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Introduction
It was agreed to study enhancement(s) on UL and/or DL transmit beam selection for latency and overhead reduction in Rel-16 as follows [1].
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In this contribution, we discuss several scenarios identified thus far where excessive latency/overhead is difficult to avoid with Rel-15 BM and possible solutions to be studied in Rel-16.
Evaluation methodology
Since overhead and latency reduction is still in the study phase, we discuss the evaluation method first. The suggested evaluation methodologies for overhead/latency reduction are:
· Conventional metrics via LLS/SLS simulations like spectrum efficiency, 5th percentile user throughput, user perceived throughput, single user spectrum efficiency, BLER, etc.
· Analytical evaluation for overhead reduction and latency reduction
· BM is not the final step of wireless transmissions, some intermediate results or statistic results can also be used to demonstrate the performance gain of proposed BM solutions, for example, 
· Trace and CDF of L1-RSRP/SINR (user experienced L1-RSRP/SINR over time and also overall distribution, example given on left side of Figure 1, need to align on allowed scenarios, example usage given in Section 5)
· Probability of interruption (e.g., SNR < [0]dB), and conditional probability of interruption (e.g., probability of SNR < [0]dB conditioned on blockage event, where block event is defined as SNR dropped by [10]dB and lasted over [50]ms, illustration given on right side of Figure 1, example usage given in Section 3)
· Probability of successful beam failure recovery (e.g., probability of successful recovery from blockage events)
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[bookmark: _Ref525891225]Figure 1 Example of RSRP trace (Left) and blockage event (Right)
[bookmark: _Ref525921035]Frequent reconfiguration of BM resources
For the purpose of new candidate beam identification during beam failure recovery, a number of resources are configured to UE by the IE of candidateBeamRSList. In Rel-15, to provide sufficient coverage, there can be up to 64 SSB beams, but only up to 16 resources can be configured by candidateBeamRSList. Such a design implies that gNB has to configure a new set of candidate beams via RRC reconfiguration to a moving UE, roughly 4 (= 64 / 16) RRC configurations are needed to signal the UE the change of candidate beam set even within one cell. In general, RRC reconfiguration is not preferred for intra-cell mobility, and by fixing the 16 candidate beams to a subset of 64 SSB beams (e.g., evenly sampled), the probability of successful recovery will be reduced.
The most straightforward solution is to increase the maximum number of resources contained in candidateBeamRSList to 64, such that no further RRC signalling is needed for beam tracking/indication within the coverage area of this cell.
However, in Rel-15, there were concerns on UE complexity for new beam identification with large set of candidate resources. To address such concern, we suggest to consider mechanisms that support configuring a larger set of resources by RRC signalling (e.g., all SSB beams) and then MAC-CE/DCI signalling to choose part of them as active resources for new beam identification, as shown in the next figure. 

Figure 2 A moving UE and its associated gNB Tx beam sets
Performance comparison is carried out for 3 different solutions for a time duration of 1 second, as summarized in the table below. As can be seen, the proposed solution provides a good trade-off between robustness and complexity, i.e., UE needs to measure only 16 beams for a given time duration, while the probability of interruption almost halved from that is achievable with Rel-15 design and approaches the upper bound that UE performs global search over all SSB beams. 
Table 1 Performance comparison between different solutions
	Simulation cases
	Probability of  interruption:
Prob(SNR<0dB)
	Conditional probability of interruption:
Prob(SNR<0dB|blockage)

	Case1: At high cost
RRC configure and UE measures 64 candidates
	8.6%
	44.4%

	Case2: Proposed solution
RRC configure 64 candidate beams, MAC-CE to indicate 16 of them for UE to measure
	10.2%
	52.3%

	Case3: Rel-15 baseline (evenly sampled subset)
RRC pre-configure and UE measures 16 candidates
	19.5%
	99.6%



Proposal 1: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a smaller number of them as active resources for new beam identification in Rel-16.
Scheduling restriction around beam swept SSB(s)
As quoted below, to enable UE to perform Rx beam sweeping across symbols occupied by one SSB, it was agreed by RAN4 in Rel-15 that when UE performs SSB based L1-RSRP measurement in FR2, scheduling restriction applies to RS symbols to be monitored.
Agreements:
· When UE performs SSB based L1-RSRP measurement in FR2,
· scheduling restriction applies to RS symbols to be monitored
Such restriction implies that UE-specific PDSCH cannot be FDMed with SSB, even if they are spatially QCLed by this SSB. Together with the fact that to reduce RRC involvement for intra-cell beam tracking, gNB will likely configure all SSBs for UE to perform L1-RSRP measurement, considerable overhead will be incurred by such scheduling restriction. 
Assuming all 64 SSBs are configured to all UEs in the cell as BM resources, in Table 2, the overhead from scheduling restriction around beam swept SSBs, i.e., the ratio of the number of symbols occupied by 64 SSBs to the total number of OFDM symbols within one SSB period, are provided. As can be seen, the overhead is considerably large (> 10%) even with the typical configuration of 10 or 20ms SSB periodicity. It is true that the overhead can be reduced with larger SSB periodicity, but the latency of initial access will be increased proportionally and hence is not a preferred solution. 
[bookmark: _Ref525890107]Table 2 Overhead from scheduling restriction around SSB (120kHz SCS for PDSCH and SSB)
	SSB periodicity (ms)
	# of available DL symbols (DL:UL = 4:1)
	# of symbols for 64 SSBs
	Overhead

	10
	1120 * 0.8
	256
	28.57%

	20
	2240 * 0.8
	256
	14.29%


Observation 1: Due to UE Rx beam sweeping, scheduling restriction imposed around beam-swept SSBs typically introduces more than 10% overhead. 
To reduce the overhead, one solution is to allow for multiplexing of SSB(s) and UE-specific PDSCH in some cases. As depicted in Figure 3, there are two different behaviours for SSB based L1-RSRP measurement. One is that if ReportQuantity is configured as “no report”, UE could sweep its Rx beam during the SSB to find a best Rx beam, and in this case, no PDSCH is allowed to be transmitted on those symbols carrying SSBs. The other is that when ReportQuantity is configured as “ssb index-rsrp”, UE should fix its Rx beam during one SSB to have an accurate RSRP calculation (possibly averaging), and in this case, PDSCH can be FDMed with SSBs and UE can use the same Rx beam to receive both of them. 

[bookmark: _Ref525920837]Figure 3 Two different UE receiving behavior for SSB reception (with/without UE Rx beam sweeping)
With such a differentiation, gNB will be able to configure a limited set of SSB (i.e., no report) for UE to perform Rx beam sweeping (hence no PDSCH on those symbols). In other SSB locations, gNB will still be able to transmit PDSCH to this UE, even if they are configured for L1-RSRP measurement (i.e., with report). In this way, the overhead issue can be alleviated. As accompanying solutions, mechanisms supporting dynamic change of SSB set for L1-RSRP calculation and associated report setting may also be considered. For now, we have the following proposal:
Proposal 2: Scheduling restriction on OFDM symbols carrying SSBs for L1-RSRP computation applies only when the associated ReportQuantity is configured as “no report” in Rel-16.
[bookmark: _Ref525921013]Unclear rule of beam selection 
For non-group-based beam reporting in Rel-15, one possible UE implementation is that UE may select and report the beams with the largest N RSRP(s), where N is the number of beams to be reported. The consequence of this kind of implicit and UE-implementation-based beam selection is that it may not serve the original purpose of beam selection. For example, with the largest N RSRP(s), spatially adjacent gNB Tx beams may be selected. Figure 4 shows the RSRP distribution of all gNB Tx beams in a contour map. For beam reporting with largest N RSRPs, UE would only select beams around the peak to report, for example, beam A and beam C in Figure 4 if N = 2. As one may expect, these reported beams are not suitable as back-up beams and hence the system will be less robust to blockage. In this case, to obtain beams that suitable for serving as back-up (for example, beam A and beam B in Figure 4), gNB may configure more rounds of beam measurement/reporting, leading to large latency/overhead. 

[bookmark: _Ref525920910]Figure 4 Measured L1-RSRP of gNB Tx beams
To address this issue, one simple direction to study in Rel-16 is to introduce additional beam selection rule to regulate UE behavior. For example, UE can be asked to report gNB Tx beams with low spatial correlation. In this way, the selected and reported Tx beams will be more suitable for improving the system robustness via multi-panel/beam diversity-transmission, together with reduced latency and overhead. 
The figure below demonstrates the gain of reporting lowly correlated beams A and B over the highly correlated beams A and C. Since beams A and C are highly correlated, when beam A is blocked, beam C cannot be used as a good back-up. Instead, beam B brings more robustness and can be used as a back-up to prevent the severe RSRP degradation (>20dB).
[image: ]
[bookmark: _Ref525920869]Figure 5 The impact of different beam selections
Observation 2: Implicit and UE-implementation-based beam selection in Rel-15 would cause unnecessary latency/overhead.  
Proposal 3: Study beam selection rules with more explicit reflection of the purpose of beam training to reduce latency/overhead of BM in Rel-16. 
Summary of discussions
In this contribution, we discussed several scenarios identified thus far where excessive latency/overhead is unavoidable with Rel-15 BM and possible solutions to be studied in Rel-16. The following observations and proposals are made:
Observation 1: Due to UE Rx beam sweeping, scheduling restriction imposed around beam-swept SSBs typically introduces more than 10% overhead. 
Observation 2: Implicit and UE-implementation-based beam selection in Rel-15 would cause unnecessary latency/overhead.  

Proposal 1: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a smaller number of them as active resources for new beam identification in Rel-16.
Proposal 2: Scheduling restriction on OFDM symbols carrying SSBs for L1-RSRP computation applies only when the associated ReportQuantity is configured as “no report” in Rel-16.
Proposal 3: Study beam selection rules with more explicit reflection of the purpose of beam training to reduce latency/overhead of BM in Rel-16. 
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