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1. Introduction
This contribution addresses several remaining issues for DL and UL beam management.
2. DL beam management
2.1. Beam reporting configuration
For SS block and CSI-RS independent L1-RSRP reporting, it was agreed that reports are separately configured in different reporting setting, and no new RRC parameters are defined. 
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

The remaining issue is how to support joint SSB+CSI-RS based beam 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 SS and CSI-RS reporting, all RS in the same RS set are of the same type, e.g. all CSI-RS or SSB. It is preferred not to introduce additional resource setting configurations where a RS set includes a combination of both CSI-RS and SSB. Given such, any reported CRI value still points to a unique RS resource, either CSI-RS or SSB, therefore new no value for RRC parameter ReportQuantity is needed. 
The configuration of independent or joint beam reporting can be achieved by configuring the RS resource set (comprising all CSI-RS or all SSB) with or without a spatially QCLed reference RS resource (SSB or CSI-RS), e.g. through the indication of TCI state. If spatial QCLed reference RS is configured for the target RS in the resource setting for L1-RSRP measurement, the UE should use the target RS and its spatially QCLed resource RS to jointly calculate CRI and RSRP. Otherwise if no QCL-ed RS resources are is configured, independent beam SS and CSI-RS reporting is enabled.
Proposal: No new values for RRC parameter ReportQuantity is introduced. 
2.2. Beam reporting

DL beam management includes P1, P2 and P3 procedures. P2 and P3 are already supported with a single RS resource set with repetition ON or OFF. If repletion is ON, UE may assume the same spatial filter on all RS, which enables P3. If repetition is OK, UE may not assume the same spatial filter on all RS resources, which enables P2. P2/P3 are supported with both periodic or aperiodic reporting setting by configuring K=1 CSI-RS resource set in the resource setting, with repetition “ON” or “OFF”.
How to support P1 is still under discussion and we have the following proposal in the last meeting. 

· Down-select to one of the following three configuration alternatives for beam management for Rel-15:

· Alt-1: Multiple resource sets, all with repetition = “ON”

· UE reports CSI-RS resource set indicator(s) for CRI feedback

· FFS: Whether ID(s) are local within a resource setting or global across all resource settings

· Alt-2: Multiple equal size resource sets, all with repetition = “OFF”

· UE reports distance local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets.

· Alt-3: Neither Alt-1 nor Alt-2 is supported in Rel-15

With alternative 1, each CSI-RS resource set is configured with repetition “ON” and uniquely corresponds to one Tx beam. Rx beam sweeping is conducted within each CSI-RS resource set. UE compares the highest RSRP of each CSI-RS resource set and reports the CSI-RS resource set with the highest RSRP. The optimal Rx beam corresponding to each candidate Tx beam is stored at the UE’s memory. For DL beam indication, the CSI-RS for spatial beam indication in a TCI state should uniquely correspond to one CSI-RS resource set only. If one CSI-RS is allowed to be assigned in two different CSI-RS resource sets with repletion “ON”, the CSI-RS resource set index needs to be also included in the TCI state. 
With alternative 2, each CSI-RS resource set is configured with repetition “OFF”. Tx beam sweeping is conducted within each CSI-RS resource set. Rx beam should be fixed on each CSI-RS resource set, and vary across different CSI-RS resource sets. Implicitly, UE can only identify the optimal Rx beam (by comparing the RSRP of the same RS resource in different CSI-RS resources) if the same set of Tx beams area applied to CSI-RS resources in each set in exactly the same order. 

Both alternatives achieve the same purpose technically; however alternative (b) imposes more restriction, e.g. the number of CSI-RS per resource set, and the order to apply Tx beam at the gNB side. From implementation flexibility perspective, alt-1 seems slightly preferable.
Proposal: Alt-1 can be considered for P1, if it is to be supported in Rel.15.
2.3. Differential RSRP reporting

It was agreed that RSRP of K reported beams are encoded in a differential format with the best beam quantized using 7 bits and all remaining beams quantized with 4-bit. Assuming 6-bit CRI, reporting payload for K = 1/2/3/4 beams are 13, 23, 33, and 43 bits. 
The maximum PUCCH payload according to our understanding is limited to roughly 20 – 30bits. This is sufficient for at most K=2 beams. For K = 3 and 4, one solution is to split one beam reporting to two separate PUCCH transmissions, where the 1st and 2nd PUCCH carry 2 (or 1) CRI/RSRP respectively. The other alternative is to not support K = 3/4 on PUCCH. 
Given that semi-persistent beam reporting on PUSCH can support all K values, the need of supporting K = 3/4 on PUCCH is not critical in our view. Hence our preference is to support K = 1/2 on PUCCH.
Proposal: For L1-RSRP reporting on PUCCH, a report setting allows K = 1 or 2 reported beams.

2.4. Group-based reporting

Details for group-based reporting are still FFS. In our view, it is natural to follow the existing agreement for group-based reporting whenever possible to reduce spec complexity. 
Proposal: 
Reporting format for group-based report reuses that of non-group-based report whenever possible.
3. UL beam management

3.1. PUCCH
In RAN1#91, UL beam indication was agreed for PUCCH, where for each PUCCH resource, a list of spatial beams are RRC configured, one of which is activated by MAC-CE. The elements of the list contain the ID of an SSB, CSI-RS, or SRS resource. This allows semi-static beam management per PUCCH. For dyanmic beam selection, multiple PUCCH resources are required.
Similar to DL, the default beam for PUCCH between RRC configuratoin and MAC-CE activation needs to be defined. Using the UL beam of Msg3 in initial access seems straightforward. 

3.2. SRS

For SRS, UL beam is controlled by associating with the target SRS a reference RS resource indicated by SRS-SpatialInfo which points to a CSI-RS/SSB-SRS. For P/SP-SRS, SRS-SpatialRelationInfo is RRC configured. For A-SRS, SRS-SptialRelationInfo is dynamically indicated. 
Note there are four types of SRS in the uplink, two for CSI acqusition with SRS-SetUse configurd as {Codebook, NonCodebook}, one for beam management as {BeamManagemnet}, and one for antenna swtichng as {AntennaSwitching}. UL beam management at least applies to SRS for beam management and SRS for codebook/non-codebook precoding. 
3.2.1 Beam indication for A-SRS

SRS resource whose SRS-SetUse is configured as {Codebook} and {NonCodeBook} is for CSI acquisition. UL Tx beam for these SRS resources can be controlled by configuring the associated SRS-SpatialRelationIno parameter. It was agreed that DCI indicatin is supported for UL beam selection for A-SRS. However the interpreation of the agreement is unclear. In our view, two possible interpretations are available: 
	Spatial parameter
	Reference RS
	Target RS
	Signalling mode

	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS

Working assumption: AP-CSI-RS
	AP SRS
	RRC or RRC+MAC CE for configuration,
indication with DCI 


· Interpretation 1: For an A-SRS, SRS-SpatialRelationInfo is explicitly signalled in the triggering grant, in the form of SRI indicator. This SRI indicator is different than the SRI indication of other signals (e.g. PUSCH).
· Interpretation 2: N>1 A-SRS resources are configured with a different SRS-SpatialRelationInfo. By triggering different N A-SRS resources, beam selection is achieved implicitly. No additional SRI indication in DCI is introduced.
It has been decided that the number of UL Tx beams for U3 can be up to 32 (see c.f. [1]). However, at most 3 beams can be supported with 2-bit SRS request field, which lacks sufficient flexibility to support UL beam sweeping. Hence option 1 is preferred. 
Proposal: A SRI indicator field is introduced for A-SRS in the triggering grant, different than the SRS request field. 
Note that the SRI indicator for A-SRS is different from SRI for PUSCH (codebook or non-codebook). The reason is that A-SRS beams need to sweep different angles, and not necessarily the same as PUSCH beam which is chosen after A-SRS beam sweeping. Hence, using the same SRI for PUSCH and A-SRS is inappropriate. 

Proposal: SRI for for A-SRS is a separate field from SRI for PUSCH. 

3.3. U2/U3 procedure
For U2, gNB performs UL Rx beam sweeping, while UE fixes the Tx beam. This can be achieved by indicating a single SRS-SpatialRelationInfo for all SRS resources.
For U3, UE performs Tx beam sweeping. Both local and global beam sweeping should be supported. 

· If gNB has no prior information of UL Tx beam at all, a global beam sweeping is needed, with no SRS-SpatialRelationInfo provided. For instance, it applies to initial UL beam acquisition immediately after RRC connection. 
· If gNB has coarse information of UL Tx beam which needs to be refined, beam sweeping can be around the coarse Tx beam. The coarce UL Tx beam can be signalled through a single SRS-SpatialRelationInfo, around which UE does a local beam sweeping. 

It is desirable to support U2/U3 in a unified framework. This is possible with at least the following two aproaches: e.g.:  
· Approach 1: Through configuration of different SRS resources: e.g. if all SRS are associated with the same SRS-SpatialRelationInfo, a global beam sweeping is conducted; otherwise if one SRS is associated with SRS-SpatialRelationInfo, a local beam sweeping is conducted. SRS request fields indicates which SRS set is triggered. 
This approach requires a large number of SRS resource sets to be configured; however, 2-bit SRS request field has limited triggering flexiblity so the practical useage of this approach is questionable. Furthremore, how gNB otains the initial SRS-SpatialRelationInfo without any prior beam sweeping is unclear. 
· Approach 2:  DCI explicitly indicates local/global beam sweeping, using a dedicated DCI field/codepoint.
Given the lack of scheduling flexiblity of approach 1, approach 2 is preferrable. 
Proposal: 
Local and global U3 beam sweeping is signalled by a DCI field/codepoint, separate from the 2-bit SRS request field.
Similar to DL, a parameter can be introduced in UL to indicate beam ULBeamRepetition ON or OFF on different A-SRS. If repetition is OFF, UE is allowed to use different beams on different SRS. Otherwise if beam repetition is OK, UE shall use the same beam on different SRS (which can be indicated by gNB). ULBeamRepetition can be indicated with 1-bit in DCI. 
Using 1-bit ULBeamRepetition and N-bit SRI indictor, all UL beam sweeping procedures are supported.
· If ULBeamRepetition = “ON”
· UE shall use the same UL beams on all SRS, where the UL beam is indicated by SRI: 

· If ULBeamRepetition = “OFF”
· UE may use different UL beams on different SRS. 

· UE may derive UL beam based on SRI in DCI (e.g. for local beam sweeping)

· One codepoint in the SRI field indicates “UL beam undefined”, which allows global beam sweeping.

N = 3 can be starting point. 

4. Conclusions

This contribution summarizes our views on the remaining issues of DL/UL beam management listed below. 
Proposal 1:  No new values for RRC parameter ReportQuantity is introduced. 
Proposal 2:  Alt-1 can be considered for P1, if it is to be supported in Rel.15.
Proposal 3:  For L1-RSRP reporting on PUCCH, a report setting allows K = 1 or 2 reported beams.

Proposal 4:  Reporting format for group-based report reuses that of non-group-based report whenever possible.
Proposal 5: A SRI indicator field is introduced for A-SRS in the triggering grant, different than the SRS request field. 

Proposal 6: SRI for A-SRS is a separate field than SRI for PUSCH. 

Proposal 7: Local and global U3 beam sweeping is signalled by a DCI field/codepoint, separate from the 2-bit SRS request field.

Proposal 8:  DCI for A-SRS includes a 1-bit ULBeamRepetion field and N-bit SRI indicator
· If ULBeamRepetition = “ON”
· UE shall use the same UL beams on all SRS, where the UL beam is indicated by SRI: 

· If ULBeamRepetition = “OFF”
· UE may use different UL beams on different SRS. 

· UE may derive UL beam based on SRI in DCI (e.g. for local beam sweeping)

· One codepoint in the SRI field indicates “UL beam undefined”, which allows global beam sweeping.
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