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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 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. 
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, defining L1-RSRQ or L1-SINR for beam measurement and reporting was included in the scope of WID for R16 beam management.
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Figure 1. Demonstration of beam selection considering inter-beam interference.
3 Key issues to specify
Different from RSRP, the RSRQ and SINR calculation is based on signals as well as interference and noise. But currently defined RSRQ and SINR are mainly designed for L3 measurement, where long-term measuring and filtering are performed.  To define the L1 version of them, mainly two possible use cases can be considered: 
· Coarse interference measurement (CIM): in this case the UE is not specifically configured with any dedicated interference measurement (IM) resources. Similar to currently defined RSRQ (Figure 2), the UE is required to measure the sum power of almost everything within the measurement bandwidth as the denominator without distinguishing among signals, interferences sources and noise. 
· Dedicated-resource based interference measurement (DIM): in this case the UE is configured with dedicated IM resources. Similar to the SINR calculation (Figure 2), the UE is asked to measure interferences specifically with dedicated IM resources. On this line, the measurement may be more scenario-specific and can be optimized by the flexible configuration and corresponding interference assumption. 
Generally, having dedicated interference measurement resource has the potential to better support inter-beam interference measurement in various transmission scenarios. Therefore, we suggest that at least the use case of DIM should be considered when defining L1-RSRQ or L1-SINR for inter-beam interference measurement.
Proposal 1: Beam measurement and reporting of L1-RSRQ/L1-SINR should consider dedicated interference measurement resources. 
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 Figure 2. SINR and RSRQ calculation in an RB
SINR and RSRQ have different inference measurement assumptions but are generally analogous. It seems unnecessary to define both L1-RSRQ and L1-SINR in Rel-16. As depicted in Figure 2, with dedicated IM resource configuration, the SINR measurement can be performed in the granularity of RE, while the RSRQ measurement can only be performed on the entire OFDM symbol. Apparently, with dedicated IM resources, L1-SINR can better support the interference measurement among beams. As a result, the measurement quantity of L1-SINR seems more suitable for inter-beam interference measurement.
Proposal 2: Support L1-SINR for inter-beam interference measurement and reporting in Rel-16.
Based on the discussions above, one possible use case for inter-beam interference measurement is enable the selection between single-beam and multi-beam transmission. Based on the L1-RSRQ/L1-SINR measurement, UE can select one or more beams from the beams that can be received simultaneously. With the reporting of L1-RSRQ/L1-SINR, the gNB may schedule a single-beam or multi-beam PDSCH transmission considering from the overall system performance. 

Proposal 3:  Consider L1-SINR reporting of one or multiple simultaneously receivable beams enabling gNB to select between single-beam or multi-beam PDSCH transmission.
4 Summary of proposals
Based on the discussions above, we have the following proposals:
Proposal 1: Beam measurement and reporting of L1-RSRQ/L1-SINR should consider dedicated interference measurement resources. 

Proposal 2: Support L1-SINR for inter-beam interference measurement and reporting in Rel-16.

Proposal 3:  Consider L1-SINR reporting of one or multiple simultaneously receivable beams enabling gNB to select between single-beam or multi-beam PDSCH transmission.
5 References

[1] RP-181453, “WI Proposal on NR MIMO Enhancements”
� EMBED Visio.Drawing.15  ���








[image: image3.emf]UE1

Tx beam 2

UE2

UE1
Tx beam 1
Tx beam 2
UE2
Rx beam 1
Tx beam 0
Rx beam 0

Data





