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1. Introduction
In RAN1 #96 meeting, the following agreements on beam management enhancement have been achieved [1].
	For purpose of further discussion on this topic for RAN1#96 and future meetings
Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Agreement
If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.
· Deadline for decision: RAN1#96bis

Agreement
· For SCell BFR, BFRQ shall be conveyed if UE declares beam failure
· UE shall convey new beam information during BFR procedure if new candidate beam RS and corresponding threshold is configured and at least if channel quality of new beam is above or equal to threshold
· FFS: whether no new beam identified could be included as a state of new beam information
· FFS: details if no new beam is above or equal to threshold

Agreement
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline

Agreement
For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 
· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options
· Spatial relation update for all PUCCH resources in a CC by one MAC CE
· Spatial relation update per Rel-15 PUCCH resource set
· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 
· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells
· Other options are not precluded.

Agreement
In RAN1#96bis, determine whether to support the configuration of up to 64 candidate beams for BFR by RRC signaling.
· FFS signaling details including whether MAC-CE message can choose a subset of the candidate beams as active resources for new beam identification in Rel-16

Working Assumption
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
· Note: Qualcomm prefers to have this as a UE optional feature




In this contribution, we provide some discussions on enhancements on multi-beam operation.
2. UL/DL beam selection latency and overhead reduction
2.1 DL Beam Selection
In Rel-15, the CSI-RS can be used for different beam management procedures. When repetition=OFF, it can be considered as a P-2 procedure, which is used to refine gNB beam. When repetition=ON, it can be considered as a P-3 procedure, which is used for UE beam refinement. However, gNB has no information whether a UE beam refinement is necessary and when to trigger the UE beam refinement. Based on beam reporting, gNB can only identify the quality of a network beam. 
Thus due to lack of knowledge of UE beam status, gNB may trigger P-3 procedure at a wrong time, which would result in large overhead, or gNB may not trigger the P-3 procedure when current UE beam is not good enough, which would result in large latency for UE beam refinement. However UE is able to discover whether a UE beam refinement is necessary. For example, UE can compare the measured L1-RSRP by current UE beam and that from a wide UE beam. If the RSRP difference is within a threshold, current UE beam should not be the best beam. So for overhead and latency reduction, UE triggered P-3 procedure should be supported. Thus UE can trigger the CSI-RS with repetition=ON. Further since gNB has no information how many CSI-RS resources are necessary for current UE beam refinement, it should be supported that UE can report the number of CSI-RS resources it triggered.
Proposal 1: Since gNB has no information of UE beam status, with regard to overhead and latency reduction, it should be supported that UE can trigger CSI-RS with repetition=ON and report the number of CSI-RS resources it required.
In Rel-15, different gNB beams can be applied to different SSBs. For each SSB, UE can search a corresponding UE beam. However some SSB beams could be spatially correlated, so that the same UE beam or highly spatially correlated UE beams could be used to receive those SSBs thus reducing the time needed to acquire UE beam. Then to save UE beam searching latency, one possible way is to apply a UE beam sweeping procedure for the SSBs taking into account information regarding spatial correlation of the SSB beams. If UE can have some information on the spatial correlation of the beams on SSBs, the whole beam management latency could be reduced.
For example, consider NR system with 64 SSBs, where every 4 SSBs share spatially correlated beams. In one SSB, a UE can search 3 UE beams using OFDM symbols occupied by PBCH and SSS. If there are totally 8 beams at the UE side and the periodicity for SSB is 20ms, the total latency required for UE/gNB beam acquisition is provided in Table 1.
Table 1: Latency for UE beam searching for 64 SSBs with 8 UE beams
	Without SSB beam correlation information
	With SSB beam correlation information (4 SSBs share correlated beams)

	60ms
	20ms



It can be observed that 66.7% latency reduction can be achieved if spatial correlation information on SSBs is provided to the UE. Therefore, signalling enhancement to support indication of the QCL of the SSB beams should be considered to reduce the beam searching latency.
Proposal 2: To reduce UE beam searching latency, signalling of the QCL information between SSBs should be supported.
In addition, in last meeting, it is agreed to study whether to increase the number of RS for new beam identification. In Rel-15, the number of RS for new beam identification is 16 per BWP. In Rel-16, there was some proposals to extend this value to 64 per BWP. Figure 1 and Figure 2 illustrates some system level simulation results for dense urban micro and indoor hotspots when 16 beams are configured as new beam identification, where the new beam is selected based on the one with highest RSRP. The detail simulation assumption is shown in Table A-1. It can be observed that the SINR for all UEs could be above 0dB. In RAN4’s assumption, the SINR for out of sync or beam failure could be around -10dB. Thus all UEs could work after selecting one beam from the 16 configured beams.  
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Figure 1: C.D.F. Geometry SINR for dense urban micro
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Figure 2: C.D.F. Geometry SINR for indoor hotspots

In addition, as a result of blockage, the best beam pair may be blocked. But to increase the oversampling factor for beam grids to increase number of beams, the additional beams may be blocked as well. Only when the blockage is so small that it happens to block the best beam, the benefit to involve new beams could be observed. Figure 3 illustrates the loss from blockage when the size of the blocker is 0.1m*0.1m, and it is assumed that the blocker is in the centre of the link between gNB and UE. It can be observed that the loss could be about 5dB from the blocker. Thus even blocked by a small blocker, the minimal SINR could still be above -5dB. Therefore with regard to the distribution of geometry SINR, blockage impact and threshold for beam failure, it is not necessary to increase the number of RS for new beam identification.
[image: ]
Figure 3: Distance between gNB and UE VS. Loss from blockage
Proposal 3: Do not support to extend the number of RS for new beam identification.
2.2 UL Beam selection
In last meeting, a working assumption has been agreed to support MAC CE based beam indication for aperiodic SRS. Thus to change a beam for aperiodic SRS as well as PUSCH, gNB does not need to trigger RRC reconfiguration, which can reduce the latency for uplink beam indication. Then there are two remaining issues to clarify: the first issue is whether this working assumption is applicable to all types of SRS, e.g. SRS for BM/codebook/non-codebook/antenna switching; the second issue is whether UE should change PUCCH/PUSCH accordingly after changing the beam for SRS when SRS is configured as the source of its spatial relation info.
For PUCCH beam indication, MAC CE can be used to indicate one of the RRC configured spatial relation info. For PUSCH beam indication, when aperiodic SRS for codebook/non-codebook is configured, gNB can only change the spatial relation info of SRS by RRC reconfiguration is MAC CE based beam indication is not supported. Therefore at least for SRS for codebook/non-codebook, MAC CE based beam indication should be supported. Further, for latency reduction, after UE changes spatial relation info of associated aperiodic SRS, UE should change the spatial relation info for corresponding PUSCH/PUCCH, regardless of whether the SRS is transmitted or not.
Proposal 4: At least for aperiodic SRS for codebook/non-codebook, MAC CE based beam indication is supported.
Proposal 5: For latency reduction, after UE changes spatial relation info of associated aperiodic SRS, UE should change the spatial relation info for corresponding PUSCH/PUCCH, regardless of whether the SRS with new spatial relation info has been transmitted or not.
Further if the uplink beam management is based on SRS for BM, when spatial relation info is not configured, UE has no information which Tx beams should be applied to the SRS resources. If the number of Tx beams are large, a large number of SRS resources would be required, which could take too much overhead. In order to reduce overhead associated with such SRS transmission, one possible way is that gNB can provide some information to UE to assist UE in Tx beams selection for SRS resources. 
In Rel-15, it has been specified that when spatial relation info is configured, UE shall use the indicated Tx beam to transmit SRS. To assist UE beam sweeping operation no SRS, one possible way is to support configuration of the partial spatial relation info. With the help of partial spatial relation info, UE can perform local beam search on SRS. Thus global beam search can be used to identify coarse direction, and then based on a local beam search, the best UE beam can be identified. UE does not need to try every UE beams based on the global plus local beam search mechanism.
Proposal 6: Introduce indication of the partial spatial relation info for SRS to support local Tx beam search for the UE and reduce overhead for uplink beam management.
In last meeting, it has been agreed that gNB can configure up to 64 spatial relation info for PUCCH by RRC. In Rel-15, a UE can be configured with up to 128 PUCCH resources. However UE is not able to track too many spatial relation info. For example, UE could report its capability that it can only track 1 spatial relation info. Thus all the PUCCH resources should share the same spatial relation info. However to change the UL beam, gNB has to change the spatial relation info for each PUCCH resources by MAC CE. Then in the worst case, 128 MAC CE would be required to change PUCCH spatial relation info. Therefore the signalling overhead reduction should be necessary, and it should be supported that 1 MAC CE can be used to change the spatial relation info for all PUCCH resources in a CC.
Proposal 7: With regard to signalling overhead reduction, it should be supported that 1 MAC CE can be used to change spatial relation info for all PUCCH resources in a CC.
3. UL panel specific beam selection
In last meeting, it was discussed which scenario should be supported for panel specific beam selection. Based on  MPUE-Assumption1, UE is able to support uplink transmission in panel switching manner, where some additional latency for panel switching should be necessary. Based on MPUE-Assumption2, UE is able to support uplink transmission by multiple panels simultaneously. For MPUE-Assumption3, there are two different interpretations:
· MPUE-Assumption3a: UE is able to receive downlink signal by multiple panels in turns and to transmit uplink signal from one panel only.
· MPUE-Assumption3b: UE is able to receive downlink signal by multiple panels simultaneously and to transmit uplink signal from one panel only.
· MPUE-Assumption3c: UE is able to transmit uplink signal by multiple panels simultaneously but be able to be scheduled with uplink signal transmission from one panel only.

The MPUE-Assumption3c should not be a practical UE. MPUE-Assumption3b should require UE to always activate multiple panels at least for downlink reception, which could increase UE power consumption significantly.  MPUE-Assumption3a looks to be a UE in practical. To support MPUE-Assumption2, power control enhancement as well as transmission scheme change should be taken into account, which would be quite complicated. Further according to WID, only beam selection is included, which cannot make MPUE-Assumption2 work. Therefore MPUE-Assumption2 should not be supported in Rel-16.
Proposal 8: Any UE assumption to require simultaneous multi-panel transmission and reception should not be supported in Rel-16, with regard to high power consumption.
[bookmark: _GoBack]Proposal 9: Do not support MPUE-Assumption2 in Rel-16.
To facilitate panel specific beam indication, it should be supported that UE can provide the beam quality for a panel. Only after gNB knows such information, it could start to indicate the beam for a UE panel. Hence in a beam reporting instance, it should be supported that UE can report an ID associated with CRI/SSBRI to indicate the measured UE antenna port(s), which could be considered as an antenna port(s) group index.
Proposal 10: It should be supported that UE can report its antenna port(s) group index for a SSB/CSI-RS resource in a beam reporting instance.
In addition, there could be some emission limits from some of the uplink beams. As shown in Figure 4, the side-lobe of one beam may target to human body, which may not be able to meet emission safety requirement [2] [3]. Therefore, the uplink beam indication should take emission safety into account. For SRS based uplink beam management, UE could apply the emission-safe beams to each SRS resources. While when gNB indicates a spatial relation info based on a SSB/CSI-RS, some of the indicated beams may not be emission-safe and additional transmission power reduction should be needed. As gNB has no information whether the beam is safe or not, UE can report some information on emission-safety for a candidate uplink beam. Thus for a beam reporting, UE can report the maximum power reduction when the corresponding SSB/CSI-RS is configured in a spatial relation info.


Figure 4: Emission for an uplink beam
Proposal 11: With regard to power emission safety, it should be supported that in a beam reporting instance, UE can report the maximum power reduction when the corresponding SSB/CSI-RS is configured in a spatial relation info.
To indicate the uplink beam for a UE panel, there can be two possible ways: one is to implicitly associate one UE panel to one SRS resource set; the other is to explicitly indicate the UE panel index for an uplink beam indication. The implicit way would bring in some restriction to gNB, since gNB is not able to configure different SRS resource sets for other different purposes. Another issue is that the implicit way cannot work for panel selection for PUCCH, as PUCCH beam indication could be based on SSB/CSI-RS. Therefore a general way is to indicate the ID explicitly, which can be configured in a spatial relation info. Then for the same or different DL RS, gNB is able to associate with different IDs by configuring multiple spatial relation info by RRC. Figure 5 illustrates the control signalling for beam selection for a UE panel. It can be observed that to configure ID in a spatial relation info could be a general way to support beam selection for a UE panel for both PUSCH, PUCCH and SRS. Thus it should be supported that the ID to indicate a UE panel should be configured explicitly in a spatial relation info.

Figure 5: Control signalling for beam selection for a UE panel
Proposal 12: It should be supported that the ID to indicate a UE panel should be configured explicitly in a spatial relation info.
4. SCell BFR
4.1 SCell beam failure detection
In Rel-15, the beam failure detection (BFD) could be based on periodic 1-port CSI-RS, which can be either explicitly configured by RRC signalling or implicitly configured in the TCI state for a CORESET. However in Rel-15, the CSI-RS in TCI state can be from another CC, but the explicitly configured CSI-RS can only be in the same CC. For SCell BFD, cross carrier QCL is still possible, therefore, the CSI-RS for BFD could also be from another CC.
Proposal 13: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration.
4.2 SCell new beam identification 
In last meeting, it is agreed that UE can send beam failure recovery request when UE declares beam failure. UE can report new beam index when new beam identification RS is configured and the quality of new beam is above threshold. With regard to cross carrier QCL, similar to BFD, the RS for new beam identification can be in current CC or another CC. 
Another open issue is when there is no new beam whose quality above threshold, what UE should report during beam failure recovery. There are some possible options: 
Option 1: not to report any new beam information or report no new beam is identified; 
Option 2: to report a new beam index with highest beam quality among candidate new beams; 
Option 3: to report a new beam index with highest beam quality among candidate new beams as well as its beam quality. 
In option 1, after UE transmitting the beam failure recovery request, gNB has no information on what to do. The only way seems to trigger a beam reporting. In option 2 and option 3, since UE recommended one new beam, gNB may trigger a P3 procedure to enhance the quality of the beam. The difference is that based on option 3, gNB could decide whether the P3 procedure is needed or not. For example, if the beam quality is closed to the threshold, gNB could trigger the P3 procedure, but if beam quality is too small, gNB can decided to trigger a joint P2/P3 procedure or deactive the SCell. Therefore, option 3 could be helpful for gNB to decide next steps. 
Proposal 14: With regard to inter-CC QCL, the RS for SCell new beam identification could be configured from RS in current failed CC or another CC.
Proposal 15: For SCell BFR, when there is no new beam whose quality is above threshold, UE should report the new beam index with highest beam quality among candidate new beams as well as its beam quality.
4.3 SCell beam failure recovery request procedure
In Rel-15, the BFRQ could be transmitted in contention free manner and contention based manner. The BFRQ could carry the new beam information. Such information can be identified by the RACH resource implicitly. For SCell BFR, the SCell could be configured with both UL and DL or DL only, so the BFRQ could be transmitted in current CC or a different CC. 
It has been agreed that the failed CC index as well as new beam information could be reported by UE during BFR procedure. There are two ways to report them: one is to report it based on implicit manner, e.g. by BFRQ resource index; the other is to report it explicitly. As a UE may be configured with up to 32 CCs and 16 candidate new beams, the overhead for implicit way could be too large. Therefore the failed CC index and new beam information should be reported explicitly.
Proposal 16: The failed CC index and new beam information should be reported explicitly during BFR procedure.
As shown in Figure 6, there can be two options to accomplish the BFRQ procedure:
· Option 1: BFRQ procedure includes 2 messages, where Msg1 includes all BFRQ related information and Msg2 includes the BFR response.
· Option 2: BFRQ procedure includes 4 messages, where Msg1 is a 1-bit request, Msg2 is a response for Msg1, Msg3 is to transmit other BFRQ related information, e.g. failed CC index, and Msg4 is a response for Msg3.  



Figure 6: Two options for SCell BFRQ procedure
In Rel-15, option 1 is supported for contention-free based operation and option 2 is supported for contention-based operation. For MAC CE based operation, both options should be supported. When there is an uplink grant received, option 1 can be selected, and when there is no uplink grant, option 2 can be selected. For multi-bit PUCCH based operation, option 1 can be selected, however to transmit multi-bit PUCCH, more resource should be reserved for each UE. For single-bit PUCCH based operation, option 2 can be selected, where the BFRQ related information can be carried by Msg3. As there could be different cases for another CC, e.g. with or without uplink grant, both 2-step based and 4-step based SCell BFR should be supported. For 2-step based BFR, Msg1 can be carried by PUSCH, where an uplink grant is assumed to have been received. For 4-step based SCell BFR, Msg1 can be carried by PUCCH or contention based PRACH as a fallback, and Msg3 can be carried by PUSCH.
Proposal 17: Both 2-step based and 4-step based BFR procedure should be supported for SCell BFR.
Proposal 18: For 2-step based BFR, Msg1 can be carried by PUSCH, where an uplink grant has been received or configured, or a 2-step RACH resource is configured.
Proposal 19: For 4-step based BFR, Msg1 can be carried by a dedicated PUCCH resource, and if no dedicated PUCCH resource is configured, contention-based PRACH could be used as a fallback; Msg3 can be carried by PUSCH to report failed CC index and new beam information.
5. Beam Measurement by L1-SINR 
5.1 RS for L1-SINR
It has been agreed that L1-SINR can be measured from SSB and CSI-RS. One SSB can be transmitted from a single antenna port, but CSI-RS may be transmitted from one or multiple antenna ports. As the number of CSI-RS antenna ports increase, the implementation of L1-SINR measurement get complicated, which would take more power consumption in UE side. To measure the quality from a gNB beam, 1-port CSI-RS should be enough. Therefore with regard to UE implementation effort, only 1-port CSI-RS should be supported for L1-SINR measurement.
Proposal 20: With regard to UE implementation effort, the CSI-RS used for L1-SINR measurement and reporting should be 1-port CSI-RS.
5.2 Use Case for L1-SINR
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In Rel-15, L1-RSRP is used as the criterion for beam selection. It is used in beam reporting as well as new beam identification in BFR. For non-group based and group based beam reporting, L1-RSRP as well as beam index can be reported. For BFR, UE can select the beam whose L1-RSRP is larger than a configured threshold to be the new beam, when all the beams for control channel fail. 
However sometimes this kind of selection criterion is not the best solution. The beam with a larger L1-RSRP may not be the one with a larger SINR. Different interference level could be observed in different UE Rx beams. Figure 7 and Figure 8 show some simulation results on RSRP and SINR measured from some beams for dense urban micro and indoor. Only the RSRP and SINR for the best beam for the serving gNB is selected. Detail simulation assumption is shown in Table A-1. It can be observed that RSRP cannot reflect the quality of some beams.
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Figure 7: Simulation results for dense urban micro 
[image: ]
Figure 8: Simulation results for indoor hotspot

Proposal 21: Support L1-SINR based beam measurement for group based beam reporting, non-group based beam reporting and new beam identification in BFR.
5.3 Interference measurement for L1-SINR
It has been agreed that dedicated resource for interference measurement can be configured for L1-SINR measurement. Figure 9 and Figure 10 illustrates some simulation results for the beam selection for L1-SINR with different types of beam selection scheme, where 1 port downlink reference signal is used for beam measurement. It can be observed that the performance of CSI based beam selection is the worst, which is because based on CQI, UE cannot select the best beam if SINR is high. For example, UE is not able to select best beam from the beams whose SINR are {25dB, 28dB}, since the measured CQI is always 15. It can also be observed that the performance of SINR based on NZP+ZP IMR is better than SINR based on ZP IMR only. With the help of NZP IMR, gNB can make UE measure SINR with more accurate interference. In addition, the performance of weighted SINR is closed to RSRP based beam selection, which is not as good as NZP+ZP IMR based SINR based beam selection. Further the performance gain for SINR based beam selection is larger for indoor hotspots compared to Dense Urban Micro. The possible reason could be more UEs could be interference limited for indoor hotspots. The detail simulation assumption is shown in Table A-1.


[image: ]
Figure 9: C.D.F. of SINR for dense urban micro 
[image: ]
Figure 10: C.D.F. of SINR for indoor hotspot

For NZP+ZP IMR based SINR, when network’s load is small, it is not difficult for gNB to let UE measure SINR without interference mismatch with dedicated interference measurement resource. Without dedicated IMR, UE can measure the interference based on the signal for channel measurement. Thus the measured interference may not include the strongest intra-cell and inter-cell interference, so that there could be some interference misalignment based on such a way. To measure intra-cell interference as well as some stronger inter-cell interference, the interference could be measured from some NZP CSI-RS or SSB, and to measure inter-cell interference, CSI-IM could be configured. Thus both ZP and NZP based dedicated IMR should be supported.
Proposal 22: For interference measurement for L1-SINR, dedicated interference measurement resource could be based on NZP CSI-RS or SSB, as well as CSI-IM.
5.4 Reporting Content
For L1-RSRP based beam reporting, UE can report L1-RSRP or differential RSRP for up to 4 beams. For L1-SINR based beam reporting, it is straight-forward to reuse the same structure as what is specified in L1-RSRP based beam reporting. Therefore to report L1-SINR based on differential SINR for up to 4 beams should be supported. 
Further since gNB could control whether to schedule downlink transmission based on SU-MIMO or MU-MIMO operation, then for interference limited case, e.g. MU-MIMO, gNB could indicate the beam based on L1-SINR, and for noise limited case, e.g. SU-MIMO, gNB could indicate the beam based on L1-RSRP. Then one possible way is to trigger CSI-RS and beam reporting for L1-RSRP and to trigger another CSI-RS and beam reporting for L1-SINR in different time instances. This could increase overhead and latency for beam reporting and beam selection. Therefore another possible way is to report L1-SINR and L1-RSRP for up to 4 beams by one reporting instance for overhead and latency reduction.
Proposal 23: When configured with L1-SINR based beam reporting, UE can report L1-SINR based on differential SINR for up to 4 beams.
Proposal 24: It should be supported that UE can report L1-RSRP and L1-SINR for up to 4 beams in a beam reporting instance when configured.
6. Conclusions
In this contribution we have provided some discussion on beam management enhancement. From the discussion, we have achieved the following proposals.
Beam selection overhead and latency reduction
Proposal 1: Since gNB has no information of UE beam status, with regard to overhead and latency reduction, it should be supported that UE can trigger CSI-RS with repetition=ON and report the number of CSI-RS resources it required.
Proposal 2: To reduce UE beam searching latency, signalling of the QCL information between SSBs should be supported.
Proposal 3: Do not support to extend the number of RS for new beam identification.
Proposal 4: At least for aperiodic SRS for codebook/non-codebook, MAC CE based beam indication is supported.
Proposal 5: For latency reduction, after UE changes spatial relation info of associated aperiodic SRS, UE should change the spatial relation info for corresponding PUSCH/PUCCH, regardless of whether the SRS with new spatial relation info has been transmitted or not.
Proposal 6: Introduce indication of the partial spatial relation info for SRS to support local Tx beam search for the UE and reduce overhead for uplink beam management.
Proposal 7: With regard to signalling overhead reduction, it should be supported that 1 MAC CE can be used to change spatial relation info for all PUCCH resources in a CC.
UL Panel specific beam selection
Proposal 8: Any UE assumption to require simultaneous multi-panel transmission and reception should not be supported in Rel-16, with regard to high power consumption.
Proposal 9: Do not support MPUE-Assumption2 in Rel-16.
Proposal 10: It should be supported that UE can report its antenna port(s) group index for a SSB/CSI-RS resource in a beam reporting instance.
Proposal 11: With regard to power emission safety, it should be supported that in a beam reporting instance, UE can report the maximum power reduction when the corresponding SSB/CSI-RS is configured in a spatial relation info.
Proposal 12: It should be supported that the ID to indicate a UE panel should be configured explicitly in a spatial relation info.
SCell BFR
Proposal 13: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration.
Proposal 14: With regard to inter-CC QCL, the RS for SCell new beam identification could be configured from RS in current failed CC or another CC.
Proposal 15: For SCell BFR, when there is no new beam whose quality is above threshold, UE should report the new beam index with highest beam quality among candidate new beams as well as its beam quality.
Proposal 16: The failed CC index and new beam information should be reported explicitly during BFR procedure.
Proposal 17: Both 2-step based and 4-step based BFR procedure should be supported for SCell BFR.
Proposal 18: For 2-step based BFR, Msg1 can be carried by PUSCH, where an uplink grant has been received or configured, or a 2-step RACH resource is configured.
Proposal 19: For 4-step based BFR, Msg1 can be carried by a dedicated PUCCH resource, and if no dedicated PUCCH resource is configured, contention-based PRACH could be used as a fallback; Msg3 can be carried by PUSCH to report failed CC index and new beam information.
Beam measurement for L1-SINR
Proposal 20: With regard to UE implementation effort, the CSI-RS used for L1-SINR measurement and reporting should be 1-port CSI-RS.
Proposal 21: Support L1-SINR based beam measurement for group based beam reporting, non-group based beam reporting and new beam identification in BFR.
Proposal 22: For interference measurement for L1-SINR, dedicated interference measurement resource could be based on NZP CSI-RS or SSB, as well as CSI-IM.
Proposal 23: When configured with L1-SINR based beam reporting, UE can report L1-SINR based on differential SINR for up to 4 beams.
Proposal 24: It should be supported that UE can report L1-RSRP and L1-SINR for up to 4 beams in a beam reporting instance when configured.
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Appendix – Simulation Assumption
Table A-1: Simulation assumption for SLS
	Parameters
	Value

	Scenario
	Dense Urban Micro, Indoor Hotspot

	Carrier Frequency
	30GHz

	gNB antenna structure
	(M, N, P, Mp, Np) = (4, 8, 2, 1, 1)

	UE antenna structure
	(M, N, P, Mg, Ng, Mp, Np) = (2, 4, 2, 1, 2, 1, 1)

	Number of gNB beams
	32

	Number of UE beams
	8

	Cell association
	RSRP based

	Other parameters
	Table A.2.1-1 in 38.802
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