused by these channels and
signals need to be avoided when DSS are activated. From
the LTE perspective, the downlink physical channel and sig-
nals of LTE for interference avoidances include PDSCH,
PDCCH, PCFICH, PHICH, CRS, DM-RS, CSI-RS, PBCH,
SSS, and PSS [9]. Similarly, PDSCH, PDCCH, CRS, CSI-
RS, PBCH, SSS, and PSS are also defined for NR physical
channels and signals and need to be considered for inter-
ference avoidance, but there are some differences between
LTE and NR on the definitions of physical channels and
signals [10].

2.1. Interference Avoidance between LTE PDCCH/PCFICH/
PHCICH and NR CORESET. LTE downlink subframe is

divided into control region and data region, as shown in
Figure 1. Control region occupies the first 4 symbols of each
subframe; in other words, the control region is across the
whole bandwidth in the frequency domain. Generally, the
control region occupies the first 3 symbols except 1.4MHz
LTE carrier.

LTE control region consists of PCFICH, PDCCH, and
PHICH. PCFICH stands for Physical Control Format Indi-
cator Channel. It carries CFI (Control Format Indicator),
which indicates the number symbols that can be used for
PDCCH and PHICH and occupies the first symbol in the
control region. Based on the value of CFI, PDCCH occupies
the corresponding symbols in control regions. As with
PHICH, it stands for Physical channel HybridARQ Indica-
tor Channel and occupies the first symbol in control region.

For NR control signaling, CORESET (Control Resource
Set) is defined to carry PDCCH/DCI. In other words, it is
equivalent to the LTE control region. But it is still different
from the LTE control region in configurations and
parameters.

Although NR UE obtains SSB information, the informa-
tion carried by MIB is not enough to keep UE camp cell and
initiate further access and UE still needs certain essential
information [11]. Therefore, the essential information is
divided into two parts: one part is carried by MIB, and the
other is carried by RMSI (Remaining Minimum System
Information). CORESET 0 is defined to indicate RMSI posi-
tion and is configured by MIB. Meanwhile, paging, OSI,
MSG2/MSG3, and retransmission/MSG4 are also indicated
by CORESET 0.

The position of CORESET is very complicated. Follow-
ing 3GPP’s rules of CORESET 0 for FR1, the multiplexing
pattern of SSB and CORESET adopts Pattern 1, which
belongs to TDM. CORESET 0 occupies 3 symbols maximally
in the time domain and 48 RBs at least if CORESET is trans-
mitted on 1 symbol.

Based on the above definitions of LTE control region and
NR CORESET 0, the interference between LTE PDCCH/
PCFICH/PHICH and NR CORESET 0 can be avoided in
the frequency domain. NR CORESET 0 occupies 2 symbols
(#0,1) if LTE CFI = 1, symbol 2 if LTE CFI = 2, and symbol
5 if LTE CFI = 2. In this paper, NR CORESET 0 is set to
occupy symbol 2 and LTE CFI is set to be 2 in this subframe
accordingly. Meanwhile, the eNB does not allocate the
resource occupied by CORESET 0 to LTE PDSCH.

2.2. Interference Avoidance Principle for LTE PBCH/SSS/PSS.
LTE PBCH, SSS, and PSS are transmitted on fixed position
in both the frequency domain and time domain.

PBCH occupies the center 72 subcarriers in the fre-
quency domain and the first symbols (#0, 1, 2, 3) of slot 2.
Its periodicity is 10ms.

PSS and SSS occupy the center 62 subcarriers in the fre-
quency domain. PSS is transmitted on the last symbol of slot
0 and slot 10 in a LTE subframe while PSS is transmitted on
the next to last symbol of slot 0 and slot 10 in a LTE
subframe.

Based on Table 1, NR SSB, RMSI, and TRS collide with
LTE PBCH, SSS, and PSS.

Table 1: Downlink interference conflict between FDD LTE and
NR.

NR/LTE PDSCH
PDCCH
PCFICH
PHICH

CRS DMRS
CSI-
RS

PBCH
PSS
SSS

PDSCH √ √ √ √ √ √
CORESET √ √
DMRS √ √
CSI-RS √ √
SSB √ √ √ √ √
RMSI √ √ √ √ √
TRS √ √ √ √ √
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NR SSB stands for Synchronization and Signal Block and
consists of PBCH, PSS, and SSS. SSB occupies 4 symbols in
the time domain and 240 subcarriers in the frequency
domain. Its periodicity varies from 5ms to 160ms due to
different SCSs. In this paper, low bands with bandwidth of
10MHz, 15MHz, and 20MHz are focused and are below
3GHz. The frequency position of SSB follows the rule of
Case A; correspondingly, it occupies symbol 2, 3, 4, 5 or
symbol 8, 9, 10, 11 in the time domain, and its periodicity
is set to 20ms.

SSB fully overlaps LTE PSS if SSB is transmitted on sym-
bol 2, 3, 4, 5 and partially overlaps LTE PBCH if it is trans-
mitted on symbol 8, 9, 10, 11. As shown in Figure 2, the
interference avoidance between NR SSB and LTE PBCH
and PSS/SSS utilizes the flexible configuration of SSB in the
frequency domain and the eNB also does not allocate the
resource occupied by NR SSB to LTE PDSCH.

2.3. Interference Avoidance Principle for LTE CRS. As shown
in Figure 2, NR SSB and RMSI collide with LTE CRS. The
collision cannot be avoided in the time domain or in fre-
quency domain. Undoubtedly, we have to choose to sacrifice
LTE CRS to guarantee NR performance or sacrifice NR to
guarantee LTE CRS; in other words, we only guarantee one
part to transmit normally and the other part should reduce
the transmission power on the collided resources. There
are two options, NR puncturing for LTE CRS and LTE
CRS puncturing for NR.

When NR puncturing for LTE CRS is adopted, NR
reduces the transmission power on the REs colliding with
LTE CRS and LTE CRS is transmitted normally.

When LTE CRS puncturing for NR is adopted, LTE
reduces the transmission power on the REs of LTE CRS col-
liding with NR SSB/RMSI, but LTE CRS power on symbol 0
cannot be reduced with 2-port configuration and LTE CRS

power on symbol 0&1 also cannot be reduced with 4-port
configuration.

LTE CRS power reduction influences the reception per-
formance of LTE UEs, DL AMC for UE should be opti-
mized, and the eNB will reduce the MCS for UEs decoding
based on LTE CRS, which power is reduced. More details
can be found in Section 5.

NR PDCCH also needs to avoid collision with LTE CRS.
There are also two options, RB-level rate matching and RE-
level rate matching. The performance loss of NR will be
more if RB-level rate matching is adopted because LTE
CRS occupies more REs and RE-level rate matching is prior-
ity to be adopted after obtaining UE capability. RE-level rate
matching, LTE-CRS-ToMatchAround, is defined in “3GPP
TS 38.214” [12] if the SCS of both LTE and NR is 15 kHz
and NR UE can perform RE-level rate matching on LTE
CRS RE. But UE needs to report to support rateMatch-
ingLTE-CRS; then, the procedure starts. Otherwise, RB-
level rate matching activates. If UE still does not support
rateMatchingRerscSetSemiStatic, Symbol-level ZP CSI-RS is
configured for UE.

2.4. Interference Avoidance Principle for PDSCH. Tracking
reference signal is essential for NR, and it is used to estimate
large-scale parameters, such as frequency offset, time offset,
and time-frequency extension [9, 12]. For FR1, TRS has
the following characteristics:

Each CSI-RS resource only needs 1 port, and density is 3.
The bandwidth is the minimum value of 52 and NBWP,i

RB
or equals NBWP,i

RB .
The frequencyDomianAllocation is fixed in row 1. Three

REs of 1 RB on row 1 transmit CSI-IS, and 4 bits are for 4
values of k0 in table and mapped to 4 RE samples.

The periodicity of TRS is 80ms, and it occupies 4 sym-
bols in 2 slots in case that it is configured with 52 RBs.

0
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Control signaling
LTE CRS port 0
LTE CRS port 1

LTE PBCH
LTE SSS
LTE PSS

Control region Control region

Subframe 0 Subframe 1

Figure 1: Symbol index of LTE control region.
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Figure 2: DSS symbol index for LTE and NR with SSB SCS 15 kHz Case A.
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The way of LTE avoiding conflict with TRS is that LTE
performs conservative scheduling on TRS slot and punches
on TRS REs. Meanwhile, TRS also needs to avoid conflicts
with NR subframes of SSB, RMSI, and NR CSI-RS and
LTE subframes of PBCH, PSS, SSS, and CRS symbols

DSS requires close cooperation between LTE and NR
schedulers. LTE scheduler synchronizes LTE scheduling
results to NR scheduler every TTI. NR occupies LTE
remaining resources and finally merges IQ data of LTE
and NR in the same air interface to realize LTE and NR
sharing.

For the PDSCH of NR and LTE, the dynamic frequency
resource sharing strategy is adopted. LTE transmits the
scheduling results to the NR scheduler. The interaction
between the downlink scheduler is shown in Figure 3.
PDSCH of LTE and PDSCH of NR are shared dynamically.

3. Uplink Interference Avoidance Principle

The uplink interference of DSS is shown in Table 2. LTE
physical channels and signals interfered by NR are PUSCH,
PUCCH, SRS, and PRACH [9]. NR physical channels and
signals interfered by LTE are the same as those by LTE [10]

3.1. Interference Avoidance Principle for PUCCH. LTE
PUCCH occupies all 14 symbols. Although NR PUCCH
adopts long or short formats and occupies less symbols,
NR PUCCH also is recommended to occupy all 14 symbols
to ensure its performance. Therefore, PUCCH resources
cannot be reused and need to reserve resources for PUCCH.

The available RBs of 20MHz NR can reach 106 RBs, and
6 extra RBs can be configured as NR PUCCH. If it is still
enough, NR PUCCH can be configured on RBs from both
sides to the middle in turn. LTE PUCCH can be configured
from the end position of NR PUCCH. The resources pre-
empted by NR are configured by LTE PUCCH blanking.

3.2. Interference Avoidance Principle for SRS. NR SRS
occupies 1, 2, or 4 consecutive symbols of the last 6 symbols
on slot in the time frequency, and it is limited to the last
symbols for DSS. The mechanism is as follows:

(1) LTE SRS is not essential

In LTE side, cell-level SRS is configured, but UE-level
SRS is not configured; LTE PUSCH avoids the symbol of
cell-level SRS. In NR side, NR UE-level SRS is assigned on

the resource of LTE cell-level SRS. NR PUSCH avoids the
symbol of cell-level SRS.

(2) LTE SRS is essential

In LTE side, cell-level SRS is still configured. The
resource for LTE cell-level is assigned on the basis of SRS
allocation ration of LTE and NR. LTE UE-level SRS is allo-
cated on the resource of LTE cell-level SRS. LTE also
informs NR with LTE SRS resource and NR cell-level SRS
resource. LTE PUSCH avoids the symbol of cell-level SRS.
In NR side, NR UE-level SRS is allocated on the assigned
resource of NR cell-level SRS. NR PUSCH avoids the symbol
of cell-level SRS.

3.3. Interference Avoidance Principle for PRACH. For
PRACH, both NR and LTE occupy partial RBs periodically
and the initial position of the occupied RB can be config-
ured. Therefore, the PRACH conflict can be avoided in the
frequency domain. If both PRACH subframes do not con-
flict and are transmitted in different times, LTE and NR
PRACH can be overlapped in the frequency domain.

3.4. Interference Avoidance Principle for PUSCH. Dynamic
Resource Sharing are adopted for PUSCH and LTE sched-
uler informs NR scheduler of scheduled results. Figure 4
shows the interaction between NR and LTE.

k2 stands for the subframe spacing from uplink DCI and
PUSCH. The value of k2 is 2 in NR, and the default value of
k2 is 4 in LTE.

4. Performance Analysis on NR Puncturing for
LTE CRS

When SSB and RMSI are transmitted, UE still does not con-
nect to gNB or eNB and obtain the rate-matching capability
of LTE CRS. NR can adopt puncturing on the position of
LTE CRS to protect NR SS/PBCH and RMSI from the inter-
ference from LTE CRS. But NR UE does not know NR punc-
turing to avoid LTE CRS; it may affect SS/PBCH and RMSI.

Figure 5 shows the position of SSB. SSB occupies 20 RBs
in the frequency domain and symbol 2 to 5 or symbol 8 to
11. SSB occupies symbol 8 to 11 in DSS.

4.1. Interference Performance Simulation on SSB. There are
two channel models for NR in 3GPP protocols: Tapped
Delay Line (TDL) and Clustered Delay Line (CDL) [13].
CDL is mostly used for millimeter wave and Massive MIMO
and TDL suitable for our simulations. TDL has 5 channel
models, TDL-A, TDL-B, TDL-C, TDL-D, and TDL-E.

NR DL NR DL NR DL

LTE DL LTE DL

k0 = 0

`

k0 = 0

NR scheduler

LTE scheduler

Figure 3: Dynamic schedule for LTE PDSCH and NR PDSCH.

Table 2: Uplink interference conflict between FDD LTE and NR.

NR/LTE PUSCH PUCCH DMRS SRS PRACH

PUSCH √ √ √ √
PUCCH √ √ √ √
DMRS

SRS √ √ √ √
PRACH √ √ √ √
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TDL-A, TDL-B, and TDL-C belong to Non Line of Sight
(NLOS), and TDL-C and TDL belong to Line of Sight
(LOS). TDL-A is used for the simulation in this paper and
detailed parameters can be founded in 3GPP protocol.
Meanwhile, the channel model of Additive White Gaussian
Noise (AWGN) is also used for our analysis.

Four scenarios are to be considered, and the basic config-
uration can be found in Table 3:

(1) No punch: there is no puncturing on LTE CRS.

(2) Punch type1: there is no interference on puncturing
position for LTE CRS with 2 ports.

(3) Punch type2: there is no interference on puncturing
position for LTE CRS with 4 ports.

(4) Interfer type1: there is load power on puncturing
position for LTE CRS on with 2 ports.

(5) Interfer type2: there is load power on puncturing
position for LTE CRS with 4 ports.

Based on Figure 6, the following conclusions are com-
pared to no puncturing and puncturing with interference
on LTE CRS:

(1) In AWGN simulation results, NR puncturing needs
to improve by about 1.4 dB to obtain the same BLER.
In other words, the performance loss of demodula-
tion is about 1.4 dB

(2) In TDL-A simulation results, NR puncturing needs
to improve by less than 1dB to obtain the same
BLER. In other words, the performance loss of
demodulation is less than 1.4 dB

(3) In 2-port scenario, LTE CRS does not interfere PSS
and SSS

(4) In 4-port scenario, LTE CRS interferes PSS and does
not inter SSS

4.2. Interference Performance Simulation on RMSI. The per-
formance estimation of the LTE CRS’s impact on RMSI is to
compare the demodulation difference of different Modula-
tion and Coding Scheme (MCS) with specific BLER. Here,
TDL-A and AWGN are still used as channel models and sce-
narios are still the same as performance analysis on SSB as
shown in Table 3. The RB number of RMSI is also consid-
ered, 24 RBs and 48 RBs, and the value of BLER is set as
10%.

Based on Tables 4–7, the maximum MCS available for
NR RSMI is set to 6 or 7 with 2 ports and the existing inter-
ference from LTE CRS and the maximum MCS available for
NR RSMI is set below 5 with 4 ports and the existing inter-
ference from LTE CRS.

5. Performance Analysis on LTE CRS
Puncturing for NR

LTE CRS puncturing for NR is used to protect NR SSB
and RMSI from LTE CRS’s interference. But LTE UE does
not know LTE CRS puncturing, and it may influence
RSRP measurement, demodulation, and the measurement

NR DL NR DL NR DL

LTE DL LTE DL

NR scheduler

LTE scheduler

LTE UL LTE UL LTE UL LTE UL

NR UL NR UL NR UL NR UL

DCI0

DCI0

PUSCH

PUSCH

k2 = 2

k2 = 4

Figure 4: Dynamic schedule for LTE PUSCH and NR PUSCH.

Freqeuncy

0 1 2 3 4 5 6 7 8 9 10 11 12 13 Time

Downlik LTE CFI = 2 in 1 subframe

NR DM-RS
NR Puncturing for LTE CRS

LTE PDCCH
LTE CRS
SSB
NR PDCCH

Figure 5: SSB allocation on FDD LTE frame.
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of frequency/time offset. The above influence mentioned is
presented in this part.

5.1. Interference Performance on RSRP Measurement. For
RSRP determination, LTE UE may measure the cell-
specific signal only from port 0 or both port 0 and port 1.
In this paper, we assume UE measures the cell-specific signal
only from port 0 [14]. In addition, UE launches the filter
procedure for RSRP as shown in Figure 7 [15], Layer 1 filter-
ing is implemented by UE, and the filter coefficients of Layer
3 filtering are set by eNB. The default value is 0.5.

Another issue is the measurement bandwidth of RSRP.
The measured bandwidth of allowedMeasBandwidth is
defined in SIB3 and SIB5, which is configured for neighbor-
ing cell. As with the RSRP measurement bandwidth of own
cell, the configuration of allowedMeasBandwidth is not lim-
ited by the protocol and the measurement bandwidth of
RSRP in SIB3 and SIB5 is modified to 6 RBs while LTE
CRS puncturing is enabled.

For UE, the simulation follows the above assumption. As
the systematic configuration of LTE and NR, it still follows
table and table.

The principles of LTE CRS puncturing are as follows:

(1) In 2-port scenario, symbol 0 is reserved for LTE
PDCCH and eNB only punches on symbol 4, 7,
and 11 in partial frequency

Table 3: Basic configurations.

Value NR RB no. Periodicity (ms)

Frequency 2.1GHz SSB 20 20

Bandwidth 20MHz RMSI 24 40

Subcarrier 15 kHz NR SI-1&SI-2 48 640

Symbol no. 14 PDCCH&PDSCH for MSGE2/4 24 10

Modulation QPSK Paging 24 320

Channel model AWGN, TDL-A (100 ns)

UE speed 3 km/h

−17 −16 −15 −14 −13 −12 −11 −10 −9
10−4

10−3

10−2

10−1

100

SNR

BL
ER

10−4

10−3

10−2

10−1

100

BL
ER

AWGN

−14 −12 −10 −8 −6 −4 −2 0 2 4

SNR

TDL‑A

NOPunch
Punch type1
Punch type2

Interfer type1
Interfer type2

Figure 6: Simulation results based on AWGN and TDL-A.

Table 4: Simulation results under AWGN with 24 RB RMSI.

SNR 0 5 6 7 8 9

No punch -12.37 -8.13 -7.23 -6.42 -5.69 -4.82

Punch type1 -11.07 -6.60 -5.56 -4.28 -3.03 -0.37

Difference value for
type1

1.30 1.54 1.69 2.14 2.66 4.46

Punch type2 -10.38 -5.56 -3.97 -1.90 4.99 ∞
Difference value for
type2

1.99 2.58 3.27 4.52 10.67 ∞
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(2) In 4-port scenario, symbol 0 and 1 is reserved for
LTE PDCCH and eNB only punches on symbol 4,
7, 8, and 11 in partial frequency

The simulation conditions are as follows:

(1) SNR = ½3:5, 0,−3,−6:5,−9:5� and time period = 500
TTIs; output the instantaneous value of CRS receiv-
ing power for each TTI

(2) Punch on the position of LTE CRS; no data is trans-
mitted. Time period = 500 TTIs. Output the instan-
taneous value of CRS receiving power for each TTI.

The principles of RSRP measurement are as follows:
After linear averaging of RSRP on symbol 0, 4, 7, and 11,

obtain the maximum value of these averages and it is the
value of RSRP of the RB. Then, we carry on another linear
averaging values of 100 RBs of each TTI, and this value is
the RSRP for current TTI. After the filter procedure with
0.5 filter coefficient, we obtain the report value of RSRP for
each TTI.

As shown in Figure 8, RSPR values are presented in dif-
ferent path losses. “RSRP no Punch” means that LTE CRS
transmits normally and does not reduce power with 2 ports.
“RSRP 1+1 Punch” means that LTE CRS puncturing acti-
vates with 2 ports. “RSRP 1+1 Punch” means that LTE
CRS puncturing activates with 4 ports.

Based on the results, the delta between “RSRP no Punch”
and LTE CRS puncturing does not exceed 1 dB. If layer 1 fil-
ter also works, the delta will be further narrowed.

5.2. Performance Analysis on Demodulation. LTE CRS punc-
turing causes downlink capacity loss, and AMC optimiza-
tion on puncturing REs is performed to reduce the loss.
The systematic configuration of LTE and NR still follow
the above, but RMSI configuration adopts 2 configuration’s,
24 RBs and 48 RBs. LTE transmission is TM with CFI = 1.

The simulation results in Table 8 show that the closer the
eNB, the greater the loss caused by LTE CRS puncturing and
the more the RB occupies, the greater the loss caused by LTE
CRS puncturing. The capacity loss caused by LTE CRS
puncturing is within 3% to 4%.

5.3. Performance Analysis on Time/Frequency Offset
Measurement. The simulation of frequency offset for LTE
puncturing is as follows:

(1) The original frequency offset is set to 100Hz, and the
frequency offset is estimated based on CRS then
compares the difference between the estimated value
and the real frequency offset

(2) LTE CRS has 200 points on symbol 0, 4, 7, and 11 of
each subframe with 20MHz bandwidth. The fre-
quency offset is estimated according to two pairs of
symbol 0&7 and symbol 4&11 with a total of 400
points

(3) NR RMSI occupies 48 RBs, and LTE CRS is inter-
fered on these 48 RBs for RMSI. The interference
of -3 dB, 0 dB, and 3dB is, respectively, loaded LTE
CRS on these 48RBs

Figure 9 shows the CDF curve of the frequency offset
with different interference loadings.

The estimated value of frequency offset is converged to
100Hz, and the probability of estimated value is less than
50Hz, and more than 150Hz is almost 0. Therefore, the
residual frequency offset is less than 50Hz.

The interferences on the points of 48 RBs are random.
The theoretical value is converged to 0 after conjugate aver-
aging. The real effective estimation of frequency offset on the
other 52 RBs still dominates.

This kind of frequency offset measurement error caused
by interference is occasionally seen within 20ms and can be
smoothly converged through UE. LTE downlink is fixed
with CRS of 4 symbols, and the channel estimation of UE
is interpolated in the time domain, so it is considered that
it can at least resist the frequency offset within 50Hz.
Because LTE puncturing and NR data filling lead that the
estimation error is too large occasionally. After the smooth-
ing mechanism of UE frequency offset, at least the variance
will be reduced, and then the time domain interpolation of
channel estimation is carried out. Therefore, the demodula-
tion effect of frequency offset estimation caused by interfer-
ence is limited.

Table 5: Simulation results under AWGN with 48 RB RMSI.

SNR 0 5 6 7 8 9

No punch -12.43 -8.14 -7.40 -6.61 -5.71 -4.76

Punch type1 -11.18 -6.70 -5.37 -4.73 -3.20 ∞
Difference value for
type1

1.24 1.44 1.67 1.88 2.51 ∞

Punch type2 -10.61 -5.50 -4.15 -2.22 3.97 ∞
Difference value for
type2

1.82 2.64 3.25 4.40 9.41 ∞

Table 6: Simulation results under TDL-A with 24 RB RMSI.

SNR 0 5 6 7 8 9

No punch -3.66 0.83 1.70 2.55 3.35 4.39

Punch type1 -2.28 2.60 3.62 5.61 6.92 ∞
Difference value for type1 1.38 1.77 1.93 3.06 3.57 ∞
Punch type2 -1.73 3.97 6.23 10.73 ∞ ∞
Difference value for type2 1.93 3.14 4.57 8.18 ∞ ∞

Table 7: Simulation results under TDL-A with 48 RB RMSI.

SNR 0 5 6 7 8 9

No punch -3.92 0.70 1.45 2.19 3.22 4.56

Punch type1 -2.53 2.48 3.28 4.65 7.11 ∞
Difference value for type1 1.40 1.81 1.83 2.46 3.89 ∞
Punch type2 -1.92 3.79 5.47 8.90 ∞ ∞
Difference value for type2 2.00 3.12 4.02 6.70 ∞ ∞
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As with time offset, there is no impact because there is
no LTE puncturing on symbol 0 and 1.

6. Capacity Loss Analysis Based on
Systematic Overhead

LTE CRS puncturing for NR is used to protect NR SSB and
RMSI from LTE CRS’s interference. But LTE UE does not
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Figure 8: RSRP simulation with different path losses.
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Table 8: Performance loss (%) results of LTE CRS puncturing for
RMSI.

SNR -10 -5 0 5 10 15 20 25

24 RBs RSMI 0.0 0.1 0.39 0.65 0.71 1.02 1.33 1.51

48 RBs RMSI 0.00 0.40 0.53 1.6 1.97 2.01 2.08 2.10
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know LTE CRS puncturing, and it may influence RSRP mea-
surement, demodulation, and the measurement of fre-
quency/time offset. The above influences mentioned are
presented in this part.

Undoubtedly, the LTE capacity will be reduced when
DSS activates due to the introduction of NR physical chan-
nels and signals. The percentage of NR physical channels
and signals can be calculated as follows:

CapacityLossRatio =
ChannelRBNum ∗ TransmitTime/ChannelPeriodicityð Þ

SystemRBNum ∗ TransmitTime
,

ð1Þ

where SystemRBNum is the whole RB number of LTE car-
rier, ChannelRBNum is the RB number occupying the corre-
sponding physical channels, ChannelPeriodicity is the
channel’s periodicity, and TransmitTime is the period of
data.

Table 9 shows the capacity loss of 20MHz carrier with
DSS. The downlink capacity loss reaches 7.3%, and the
downlink capacity loss reaches 1.82%.

7. Conclusion

However, the flexible configuration of NR physical layer
gives the opportunity to make FDD LTE and NR coexist in

the dedicated carriers, but the collisions occurring in DSS
cannot be avoided without performance loss and the perfor-
mance loss caused by collisions with LTE CRS; the perfor-
mances are acceptable. On the other hand, the essential
overhead for DSS also brings the capacity loss and reduces
the essential overhead based on the flexible design on NR
physical layer as soon as possible.

Anyway, this paper gives a comprehensive principle on
dynamic spectrum sharing between LTE and NR and
detailed explanations on the implementation of physical
layer for DSS. The corresponding simulations undoubtedly
have a significance on the research and commercial deploy-
ment of DSS in the existing network.

In the meanwhile, there are still some limitations and
challenges. Our simulations just focus on a single cell. In
the real network, the density of cells is very close and the
wireless environment is more complicated. The intercell
interference will be the biggest challenge for the commercial
deployment. The intercell interference avoidance will be our
next target.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.
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Figure 9: RSRP CDF curve.

Table 9: NR physical channel configuration for 20MHz bandwidth.

NR Physical Channel RB number Periodicity (ms) Capacity loss ratio

Downlink

SSB 20 20 1.00%

RMSI 24 40 1.20%

NR SI-1&SI-2 48 640 0.15%

PDCCH&PDSCH for MSGE2/4 24 10 4.8%

Paging 24 320 0.15%

Uplink
PUCCH 1 1 1.14%

PRACH 6 10 0.68%
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