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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

· L1-SINR is supported. L1-RSRQ is not supported.

· Companies to study and provide definition of L1-SINR

· Study the reporting content, e.g.

· Whether CRI/SSBRI is reported

· Whether differential group/non-group reporting is applied

· Whether L1-RSRP is reported

· Study the interference measurement mechanism

In this paper, we provide our views on the methods for enabling this enhancement. 
2 Background of inter-beam interference
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. However, the beam selection solely based on L1-RSRP may be insufficient in certain transmission scenarios especially when multi-beam transmission is involved. 
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. An example is illustrated in Figure 1. In the diagram, gNB is using the Tx beam 2 as the serving beam for UE2. 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 example. 
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Figure 1. Demonstration of beam selection considering inter-beam interference.
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Figure 2. SINR and RSRP distribution
For illustrating purposes, some statistics on inter-beam interference extracted from SLS are provided in Figure 2. In Figure 2, we plot the distribution of SINR over RSRP of different beams. In the upper part, it is observed that beams with similar RSRPs can have very different SINR. For example, beam A and beam B are reported with similar RSRPs, but after MU-pairing, beam A and B be experiencing different levels of interference, which may lead to quite different SINRs. The bottom part depicts the SINR fluctuation of the beams with similar RSRP, where it can be found that the varying range can be more than 10dB in some cases. Based on the above simulation results, it is observed that the RSRP can not reflect the experienced interference.
Observation 1: Beams with similar L1-RSRP(s) can have very different L1-SINR(s) after MU-pairing.
Observation 2: L1-RSRP cannot accurately reflect the interference experienced by reported beams.
To enable convenient beam-level multi-user paring, mechanisms to evaluate and report inter-beam interference have drawn recent attentions. With the example in Figure 1, the gNB may purposely avoid scheduling simultaneous Tx beams corresponding to the same UE Rx beam in multi-beam transmission case to avoid 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 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 Key issues to specify
3.1 Discussion on definition of L1-SINR
As L1-SINR is supported for beam measurement and reporting, as the top priority, we need to clarify its definition. Referring to the TS 38.215, the definition of CSI-SINR (as an example) is as follows:
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.
Basically, the definition of L1-SINR can be very similar to the one list above, where the key point is only the interference power contribution over the resource elements carrying CSI-RS should be counted. However, for the inter-beam interference measurement purpose, some impact to current BM framework can be expected, such as interference measurement resource (IMR) configuration for BM, reporting quantity setting, etc. The definition of L1-SINR should accommodate various scenario-specific configuration and interference assumption. 
Proposal 1: Consider to accommodate various scenario-specific reference signal configurations and interference assumptions for multi-beam transmission when defining L1-SINR.
3.2 Dedicated interference measurement resources

Based on the discussion on L1-SINR, the interference measurement is expected to be only performed in the resource elements where CSI reference signals are transmitted (as demonstrated by Figure 3). In this case, it is straightforward to introduce dedicated interference measurement resources (D-IMR) for beam management, so that, the beam measurement can be more scenario-specific and can be optimized by the flexible measurement resource configurations and corresponding interference assumptions. Thus, we suggest that at least the configuration of D-IMR should be considered for inter-beam interference measurement.
Proposal 2: Beam measurement and reporting of L1-SINR should consider dedicated interference measurement resources. 
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 Figure 3. Resource configuration for L1-SINR calculation
3.3 Measurement mechanism for L1-SINR 
Beam measurement and reporting with L1-SINR should consider inter-beam interference with multiple gNB Tx beams transmitting towards the same UE. The CSI framework specified in Rel.15 can be considered as a starting point where gNB configures multiple CMR(s) for beam measurement. To measure inter-beam interference, UE can take one CMR as signal and one or a few other CMR(s) as interference. After exhaustive search, 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 applied that the reported CMRs should be simultaneously receivable at the UE side, which is similar to group-based beam reporting specified in Rel-15. 
Proposal 3: 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.
4 Summary of proposals
Based on the discussions above, we have the following proposals:
Observation 1: Beams with similar L1-RSRP(s) can have very different L1-SINR(s) after MU-pairing.

Observation 2: L1-RSRP cannot accurately reflect the interference experienced by reported beams.
Proposal 1: Consider to accommodate various scenario-specific reference signal configurations and interference assumptions for multi-beam transmission when defining L1-SINR.
Proposal 2: Beam measurement and reporting of L1-SINR should consider dedicated interference measurement resources. 

Proposal 3: 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.

5 References

[1] RP-182067, “Revised WID: Enhancements on MIMO for NR”, Gold Coast, Australia, Sept 10th – 13th, 2018
[2] 3GPP, ‘RAN1 Chairman’s Notes”, Chengdu, China, October 8th – 12th, 2018
