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1	Introduction
In NR Release 15, it was specified to use measurement and reporting of L1-RSRP for beam management. For NR Release 16, it has been agreed to specify measurement and reporting of either L1-RSRQ or L1-SINR [1]. In the 3GPP RAN WG1 meeting #94 bis [2], it was agreed to specify measurement and reporting of L1-SINR.

In this contribution, we present results comparing L1-SINR measurement and reporting to L1-RSRP measurement and reporting and propose a way forward. This is a revision of R1-1902959.
[bookmark: _Ref178064866]2	Discussion
In NR Release 15, it is specified that L1-RSRP should be reported for the N beams with the highest L1-RSRP where N is a configurable number between 1 and 4. In order for it to be meaningful to measure and report L1-SINR for the N beams with highest L1-SINR rather than to measure and report L1-RSRP, we note that this should either result in that the reported beams are at least partly different than in the L1-RSRP case and/or that the reported measurement value(s) provide(s) information that is useful for the base station.
In [3], we presented results that highlighted under what circumstances a the best L1-RSRP beam would be different from the best L1-SINR beam. It was demonstrated that even if the scenario is constructed to magnify the differences between L1-RSRP and L1-SINR, the UE selects the same beam in 94% of the cases, and the resulting difference in SINR is very, very small.
In this contribution, we simulate a system in operation, and compare the performance with beam selection based on L1-RSRP and beam selection based on L1-SINR. 
Compared to previous results, we have simulated more gNB Tx beams and more UE Rx beams to search for situations where there may be a difference. We also provide more details on the beam sweeping algorithms.
2.1	Simulation results
To investigate if there are gains with L1-SINR measurement and reporting, we have run simulations where users are dropped over a network area and each user measure L1-RSRP or L1-SINR for all 48 TX beams and report either L1-RSRP or L1-SINR for the beam with the best L1-RSRP or L1-SINR to the base station. Each UE receives one 500kB packet, and then leaves the system.
The Tx beam is selected using CSI-RS beam sweeps using aperiodic CSI-RS. The sweeps for different UEs are uncoordinated. The UE reports the best Tx beam, and the NW applies that. 
The base station sweeps the beams in a manner that could be called alternate narrow/wide. Thus, the gNB periodically probes a set of narrow beams, and compares the reports. Sometimes, the gNB also probes a set of wide beams, to ensure that non-adjacent beam directions are probed as well. 
The UE always chooses its Rx beam based on SINR.
Link adaptation is based on additional aperiodic CSI-RS, and the associated reports.
Other simulation parameters are listed in the appendix.
The results are shown in Figure 1. As is clear from the results, there is very little performance difference between RSRP-based and SINR-based beam selection. Obviously, the cases where different beams are selected are very rare, and even when different beams are selected, the resulting SINR is very similar. This agrees with the results in [3].
[image: ]
[bookmark: _Ref528828948]Figure 1: Throughput for RSRP-based and SINR-based beam selection.
We thus observe:
[bookmark: _Toc7785471]The performance of beam selection based on L1-SINR and L1-RSRP is very similar. 
It is interesting to consider under what circumstances beam selection based on L1-RSRP and L1-SINR could potentially provide different performance, even under what circumstances it would lead to different beam selections. 
Fundamentally, the received interference does not depend on the TX beam used for the reference signal that is used to estimate RSRP. It does however depend on the Rx beam used at the UE receiver. This means that to get a different beam selection, all combinations of Tx/Rx beam combinations must be probed:
[bookmark: _Ref7789319]To get a different Tx beam selection based on SINR compared to RSRP, all relevant Tx/Rx beam combinations must be probed.
In contrast, for a case where the Tx beam and Rx beam adjustments are decoupled, selecting the Tx beam based on SINR will always give the same result as selecting the beam based on RSRP. In many cases, such sequential determination of Tx/Rx beams is in most cases the most efficient solution, since the RSs standardized for NR Release-15 were not optimized to perform joint Tx/Rx beam sweeps. We thus observe
[bookmark: _Ref7789321]The RSs solutions specified in NR Release-15 were not optimized for joint Tx/Rx beam sweeps.
Combining Observation 2 and Observation 3 we realize that to reap the benefits of SINR-based beam selection, a relatively large RS overhead will be required.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The performance of beam selection based on L1-SINR and L1-RSRP is very similar.
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Simulation parameters
	Parameters
	Values

	Scenarios 
	Dense urban macro layer only with 7 3-sector sites


	Simulation bandwidth
	40MHz DL

	Carrier frequency
	30 GHz

	Base station TX power
	37 dBm

	Subcarrier Spacing for data
	120kHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	BS antenna configurations
	Single-panel:
(M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ


	BS antenna element radiation pattern
	According to TR38.802

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

	UE antenna configurations
	Single-panel:
(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 1; 1, 1); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; 

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

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

	UE receiver type
	IRC

	UE position
	Randomly selected, outdoor probability 100 %

	UE mobility feature
	No additional features considered
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