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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. Link Level Simulation for coverage metric
At the RAN1#111 meeting, the methodology for the evaluation using link level simulation (LLS) was discussed and following agreement was made [2].
	Agreement
RAN1 agrees link-level simulations (LLS) may be performed for various purposes related to SBFD performance and feasibility in both FR1 and FR2, interested companies may perform LLS at least for the following purpose:
· To evaluate coverage performance
· Option 1: Take link level evaluation methodology in TR 38.830 (i.e., LLS + Link budget analysis) as starting point to evaluate the coverage performance (e.g., MPL, MCL, MIL) for SBFD considering inter-gNB/sector interference and self interference. 
· Other options (e.g. SLS as a tool to obtain the coverage metric) are not precluded 
· Details on LLS including but not limited to impact of different BS antennas to channel reciprocity / BF
· FFS: 
· To evaluate advanced receivers and realistic demodulation performance
· To evaluate UE-UE CLI mitigation performance 
· To evaluate gNB-gNB CLI mitigation performance
· To evaluate feasibility and performance of self-IC accounting for realistic non-linearities in the gNB transmit and receive chains 
· Details on LLS including but not limited to impact of different BS antennas to channel reciprocity / BF



To evaluate coverage performance (e.g., MPL, MCL, MIL) for the study of duplex enhancement, the link level evaluation methodology in TR 38.830 can be considered as starting point, and hence Option 1 was agreed as a baseline. Concerning the simulation assumption of link level simulation (LLS), we believe that the simulation assumption in TR 38.830 [3] can be reused. In addition, some simulation assumption for the system level simulation (SLS), such as the number of RBs, can be similarly applied to the evaluation methodology of LLS for coverage metric.

Proposal 1: LLS simulation assumption in TR 38.830 is baseline and assumption for SLS is also considered for the evaluation.

2.1. Procedure of coverage performance evaluation based on LLS
According to RAN4 reply [4], the ratio of self-interference (RSI) can be modelled as (almost) frequency flat at least when RSI is scaled to sub-band level. Therefore, we can reflect interference to the coverage performance evaluation based on LLS using frequency flat model, as shown in Fig.1.Based on the input power of interference signal at receiver obtained from SLS results, e.g., CDF of xx% of interference signal power at receiver, the interference level can be derived by CLI formula agreed for SLS. Regarding the procedure of reflecting interference to coverage performance evaluation based on LLS, following two options can be considered to derive the coverage performance.

· Option A. Interference is considered in LLS.
Step1: Interference is added to noise floor in LLS, so that required SNR may be shifted (e.g., from x dB to y dB) as shown in Figure.2. 
Step2: y dB is used for the link budget template as shown in Figure3(b).

· Option B. Interference is considered in link budget template.
Step1: Perform LLS without interference.
Step2: Interference level (e.g., z dB) is added in the same manner with noise level in link budget template as shown in Figure3(c), and it can be calculated by using signal power, noise floor and interference level and so on.


Proposal 2: Following two options can be considered to derive coverage performance based on LLS.
Option A: Interference is considered in LLS.
Option B: Interference is considered in link budget template.
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Figure 1. Signal and interference levels in frequency domain at receiver
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Figure 2. Example of LLR Result
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Figure 3. Example of link budget template


If frequency flat model is considered for interference level, same result can be expected by Option A and Option B. On the other hands, we may also need to consider some factors that bring potential difference. For example, how to handle interference signal with multiple reception antennas, and following two cases can be considered. 

Case 1: Independent interference signals are input to each of the multiple antennas, so that the interference signals at each antenna are uncorrelated
Case 2: The same interference signal is input to multiple antennas, so that the interference signals at each antenna are correlated

These two cases may cause a difference in LLS evaluation results, and thus different results between Option A and Option B may be also expected. In the case of multiple reception antennas, we perform LLS for the two cases, and Figure 4 shows the PUSCH performance evaluation results for FR1 eMBB scenario with adding interference signal of -5 dB.
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Figure 4. LLS evaluation Results with adding interference

The evaluation results show a gap of about 0.1 dB for the two cases. Thus, in case of multiple reception antennas, we may need to clarify whether the interference signals at each antenna are uncorrelated or not. In the real environment, the same interference signal may be input to multiple antennas, so that we think Case 2 is preferable for the evaluation. This observation indicates Option A is preferable for the evaluation.

Observation 1: In case of multiple reception antennas, the same interference signal may be input to multiple antennas, so that the signals may be correlated. Because of these different characteristics from noise, Option A is preferable for the evaluation.

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

Proposal 1: LLS simulation assumption in TR 38.830 is baseline and assumption for SLS is also considered for the evaluation.

Proposal 2: Following two options can be considered to derive coverage performance based on LLS.
Option A: Interference is considered in LLS.
Option B: Interference is considered in link budget template.

Observation 1: In case of multiple reception antennas, the same interference signal may be input to multiple antennas, so that the signals may be correlated. Because of these different characteristics from noise, Option A is preferable for the evaluation.
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