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1. Introduction
At the RAN#94e meeting, a new SID [1] on “Study on evolution of NR duplex operation” was approved. The detailed objectives are as follows.

	[bookmark: _Hlk89819652]The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.

In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 



In this contribution, we discuss on the evaluation of NR duplex evolution.

2. System level simulation
2.1. SLS calibration results
Based on simulation and calibration assumptions for the SLS that were agreed in the RAN1 meetings, the calibration has been performed for Urban Macro (FR1) and Dense Urban Macro (FR 2-1). Coupling loss with both large and small scale fading for gNB-UE, gNB-gNB, and UE-UE are shown in Fig.1, and detail assumption for the calibration is summarized in Appendix A.
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(a) FR1 : Urban Macro
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(b) FR2-1 : Dense Urban Macro

Figure 1. SLS calibration results

3. Link Level Simulation for coverage metric
3.1. Evaluation assumptions for link level Simulation
At the RAN1#112 meeting, the assumptions for the evaluation using link level simulation (LLS) were discussed and following agreement was made [2].
	Agreement
Regarding the schemes for link level evaluation of PUSCH coverage performance,
· For baseline legacy TDD, consider
· Single slot PUSCH transmission
· For SBFD, consider the following techniques of coverage enhancement:
· Case 2: SBFD with PUSCH repetition type A
· Case 3: SBFD with TBoMS PUSCH
· Case 4: SBFD with PUSCH repetition type A and joint channel estimation
· FFS: Joint channel estimation across SBFD and non-SBFD slots 
· Case 5: SBFD with TBoMS PUSCH and joint channel estimation
· FFS: Joint channel estimation across SBFD and non-SBFD slots
· UL coverage metrics are obtained using link budget template and TDD/SBFD required SINR for target data rate.
Note: Evaluation accounts for different SINR level between SBFD and non-SBFD slots
Agreement
For link level evaluation of coverage performance for SBFD, the following interference components are added per each receive chain to the UL channel at SBFD symbols:
· Self-interference, modelled as additive white gaussian noise with fixed INR = - 6 dB targeting 1 dB desense similar to SLS.
· Co-site inter-sector interference, modelled as additive white gaussian noise with fixed INR = - X dB based on assumption of co-site isolation 
· Inter-site gNB-gNB co-channel inter-subband CLI, 
· Alt-1: the value of interference power is selected according to the INR distribution drawn based on the statistics from SLS.
· Alt-2: the value of interference power is determined based on the inter-site gNB-gNB co-channel inter-subband CLI model agreed for SLS taking into account the locations of victim gNB and several aggressor gNBs, and the gNB-gNB channel model
FFS: Receiver blocking model



Regarding the schemes for link level evaluation of PUSCH coverage performance for SBFD, case 2 (SBFD with PUSCH repetition type A) has been selected for our initial LLS evaluation to see the baseline performance. For link level evaluation of coverage performance for SBFD, the presence of interference in SBFD and UL slots should be considered. The configuration of interference for SBFD and UL slots is as follows:
· SBFD: The slot is subject to interference from the DL subband
· UL: Since there is no DL subband allocation in the UL slot, the slot is not subject to interference from the DL subband

The respective interference modeling schemes based on above agreement in RAN1#112 are as follows:
· Self-interference is modelled as additive white gaussian noise with fixed INR = - 6 dB
· Co-site inter-sector interference is modelled as additive white gaussian noise with fixed INR = - 2 dB
· Inter-site gNB-gNB co-channel inter-subband CLI is modelled as additive white gaussian noise with fixed INR = 6dB for FR1, and INR = -15dB for FR2, and the value is calculated as follows:
· Input signal power transmitted by aggressor gNB at victim gNB is calculated with using CDF of 95% for gNB-to-gNB coupling loss from SLS, and Tx power and antenna gain.
· Interference level at UL subband is calculated using the formula defined for SLS.

Other evaluation assumptions are summarized in Appendix B.

3.2. Initial evaluation results 
The evaluation results are shown in Figure 2.
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Figure 2. Evaluation results of LLS

The evaluation results in FR1 did not show any gain by increased UL transmission opportunities. In this evaluation, the first PUSCH is transmitted in the non-SBFD slot (e.g., UL slot or non-SBFD flexible slot) and the succeeding PUSCH repetitions are transmitted in UL subband in the SBFD slots. Therefore, the results mean that the impact of performance degradation due to interference cancels the gain of PUSCH repetitions using SBFD slots, so that PUSCH repetitions using SBFD slots can’t contribute the improvement of coverage performance. On the other hand, in the case of FR2-1, the gNB transmission power is smaller and the gNB-to-gNB coupling loss is larger than that in FR1. Accordingly, the impact of inter-site gNB-gNB co-channel inter-subband CLI becomes smaller and the effect of interference itself is reduced. Thus, in the case of FR2-1, although the SBFD slot suffers from interference, the increased transmission opportunities resulted in a gain of about 4 dB.

Observation 1: In the case of FR1, SINR improvement is not found for SBFD operation with PUSCH repetition, since interference for SBFD is too strong. 

Observation 2: In the case of FR2-1, SINR improvement of about 4 dB is expected for SBFD with PUSCH repetition assuming smaller inter-site interference in SBFD slot compared with that in FR1.

4. Conclusion
In this contribution, we discussed on the evaluation of NR duplex operation. Based on the discussion we made the following proposals. 

Observation 1: In the case of FR1, SINR improvement is not found for SBFD operation with PUSCH repetition, since interference for SBFD is too strong. 

Observation 2: In the case of FR2-1, SINR improvement of about 4 dB is expected for SBFD with PUSCH repetition assuming smaller inter-site interference in SBFD slot compared with that in FR1.
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Appendix A: Calibration parameters for SLS
[bookmark: _Ref115276463]Table A-1:  Calibration parameters for SLS.
	　
	Urban Macro (FR1) 
	Dense Urban Macro (FR2-1)

	Carrier frequency
	4 GHz
	30 GHz

	System bandwidth
	100 MHz
	100 MHz

	Numerology
	14 OFDM symbol slot
	14 OFDM symbol slot

	
	SCS = 30 kHz
	SCS = 120 kHz

	BS transmit power: Legacy TDD
	53 dBm for 100MHz
	40 dBm for 100 MHz

	UE Tx power
	23 dBm
	23 dBm

	Layout
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	Inter-BS (2D) distance
	500 m
	200 m

	Minimum BS-UE (2D) distance
	35 m
	35 m

	Minimum UE-UE (2D) distance
	1 m
	1 m

	UE distribution
	UE Clustering
	UE Clustering

	BS antenna height
	25 m
	25 m

	UE antenna height
	1.5 m
	1.5 m

	gNB-UE Channel model (both large and small scale fading) 
	Macro-to-UE: UMa in TR 38.901; AAS and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

	gNB-gNB Channel model (both large and small scale fading)
	Macro-to-Macro: UMa in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.

	UE-UE Channel model (both large and small scale fading)
	UE-to-UE: UMi-Street canyon in TR 38.901

	BS antenna array configuration for legacy TDD
	(M,N,P,M_g,N_g;M_p,N_p ) = (8,8,2,1,1; 2,8)
	(M,N,P,M_g,N_g;M_p,N_p ) = (4,16,2,2,2; 1,1)

	
	(d_H,d_V )= (0.5, 0.8)λ,  +45°/-45° polarization
	(d_H,d_V )= (0.5, 0.5)λ,  +45°/-45° polarization

	BS antenna array configuration for SBFD
	l  Option 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD
	l  Option 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD

	UE antenna configuration
	2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
	4Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (2,4,2,1,2;1,1), (dH,dV) = (0.5, 0.5)λ, 0°,90° polarization

	
	4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization
	


Appendix B: Evaluation assumptions for LLS
Table B-1:  Evaluation assumptions for LLS.
	　
	FR1
	FR2

	Categorize
	Legacy TDD
	SBFD
	Legacy TDD
	SBFD

	Channel
	Urban
	Urban
	Dense Urban
	Dense Urban

	Target data rate
	1 Mbps
	1 Mbps
	5 Mbps
	5 Mbps

	Target metric
	10% iBLER
	10% iBLER
	10% iBLER
	10% iBLER

	

	Center frequency
	4GHz
	28GHz

	Frequency bandwidth
	100MHz
	200MHz

	Maximum number of PRBs
	273
	273 < D, U, G > = <104, 55, 5>
	132
	132< D, U, G > = <52, 26, 1>

	SCS
	30kHz
	120kHz
	120kHz

	TDD pattern (DL : UL)
	DDDSU
	XXXXU
	DDDSU
	XXXXU

	LoS/NLoS
	NLoS
	NLoS
	-
	-

	Channel model
	TDL-C
	TDL-C
	TDL-C
	TDL-C

	Delay spread
	300
	300
	100
	100

	Mobile speed
	3 km/h
	3 km/h
	3 km/h
	3 km/h

	

	PRB allocation
	55
	55
	26
	26

	Symbol allocation (S, L)
	S = 0, L = 14
	S = 0, L = 14
	S = 0, L = 14
	S = 0, L = 14

	Number of repetition
	-
	4
	-
	4

	Number of TBoMS slot
	-
	-
	-
	-

	Joint Channel Estimation
	Disabled
	Disabled
	Disabled
	Disabled

	Frequency hopping (offset)
	-
	-
	-
	-

	HARQ
	Disabled
	Disabled
	Disabled
	Disabled

	Number of HARQ process
	-
	-
	-
	-

	Number of layers
	1
	1
	1
	1

	Number of Tx antennas
	2
	2
	2
	2

	Number of Rx antennas
	4
	4
	2
	2

	Number of codewords
	1
	1
	1
	1

	Code rate per TB
	0.188476563
	0.188476563
	0.513671875
	0.513671875

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK

	MCS (MCS table)
	8
	8
	13
	13

	Channdel coding
	LDPC
	LDPC
	LDPC
	LDPC

	Waveform
	DFT-S-OFDM
	DFT-S-OFDM
	DFT-S-OFDM
	DFT-S-OFDM

	Estimated max data rate
	1.198
	1.198
	5.672
	5.672

	

	DM-RS ports
	1000
	1000
	1000
	1000

	PUSCH mapping type
	Type A
	Type A
	Type A
	Type A

	DMRS Type A position
	pos2
	pos2
	pos2
	pos2

	DMRS Length
	1
	1
	1
	1

	Additional DM-RS symbol positions
	pos1
	pos1
	pos2
	pos2

	DM-RS configuration type
	Type1
	Type1
	Type1
	Type1

	Multiplexing with data
	No
	No
	No
	No
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