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1. Introductions
In previous RAN1 meeting, there are quite a lot discussion regarding whether NZP CSI-RS should be configured for L1-SINR measurement or not.
Agreement

RAN1 to determine one of the following for L1-SINR in RAN1#97:

· L1-SINR based on ZP+NZP IMR

· L1-SINR based on ZP IMR only

· L1-SINR based on NZP IMR only

If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.

We provide some analysis and initial evaluation results for above down-selection in this paper.
2. Discussions
The major motivation to support L1-SINR based measurements lies in two aspect: to measure inter-cell interference or to measure inter-beam interference. According to previous simulation results, the gains for inter-cell interference is marginal. Thus inter-beam interference becomes the most important reason to support L1-SINR based measurements in Rel-16.
The major benefit of specifying NZP IMR is claimed as following
· Performance improvement: the network could configure NZP IMR resources which would improve system performance due to inter-beam measurement;
· Overhead reduction: the network does not need to transmit specific signals for interference measurement;

However, above benefits comes at the cost of UE complexity increase, i.e. UE has to assume NZP IMR as interference layers and may need more accurate measurement of the interference to satisfy the requirement. 
For the FR2 operation, the major use case of inter-beam interference measurement would be for the network to schedule a UE (e.g. UE1) with newly arrived traffic on the resources where another UE (e.g. UE2) is currently being scheduled with ongoing traffic. For such scenarios, the measurement would be like following:

· The gNB needs to know whether UE1 could work with UE2 current beam

· Such measurement could be done by configuring interference measurement resources for UE1 on the PDSCH resources for UE2;

· Such measurement could be easily satisfied by specifying ZP IMR, where the measurement resources could be configured on the PDSCH;

· The gNB needs to know whether scheduling UE1 would create interference for UE2

· Such measurement could be done by configuring interference measurement resources for UE2 on a specific NZP resources used for the UE1 to measure;
· Although it seems to be beneficial to be configured with NZP IMR for such purposes,  such measurement can be conducted with several alternatives:
· By triggering NZP CSI-RS based L1-RSRP measurement with QCL-D assumption same as PDSCH Rx, the L1-RSRP could well reflect the corresponding interference level;

· By configuring the ZP for UE2 overlapping NZP IMR for UE1, the interference could be derived by the network;

· By enabling UE to report L1-SINR without configuring any NZP IMR, UE complexity could be largely reduced;
After above UE2 successfully select the beam, it’s still possible to add the third UE. Considering the bursty traffic in real deployment, the third UE3’s traffic would not come at the same time as the second UE. Then the third UE3 could measure the interference of UE1 and UE2 on the corresponding PDSCH. For UE1 and UE2 to measure the interference of the beam for UE3, the above mentioned L1-SINR measurement without IMR resources or even the aperiodic NZP CMR measurement could provide satisfying performance.
Based on above analysis, there are following observations:

· L1-SINR report without configuring any NZP IMR provides robust performance with lowest complexity;

· ZP IMR could reflect the inter-beam interference and inter-cell interference at the same time and could reduce UE measurement complexity;

· Further specification on NZP IMR based L1-SINR is not necessary;

3. Evaluation results
System level simulation is done to evaluate the performance difference between L1-SINR based on ZP IMR and L1-SINR based on NZP IMR. Detailed simulation assumptions could be found in Table 1 in Annex.
The CDFs of SINR of the selected beam of two beam selection methods are shown in Fig. 1 and Fig. 2, while Fig.1 is for gNB with 3 panels and Fig. 2 is for gNB with 4 panels. It could be seen that in both figures, L1-SINR based on ZP IMR has nearly the same performance compared with L1-SINR based on NZP IMR.
The probabilities of the selected beam pair index of two beam selection methods are shown in Fig. 3 and Fig. 4, while Fig.3 is for gNB with 3 panels and Fig. 4 is for gNB with 4 panels. The beam pair index is calculated as (Tx beam index + Rx beam index * total number of Tx beams). It is observed that two beam selection method select the same beam pair index in most cases.
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Figure 1. SINR of the selected beam of two beam selection methods for gNB with 3 panels
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Figure 2. SINR of the selected beam of two beam selection methods for gNB with 4 panels
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Figure 3. The selected beam pair index of two beam selection methods for gNB with 3 panels
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Figure 4. The selected beam pair index of two beam selection methods for gNB with 4 panels
Based on above results, we can observe the following:

· There is little difference in beam selection with L1-SINR based on ZP IMR and L1-SINR based on NZP IMR
4. Conclusion

In this contribution, we have the following proposals for multi-TRP based transmission schemes.

Observation 1: For L1-SINR:

· ZP IMR could reflect the inter-beam interference and inter-cell interference at the same time and could reduce UE measurement complexity;

· measurement without configuring any NZP IMR provides robust performance with lowest complexity;

· further specification on NZP IMR based L1-SINR is not necessary;
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Annex
Table 1. Simulation assumption for beam selection

	Parameters
	Values

	Scenarios 
	Indoor hotspot

	Mode
	DL MU-MIMO

	Simulation bandwidth
	80MHz (DL+UL), TDD

	Subcarrier Spacing for data
	120kHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT based beam per polarization

	Criteria for selection for serving TRP
	RSRP based best analog beam pair

	Criteria for beam selection for serving TRP
	Based on SINR metrics

	Link adaptation
	Based on CSI-RS

	Traffic Model
	Full buffer

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 2, 2; 1, 1), or (M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 3; 1, 1). (dV, dH) = (0.5, 0.5) λ

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°; as baseline

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal calibration

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	1 TXRU per polarization per panel

	Transmission scheme
	Multi-antenna port transmission schemes

	UE mobility feature
	No additional features modelled
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