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1 Introduction
In [1], it was agreed to specify measurement and reporting of either L1-RSRQ or L1-SINR in Rel-16. In last 3GPP meeting, we have the following agreements [2]:
Agreement

· Support L1-SINR measured from

· For signal part, SSB and/or NZP CSI-RS

· FFS: For interference part

· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR

· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes

Agreement

For interference part, down-select at least one from the following alternative:

· Alt 1: Dedicated resource(s) for interference measurement

· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214  
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both

· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement

· Alt 2: The same reference signal as signal part as specified in 38.215

· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part

· Companies are encouraged to provide simulation results for down-selection

In this paper, we provide our views on the methods for enabling this enhancement. 
2 Background of inter-beam interference
It is broadly discussed that the inter-beam interference should be properly dealt with under the multi-beam scenarios. L1-RSRP was introduced in Rel-15 as the quantity for beam related measurement, which reflects the absolute received power on the configured reference signal(s). Beam selection based on L1-RSRP provides little information and ranking the corresponding RSRPs in descending order seems the only logical implementation at UE side. Figure 1 shows a simple example when the L1-RSRP is served as the only measurement quantity. In the figure, gNB is using the Tx beam 2 as the serving beam for UE2. While from the perspective of UE1, these three Tx beams have the top 3 RSRPs, so that theoretically any of them can be the serving beam for UE1 if gNB only judges from the reported RSRPs. But in fact, the Tx beam 0 may be the best choice in this case, because the Rx beam 0 used to pair with Tx beam 0 naturally attenuates the signal transmitted by Tx beam 2. In other words, the Tx beam 0 and Tx beam 2 has low inter-beam interference in this specific example. It is observed that multiple spatially adjacent beams with strongest RSRPs may also cause strong mutual interference. Such interference information should be properly evaluated as the input for beam selection. Therefore, the beam selection solely based on L1-RSRP may be insufficient in certain transmission scenarios especially when multi-beam transmission is involved.
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Figure 1. Demonstration of beam selection considering inter-beam interference.
With the example in Figure 1, the gNB may purposely select among Tx beams corresponding to the same UE Rx beam in multi-beam transmission case to reduce inter-beam interference. However, the UE Rx beam information is transparent in Rel-15 beam reporting mechanism, the gNB is not aware of the association between the gNB Tx beam and the corresponding UE Rx beam. Thereby, mechanism of L1-SINR reporting is studied to support the measurement/reporting of beam-level interference. 
3 Discussion of definition on L1-SINR
3.1 CSI-SINR definition in 38.215 
The discussion on definition of L1-SINR has drawn many attentions. As a reference, the definition of CSI-SINR in TS 38.215 v15.3.0 is given below:

CSI signal-to-noise and interference ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals within the same frequency bandwidth.
Based on above definition, the interference can only be measured from the REs where the signal is transmitted, i.e., UE only measures the instantaneous inter-cell interference at the moment of useful signal transmission. With such a restriction, it could be very difficult to measure intra-cell inter-beam interference by directly applying the above definition as the one for L1-SINR. However, only with inter-cell interference measurement, it seems little benefit can be obtained by using the beam selection based on L1-SINR compared to the one based on L1-RSRP specified in Rel-15. 
Figure 2 shows the SLS results which is a comparison between L1-RSRP based method and CSI-SINR in TS38.215 based method. Only about 0.5% performance gain is achieved with CSI-SINR based beam selection method. It leads to an observation that only marginal performance enhancement can be obtained if directly using the definition of CSI-SINR in TS38.215 as the definition of L1-SINR.
Observation 1: The performance gain of L1-SINR-based beam measurement and reporting over L1-RSRP-based solution is marginal if the definition of CSI-SINR in 38.215 is reused for L1-SINR.
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Figure 2 Performance of L1-SINR based beam selection based on CSI-SINR definition in TS38.215
3.2 Analysis on refined definition for L1-SINR
The study of L1-SINR definition then moves to including the impact of intra-cell inter-beam interference. The most straightforward solution is to allow UE to measure interference from other concurrent beams gNB may use to serve other UEs, via dedicated NZP CSI-RS resource configuration for interference measurement. In this section, we perform evaluations based on updated L1-SINR definition which can reflect the intra-cell inter-beam interference, and take L1-RSRP based method as baseline. For each L1-SINR measurement, the NZP CSI-RS for signal and for interference measurement are received by the same UE Rx beam.
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Figure 3 Performance of L1-SINR considering intra-cell interference
SLS is set up to evaluate the following two cases and evaluation assumptions can be found in our companion paper [3]:
· Case 1 (baseline): L1-RSRP based beam selection. The serving beam is selected with a maximum L1-RSRP. In the following MU scheduling, as no interference information is reported, interference cannot be mitigated and strong inter-beam interference may be caused degrading the performance.
· Case 2: The selected DL RS(s) and associated L1-SINR are reported. L1-SINR is calculated by considering other beams in the cell as interference. From reported L1-SINR, gNB can determine the inter-beam interference and thus can perform interference avoidance in MU scheduling. 
The results in Figure 3 show that, with intra-cell interference considered in L1-SINR, gNB can obtain the inter-beam interference information that enables interference avoidance in MU scheduling, and hence achieve a performance gain of 22.1%. 
From the above analysis, we can have the following observations and proposals:
Observation 2: Significant performance gain can be achieved if gNB can obtain the inter-beam interference information through L1-SINR measurement/reporting.
To measure inter-beam interference with sufficient flexibility, it is natural to support dedicated resources for interference measurements, which is listed as Alt-1 in previous agreements. 
Proposal 1: Dedicated resources for interference measurement should be configured for L1-SINR based beam measurement and reporting.
Based on above analysis, there are various mechanisms to obtain L1-SINR with dedicated resources for interference measurement. Two possible schemes are as below:
1) Reuse resources of channel measurements for interference measurements
2) Configure dedicated interference measurement resources
For the first scheme, gNB configures multiple CMR(s) to measure inter-beam interference. In this case UE can take one CMR as signal and one or a few other CMR(s) as interference. UE can report candidate beams with corresponding L1-SINR(s). Additionally, to enable multiple gNB Tx beams transmitting towards the same UE, a further constraint can be also considered that the reported CMR(s) should be simultaneously receivable at the UE side, which is similar to group-based beam reporting specified in Rel-15. The RRC overhead for configuring interference measurement resources is lower by applying this method. 

Proposal 2: Consider to reuse the principle of group-based beam reporting specified in Rel-15 (i.e., reported beams should be simultaneously receivable at UE) for L1-SINR reporting.
For the second scheme, gNB can configure one resource setting for channel measurement and one or more resource setting(s) for interference measurement. With separate CMR setting and IMR setting, UE can perform channel measurement and interference measurement on the resources in CMR setting and in IMR setting, respectively, with which increased flexibility to support inter-beam interference measurement in different scenarios can be achieved. 
3.3 L1-SINR Definition
According to the analysis above, the definition of L1-SINR should at least allow for intra-cell inter-beam interference measurement by enabling flexible configuration of measurement resources for interference part.  Thereby, a possible definition of L1-SINR can be as follow, which is a small revision to CSI-SINR in TS38.215:

Layer-1 signal-to-noise and interference ratio (L1-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals used for interference measurement within the same frequency bandwidth.
Proposal 3: Support the following definition of L1-SINR:
Layer-1 signal-to-noise and interference ratio (L1-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals used for interference measurement within the same frequency bandwidth.
Even with the L1-SINR definition above, further study is still needed on how to configure interference measurement resources, how to connect the channel measurement and interference measurement resources, how to report the measured L1-SINR, etc. 
Proposal 4: Mechanisms for configuring dedicated resources for L1-SINR measurement, and corresponding calculation rule and related UE behavior, should be further studied. 

4 Summary of proposals
Based on the discussions above, we have the following proposals:
Observation 1: The performance gain of L1-SINR-based beam measurement and reporting over L1-RSRP-based solution is marginal if the definition of CSI-SINR in 38.215 is reused for L1-SINR.
Observation 2: Significant performance gain can be achieved if gNB can obtain the inter-beam interference information through L1-SINR measurement/reporting.

Proposal 1: Dedicated resources for interference measurement should be configured for L1-SINR based beam measurement and reporting.
Proposal 2: Consider to reuse the principle of group-based beam reporting specified in Rel-15 (i.e., reported beams should be simultaneously receivable at UE) for L1-SINR reporting.

Proposal 3: Support the following definition of L1-SINR:

Layer-1 signal-to-noise and interference ratio (L1-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals used for interference measurement within the same frequency bandwidth.
Proposal 4: Mechanisms for configuring dedicated resources for L1-SINR measurement, and corresponding calculation rule and related UE behavior, should be further studied. 
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