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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 this paper, we share our views on those enhancements, starting from performance metrics and evaluations assumptions, followed by important directions to study/specify that we have identified.
Evaluation assumptions for multi-beam enhancements
Performance metrics
To understand the gain of potential enhancements, quantitative performance comparisons with what was specified in Rel-15 is highly recommended. While the suitable performance metric may vary with the targeted scenario and enhancements under discussions, we propose to reuse those listed in TR38.802 as general performance metrics (e.g., cell-level spectrum efficiency and user perceived throughput in SLS and single-user spectrum efficiency and BLER in LLS). 
In addition, as beam management procedures are mainly used acquire/maintain/recover the beam pair(s) between gNB and UE, some intermediate or statistic results are also of interests, and can help to reduce the simulation complexity as well. In this regard, we propose to discuss and align the following performance metrics in the first two meetings:
· 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 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 6.1)
· Probability of successful beam failure recovery (e.g., probability of successful recovery from blockage events)
 [image: ] 
[bookmark: _Ref525891225]Figure 1 Example of RSRP trace (Left) and blockage event (Right)
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.
Evaluation assumptions
Evaluation assumptions of multi-beam operation was discussed in Rel-15 and captured in Table A.2.5-2 and Table A.1.6-4 of TR38.802. However, it was seldom used in Rel-15 design, due to limited time. We suggest taking Table A.2.5-2 and Table A.1.6-4 of TR38.802 as starting point for Rel-16 discussions and make necessary modifications/simplifications. In Table 1 and Table 2, some suggested changes are summarized, together with the reasoning behind those suggestions. 
Proposal 1: Adopt Table A.2.5-2 and Table A.1.6-4 of TR 38.802 as the evaluation assumptions for multi-beam operations with changes, i.e. micro-layer FR2 scenarios, new BS antenna configurations, enabling UE mobility/rotation/blockage features, NR MCS table, larger data allocation and 30/60km/h UE velocity in Rel-16 MIMO enhancement.
[bookmark: _Ref525893337]Table 1 Suggested changes to Table A.2.5-2 of TR38.802 for multi-beam evaluations
	Parameters
	Proposed changes and reason for change

	Scenarios (Carrier Frequency)
	Proposed change: Allow for small-scale simulation (e.g., [3] cells and thereby [9] sectors) in micro-layer at 30GHz in dense urban scenario
Reason for change: Reflecting initial hot-spot deployment of FR2 and also reduces evaluation complexity. 

	BS antenna configurations
	Proposed change: For 30GHz, add antenna configurations (M, N, P, Mg, Ng) = (8, 8, 2, 1, 2) and (4, 16, 2, 2, 2)
Reason for change: (8, 8, 2, 1, 2) stands for low cost gNB with less panels, (4, 16, 2, 2, 2) stands for gNB capable of narrower horizontal beamforming.

	UE mobility feature
	Proposed change: Mandate to enable add-on feature including UE mobility, rotation, blockage
Reason for change: UE mobility/rotation/blockage are the main challenges in FR2 operation and should be reflected in simulations.

	MCS
	Proposed change: Use NR MCS table instead of LTE MCS table.
Reason for change: NR MCS table is available now.


[bookmark: _Ref525893338]Table 2 Suggested changes to Table A.1.6-4 of TR38.802 for multi-beam evaluations
	Assumptions
	Value

	Data Allocation
	Proposed change: Add 32 RBs
Reason for change: 8 RBs cannot reflect the actual data allocation in FR2.

	Channel Model
	Proposed change: Add 30 and 60 km/h to UE speed
Reason for change: 30 and 60 km/h are typical vehicle speed in urban area and Rel-16 multi-beam operation should target at higher speed.

	BS antenna configurations
	Proposed change: For 30GHz, add antenna configurations (M, N, P, Mg, Ng) = (8, 8, 2, 1, 2) and (4, 16, 2, 2, 2)
Reason for change: (8, 8, 2, 1, 2) stands for low cost gNB with less panels, (4, 16, 2, 2, 2) stands for gNB capable of narrower horizontal beamforming.

	MCS
	Proposed change: Use NR MCS table instead of LTE MCS table.
Reason for change: NR MCS table is available now.


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 [2].
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 2: 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
Rel-15 mechanisms of beam failure detection and new beam identification can be reused for SCell BFR in Rel-16. On the other hand, enhancements on BFR request (BFRQ) and BFR response monitoring are needed to support SCell BFR. According to the LS in [3], the following solutions were identified: 
	1) CFRA BFR on SCell UL and SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.
2) CFRA BFR on SCell UL and PCell DL, using the same CORESET-BFR as BFR on SpCell.
3) CFRA BFR on PCell UL and PCell DL, using same resources as BFR on SpCell but different preambles.
4) 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. 
	5) PUCCH transmission on PCell to carrying BFRQ for SCell.



After a careful check of the 5 solutions listed above, we observed that Solution 1) is suitable for Scenario 1 (i.e., SCell with UL), while Solution 3) is more suitable for Scenario 2 (i.e., DL-only SCell). In addition, depending on the interpretation of the agreed objective of ‘based on the beam failure recovery specified in Rel-15’, Solution 4 and 5 may or may not fit in the scope of Rel-16 multi-beam enhancements, which need to be discussed and decided. 
With Solution 3 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 SCell(s), the overhead may be unbearable. For example, each SCell needs up to 16 RACH resources, then in total 80 RACH resources of PCell will be consumed if there were 5 SCells. With this taken into account, we suggest considering overhead reduction in the design of SCell BFR.
Proposed 3: Overhead of conveying beam failure recovery request for SCell(s) using resources on PCell should be mitigated, if based on beam failure recovery specified in Rel-15.
Table 3 Overhead of transmitting beam failure recovery request for SCell(s) on PCell
	Number of SCell(s)
	Maximum # of PRACH resources per SCell
	Total maximum # of PRACH resources

	5
	16
	80


Panel-based UL beam selection
According to [1], UL transmit beam selection for multi-panel operation is to be specified in Rel-16. In this section, we discuss several key issues of UL transmit beam selection for multi-panel operation. More detailed discussion can be found in [4].
Panel(s) selection and indication 
To avoid misalignment between gNB and UE, it is important to let gNB know/control the active UE panels and the panels 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 by selecting the best Tx beam across 2 UE panels, the probability of UL RSRP larger than -100dBm is increased by ~10%, compared with using a single/fixed panel. Moreover, it is also observed that the medium RSRP is increased by ~5dB. Having aligned panel management between gNB and UE is one of the keys to unleash these gains on coverage/throughput. 
[image: ]
[bookmark: _Ref525898298]Figure 3 Gain on UL RSRP from using best UL beam across 2 UE panels
In addition, explicit panel selection/indication 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(s). 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(s) is to be used for SRS transmission and hence alleviate potential misalignment. 
Proposal 4: For both UL beam management and UL transmission, the selected panel(s) for SRS transmission should be indicated to UE.
Panel specific timing/power control
Beam-specific power control has been supported in Rel-15. To facilitate multi-panel operation in Rel-16, the framework of beam-specific power control should be extended. For instance, multiple RS(s) for pathloss estimation and multiple TPC commands can be indicated to support multi-panel UL transmission. Furthermore, if the same TA is reused across panel/beam(s), demodulation performance may be impacted. As depicted in Figure 4, it is suggested to study panel-specific TA to facilitate multi-panel UL transmission.
Proposal 5: Extend the power/timing control mechanisms in Rel-15 to facilitate multi-panel UL transmission in Rel-16.

[image: ]
[bookmark: _Ref525899774]Figure 4 Illustration of panel/beam-specific timing control
DL BM with L1-SINR/RSRQ
According to [1], measurement/reporting of either L1-RSRQ or L1-SINR is to be specified in Rel-16. In this section, we compare the reporting quantity of L1-RSRQ/SINR, as well as corresponding measurement behaviors. More details can be found in [5].
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 with multiple Tx panels. As illustrated in Figure 5, while both Tx beam 1 and 2 can reach UE1, to pair UE1 and UE2 with less mutual interference, ideally gNB should transmit with Tx beam 0 and 2 instead of Tx beam 1 and 2. 
L1-RSRP reporting specified in Rel-15 simply reports the measured energy level and cannot reflect the actual beam quality with interference taken into account. In other words, the ideal scenario described above cannot be achieved by Rel-15, as gNB cannot ask UE1 to measure Tx beam 0 and 1, assuming Tx beam 2 as interference. We expect the introduction of L1-SINR/RSRQ in Rel-16 will help addressing this case and also improving the overall spectrum efficiency.
 

[bookmark: _Ref525900490]Figure 5 Beam selection considering inter-beam interference.
Comparison between L1-RSRQ and L1-SINR
As depicted in Figure 6, the main difference between L1-RSRQ and L1-SINR is that L1-RSRQ is derived by measuring the sum power of everything within the measurement bandwidth without distinguishing among signals, interferences, and noise, while L1-SINR is obtained by measuring interference on dedicated interference measurement (IM) resources. With dedicated IM resource, the L1-SINR measurement can be performed in the granularity of RE-level, while the L1-RSRQ measurement can only be performed on the entire OFDM symbol. 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 6: Support L1-SINR for beam measurement/reporting with dedicated IM resources in Rel-16.
[image: ]
[bookmark: _Ref525901774]Figure 6 Derivation of L1-SINR and L1-RSRQ
Beam selection for latency/overhead reduction
According to [1], enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead is to be studied and potentially specified in Rel-16. In this section, we discuss two scenarios where large latency/overhead is observed with Rel-15 design and also potential solutions to be studied. More detailed discussion can be found in [6].
[bookmark: _Ref525903246]Frequent reconfigurations of candidate beams
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, 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, 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 (as will be shown later).
The most 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 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 Figure 7. 

[bookmark: _Ref525902837]Figure 7 A moving UE and its associated candidate beam sets
A preliminary performance comparison is carried out with 3 different solutions in a time duration of 1 second. The results are summarized in Table 4. 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. We then have the following proposal:
Proposal 7: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification in Rel-16.
[bookmark: _Ref525902944]Table 4 Performance comparison between different solutions
	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%


Scheduling restriction around SSB(s)
	RAN4 Agreements:
· When UE performs SSB based L1-RSRP measurement in FR2,
· scheduling restriction applies to RS symbols to be monitored


As quoted above, a strong scheduling restriction on SSB(s) for L1-RSRP reporting was imposed in Rel-15. Such restriction implies that UE-specific PDSCH cannot be FDMed with SSB(s). 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 system overhead will be incurred. 
Assuming all 64 SSBs are configured to all UEs in the cell as beam training resources, in Table 5, 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 DL 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. 
[bookmark: _Ref525223730]Table 5 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%


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 8, 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: _Ref525896974]Figure 8 Two different UE 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 8: 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.

Summary of proposals
The observations 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.
Proposal 1: Adopt Table A.2.5-2 and Table A.1.6-4 of TR 38.802 as the evaluation assumptions for multi-beam operations with changes, i.e. micro-layer FR2 scenarios, new BS antenna configurations, enabling UE mobility/rotation/blockage features, NR MCS table, larger data allocation and 30/60km/h UE velocity in Rel-16 MIMO enhancement.
Proposal 2: BFR for SCell should support deployment scenarios including SCell with uplink, SCell without uplink, and SCell with SUL at least.
Proposed 3: Overhead of conveying beam failure recovery request for SCell(s) using resources on PCell should be mitigated, if based on beam failure recovery specified in Rel-15.
Proposal 4: For both UL beam management and UL transmission, the selected panel(s) for SRS transmission should be indicated to UE.
Proposal 5: Extend the power/timing control mechanisms in Rel-15 to facilitate multi-panel UL transmission in Rel-16.
Proposal 6: Support L1-SINR for beam measurement/reporting with dedicated IM resources in Rel-16.
Proposal 7: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification in Rel-16.
Proposal 8: 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.
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