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1	Introduction
In RAN1#96, the following was agreed:
Agreement
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline

In this contribution, we compare the SINR performance using ZP and NZP IMR. This is a resubmission of R1-1905218
[bookmark: _Ref178064866]2	Discussion
In RAN1#96, there was a discussion about the relative merits of ZP and NZP IMR when used for SINR estimation. The is widely acknowledged that NZP IMRs are easier to configure (the REs occupied by the RS can be used), and the overhead is smaller. On the other hand, SINR estimated using ZP IMR provides higher accuracy, and it was almost claimed that SINR estimation using NZP IMR would not work.
In this contribution, we present results from a simple link simulation where we compare the accuracy of SINR estimation using CSI-RS. The RSRP is estimated on the CSI-RS REs, and the interference is estimated using ZP IMR or NZP IMR. For NZP IMR, the interference is estimated on the CSI-RS REs, i.e., using the CSI-SINR definition from [6]:

In the investigated scenario, a single-port CSI-RS resource with density 3 was used. The RSRP was estimated using matched filtering, and for NZP IMRs, the interference was estimated from the channel estimation residuals. Very little effort has been spent on optimizing the channel estimation.
The estimation errors are evaluated for channels with low delay spread. This is considered a reasonable operating point, since at 120kHz subcarrier spacing, the performance will drop drastically once the delay spread gets larger. Also, the narrow beams will lead to a reduced delay spread.
The results are depicted in Figure 1 and Figure 2.
[image: ]
[bookmark: _Ref4768262]Figure 1: Median estimation error for SINR using ZP IMR and NZP IMR for a channel with low delay spread. 
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[bookmark: _Ref4768264]Figure 2: Estimation error for SINR using ZP IMR and NZP IMR for a channel with moderate delay spread. 
Clearly, the SINR estimated using ZP IMR provides better accuracy. The difference becomes larger, the larger SNR. Also, the difference becomes larger the larger the delay spread.
However, the performance of the SINR estimation based on NZP IMR is adequate. An SINR estimate with an error that is below 1 dB is adequate enough to provide the basis for beam selection. 
[bookmark: _Toc4781852]SINR estimation based on NZP IMR provides good enough accuracy for beam selection purposes.
Also, the ZP IMR provides significantly better accuracy at high SNR, where it can be foreseen that the difference in performance is smaller: it does not really matter if a beam with 20 or 19dB SNR is chosen, the resulting throughout performance is similar. 
[bookmark: _Toc4781853] ZP IMR provides significantly better accuracy only in SNR ranges where the resulting difference in performance is small.
Based on the results presented in this contribution, we propose
[bookmark: _Toc4781855]The network can configure NZP IMR for L1-SINR estimation.
Conclusion
In the previous sections we made the following observations: 
Observation 1	SINR estimation based on NZP IMR provides good enough accuracy for beam selection purposes.
Observation 2	ZP IMR provides significantly better accuracy only in SNR ranges where the resulting difference in performance is small.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The network can configure NZP IMR for L1-SINR estimation.
 
[bookmark: _In-sequence_SDU_delivery]Appendix: Simulation parameters
	Carrier frequency
	28GHz

	Subcarrier spacing 
	120kHz

	System bandwith
	75MHz (52 PRBs)

	Channel model
	TDL-A with 10 and 30ns delay spread

	UE speed
	30kmph

	Number of UE antennas
	1

	Number of BS antennas
	1

	CSI-RS
	Single-port, density 3
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