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Introduction
In In RAN#94 e-meeting, a new study item, ‘Study on Evolution of NR Duplex Operation’, was approved to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum with some of objectives as follows [1]:
· Identify applicable and relevant deployment scenarios (RAN1)
· Develop evaluation methodology for duplex enhancement (RAN1)

In this contribution, we share our initial evaluation results on duplex evolution for NR TDD.
CLI Work in Rel-16
It is well-known that operation in TDD band comes with some shortage, given that at any given time scheduler is either transmitting in downlink or receiving in uplink. For example, for a heavy downlink scenario, where most of slots/symbols in UL-DL TDD configuration are DL slots/symbols, UEs in UL communication may suffer increased latency, reduced coverage and possibly reduced capacity. While dynamic TDD, and/or full-duplex operation at gNB, seem to be solutions to enhance UL performance, the feasibility of duplex operation in a TDD band, the CLI impact to victim UE/gNB, and the achievable UL enhancement gain versus DL performance loss need to be investigated. 
Dynamic TDD was considered earlier in NR, where handling CLI and RIM were introduced in Rel-16. As part of the CLI WI in Rel-16, and for the adjacent channel co-existence, RAN4 investigated the performance degradation on the victim UE/gNB due to UE-toUE CLI and gNB-to-gNB CLI as a result of dynamic TDD operation at the aggressor node [2]. The evaluations reported in [2] are made for different scenarios: Urban Macro (both FR1 and FR2), Indoor (both FR1 and FR2), and Dense Urban (FR2 only), based on the simulation assumption given by TR 38.828, Sec. 5.2. It is observed that for adjacent channel co-existence, when higher BS power is assumed and/or the distance between aggressor UE and serving gNB is large (so aggressive UE has to transmit with high power), we may have performance degradation, respectively due to BS-to-BS CLI and UE-to-UE CLI [2].

Given that the CLI issue is more severe for the co-channel scenario, and the inter/intra-subband CLI is a common problem for both dynamic TDD and full-duplex operation at gNB, we have the following proposal:
  
Proposal 1: Full-duplex operation shall not be supported for macro-to-macro scenarios, at least for FR1.

Initial results for co-channel CLI 
In this section, we run some system evaluations based on system level simulation assumptions provided in [2]. More precisely, we assume an indoor-to-indoor scenario where there are only 4 nodes in the system, a victim UE and its serving BS in default DL, and an aggressive UE and its serving gNB whom wish to switch the link direction to uplink. The scenario that we consider is a FR1 scenario and the CLI under study is co-channel CLI. BS to BS distance is assumed to be 20m, following indoor office model in [2] and [3], but UE to UE distance and the distance between each UE and its serving BS varies for different scenarios, as it will be explained. For FR1 and for indoor scenario, we assume no antenna gain, and no beamforming/directionality array gain, neither at UE nor at the BSs. Further system assumptions are given in Appendix, mainly from [3], with some modifications to [3] shown in italic font, as explained in Appendix. 
Simulation Methodology 
In our evaluation, aggressor UE, UEA, aims to achieve a data rate of 230kbps which is 256kbps at 10% BLER. Such a data rate is associated with a TB whose size is determined for PUSCH in the whole slot, 2 DMRS symbols per slot, 4PRB allocation, and MCS=120/1024. Based on LLS results, shown in Figure A.1 in Appendix, the required SINR for this MCS at 10% BLER is -7.2 dB. With that description, we explain the system level simulation methodology as follows (similar to [2], 5.2.3.8):
· Determine UEA’s Tx power based on min (PCMax , 0.9PL + SINRUL + InPN)
· SINRUL is the desired SINR at the receiver based on link-curves for a given desired UL data rate (here -7.2 dB)
· PL is UEA’s path-loss including shadowing, based on Table. 2 in Appendix (assuming LoS)
· PCMax is maximum UE’s Tx power 23dBm
· InPN is the power of interference plus noise at the receiver. Noise power is the effective noise at BS based on UL RB allocation and gNB’s noise figure. The interference power is determined from path-loss between the two BSs, and DL Tx power over PRBs used by UEA (4PRB). 
· Determine UEA’s interference to victim UE (UEV)
· Determine the impact of added interference to UEV’s throughput, based on 38.803, Sec. 5.2.7
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Figure 1: Indoor layout representing Case 1 

Case 1
In this scenario, victim and aggressor UEs are back-to-back with minimum distance (1m), and they are each 20m far from their serving BSs. In this case, although UEA’s Tx power is limited thanks to small PL between UEA and its serving BS, and small required SINRUL, yet the interference that is made to the victim UE is so severe that, UEV’s achievable throughput over the 4 PRBs in full interference with UEA, is degraded from 8.6Mbps to just 0.17Mbps. The loss in DL system throughput is way more than the gain in uplink throughput due to UE-to-UE CLI.
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Figure 2: DL Tput with and without UE-to-UE CLI for Case 1
Case 2
In this case, we keep all the assumptions for layout Case 1, except that the two UEs are 34.6m far from each other. UEA’s Tx power is same as Case 1, given that aggressor UE is in the same distance as Case 1 to its serving gNB, but thanks to further the distance between the UEs, received interference at the victim UEV is now much less than Case 1. As a result, UEV is still able to achieve a DL throughput as 5.27Mbps over the 4 PRBs in full interference with UEA. 
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Figure 3: Indoor layout representing Case 2 
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Figure 4: DL Tput with and without UE-to-UE CLI for Case 2

Case 3
In this case, we keep all the assumptions for victim UEV as of those in Case 1, but the aggressor UEA gets closer to its serving gNB, so the UEA’s Tx power is reduced (unlike Case 2 which had same UEA’s Tx power as Case 1). More precisely, for this scenario we assume the distance between UEs is 20m and UEA is in 1m to its serving BS. It is observed that reduced UEA’s Tx power, results no degradation to UEV’s DL throughput. 
[image: Application

Description automatically generated with medium confidence]
Figure 5: Indoor layout representing Case 3 
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Figure 6: Indoor layout representing Case 3 

Based on evaluation results, we have the following observations:

Observation1: For indoor scenario, UL Tx power has a big impact (positive or negative) on the UE-to-UE CLI.
Observation2: For most of indoor scenarios, the achievable gain in UL throughput is much less than the loss in DL throughput due to UE-to-UE CLI.


Conclusion
In this contribution, we provided some evaluation results for co-channel UE-to-UE CLI. Based on what we discussed, the following proposal and observations are made:
Proposal 1: Full-duplex operation shall not be supported for macro-to-macro scenarios, at least for FR1.
Observation1: For indoor scenario, UL Tx power has a big impact (positive or negative) on the UE-to-UE CLI.
Observation2: For most of indoor scenarios, the achievable gain in UL throughput is much less than the loss in DL throughput due to UE-to-UE CLI.
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Appendix

Table 1. System layout for indoor (from [3, Table 5.2.1.3-1] with some modifications)
	Parameters
	Values

	Network layout
	2 BS, 2 UEs

	Inter-site distance
	20m

	BS antenna height
	3 m

	UE location
	Outdoor/indoor
	Indoor

	
	LOS/NLOS
	See the description

	
	UE antenna height
	1 m

	UE distribution (horizontal)
	See the description

	Minimum BS - UE distance (2D)
	0 m

	Channel model
	Indoor Office

	Shadowing correlation
	NA




Table 2. Pathloss model (from [3], Table 5.2.2.1-1)
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow
fading
std [dB]
	Applicability range,
antenna height
default values 

	InH - Office LOS
	

	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
	



	σSF=8.03
	1<d3D<86m



Table 3. Other assumptions
	Minimum UE-UE (2D) distance
	Indoor-to-Indoor: 1m

	Carrier frequency
	4GHz

	Channel bandwidth
	100MHz

	BS TX power
	24 dBm

	UE TX power
	23 dBm

	Path-loss model
	BS-to-BS: InH-office [TR 38.803]
BS-to-UE: InH-office [TR 38.803]
UE-to-UE: InH-office [TR 38.803]

	UE antenna
	Omni

	gNB antenna
	[3, Table 5.2.3.2.3-1]

	Cell selection criteria
	Cell selection is based on RSRP

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB
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Figure A.1: LLS for 230kbps UL Throughput
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