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Introduction
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 RAN1#109-e, evaluation scenarios and assumptions were discussed, where as a result of such discussions an LS was sent to RAN4, [2], on how to identify and model different sources of interference to the victim UE, due to UE-to-UE CLI, and victim gNB, due to gNB-to-gNB CLI and gNB self-interference. In RAN1#110, more detailed simulation assumptions were discussed whereas such of discussions couple of agreements are made. In this contribution, we share our initial evaluation results on duplex evolution for NR TDD. 
Deployment Scenario
Regarding the deployment cases, in RAN1#109-e it was agreed that
Agreement
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.

Later in RAN1#110, it was agreed that
Agreement
For SBFD evaluation from RAN1 perspective, the evaluation assumptions that are specific for Deployment Case 2 and Case 3-1 can be discussed with low priority.

Agreement
RAN1 strives to agree on system level simulation parameters for SBFD deployment case 4 by RAN1#110bis-e with specific focus on different power levels and load levels between two operators in adjacent carriers.
Given that many aspects regarding full-duplex operation at gNB shall be evaluated, it is more beneficial to narrow down discussions based on a deployment case which majority of companies agree on it. In our view, deployment case 1 for which most of the agreements on evaluation assumptions were made in previous RAN1 meetings should be prioritized. For example, in RAN1#110, different assumptions/definitions were agreed for different scenarios under deployment case1, i.e., Indoor office (FR1&FR2), Urban Macro (FR1), Dense Urban Macro layer (FR1&FR2), Dense Urban Micro layer (FR2), Dense Urban with 2-layer (FR1). Yet going through all such scenarios is likely not quite efficient, thus 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, shall focus on a scenario under Deployment Case 1 for which current specification fails.

Proposal 1: Prioritize scenarios for Deployment Case 1, for which assuming the current signaling available at the scheduler to avoid CLI, UE-to-UE CLI is still the most severe case. 

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 [3]. The evaluations reported in [3] 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 2: Full-duplex operation shall not be supported for macro-to-macro scenarios, at least for FR1.

Initial results for co-channel CLI 
Same UL/DL resource ratio between Legacy TDD and SBFD
In this section, we run some system evaluations based on system level simulation assumptions provided in [3]. More precisely, we assume the office model with 12 BSs, each serving almost 10 UEs (UE to BS association is based on geometry). Total number of UEs in the system are assumed to be 120 UEs. We assume almost 60% of UEs are randomly marked as UL UEs, i.e., UEs with uplink traffic, while the rest of UEs are UEs marked as DL UEs. The purpose of this evaluation is to study an upper bound for system enhancement (in terms of UL throughput, coverage, etc) so in this setup we don’t mandate any special UE clustering where we assume UE dropping is done randomly, as clustering UEs increase the chance of severe UE-to-UE CLI. Aligned with the same purpose, we assume a TRP operating at SBFD is capable to keep the same number of Tx/Rx antenna elements as operating in legacy TDD (so no loss to SBFD operation in terms of antenna arrays). Further, to the favour of an upper bound, we assume no UE-to-UE nor gNB-to-gNB CLI. BS to BS distance is assumed to be 20m, following indoor office model in [2] and [3]. For FR1 and for indoor scenario, we assume no antenna gain, and no beamforming/directionality array gain, neither at UE nor at the BSs (same assumption is applied to both SBFD and legacy TDD). Further system assumptions are given in Appendix, mainly from [3], with some modifications to [3] shown in italic font, as explained in Appendix. 
In the following we compare achievable UL and DL throughputs for between SBFD and legacy TDD, where we assume no UE-to-UE CLI, no gNB-to-gNB CLI and no SI at gNB for SBFD case (that is why we refer to the observations in this sub-section as ideal). For SBFD, we assume deployment Case 1 as agreed in RAN1#109-e for evaluation purpose (thus there is no intra sub-band CLI) that is 
· (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.

We also assume 60% of resources are allocated to UL UEs and 40% of resources are allocated to DL UEs for both SBFD configuration and legacy TDD configuration. For the sake of simplicity, we do not assume guard band for SBFD or guard time for legacy TDD. 
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Figure 1: Average (left) and 5% (right) DL Throughput 
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Figure 2: Average (left) and 5% (right) UL Throughput 

From Fig. 1 and 2, the most significant gain in throughput is achieved for uplink cell-edge UE, which is almost 10%. For average uplink and downlink throughput no meaningful gain in throughput is achieved, which is expected given that same ratio of resources between legacy TDD and SBFD is assumed. It shall be noted though the observed 10% gain in UL system throughput is ideal, as no interference is modelled. 

Observation: For indoor scenario with no CLI/SI at UE or gNB, UL throughput enhancement for cell-edge UEs is limited to 10%.

Conclusion
In this contribution, we provided some evaluation results for co-channel UE-to-UE CLI. Based on what we discussed, the following proposals and observation are made:  
Proposal 1: Prioritize scenarios for Deployment Case 1, for which assuming the current signaling available at the scheduler to avoid CLI, UE-to-UE CLI is still the most severe case. 

Proposal 2: Full-duplex operation shall not be supported for macro-to-macro scenarios, at least for FR1.
Observation: For indoor scenario with no CLI/SI at UE or gNB, UL throughput enhancement for cell-edge UEs is limited to 10%.
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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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