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1. Introduction
In RAN1 #92b meeting, the following agreements on beam management have been achieved. [1]
Agreement:
The following text change is agreed: 
· In Section 5.2.1 of TS 38.214, add SSBRI (SSB Resource Indicator) to the contents of CSI reporting. [6]
>>> Text Proposal for 38.214 Section 5.2.1 >>>
5.2.1 Channel state information framework
[bookmark: _Hlk500777975]The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. CSI may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indication (LI), rank indication (RI) and/or and L1-RSRP.
[bookmark: _Hlk508301324]For CQI, PMI, CRI, SSBRI, LI, RI, L1-RSRP, a UE is configured by higher layers with N≥1 CSI-ReportConfig Reporting Settings, M≥1 CSI-ResourceConfig Resource Settings, and a list of trigger states ReportTriggerList containing a list of associated CSI-ReportConfigs indicating the Resource Set IDs for channel and optionally for interference.
>>> End text proposal >>>

Agreement 
For the case of single CC case, to determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs in active BWP 

Agreement:
· For PUSCH scheduled by DCI format 0_0, the UE shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP
· Above applies for a cell configured with PUCCH
· Note: the UE is configured with a list of spatial relations in PUCCH-SpatialRelationInfo. MAC-CE indicates a single selected spatial relation from the list on a per-PUCCH resource basis if the list has more than one element.

Agreement
· Support SP-SRS as mandatory with UE capability signalling

Agreement
The latency for MAC CE activation is 12 slots for 60kHz SCS and 24 slots for 120kHz SCS. The latency is calculated from the ending symbol of UE’s ACK transmission for PDSCH carrying MAC-CE activation message to when the MAC CE message is applied.

Agreement:
· Support uplink cross-carrier beam indication for PUCCH and SRS 
· Add Cell index and BWP information in SpatialRelation configuration
R1-1805739	[DRAFT] LS on UL cross carrier beam indication	Samsung
LS is endorsed in R1-1805627 with the following additional sentences: “RAN1 has agreed on cross carrier indication of spatial relations with SRS and PUCCH. For the case of SRS, changes are needed to the MAC CE message used for activating semi-persistent SRS to enable cross carrier indication. RAN1 suggests that RAN2 take this into their work.”

In this contribution, we will provide some discussions on the remaining issues for beam management on joint L1-RSRP measurement, UE’s measurement assumption for CSI-RS, default PDSCH beam assumption, PUSCH beam indication, SRS beam indication and beam management for multiple CC.
2. Discussion
2.1 Beam Reporting
It has been agreed that a UE can use both SSB and CSI-RS to jointly measure the L1-RSRP. The remaining issue is how to configure this joint measurement. There can be the following options:
· Option 1: Define a new report quantity as “SSBRI/CRI/L1-RSRP”
· Option 2: UE can report the joint L1-RSRP when the report quantity is “SSBRI/L1-RSRP”
· Option 3: UE can report the joint L1-RSRP when the report quantity is “CRI/L1-RSRP”

In option 1, an additional value of report quantity should be defined and the CSI-RS to be measured should be identified, which may need some additional signaling. In option 2, if multiple CSI-RS resources are QCLed with SSB, additional signaling may be needed to identify which CSI-RS to be used. In option 3, there would be no additional signaling required, the UE can use the CSI-RS to measure L1-RSRP as well as SSB if the CSI-RS is QCLed with SSB. Therefore option 3 is slightly preferred. It should be supported that the joint L1-RSRP can be reported when the reportQuantity is configured as “CRI/L1-RSRP” where the UE can use the CSI-RS as well as its QCLed SSB to measure the L1-RSRP.
Proposal 1: It should be supported that the joint L1-RSRP can be reported when the reportQuantity is configured as “CRI/L1-RSRP” where the UE can use the CSI-RS as well as its QCLed SSB to measure the L1-RSRP.
In addition, when a UE is configured to report the L1-RSRP for multiple beams in a reporting instance, the differential L1-RSRP would be used, where the beam with strongest L1-RSRP could be the reference. Then there can be two issues: one is that how to report the differential L1-RSRP if the L1-RSRP of reference beam is out of range of L1-RSRP reporting; the other is how to report the differential L1-RSRP if the L1-RSRP for the reporting beam is below the smallest range of L1-RSRP. 
For the first issue, when the reference L1-RSRP UE measured is out of range of RSRP quantization table, the UE should use the reported L1-RSRP as the reference RSRP to calculate differential L1-RSRP, otherwise, gNB cannot know the exact value of reported RSRP for the other beams. 
For the second UE, if the difference between the reference beam and a second beam is too large, the UE cannot tell gNB the exact value of L1-RSRP for the second beam by differential L1-RSRP. However, it would be useful that UE can tell gNB whether the quality of the second beam is lower than a threshold, where the threshold can be based on the new beam identification threshold in BFR. If the threshold is not configured, the lowest L1-RSRP UE can report, i.e. -140dBm could be the threshold.
Proposal 2: For differential L1-RSRP reporting, the reported differential RSRP is based on the reference RSRP the UE reported.
Proposal 3: The differential L1-RSRP should indicate whether the RSRP for the beam is below a threshold, where the threshold can be based on the new beam identification threshold in BFR, and its default value is the lowest L1-RSRP UE can report.
2.2 CSI-RS beam indication
The CSI-RS can be transmitted periodically. Then in different time instances, it should be clarified whether the UE can assume the CSI-RS with the same resource ID should be from the same antenna port. With this assumption, some averaging can be used when UE measures the CSI-RS in multiple time instances. So it would be benefitial for L1-RSRP measurement accuracy. It should be supported that the UE can assume that in different time instances the CSI-RS with the same resource ID in a resource set should be spatially QCLed.
Proposal 4: It should be supported that the UE can assume that in different time instances the P-CSI-RS/SP-CSI-RS with the same resource ID in a resource set should be spatially QCLed.
For aperiodic CSI-RS, if QCL type-D is configured, its scheduling offset should be above the threshold UE reported so that UE can use indicated beam to receive the CSI-RS. If scheduling offset is below threshold, the only way to receive the CSI-RS is to use a default beam. However since the function for CSI-RS is used for measurement of the channel state for a particular beam pair. If UE does not use the indicated beam to receive CSI-RS, the reported CSI would be useless. So for aperiodic CSI-RS, it is better that its scheduling offset is above threshold UE reported if QCL type-D is configured. 
Proposal 5: For aperiodic CSI-RS configured with QCL Type-D, UE shall expect its scheduling offset is above threshold UE reported.
2.3 PDSCH beam indication
It has been agreed that when the scheduling offset is below a threshold, the PDSCH beam should use the default beam which is the same as beam of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE. However there may be some issues if the CORSET-BFR is considered as shown in Figure 1. In that case, the UE should follow the beam for CORESET-BFR. However the beam for CORESET-BFR is not clear if it is not in beam failure recovery procedure. So the CORSET-BFR should be excluded for default PDSCH beam assumption.



Figure 1: one issue for default PDSCH beam assumption
Proposal 6: For PDSCH QCL determination, the CORSET-BFR should be excluded if the scheduling offset is below a threshold.
In addition, when scheduling offset is below threshold, the PDSCH beam should follow one CORESET beam, but if there is no CORESET configured in that bandwidth part (BWP), it is not clear how to determine the PDSCH beam. Therefore one simple way is that a UE shall expect that at least one CORESET with TCI state configured in one BWP.
Proposal 7: With regard to default PDSCH QCL assumption, UE shall expect that at least one CORESET with TCI state configured in one BWP.
Further for cross-carrier scheduling, when TCI state is not present in scheduling DCI and scheduling offset is above threshold, how to determine the PDSCH QCL could be one issue. Based on current spec, the UE would apply the same beam to receive scheduling PDCCH and PDSCH in that case. But the cross-CC QCL may not always be guaranteed, if the scheduling PDCCH and scheduled PDSCH are in different band, e.g. PDCCH in FR1 and PDSCH in FR2. Therefore for cross-carrier scheduling when TCI state is not present and scheduling offset is above threshold, the UE can also use the default PDSCH beam to receive the scheduled PDSCH.
Proposal 8: For cross-carrier scheduling, if TCI is not present in DCI, UE can use the default PDSCH QCL assumption to receive the scheduled PDSCH regardless of the scheduling offset, and the default PDSCH QCL assumption is based on the TCI state for CORESET in the latest slot with the lowest ID if multiple CORESETs are configured.
Moreover, the gNB can use MAC CE to reconfigure the candidate TCI states for PDSCH. The latency between the transmission of ACK for the MAC CE and apply the new candidate TCI states is 3ms. Then if the time to activate the newly reconfigured candidate TCI states happens to be in the middle of the scheduling offset between PDCCH and PDSCH, it is not clear whether the TCI state for PDSCH is based on the pre-configured TCI states or post-configured TCI states, as shown in Figure 2. To simplify UE implementation, it is better the indicated TCI is based on the old candidate TCI state.

Figure 2: one potential issue for TCI state assumption
Proposal 9: The indicated TCI should be based on the candidate TCI states in slot with scheduling PDCCH instead of the slot with scheduled PDSCH.
When multiplexed with other downlink signals, the PDSCH may be prioritized or deprioritized. However, there are two kinds of PDSCH in the system as shown in Figure 3:
· Possible transmitted PDSCH: PDSCH scheduled with scheduling offset smaller or equal to threshold UE reported.
· Actually transmitted PDSCH: PDSCH scheduled with scheduling offset larger than threshold UE reported.



Figure 3: Different kinds of PDSCH in the system
For possible transmitted PDSCH, UE does not know whether it will be transmitted or not when receiving the downlink signal in the slot. So the UE can use a default PDSCH beam to buffer such signal. So when possible transmitted PDSCH is multiplexed with other downlink signal, the other downlink signal should be prioritized – UE should apply the QCL indicated for the other downlink signal to receive the signal in that symbol/slot. For actually transmitted PDSCH, the UE knows when it would happen as well as its TCI information. So it could have a higher priority than possible transmitted PDSCH and some downlink signal.
Proposal 10: When possible transmitted PDSCH and other downlink signal are multiplexed in the same symbol/slot, the UE should apply the QCL indicated by other downlink signal, where possible transmitted PDSCH indicates the PDSCH scheduled with scheduling offset smaller or equal to threshold UE reported.
Proposal 11: When possible transmitted PDSCH and actually transmitted PDSCH are multiplexed in the same slot in different CCs, the UE should apply the QCL indicated by actually transmitted PDSCH, where actually transmitted PDSCH indicates the PDSCH scheduled with a scheduling offset larger than threshold UE reported.
2.5 PDCCH beam indication
It has been agreed that PDCCH beam indication is based on RRC or RRC+MAC CE. The beam indication is per CORESET basis. Then one remaining issue is whether/how to indicate the beam for CORESET 0 and CORESET-BFR.
For CORESET 0, in last meeting, there is one agreement as follows:
Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0

So based on the agreement, for CORESET 0, if it is only used for broadcast PDCCH, it is not necessary for a UE to understand the SSB index for the SS0/CORESET0 to be monitored. Instead, UE can monitor SS0/CORESET0 configured by one SSB selected by itself. However if it is used for unicast PDCCH, UE should know the SSB index for SS0/CORESET0. Then one simple way is to re-use beam indication framework, where only the TCI state with SSB index can be configured for CORESET 0. Whether to transmit unicast PDCCH in CORESET 0 is up to gNB implementation. So the beam indication for CORESET 0 should also be up to gNB implementation.
In addition, for CORESET-BFR, it has been agreed that it can only be tied to search space used for BFR. During BFR, its beam is based on the newly identified beam and after BFR UE would not monitor CORESET-BFR, so it is not necessary to configure TCI state for CORESET-BFR. 
Proposal 12: For CORESET 0, it is up to gNB whether to configure TCI state or not, and only the TCI state including SSB index can be configured.
Proposal 13: For CORESET-BFR, UE shall expect TCI state should not be configured.
2.4 PUSCH beam indication
It has been agreed that for DCI format 0_0, PUSCH beam should be the same as the beam for the PUCCH resource with lowest resource ID in active BWP. However it may be possible that no PUCCH resource is configured for active BWP. In that case, UE cannot find out a beam to be used for PUSCH scheduled by DCI format 0_0. Before RRC connection, UE can use the beam for initial access to transmit the PUSCH. But with regard to cross-BWP or cross-CC scheduling, it is not reasonable to use the initial access beam. Hence for cross-BWP or cross CC scheduling, if no PUCCH resource is configured in targeting BWP/CC, the UE shall not expect the PUSCH should be scheduled by DCI format 0_0.
Proposal 14: For cross-BWP or cross CC scheduling, if no PUCCH resource is configured in targeting BWP/CC, the UE shall expect the PUSCH not should be scheduled by DCI format 0_0.
2.5 SRS for beam management
[bookmark: _GoBack]There could be different use cases for different SRS resource sets. One SRS resource set can be used for codebook based transmission, non-codebook based transmission, antenna switching or beam management. For SRS resource set used for codebook based transmission or non-codebook based transmission, it has been agreed that the same time domain behavior should be configured to be the same. For SRS resource set used for beam management, to be aligned with the SRS resource set used for other purpose, the SRS resources in a set should be configured with the same time domain behavior.
Proposal 15: For SRS resource set used for beam management, UE shall expect the SRS resources in a set should be configured with the same time domain behavior.
3. Conclusions
In this contribution we have provided our views on TRS. From the discussion, we have achieved the following proposals.
Proposal 1: It should be supported that the joint L1-RSRP can be reported when the reportQuantity is configured as “CRI/L1-RSRP” where the UE can use the CSI-RS as well as its QCLed SSB to measure the L1-RSRP.
Proposal 2: For differential L1-RSRP reporting, the reported differential RSRP is based on the reference RSRP the UE reported.
Proposal 3: The differential L1-RSRP should indicate whether the RSRP for the beam is below a threshold, where the threshold can be based on the new beam identification threshold in BFR, and its default value is the lowest L1-RSRP UE can report.
Proposal 4: It should be supported that the UE can assume that in different time instances the P-CSI-RS/SP-CSI-RS with the same resource ID in a resource set should be spatially QCLed.
Proposal 5: For aperiodic CSI-RS configured with QCL Type-D, UE shall expect its scheduling offset is above threshold UE reported.
Proposal 6: For PDSCH QCL determination, the CORSET-BFR should be excluded if the scheduling offset is below a threshold.
Proposal 7: With regard to default PDSCH QCL assumption, UE shall expect that at least one CORESET with TCI state configured in one BWP.
Proposal 8: For cross-carrier scheduling, if TCI is not present in DCI, UE can use the default PDSCH QCL assumption to receive the scheduled PDSCH regardless of the scheduling offset, and the default PDSCH QCL assumption is based on the TCI state for CORESET in the latest slot with the lowest ID if multiple CORESETs are configured.
Proposal 9: The indicated TCI should be based on the candidate TCI states in slot with scheduling PDCCH instead of the slot with scheduled PDSCH.
Proposal 10: When possible transmitted PDSCH and other downlink signal are multiplexed in the same symbol/slot, the UE should apply the QCL indicated by other downlink signal, i.e. actually transmitted PDSCH to receive that symbol/slot, where possible transmitted PDSCH indicates the PDSCH scheduled with scheduling offset smaller or equal to threshold UE reported.
Proposal 11: When possible transmitted PDSCH and actually transmitted PDSCH are multiplexed in the same slot in different CCs, the UE should apply the QCL indicated by actually transmitted PDSCH, where actually transmitted PDSCH indicates the PDSCH scheduled with a scheduling offset larger than threshold UE reported.
Proposal 12: For CORESET 0, it is up to gNB whether to configure TCI state or not, and only the TCI state including SSB index can be configured.
Proposal 13: For CORESET-BFR, UE shall expect TCI state should not be configured.
Proposal 14: For cross-BWP or cross CC scheduling, if no PUCCH resource is configured in targeting BWP/CC, the UE shall expect the PUSCH not should be scheduled by DCI format 0_0.
Proposal 15: For SRS resource set used for beam management, UE shall expect the SRS resources in a set should be configured with the same time domain behavior.
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