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Introduction
In previous meetings [1]-[3], L1-SINR measurement and reporting based on dedicated resource(s) has been agreed.
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.
Agreement 
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results
In this paper, we provide our views on the details of measurement and reporting for L1-SINR based beam management.
L1-SINR based Beam Management
In Rel-15, L1-RSRP is reported for beam selection and data is normally transmitted via the best beam with the largest L1-RSRP. This works well in SU-MIMO based transmission as no inter-beam interference is involved in the transmission. However, in MU-MIMO based transmission where inter-beam interference is involved, the performance of data transmission will degrade when the scheduled beams have strong mutual interference. Let us take the example shown in Figure 1. Beam 1, 2 and 3 are the serving beams of UE 1, 2 and 3 respectively. Beam 1 can also be received by UE 2 with the same Rx beam used to receive beam 2. In other words, Beam 1 can cause strong interference to UE 2. With only L1-RSRP information, the gNB is unaware of such interference information and thus is not able to avoid the interference. As a result, the gNB may schedule Beam 1 and Beam 2 for UE 1 and UE 2 in the same slot, which leads to transmission error and throughput loss. 
In such cases, L1-SINR measurement and reporting in BM stage is discussed in Rel-16, which can provide interference information about the reported beam and hence improve the performance of data transmission.


Figure 1. Example of inter-beam interference in MU-MIMO based transmission 
In the last meeting, three types of IMRs are agreed to be down-selected: NZP only, ZP only and both. The IMR can be used to measure inter-cell interference and/or intra-cell interference. Before determine which type of IMR should be used, we first analyze which type of interference should be emphasized in L1-SINR measurement. 
In FR2, the signal is transmitted in a narrow beam and only the beam toward the UE receiving antenna panel can cause strong interference to the UE. As the UE usually uses the antenna panel towards the BS to receive data, the interference signal from other cells is usually weaker than the one from the same cell. So, the intra-cell interference is dominate interference. We provided the statistics of inter-cell and intra-cell interference in a system level simulations, which can be found in our companion paper [4]. From the simulation results, we can see that the impact of intra-cell interference is much big than inter-cell interference. 
Observation 1: Intra-cell interference is the dominating interference in FR2. 
Dedicated IMR type
From the discussion in previous meetings, we have three alternatives for the dedicated RS for interference measurement in L1-SINR based beam management, i.e., ZP CSI-RS, NZP CSI-RS, and both ZP+NZP CSI-RS, where the last one is a compromise solution for supporting both ZP and NZP. In the following, we compare the solutions.
ZP IMR based interference measurement
ZP CSI-RS resources based interference measurement is used in Rel-15 for CSI measurement, such as CQI calculation. In Rel-15, since the ZP CSI-RS if no more information on the transmitted RS in the REs, so only the total power can be estimated. Then, if ZP CSI-RS is configured for interference measurement, the measured channels will be considered as interference in the UE behaviour. To reduce the signalling overhead, the ZP CSI-RS is only with the pattern of (2,2) and (4,1) in Rel-15 and LTE (2,2).
If use ZP CSI-RS based interference measurement for L1-SINR based beam management, there are following issues:
· Overhead Issues: 
· Since the RE mapping patterns of ZP IMR (CSI-IM) and NZP CSI-RS are different, the ZP IMR and NZP CSI-RS cannot overlap completely. It will be required a large number of RS overhead. For example, 1 port CSI-RS (beam 1) for channel measurement with density 3 is transmitted, 3*4=12 REs per RB will be used for interference measurement with ZP CSI-RS, while only 3 REs for NZP CSI-RS based interference measurement for handle the same case (configured with the same pattern). 
· Then, as mentioned in the main bullet, ZP CSI-RS based interference is only for measure the total power. So, from UE behaviour, different interference from beams cannot be distinguished, which results in many hypothesis need to be defined and measured. 
· Measurement accuracy Issues: 
· Since the pattern cannot be fully overlapped, the interference on the REs of ZP CSI-RS will be imbalanced. Take the same example as above, only one REs out of the 4 REs in each ZP CSI-RS pattern experienced intra-cell and inter-cell interference, but the remaining 3 REs only with inter-cell interference. UE may be difficult to measure interference accurately, especially in the case of intra-cell interference is not big.    
· Besides, with ZP IMR, the UE can only measure the mixed power including the intra-cell interference from a beam and the inter-cell interference. With the mixed power based L1-SINR reporting, the gNB cannot determine the interference strength of each beam, as the inter-cell interference measured on each ZP IMR can be different due to the burst feature of inter-cell interference. Hence, the reported L1-SINR fails to provide accurate interference information for the following CSI acquisition and data transmission. 
Based on the above discussion, we do not think ZP CSI-RS based interference measurement can be used for L1-SINR beam management. As some companies mentioned, change the ZP CSI-RS pattern and also change the UE behaviour for ZP CSI-RS, which is more similar as NZP CSI-RS, to make it work. In our understanding, on one hand, it requires much standard work on the changes, and also we need to care about the ZP CSI-RS is also used for many other purpose, such as rate matching, CQI measurement, etc. So, we do not think we need to change ZP CSI-RS. Even with changing the ZP CSI-RS, the different beams still cannot be distinguished. On the other hand, NZP CSI-RS based interference can be used for L1-SINR beam management without the issues mentioned above, which means it is more proper to be used. So, we do not need to create a new ZP CSI-RS for L1-SINR.
Observation 2: There are some issues for ZP IMR for L1-SINR, e.g., overhead issues and measurement accuracy issues. 
[bookmark: OLE_LINK7]NZP IMR based interference measurement 
In Rel-15, NZP CSI-RS based interference was also specified for CSI measurement. NZP IMR can be used to measure both inter-cell interference and intra-cell interference. Specifically, after receiving the NZP IMR, the UE conducts channel estimation with the NZP IMR. The intra-cell interference power can be calculated via the estimated channel, and the inter-cell interference can be calculated by extracting the remaining power of the NZP IMR after removing the channel power. Different as ZP IMR, the issues discussed above are none in the NZP IMR based L1-SINR beam management.
At first, the exact same CSI-RS pattern can be used to measure interference beams. For example, to measure 1 RE per port for 1-port interference beam, only one port NZP IMR need to be used. So, the overhead of RS can be kept very low, and also there is no interference power imbalanced in different REs, which means the interference can be estimated accurately.
Furthermore, the interference signals are configured to the UE in NZP IMR, so the different interference beams can be accurately estimated. It is not the same as ZP IMR, which only measures the total mixed power as interference. If multi-beams are overlapped, the interference from different beams still can be separately estimated in NZP IMR. 
Some companies may concern on the complexity of NZP IMR based interference measurement. However, NZP CSI-RS based interference is already used in Rel-15 for CQI calculation. Please note that the complexity of CQI calculation is much more than beam measurement, which corresponding to different ranks, TPMIs, etc. In the enhancement of beam management, the complexity should not be an issue.
Observation 3: NZP IMR is proper to be used L1-SINR based beam management.
System evaluation 
In the following, we evaluate the performance of ZP IMR based L1-SINR and NZP IMR based L1-SINR in comparison with R15 baseline. MU-MIMO transmission is adopted as the transmission mode. More simulation parameters are given in our companion paper [4].
· R15 baseline: RSRP based beam selection is evaluated as the R15 baseline.
· ZP IMR: as the ZP IMR has different RE mapping pattern from the NZP IMR, the overhead need to be taken into account. The ZP IMR based L1-SINR is for beam selection (selecting CMR with largest L1-SINR).
· NZP IMR: L1-RSRP based beam selection is executed. Then the L1-SINR of each selected beam/CMR is calculated with each NZP IMR as the interference source to emulate the inter-beam interference. With the inter-beam interference information, MU scheduling is more accurate. 
[image: ]
Figure 3. ZP IMR based L1-SINR v.s. NZP IMR based L1-SINR
Simulation results in Figure 3 shows that, the ZP based L1-SINR fails to obtain any performance gain comparing to R15 baseline with consider RS overhead. As discussed in above sections, ZP IMR based L1-SINR cannot estimate intra-cell and inter-cell interference accurately. The inter-cell interference in HF usually appears with a burst pattern (appears with a small probability as the interference signal is transmitted through a narrow beam). Hence, the measurement on such inter-cell will be a problem. 
In another case, NZP based L1-SINR obtains a significant performance gain of 22.1% due to the fact that, with the inter-beam interference information, the gNB is able to perform interference avoidance to alleviate the interference between the beams scheduled simultaneously in MU scheduling.
Observation 4: ZP IMR based L1-SINR fails to provide any performance gain, while NZP IMR can provide 22% performance gain. 
Proposal 1: Support NZP IMR for L1-SINR measurement.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Reusing CMR as IMR
According to the agreement in the previous meeting, one remaining issue is whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement. In our view, NZP CMR can be reused as IMR in some situations. For example, when group based beam reporting is enabled, the UE will report two CMR(s) to the gNB and the gNB may use the two corresponding Tx beams for data transmission. Likely there will be interference between the two CMR/beam(s). Hence, L1-SINR should take the interference between the two CMRs into consideration. In this case, when the UE calculates the L1-SINR of one CMR, the other CMR should be assumed as the interference source.
Proposal 2: When group-based beam reporting is enabled for L1-SINR reporting, support reusing NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement.
Summary of proposals
Based on the discussions above, we have the following proposals:
Observation 1: Intra-cell interference is the dominating interference in FR2. 
Observation 2: There are some issues for ZP IMR for L1-SINR, e.g., overhead issues and measurement accuracy issues. 
Observation 3: NZP IMR is proper to be used L1-SINR based beam management.
Observation 4: ZP IMR based L1-SINR fails to provide any performance gain, while NZP IMR can provide 22% performance gain. 

Proposal 1: Support NZP IMR for L1-SINR measurement.
Proposal 2: When group-based beam reporting is enabled for L1-SINR reporting, support reusing NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement.
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