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1. Introduction
A few remaining issues on default PUSCH beam, SSBRI reporting were resolved in RAN1#92bis. There are still a few outstanding issues on beam management, which will be discussed in this meeting. 
2. Discussion
2.1. Joint reporting on SSB/CSI-RS

For SS block and CSI-RS independent L1-RSRP reporting, the following has been agreed. 
Agreement:

· For SS block + CSI-RS independent L1 RSRP reporting

· Reports are separately configured in different report settings

· No new value for the RRC parameter ReportQuantity is defined

One remaining issue is how to support joint SSB+CSI-RS based reporting
· For Joint L1-RSRP using QCL-ed SS-block + CSI-RS (optionally supported by UE) down-select to one of the following alternatives:
· Alt-1: No new value for RRC parameter ReportQuantity
· Alt-2: New value for RRC parameter ReportQuantity
For independent SSB and CSI-RS reporting, RS resources in the same set are the same type, e.g. all CSI-RS or SSB. Our preference is not to introduce any new RS setting comprising a combination of CSI-RS and SSB. Given such, any reported CRI value unambiguously points to either a CSI-RS, or a SSB. 
Joint beam reporting can be supported by configuring the measurement RS set with spatially QCLed reference RS resource. For instance, if the RS set comprises CSI-RS, spatially QCLed SSB can be configured. UE can use data samples in both CSI-RS and QCLed SSB to jointly calculate L1-RSRP, however the ReportQuantity is still CRI or SSBRI. If no QCLed RS is configured, independent reporting (based on either SSB or CSI-RS) is supported. 
Proposal: No new values for RRC parameter ReportQuantity is introduced. 
2.2. Default beams
2.2.1 PDCCH format 1-0
The current specification on PDSCH scheduled by DCI format 1-0 has some contradictory description. 
· 38.214 (section 5.1.5) reads that PDSCH scheduled by PDCCH format 1-0 follows the TCI of the scheduling PDCCH. This implies that TCI-presentinDCI is not present in DCI format 1-0.
· 38.213 (section 10.1) reads that each COREST is higher-layer configured with an indication of TCI-presentinDCI for DCI format 1-0 and 1-1. 

Our understanding is that TCI-presentinDCI is not applicable for DCI 1-0. Hence 38.213 needs to be updated. 

Proposal: Clarify that TCI-presentinDCI does not apply to DCI 1-0.
2.2.2 PDCCH during reconfiguration period
Between initial RRC configuration and MAC-CE activation, it has been agreed that PDCCH/PDSCH DMRS are spatially QCL-ed with SSB from initial access. 
One remaining question is the PDCCH QCL between RRC reconfiguration and activation. The following alternatives were discussed in the previous meeting:

· Alt-1: SSB in initial access

· Alt-2: lowest indexed TCI state in the RRC reconfigured TCI set

· Alt-3: the latest activated MAC-CE activated beam (before RRC reconfiguration)
Both alt-1 and alt-2 require two beam switching (e.g. once after RRC reconfiguration, and once after MAC-CE reactivation), while alt-3 requires one beam switching (e.g. once after MAC-CE reactivation). 
· The disadvantage of alt-1 is that SSB in initial access may become outdated at the moment of RRC reconfiguration. Although in theory the UE may roam back to the area covered by the initial SSB beam, this is not always guaranteed, hence there is a risk of not being able to receive the MAC-CE reliably. 
· Alt-2 achieves better beam accuracy than alt-1 during the reconfiguration period. gNB should ideally configure the 1st entry of the list of RRC configured beam to ensure sufficient control beam coverage. 
· The advantage of alt-3 is that it only requires one beam switch (compared to two beam changes with alt-1/2). On the other hand, given that the gNB is doing a beam reconfiguration, the latest beam must be outdated and no longer suitable for PDCCH transmission (otherwise gNB would not need to reconfigure it in the first place). 
Taking all aspects into account, alt-2 is slightly more preferable.
Proposal: PDCCH is spatially QCL-ed with the lowest TCI state between RRC reconfiguration and MAC-CE activation.
2.2.3 PUCCH 
It has been previously agreed that spatial relation indication for PUCCH consists of the following two steps: (1) RRC configuration of a list of spatial relations (CSI-RS, SSB, or SRS), (2) MAC-CE selection of one entry of the list. Similar to beam indication in DL, a default spatial relation is needed before the UE receives the MAC-CE selection message. The following alternatives were discussed in previous meetings:
· Alt-1:
same beam corresponding to SSB in initial access (e.g. msg1 beam)

· Alt-2:   
lowest entry of PUCCH-SpatialRelationInfo
· Alt-3: 
latest activated PUCCH beam, e.g., UE keeps the spatial relation unchanged until new reconfiguration/reactivation is complete.
Similar analysis on the pros/cons of three alternatives can be made to that in the previous section. In summary, using the lowest entry of PUCCH-SpatialRelationInfo is technically more appropriate. 
Proposal: PUCCH is spatially QCL-ed with the lowest PUCCH-SpatialRelationInfo between RRC and MAC-CE activation.
2.2.4 PUSCH

It was agreed in RAN1#92bis that PUSCH scheduled by DCI format 0_0 follows the spatial beam of the lowest indexed PUCCH resource, if applicable, for a cell configured with PUCCH. 

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.
First of all, it needs to be clarified whether the previous agreement applies to Msg3 retransmission scheduled by DCI 0_0. Retransmission of Msg3 scheduled by DCI 0_0 may occur when gNB fails to receives the initial msg3 transmission due to interference from other UEs or unfavorable channel condition. It is our understanding that the Tx beam for msg1 and msg3 initial transmission is not defined in the specification and left to UE implementation. Practically, a UE would preferably use the same Tx beam initial transmission and retransmission of msg3, and there is no strong technical reason to use different Tx beam for msg3 initial transmission and retransmission. To achieve sufficient UE implementation flexibility and spec consistency, our proposal is that the RAN1#92bis agreement (e.g. using PUCCH beam) excludes msg3 retransmission scheduled by DCI 0_0. 

Proposal: Spatial beam for Msg3 retransmission scheduled by DCI 0_0 is undefined. 

For cells without PUCCH resources, Tx beam for PUSCH by DCI 0_0 remains open. Our understanding is PCell is always configured with PUCCH resources (either cell-specific or UE-specific) while SCell may be configured without PUCCH. For the latter case, several alternatives exist:

· Alt-1: PUSCH scheduled by DCI 0_0 is not supported on cells without PUCCH resources.

· Alt-2: PUSCH scheduled by DCI 0_0 on cells without PUCCH resources is to use Tx beam of the lowest PUCCH resource on the PCell. 

· Alt-3: PUSCH scheduled by DCI 0_0 on cells without PUCCH resources uses a default SRS antenna port. Note this mandates SRS configuration. 

Alt-2 is not preferable as it mandates cross-carrier spatial QCL. Alt-3 mandates configuration of SRS resources for DCI 0_0 scheduling. Depending on whether SRS configuration can be mandated, Alt-3 can be a possible solution. Alt-1 can also be considered. 
Proposal: PUSCH scheduled by DCI 0_0 is not supported on cells without PUCCH resources. 

2.3. UL beam management

2.3.1 Beam indication for PUSCH

NR does not support explicit beam indication for PUSCH. The spatial info of PUSCH is implicitly derived from that of the SRS resource indicated by SRI (pointing to previously transmitted SRS resources). In other words, PUSCH will use the same spatial info as a previous SRS transmission that enables gNB to measure uplink CSI. Since SRI indication is dynamic, beam indication for PUSCH is also dynamic. 
Proposal: No need to introduce additional PUSCH beam indication procedure.
2.3.2 SRS beam indication enhancements
The current SRS beam switching framework is based on dynamic triggering of SRS resources where each SRS resource is semi-statically configured with a SpatialRelationInfo. Give that the SRS field is only 2-bits, beam switching flexibility is rather limited.
Another issue is the differentiation of U2/U3 procedure, as well as U3 procedure for local beam sweeping and global beam sweeping. These issues were discussed in a previous contribution (c.f. [1]) but were not treated due to lack of time. Note that both will result in some RRC impact.

It is our understanding that no more RRC parameter can be introduced at this stage in Rel.15, and therefore further SRS beam indication enhancement is no longer possible in the Rel.15 timeframe. However, if RAN1/RAN2 are still open to RRC parameters, methods in [1] may be considered. 
Proposal: Any SRS beam enhancement is postponed to Rel.16 (if needed).

3. Conclusions

This contribution summarizes our views on the remaining issues on beam managements. Our proposals are summarized below:
Proposal 1: 
No new values for RRC parameter ReportQuantity is introduced. 
Proposal 2: 
Clarify that TCI-presentinDCI does not apply to DCI 1-0.

Proposal 3: 
PDCCH is spatially QCL-ed with the lowest TCI state between RRC reconfiguration and MAC-CE activation.

Proposal 4: 
PUCCH is spatially QCL-ed with the lowest PUCCH-SpatialRelationInfo between RRC and MAC-CE activation.

Proposal 5:
 Spatial beam for Msg3 retransmission scheduled by DCI 0_0 is undefined. 

Proposal 6: 
PUSCH scheduled by DCI 0_0 is not supported on cells without PUCCH resources. 
Proposal 7:
 No need to introduce additional PUSCH beam indication procedure.

Proposal 8: 
Any SRS beam enhancement is postponed to Rel.16 (if needed).

4. References

[1] R1-1801721, “Remaining issue on beam management”, CATT, 3GPP RAN1#92, Athens, Greece, Feb. 2018
