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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. Evaluation on NR duplex evolution for deployment case 1
At the RAN1#110 meeting, the deployment scenarios and simulation assumptions for deployment case 1 were discussed and following points were defined.

· Metrics for evaluation, and definition of the metrics
· gNB antenna configurations
· Simulation assumptions
· TRP layout
· UE dropping model
· Channel models

Remaining parts of the evaluation parameters are the number of PRBs for UL/DL subbands and guardbands for the evaluations, and defining the numbers is important especially for the calibration purpose. For the SBFD configuration with DL-UL-DL subbands, around 20 % of the channel bandwidth can be considered for the UL subband. The total number of PRBs for the channel bandwidth is 273 PRBs for FR1 and 66 PRBs for FR2, so that odd number of 55 PRBs for FR1 and even number of 14 PRBs for FR2 are considered with having the same PRBs for two guardbands and two DL subbands. Concerning to the guradbands, based on our initial study in [2], around 5 PRBs are sufficient for the FR1 and FR2. Thus, we conclude following proposal.

Proposal 1: For the number of PRBs for SBFD with DL-UL-DL subbands, UL subband with 55 RBPs for FR1 and 14 PRBs for FR2 and guardband with 5 PRBs for both FR1 and FR2 are used for the evaluation.


2.2. Evaluation on NR duplex evolution for deployment case 4
At the RAN1#110 meeting, the deployment scenarios and simulation assumptions for deployment case 4 were discussed and following agreement was made [3].

	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.



Simulation parameters for deployment case 1 were defined, and common parameters can be used for deployment case 4. Concerning to the power levels and load levels between two networks, no significant difference for power and load levels may be assumed, especially in the case of 0 % of grid shift between two networks. Therefore, the power and load level defined for deployment case 1 can also be used for two networks.

Proposal 2: Common parameters including power and load levels can be used for deployment case 1 and 4.

Concerning to the evaluation of two networks, an example of the frequency allocations is shown in Fig.1. The interference caused by UL subband in channel A is concerned for the operation with channel B, and DL subband is expected to be used as the guardband. Therefore, evaluation of DL performance of network B is also important as well as the evaluation of UL/DL performance of network A. 


[image: ]
Fig.1 Example of frequency allocations for deployment case 4.

Proposal 3: For deployment case 4, evaluation of DL/UL performance for SBFD operation and DL performance for legacy TDD operation should be performed.

2.3. Calibration
In [4], a work plan on Rel-18 evolution of NR duplex operation SI was presented, and the calibration for simulation results based on defined simulation assumptions was proposed. In IMT-2020 self-evaluation, the calibration was performed and the calibration results were summarized in [5]. For the SBFD evaluation, new features should be introduced to the SLS, and hence performing the calibration is beneficial for the study. In IMT-2020 self-evaluation, DL geometry and coupling gain were used as the calibration metrics, and they can be baseline metrics for the study. In addition, additional metric such as UL SINR for Deployment Case 1 can be considered with considering the additional interference in SBFD operation. 

Proposal 4: DL Geometry and Coupling gain are baseline for calibration metrics, and UL SINR is considered for additional calibration metrics for Deployment Case 1.


3. Link Level Simulation for coverage metric
At the RAN1#109-e meeting, the metrics for the evaluation were discussed and following agreement was made [6].
	Agreement
At least the following metrics are considered for SBFD and dynamic/flexible TDD evaluation.
· DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS
· Resource utilization using SLS
· DL/UL received SINR using SLS
· Coverage metric
· FFS: MPL to achieve a certain bit rate in UL and DL
· FFS: definitions of the above metrics
· FFS: other metrics



For the coverage metric, MPL is one of the metrics in Rel-17 study on NR coverage enhancements. Since MPL is the sufficient metric for coverage evaluation, it can also be used for the study of duplex enhancement. In order to derive the MPL, link level simulation (LLS) needs to be performed, and hence link level simulation assumptions should be defined.

Proposal 5: MPL is used for the coverage evaluation, and link level simulation is performed to derive MPL.

3.1. Simulation assumptions for LLS
LLS was performed in the study on NR coverage enhancements and LLS simulation assumptions are summarized in [7]. For the study of duplex enhancement, we can follow the evaluation scenarios and target performance in the study on coverage enhancement, and hence the simulation assumptions in TR 38.830 can be a baseline. In addition, additional parameters need to be considered as shown in Fig.2. Especially, a power difference between evaluation channel and interference channel is one of key parameters, and hence how to derive the power difference is important. 

· Power difference between evaluation channel/subband and interference channel/subband
· As shown in Fig.2 for UL channel evaluation, the PSD difference between UL channel transmitted by UE and DL interference signals transmitted by gNBs at gNB reception point needs to be discussed and defined. For the DL interference signals, both self-interference (intra-gNB interference) and CLI interference (inter-gNB interference) need to be considered.
· Channel bandwidth of interference channels/subbands
· The bandwidth of interference channels/subbands may affect the interference level at adjacent victim channels/subbands. For example, if the bandwidth of interference channel/subband is narrower, the interference level at the adjacent victim channel/subband would be smaller with given fixed guard band since the power level of side-lobe increases with the bandwidth.
· Guard band between victim channel/subband and interference channel/subband

Proposal 6: LLS simulation assumptions in TR 38.830 is a baseline for study of duplex enhancement, and additional parameters such as “power difference”, “bandwidth of interference channels/subbands”, and “bandwidth of guard band” are considered.

[image: ]
Figure 2. Example of potential simulation assumptions for LLS.

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

Proposal 1: For the number of PRBs for SBFD with DL-UL-DL subbands, UL subband with 55 RBPs for FR1 and 14 PRBs for FR2 and guard band with 5 PRBs for both FR1 and FR2 are used for the evaluation.

Proposal 2: Common parameters including power and load levels can be used for deployment case 1 and 4.

Proposal 3: For deployment case 4, evaluation of DL/UL performance for SBFD operation and DL performance for legacy TDD operation should be performed.

Proposal 4: DL Geometry and Coupling gain are baseline for calibration metrics, and UL SINR is considered for additional calibration metrics for Deployment Case 1.

Proposal 5: MPL is used for the coverage evaluation, and link level simulation is performed to derive MPL.

Proposal 6: LLS simulation assumptions in TR 38.830 is a baseline for study of duplex enhancement, and additional parameters such as “power difference”, “bandwidth of interference channels/subbands”, and “bandwidth of guard band” are considered.
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