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Introduction
Rel-16 MIMO is tasked to enhance various aspects of multi-beam operation in FR2, including [1]
· 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 the last meeting, some progresses have been made [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 share our views on multi-beam enhancements, starting from performance metrics, followed by important directions to study/specify that we have identified.
Performance metrics for multi-beam enhancements
To understand the gain of potential enhancements, quantitative performance comparisons with what was specified in Rel-15 is highly recommended. More detailed discussions on the evaluation assumptions and issues identified can be found in our companion paper [8]. And some initial results can be found in our companion paper [9]. 
In addition to general performance metrics (e.g., cell-level spectrum efficiency and user perceived throughput in SLS and single-user spectrum efficiency and BLER in LLS), as beam management procedures are mainly used to acquire/maintain/recover the beam pair(s) between gNB and UE, some intermediate results or statistics are also of interests, and can help to reduce the simulation complexity as well. And they may vary with the targeted scenario and enhancements under discussions. In this regard, we propose to discuss and align the following performance metrics:
· 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)
· 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 the blockage event is defined as SNR dropped by [10]dB and lasted over [50]ms, illustration given on right side of Figure 1, example given in [9])
· Probability of successful beam failure recovery (e.g., probability of successful recovery from blockage events)
Observation 1: Intermediate results such as distribution of L1-RSRP/SINR and probability of SNR < [0]dB can provide insights into performance of multi-beam enhancements while reducing simulation complexity.
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[bookmark: _Ref525891225]Figure 1 Example of RSRP trace (Left) and blockage event (Right)
Beam failure recovery for SCell
According to [1], a beam failure recovery (BFR) mechanism for SCell is to be specified in Rel-16. In this section, we discuss the typical deployment scenarios of BFR for SCell and the potential solutions/issues to be investigated. More detailed discussion can be found in [3].
Applicable scenarios
Three deployment scenarios of BFR for SCell that we have identified are depicted in Figure 2, including SCell configured with uplink, SCell configured as downlink-only, and UE is configured with SUL. 
In our views, these three scenarios are all valid and should be included for further discussions. Any prioritization or down-selection should be based on sufficient discussions and consensus in RAN1. 
[image: ]
[bookmark: _Ref525896328]Figure 2 Deployment scenarios of SCell BFR
For Scenario 1, the most straightforward solution seems to be reusing the Rel-15 design for PCell, and SCell BFR in Rel-16 should additionally address Scenario 2/3 by enabling UE/gNB to recover the beam pair on SCell using resources on PCell/SUL.
Proposal 1: BFR for SCell should support deployment scenarios including SCell with uplink, SCell without uplink, and SCell with SUL at least.
Solutions/issues to be investigated
Regarding the BFR on SCell for Rel-16, the Rel-15 mechanisms of beam failure detection and new beam identification can be reused. Besides, enhancements on BFR request (BFRQ) and BFR response monitoring are needed to support SCell BFR. According to the LS in [4], the following broad solutions for BFR on SCell were identified: 
	a) CFRA BFR on SCell UL and SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.
b) CFRA BFR on SCell UL and PCell DL, using the same CORESET-BFR as BFR on SpCell.
c) CFRA BFR on PCell UL and PCell DL, using same resources as BFR on SpCell but different preambles.
d) MAC CE transmission on PCell to indicate the new beams.


In addition, PUCCH-based solution has been extensively discussed in Rel-15 and may also be considered as one candidate. 
Considering different applicable scenarios, Solution a works for Scenario 1 (i.e., SCell with UL), while Solution c is more suitable for Scenario 2 (i.e., DL-only SCell). For Scenario 3 (i.e., UE being configured with SUL), BFRQ transmission on SUL can be considered. In addition, depending on the interpretation of the agreed objective of ‘based on the beam failure recovery specified in Rel-15’, MAC-CE and PUCCH based solutions may or may not fit in the scope of Rel-16 multi-beam enhancements, which need to be discussed and decided. 
With Solution c in Scenario 2, cross-carrier beam failure recovery is performed, which allows for BFRQ transmission on PCell when beam failure is detected on SCell. However, if contention-free PRACH resources are configured on PCell UL for BFR for multiple SCells, the overhead may be unbearable. For example, each SCell needs up to 16 RACH resources, then in the worst case 80 RACH resources on PCell will be needed for 5 SCells. Taking this into account, we suggest that overhead reduction in the design of SCell BFR should be considered.
Proposal 2: Overhead of conveying beam failure recovery request(s) for SCell(s) using dedicated resources on PCell should be mitigated.
Panel-based UL beam selection
According to [1], UL transmit beam selection for multi-panel operation will be specified in Rel-16. In this section, we discuss several key issues of UL transmit beam selection for multi-panel operation. More detailed discussions can be found in [5].
Panel(s) selection and indication 
To avoid misalignment between gNB and UE, it is important to let gNB know/control the active UE panel and the panel to be used for transmission. In this way, gNB will be able to schedule UL beam selection across multiple UE panels in a timely and accurate manner (e.g., not to schedule transmission on a panel that has been turned off by UE itself). Figure 3 shows that through dynamically selecting the best Tx beam across 2 UE panels, the probability of UL RSRP larger than -100dBm is increased by ~10%, compared to using a single/fixed panel. Figure 3 also shows that the medium RSRP is increased by ~5dB. 
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[bookmark: _Ref525898298]Figure 3 Gain on UL RSRP from using best UL beam across 2 UE panels in Dense Urban scenario 
(Details on evaluations can be found in our companion paper [9])
To exploit the potential gains depicted in Figure 3, aligned panel management between gNB and UE is important. Panel selection/indication is one possible solution. In addition, it can be helpful for reducing the UL beam training overhead as well as UE power consumption. For example, in UL BM U1/U3 procedure, UE does not need to sweep all Tx beams on all panels but only the beams on the indicated panel. Another example is, for SRS transmission for CB/NCB-based UL transmission, if the reference RS is a DL RS which can be measured on multiple UE panels, panel indication and panel-specific beam indication can also enable gNB to indicate which panel/beam is to be used for SRS transmission and hence alleviate potential misalignment. 
Proposal 3: The selection of UE UL panel used for SRS transmission configured for UL beam management and UL transmission should be indicated to UE.
Panel specific power/timing control
Beam-specific power control has been supported in Rel-15. Specifically, DL pathloss is estimated according to a configured RS, and power adjustment is based on UL beam indication. The framework of beam-specific power control could be extended to improve the performance of UEs with multiple panels equipped. For instance, multiple loops of pathloss estimation can be considered to support panel-based UL transmission, with possible switching across multiple loops.
[image: ]
[bookmark: _Ref528759368]Figure 4 Illustration of panel/beam-specific timing control 
Furthermore, as depicted in Figure 4, a considerably large propagation delay difference can be observed between two panels, which indicates possible impacts on uplink performance, e.g., demodulation performance, if a same TA is applied even after panel switching. It is suggested to study panel-specific TA to facilitate panel-specific UL transmission.
Proposal 4: Consider to extend power/timing control mechanisms to enable efficient switching between multiple UE panels.
DL BM with L1-SINR
According to [1] and [2], measurement/reporting of L1-SINR will be specified in Rel-16. In this section, we discuss the reporting quantity of L1- SINR, as well as corresponding measurement behaviors. More details can be found in [6].
Applicable scenarios
The intra-cell inter-gNB-Tx-beam interference is one of the performance bottlenecks of FR2 operation, when the gNB tries to transmit toward multiple UEs. As illustrated in Figure 5, where both Tx beam 1 and 2 can reach UE1, to pair UE1 and UE2 simultaneously with less mutual interference, it is preferred for gNB to use Tx beam 0 and 2 instead of Tx beam 1 and 2. However, this preferred pairing cannot be achieved by L1-RSRP reporting specified in Rel-15, since neither gNB can indicate UE1 to do beam selection while considering Tx beam 2 as interference nor UE can report that Tx beam 2 is severely interfering its reception. We expect the introduction of L1-SINR in Rel-16 will address this issue and improve the overall spectrum efficiency.

[bookmark: _Ref525900490]Figure 5 Beam selection and inter-beam interference.
Resources for L1-SINR measurement
To accurately capture the interference condition, reported L1-SINR should be obtained by measuring interference on resources where interfering signals, e.g., CSI-RS, are transmitted. With dedicated IM resource, the L1-SINR measurement can be performed in the granularity of RE-level. In our view, with dedicated IM resources, L1-SINR can provide more flexible beam-level interference measurement and also better support for various transmission scenarios. We then have the following proposal:
Proposal 5: Beam measurement and reporting of L1-SINR should consider dedicated interference measurement resources. 
Latency/overhead reduction
According to [1], enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 is to be studied and potentially specified in Rel-16 to reduce latency and overhead. More detailed discussion can be found in [7]. In this section, we only discuss one case where large latency/overhead is observed with Rel-15 design and also provide a simple and efficient potential solution.
For the purpose of new beam identification during BFR, a number of candidate resources/beams are configured to UE. In Rel-15, to provide sufficient coverage, there can be up to 64 SSB beams transmitted by gNB, but only up to 16 beams can be configured for new beam identification in BFR. Such a design implies that gNB has to configure a new set of candidate beams via RRC reconfiguration to a moving UE, even within one cell. In general, RRC reconfiguration is not preferred for intra-cell mobility from latency point of view and also the potential signalling overhead, while a fixed 16 candidate beams in the 64 SSB beams (e.g., evenly sampled) would reduce success rate of link recovery (as will be shown later).
A straightforward solution is to increase the maximum configured number of resources for new beam identification to 64, such that no further RRC reconfiguration is needed for beam tracking/indication within the coverage area of the cell. However, in Rel-15, there were concerns on UE complexity for new beam identification with a large set of candidate resources. To address such concern, we suggest configuring a larger set of resources by RRC signalling (e.g., all SSB beams) and then use MAC-CE/DCI to activate part of them for new beam identification, as shown Figure 6. 

[bookmark: _Ref525902837]Figure 6 A moving UE and its associated candidate beam sets

A preliminary performance comparison is performed among 3 different solutions. As summarized in Table 1, 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 is almost halved compared the Rel-15 design and close to the upper bound that UE can reach through performing global search over all SSB beams. Based on the above discussion, we have the following proposal:
Proposal 6: Support configuring up to 64 candidate beams by RRC signalling and then using MAC-CE message to choose a subset as active resources for new beam identification in Rel-16.
[bookmark: _Ref525902944]Table 1 Performance comparison between different solutions
(Details on evaluations can be found in our companion paper [9])
	Simulation cases
	Probability of interruption:
Prob(SNR<0dB)
	Conditional probability of interruption:
Prob(SNR<0dB|blockage)

	Case 1: At a high cost
RRC configure and UE measures all 64 beams
	8.6%
	44.4%

	Case 2: Proposed solution
RRC pre-configure 64 candidate beams, MAC-CE to indicate 16 of them for UE to measure
	10.2%
	52.3%

	Case 3: Rel-15 baseline (evenly sampled subset)
RRC pre-configure and UE measures 16 beams
	19.5%
	99.6%


Summary of proposals
The observation and proposals of this paper are summarized as follows. 
Observation 1: Intermediate results such as distribution of L1-RSRP/SINR and probability of SNR < [0]dB can provide insights into performance of multi-beam enhancements while reducing simulation complexity.
[bookmark: _GoBack]Proposal 1: BFR for SCell should support deployment scenarios including SCell with uplink, SCell without uplink, and SCell with SUL at least.
Proposal 2: Overhead of conveying beam failure recovery request(s) for SCell(s) using dedicated resources on PCell should be mitigated.
Proposal 3: The selection of UE UL panel used for SRS transmission configured for UL beam management and UL transmission should be indicated to UE.
Proposal 4: Consider to extend power/timing control mechanisms to enable efficient switching between multiple UE panels.
Proposal 5: Beam measurement and reporting of L1-SINR should consider dedicated interference measurement resources. 
Proposal 6: Support configuring up to 64 candidate beams by RRC signalling and then using MAC-CE message to choose a subset as active resources for new beam identification in Rel-16.
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