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Introduction
In RAN#94e, a study item for NR duplex operation was approved. According to the SID[1], the following objectives are to be discussed:
	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 provide our views on evaluation on NR duplex evolution, including the scenario of NR duplex and evaluation methodology.
Discussion
Scenario
In TDD, the time domain resource is split between downlink and uplink in time domain. A limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. One solution is to allow the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band. 
In TDD network, Macro and small cells are deployed simultaneously to satisfy different requirements and, most-likely, different downlink/uplink traffic ratios. Macro cells are deployed to ensure full coverage and most user’s connection. Small cells are deployed to improve data throughput or indoor coverage. In Macro cells, enormous user number leads relatively stable uplink and downlink traffic distribution. In small cells, small number of users leads dynamic uplink and downlink traffic distribution and, in some cases, e.g. factory, uplink traffic is heavier and, in some cases, e.g. home, downlink traffic is heavier. So, different uplink and downlink resource allocation schemes are needed for macro and small cells. From perspective of low latency and uplink coverage, subband non-overlapping full duplex at the gNB side are helpful for Macro cell and small cell. And for Macro cell, semi-static subband non-overlapping full duplex is enough and for Small cell, dynamic subband non-overlapping full duplex can be more suitable for dynamic uplink-downlink traffic ratio. 
Observation 1: Subband non-overlapping full duplex at the gNB side is beneficial for macro cell and small cell. For macro cell, semi-static (from gNB perspective) subband non-overlapping full duplex can be sufficient; for small cell, dynamic (from gNB perspective) subband non-overlapping full duplex is more suitable to handle dynamic uplink-downlink traffic ratio. 
Evaluation methodology
As the description in SID[1], the gNBs are full-duplex and the UEs remains in half-duplex. During the evaluation, there are both uplink and downlink, or uplink only, or downlink only at a time instance for a gNB. And there is uplink only or downlink only for a UE at any time. If there are both uplink and downlink in the time unit for a gNB, the frequency region for uplink and downlink are not overlapped. And the uplink and downlink pattern in frequency and time domain for a gNB can be configured as simulation parameters or evaluation assumption. The baseline case for evaluation comparison can be defined as the gNB scheduling without simultaneous DL and UL at any time.
Deployment 
[bookmark: _GoBack]For the evaluation on duplex evolution, the Inter-gNB CLI need be considered, including adjacent-channel CLI and/or co-channel-CLI, depending on the scenario/network deployment. CLI was studied in Release 16 and the evaluation assumption in TR 38.828[2] can be used as reference for FR1 and FR2. The case of urban macro and InH can be considered for this evaluation. Details on urban macro and InH in FR1 network layout model are listed in Table 1 and Table 2. 
Table 1: Single operator layout for urban macro in FR1 (4 GHz)
	Parameters
	Values

	Layout
	Single layer with 19 hexagonal cell with wrap around

	Inter-BS distance
	500 m

	Path-loss model
	-	Macro(Aggressor) → Macro(Victim)
	-	Macro-to-UE: UMa 
	-	Macro-to-Macro: UMa
	-	UE-to-UE: Outdoor UE – Outdoor UE+ penetration loss 

	BS Tx power
	49 dBm

	UE Tx power
	23 dBm

	BS antenna configurations
	(Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
Note 1,2

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	5 dBi (assuming antenna 1.8dB loss)

	BS receiver noise figure
	5 dB

	UE antenna configuration
	Omni

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl = 1

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	Multi operators layout
	uncoordinated operation (100% Grid Shift)

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.



Table 2: Single operator layout for Indoor scenarios in FR1 (4 GHz)
	Parameters
	Values

	Layouts
	1. Indoor-to-Indoor : 6 BSs per 120 m x 50 m
[image: cid:image001.png@01D3E3E6.8A8631F0]


	Inter-BS distance
	Indoor-to-Indoor: 20 m

	
	The minimum distance between Macro to Indoor: [35] m

	Minimum BS-UE (2D) distance
	Indoor-to-Indoor: 0 m

	Minimum UE-UE (2D) distance
	Indoor-to-Indoor: 1 m ~ 3 m

	Carrier frequency
	4G Hz

	BS TX power
	24 dBm

	UE TX power
	23 dBm

	Path-loss model
	- Indoor (Aggressor) → Indoor (Victim)
	- BS-to-BS: InH-office
	- BS-to-UE: InH-office
	- UE-to-UE: InH-office

	BS antenna
	FR1 BS antenna element pattern for Indoor scenario

	BS antenna height:
	3 m

	UE antenna
	Omni

	UE antenna height
	1.5 m

	Antenna gain of UE
	0 dBi

	Cell selection criteria
	Cell selection is based on RSRP

	BS receiver noise figure
	5 dB

	UE receiver noise figure
	9 dB



Proposal 1: The deployment assumptions for Macro and InH in TR 38.828 can be used as reference. 

Uplink-downlink subband allocation
Generally, there are two types of subband non-overlapping full duplex, as shown in Figure 1. Type 1 has one or more downlink subband and one or more uplink subband within one symbol/slot. For type 1, it could mitigate interference from adjacent carrier when DL subbands are allocated at two ends of the carrier. But it requires two guard subbands and downlink resource to be divided into two parts. Type 2 has only one downlink subband and only one uplink subband within one symbol/slot. For type 2, UL subband may be interfered from adjacent DL carrier, but it requires one guard band only, which is more spectrum efficient.


Figure 1 Resource allocation type of subband non-overlapping full duplex.
Proposal 2: For evaluation purpose, there can be two types of uplink-downlink subband allocation in a carrier:
· Type 1: one or more downlink subband and one or more uplink subband within one symbol/slot 
· Type 2: only one downlink subband and only one uplink subband within one symbol/slot
Interference model
Interference between adjacent carriers is reduced if all carriers apply uplink or downlink at the same time. The interference caused by downlink traffic of neighbored gNB for UE reception and the interference caused by uplink traffic of neighbored UEs for gNB reception, showed in Figure 2, should be considered during evaluation. When dynamic TDD is applied, one carrier applies uplink and the adjacent carrier may apply downlink at the same time in overlapped frequency region. In this case, interference between different carriers need to be considered and cannot be coordinated. The interference caused by downlink traffic of neighbored gNB and uplink traffic of neighbored UEs for UE reception and the interference caused by downlink traffic of neighbored gNB and uplink traffic of neighbored UEs for gNB reception, showed in Figure 3, should be considered during evaluation.


Figure 2 Interference with same transmission direction


Figure 3 Interference with different transmission direction
Proposal 3: The following interference types should be considered in the evaluation:
· gNB->gNB
· gNB->UE
· UE->UE
· UE->gNB
If NR duplex is configured, there is interference between adjacent uplink and downlink subband when these two subbands are neighbored and working simultaneously. ACIR(Adjacent Channel Interference Ratio) should be defined for the evaluation. The candidate values for ACIR between different carriers are described in TR 38.828. It can be reused if needed.
For NR duplex evaluation, there are uplink subband and downlink subband simultaneously for one carrier. So there is CLI  between subbands within one carrier. Further discussion is needed for whether the interference between uplink and downlink subband is taken into account in evaluation. If yes, given interference ratio between subbands is closely related to RF implementation, RAN1 should ask RAN4 whether and how to model the interference ratio among subbands. 
Proposal 4: ACIR listed in TR 38.828 could be reused for adjacent carriers, if needed.
Proposal 5: Send LS to RAN4 to ask whether and how to model the interference ratio among subbands.

Key performance indicators (KPIs)
The objective of this study is to identify and evaluate the potential enhancements to support NR duplex evolution for TDD in unpaired spectrum. To this end, the impact of system performance gain shall be evaluated and analyzed, including coverage, latency and system capacity. SINR distribution, showing coverage performance, should be analyzed for the impact of interference caused by NR duplex on subband. Also SINR distribution could be used for calibration. Throughput can be used to evaluate system performance. The statistical result of CLI could show the interference directly with different downlink and uplink configuration, So KPIs could include SINR distribution, throughput, spectrum effectiveness and interference statistics.   
Proposal 6: KPIs should be clarified to analyze the evaluation, preferably including statistics (including distribution etc) of SINR, throughput, spectrum effectiveness and CLI.
Conclusion
In this contribution, we show our views on evaluation on NR duplex evolution with following proposals:
Observation 1: Subband non-overlapping full duplex at the gNB side is beneficial for macro cell and small cell. For macro cell, semi-static (from gNB perspective) subband non-overlapping full duplex can be sufficient; for small cell, dynamic (from gNB perspective) subband non-overlapping full duplex is more suitable to handle dynamic uplink-downlink traffic ratio. 
Proposal 1: The deployment assumptions for Macro and InH in TR 38.828 can be used as reference. 
Proposal 2: For evaluation purpose, there can be two types of uplink-downlink subband allocation in a carrier:
· Type 1: one or more downlink subband and one or more uplink subband within one symbol/slot 
· Type 2: only one downlink subband and only one uplink subband within one symbol/slot
Proposal 3: The following interference types should be considered in the evaluation:
· gNB->gNB
· gNB->UE
· UE->UE
· UE->gNB
Proposal 4: ACIR listed in TR 38.828 could be reused for adjacent carriers, if needed.
Proposal 5: Send LS to RAN4 to ask whether and how to model the interference ratio among subbands.
Proposal 6: KPIs should be clarified to analyze the evaluation, preferably including statistics (including distribution etc) of SINR, throughput, spectrum effectiveness and CLI.
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