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1. Introduction
[bookmark: _Hlk54343086]he following agreements have been achieved for beam management for new SCSs in RAN1 #106-bis-e.  
	Agreement:
For maxNumberRxTxBeamSwitchDL, support 1, 4 and 7 as candidate values for 960 kHz in addition to the agreed candidate value 2.
· Note: this is Alt-1 from the RAN1#106 agreement.

Agreement:
For additional beam switching time delay d of 120 kHz, support 28 symbols. 
· Note: this is Alt-2 from the RAN1#106 agreement.

Agreement:
For additional beam switching time delay d of 480 kHz, introduce UE capability signalling which indicates 56 symbols or 112 symbols.

Conclusion:
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· Note: this is Alt-1 from the RAN1#106 agreement.

Agreement:
Like in Rel-15, a minimum guard period Y between two SRS resources of an SRS resource set for antenna switching is supported for 480 kHz and 960 kHz
· FFS: Whether to define different values of Y for 480 kHz and 960 kHz or not
· FFS: Values of Y dependent on RAN4 feedback on the switching time requirement

Agreement:
The working assumption in RAN1#106-e is confirmed with the following update:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated, reuse Rel-16 association rules to apply the two TCI states for each PDSCH scheduled by a multi-PDSCH scheduling DCI
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs
· Within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber



[bookmark: _Hlk525732985]
2. [bookmark: _Hlk61343253]Beam Switch Related Issues
For the UE capability on beam switch time gap discussed in RAN1 #106be, our preference is that a single reported value can be applied to all the 7 cases listed in the following proposal with motivations described below.
· For Case 1, the motivation is for any two DL signals with different beams specified by NW or spec to have the beam switch gap in between;
· [bookmark: _Hlk86419695]For Case 2, the motivation is that UE may use corresponding refined Rx beam for SSB or CSI-RS without specified QCL-TypeD. So beam switch gap is also needed between the signal with specified QCL-TypeD and the other signal without specified QCL-TypeD;
· For Case 3, the motivation is similar to Case 2;
· For Case 4, the motivation is that UE is expected to perform Rx beam sweep across CSI-RS resources in the same resource set with higher layer parameter Repetition set to ‘ON’, where the CSI-RS resources are indicated by the same TCI state, which is mapped to the refined Rx beam;
· For Case 5, the motivation is for any two UL signals with different beams specified by NW or spec to have the beam switch gap in between;
· For Case 6, the motivation is that UE may associate a fixed Tx beam with an SRS resource for BM without specified spatial relation for UL BM based on Tx beam sweep. So beam switch gap is also needed between the signal with specified spatial relation and SRS without specified spatial relation;
· For Case 7, the motivation is similar to Case 6.

Proposal 1: Support UE capability for the beam switch time gap, required between two signals in each of the following cases.
· Case 1:
· Any two signal that have different specified QCL-TypeD assumptions
· Case 2: 
· One signal has specified QCL-TypeD assumption, while the other is SSB or CSI-RS without specified QCL-TypeD assumption
· Case 3:
· The two signals are two CSI-RS resources without specified QCL-TypeD assumption
· Case 4: 
· The two signals are two CSI-RS resources with same specified QCL-TypeD assumption in a resource set with higher layer parameter Repetition set to ‘ON’ 
· Case 5:
· Any two signals that have different specified spatial relations
· Case 6:
· One signal has specified spatial relation assumption, while the other is SRS without specified spatial relation
· Case 7:
· The two signals are two SRS resources without specified spatial relation
· Note:
· [bookmark: p3]The above “specified” means the beam indication is either explicitly provided by gNB or implicitly determined by spec.
3. Beam Management Enhancement
As concluded in RAN1 #104e, the default PDSCH QCL assumption should be studied for single DCI scheduling multiple PDSCHs. In R15, the default PDSCH beam is defined as the beam for the lowest CORESET ID in latest monitored slot. Therefore, it may change across slots in case of different CORESET beams. For higher SCS, there could be more slots in the duration of timeDurationForQCL. Based on the R15 rule, the multiple slots scheduled by the same DCI in the duration of timeDurationForQCL can have different beams, which may not be optimized for the PDSCH reception, where a refined narrow beam across those slots may be more desirable to maximize the SNR. Therefore, it would be beneficial to support the option for default beam to be invariant across slots to maximize average SNR across slots, which is more critical to higher frequency. As for the detailed option, for the best flexibility, the default PDSCH beam can be decoupled from any CORESET beam and can be dynamically updated via MAC-CE or DCI. Therefore, wide beam can still be used for CORESET for reliability, while narrow beam can be applied to default PDSCH beam to maximize SNR. 
[bookmark: _Hlk68266106][bookmark: p4]Proposal 2: Support dedicated configuration of default PDSCH beam for better optimization flexibility.
· gNB can dynamically update the default PDSCH beam via MAC-CE.

As agreed in RAN1 #106e, for sTRP, single QCL assumption across all scheduled PDSCHs is one option in case of any scheduled PDSCH with offset < timeDurationForQCL. To achieve the single QCL assumption, a straightforward way is to apply the single default PDSCH beam to remaining scheduled PDSCH with offset > timeDurationForQCL, regardless of whether the indicated TCI state is same as the single default PDSCH beam or not.
[bookmark: _Hlk83730385][bookmark: _Hlk83730480]Proposal 3: In case of PDSCH scheduling offset for any scheduled PDSCH with offset < timeDurationForQCL, UE applies the single default PDSCH beam to remaining scheduled PDSCH with offset > timeDurationForQCL. 
· This is regardless of whether the indicated TCI state is same as the single default PDSCH beam or not.

[bookmark: _Hlk83731792]In case of any scheduled PDSCH with offset < timeDurationForQCL, it would be beneficial to also extend the single QCL assumption across all scheduled PDSCHs to mTRP. For mDCI mTRP, a single default PDSCH beam can be introduced per CORESETPoolIndex and applied to all scheduled PDSCHs if some of them have offset < timeDurationForQCL. Similar to sTRP, the single default PDSCH beam per CORESETPoolIndex can be dynamically updated by gNB, e.g. via MAC-CE.
Proposal 4: In case of mDCI mTRP for any scheduled PDSCH with offset < timeDurationForQCL, support a single default PDSCH beam applied to all PDSCHs scheduled by a DCI associated with a CORESET for a given CORESETPoolIndex.
· gNB can dynamically update the single default PDSCH beam per CORESETPoolIndex via MAC-CE.

For sDCI mTRP, two default PDSCH beams have been defined in R16 as the two TCI states mapped to the TCI code point with lowest ID. They do not vary across slots in contrast to the current R15/16 default PDSCH beam in sTRP and mDCI mTRP. For sDCI mTRP, the two default PDSCH beams defined in R16 can be applied to all scheduled PDSCHs if some of them have offset < timeDurationForQCL.
Proposal 5: In case of sDCI mTRP for any scheduled PDSCH with offset < timeDurationForQCL, support the two default PDSCH beams defined in R16 to be applied to all PDSCHs scheduled by a DCI.

For the configuration flexibility, it would be beneficial to indicate UE to follow either the R17 enhanced PDSCH default beam & QCL rule for multi-PDSCH scheduling or the corresponding R15/16 rule.
Proposal 6: Support new RRC parameter to indicate UE to follow either the R17 enhanced PDSCH default beam & QCL rule for multi-PDSCH scheduling or the corresponding R15/16 rule.
· The RRC parameter can be introduced separately for sTRP, sDCI mTRP, and mDCI mTRP.

In case of higher frequency, narrower beams may typically be used to compensate for the larger pathloss. One potential issue is that the full beam failure may happen more frequently because the narrower beams are more likely to be blocked, i.e. all monitored control beams may fail with higher probability. In presence of full beam failure, UE may need to initiate RACH to recover the beam pair link. To minimize the chance of the lengthy full beam failure recovery, partial beam failure recovery can be considered at least for single TRP operation. In this case, UE will report individual control beam failure, which can be fixed quickly to avoid entering the full recovery.
[bookmark: p6]Proposal 7: Support partial BFR for single TRP.

In R16, UE can report a new beam in Msg3 of RACH initiated for SCell BFR when UE is in connected mode. Similar concept of reporting a better beam in Msg3 can be extended to RACH initiated for initial access. One use case is that UE may find a better SSB before transmitting Msg3 than the one selected for Msg1. In this case, UE can report the better SSB in Msg3, which can be used for the following RRC messages and hence reduce the initial access latency with improved beam quality. Otherwise, UE may only be able to report a better beam after RRC connection setup is finished. Another use case is when LBT is needed for transmissions. Due to LBT failure, UE may not be able to transmit Msg1 on the best SSB. In this case, UE can first transmit Msg1 on a non-best SSB and then report the best SSB in Msg3 to improve the beam quality for the following messages.
[bookmark: p7]Proposal 8: Support UE report of recommended SSB in Msg3/A in initial access.

In R15/16, the beam of periodic channel/RS can only be updated by RRC reconfiguration. However, the reconfiguration latency may have larger impact on higher SCS due to the shorter slot duration. In addition, the beam of periodic channel/RS may need to be updated more frequently because the narrower beams are more likely to be blocked. Therefore, it would be beneficial to support dynamic beam update for periodic channel/RS, including periodic PUCCH/CSI-RS/SRS resources. 
[bookmark: p8]Proposal 9: Support dynamic beam update of periodic channel/RS.

In case of higher bandwidth due to larger SCS, it could be more efficient to FDM multiple UEs with small amount of data per UE on different subbands. In this case, gNB can configure UE to report L1 metrics, e.g. L1-SINR, of best beam per subband, which may vary across subbands due to different channel/interference. With the subband based beam report, gNB can determine appropriate subband and beam per FDMed UE. With the selected subband and beam, corresponding spatial layers and precoding matrix can be further determined via existing CSI report framework. Therefore, it would be beneficial to investigate the subband based beam report, which may lead to more efficient utilization of the higher bandwidth. 
[bookmark: p9]Proposal 10: Investigate sub-band based beam report.

In R16, the maximum number of configured TCI states is 128 per BWP. For higher frequency, narrower beams are expected to be used to compensate for the larger pathloss and, therefore, the total beam number could be much more than that in current FR2. However, simply increasing the maximum number of configured TCI states may not be desirable at UE due to cost/complexity considerations. One way to support the larger total beam number without increasing the configured TCI state number is to configure TCI states only for those potentially used beams, e.g. based on UE location. For example, if UE observes that SSB #5 is the strongest SSB, all TCI states can be configured only for the beams around SSB #5. However, the RRC reconfiguration latency may have more impact for higher SCS due to shorter slot durations. To reduce the reconfiguration latency, the contents of a TCI state including any QCL source RS ID, e.g. both QCL-TypeA/D RS IDs, as well as corresponding BWP/CC ID can be dynamically updated.
[bookmark: p10]Proposal 11: The contents of configured TCI states can be dynamically updated.
· The contents may include any QCL source RS ID, e.g. both TypeA/D RS IDs, and corresponding BWP/CC ID.
4. Conclusion
In this contribution we discussed enhancements for Rel-17 beam management for higher band. Below are the proposals:
Proposal 1: Support UE capability for the beam switch time gap, such that UE is NOT expected to be scheduled/configured with a signal within the beam switch action time before and after another signal if the two signals correspond to one of the following cases.
· Case 1:
· Any two signal that have different specified QCL-TypeD assumptions
· Case 2: 
· One signal has specified QCL-TypeD assumption, while the other is SSB or CSI-RS without specified QCL-TypeD assumption
· Case 3:
· The two signals are two CSI-RS resources without specified QCL-TypeD assumption
· Case 4: 
· The two signals are two CSI-RS resources with same specified QCL-TypeD assumption in a resource set with higher layer parameter Repetition set to ‘ON’ 
· Case 5:
· Any two signals that have different specified spatial relations
· Case 6:
· One signal has specified spatial relation assumption, while the other is SRS without specified spatial relation
· Case 7:
· The two signals are two SRS resources without specified spatial relation
· Note:
· [bookmark: _Hlk83722397]The above “specified” means the beam indication is either explicitly provided by gNB or implicitly determined by spec.

Proposal 2: Support dedicated configuration of a single default PDSCH beam for better optimization flexibility.
· [bookmark: _Hlk83394674]gNB can dynamically update the default PDSCH beam via MAC-CE.

[bookmark: _Hlk83729590]Proposal 3: In case of PDSCH scheduling offset for any scheduled PDSCH with offset < timeDurationForQCL, UE applies the single default PDSCH beam to remaining scheduled PDSCH with offset > timeDurationForQCL. 
· This is regardless of whether the indicated TCI state is same as the single default PDSCH beam or not.

Proposal 4: In case of mDCI mTRP for any scheduled PDSCH with offset < timeDurationForQCL, support a single default PDSCH beam applied to all PDSCHs scheduled by a DCI associated with a CORESET for a given CORESETPoolIndex.
· gNB can dynamically update the single default PDSCH beam per CORESETPoolIndex via MAC-CE.

Proposal 5: In case of sDCI mTRP for any scheduled PDSCH with offset < timeDurationForQCL, support the two default PDSCH beams defined in R16 to be applied to all PDSCHs scheduled by a DCI.

Proposal 6: Support new RRC parameter to indicate UE to follow either the R17 enhanced PDSCH default beam & QCL rule for multi-PDSCH scheduling or the corresponding R15/16 rule.
· The RRC parameter can be introduced separately for sTRP, sDCI mTRP, and mDCI mTRP.

Proposal 7: Support partial BFR for single TRP.
Proposal 8: Support UE report of recommended SSB in Msg3/A in initial access.
Proposal 9: Support dynamic beam update of periodic channel/RS.
Proposal 10: Investigate sub-band based beam report.
Proposal 11: The contents of configured TCI states can be dynamically updated.
· The contents may include any QCL source RS ID, e.g. both TypeA/D RS IDs, and corresponding BWP/CC ID.
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