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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

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. For P1, the following proposals were discussed in previous meetings but no agreements were reached. It needs to be studied if P1 still needs to be supported in Rel.15.
· FFS: Further support additional configuration by down selection from the following two alternatives:

· (a) Multiple resource sets, all with repetition = “ON” 

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

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

· (b) Multiple equal-size resource sets, all with repetition = “OFF”

· UE reports distinct 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

With alternative (a), 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 (b), 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-(a) seems slightly preferable.
Proposal: Alt-(a) can be considered for P1, if it is to be supported in Rel.15.
2.2. CRI and L1-RSRP encoding

For non-group-based reporting, UE may report  N<=N_max where N_max = 2 or 4 is a UE capability. For N>1, the ordering of CRI and RSRP values need to be clarified. The following two options are possible. 
· {Beam reporting of beam1}({ beam reporting of beam 2} ... ( {beam reporting of beam N}

· For a particular beam, the reported quantity is {CRI+RSRP}

· {CRI of beam 1, beam 2, (  beam N} + {RSRP of beam 1, beam 2, ( beam N}
Proposal: The ordering of CRI and L1-RSRP in the case of multi-beam reporting needs to be clarified. 
3. UL beam management

Uplink beam management is built on configuration and indication of SRI which points to a SRS, CSI-RS or SSB. CSI-RS and SSB are applicable where DL/UL correspondence holds such that the UL Tx beam for SRS can be derived from the DL Rx beam of CSI-RS/SSB.
Agreement:

· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 

· The DL RS supported at least include CSI-RS and SSB. 

· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.

	Spatial parameter
	Reference RS
	Target RS
	Signalling mode

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

FFS: AP-CSI-RS, SP-SRS
	P SRS
	RRC



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

FFS:AP-SRS, AP-CSI-RS
	SP-SRS
	RRC + MAC-CE



	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 


· FFS: The use of spatial relation across CCs and/or BWPs.
In NR, SRI needs to be provided in the following cases:
· Case 1:   
Codebook-based UL-MIMO, where a SRS resource set includes up to two SRS resources. 

· Case 2:  
Uplink beam indication for PUSCH. A SRS resource set comprises multiple SRS resources. 

· Case 3: 
Uplink beam indication for SRS. For P-SRS, the SRI can be semi-statically configured. For A-SRS, the SRI is dynamically provided. 
For case 2 and 3, a framework similar to TCI signaling in DL can be introduced, namely, a set of M SRI states are pre-determined, and a SRI signaling points to one of the M SRI states. 

3.1. Single-panel
With analog beamforming only, a single SRI referencing to a previously transmitted RS resource is provided in the UL grant for PUSCH. The RS resource can be P/SP/AP SRS, or CSI-RS/SSB.
With both digital beamforming (codebook-based UL-MIMO) and analog beamforming, 
· Alt-1:  Two separate SRI indication for analog and digital beam. In the first step, K2 SRS resources are transmitted for analog beam sweeping. SRI2 is signalled to the UE for analog beam indication, to be used for SRS for CSI acquisition. In the second step, K1 SRS resources are transmitted for uplink CSI acquisition (digital beamforming), and SRI1 is indicated for PUSCH. 
· Alt-2:  Joint analog and digital beam sweeping. A total of K1K2 SRS resources are configured, where K1 candidate digital precoders and K2 analog beams are supported. This results in much higher overhead than alt-1.

Given that in the UL-MIMO session it has been agreed that a SRS resource set may have at most two SRS resources, alt-2 seems precluded already.
Proposal: For beam indication for PUSCH, UL grant comprises one SRI pointing to a previously transmitted SRS, CSI-RS or SSB. 

For A-SRS for CSI acquisition, the triggering grant includes a SRI indicating the Tx beam. 
For A-SRS for beam management, 
· For P2 (Rx beam sweeping), the SRS resources in the triggered set can have the same UL spatial filter. The UL spatial filter can be determined by UE transparent to gNB (e.g. a SRI state of “unspecified”, not pointing to any SRS/CSI-RS/SSB), or determined by gNB (e.g. SRI pointing to a source RS). 
· For P3 (Tx beam sweeping), the SRS resources in the triggered set can have different UL spatial filter. The UL spatial filter can be determined by UE (e.g. SRI not pointing to any reference RS), or indicated by gNB to be restricted in the vicinity of a given beam (e.g. SRI point to a source RS).
Proposal:  UL grant for A-SRS triggering includes a SRI indicator, where the SRI points to a SRS/CSI-RS/SSB, or its state is “unspecified”.
Also to differentiate P2 and P3 procedures, it needs to be signalled to the UE whether SRS resources in a resource set have the same or different UL spatial filter. This can be either dynamically indicated in the UL grant as an independent field (for beam management SRS only), or included in part of the SRS resource set configuration. 
3.2. Multi-panel
For a UE equipped with multiple uplink antenna panels, each panel can be configured with a SRS resource. Similar to the DL multi-TRP/multi-panel discussion, different PUSCH layers/codewords can be transmitted from different panels, using different beams. When different layers of a PUSCH are transmitted from different panels, it is necessary to associate the PUSCH layer (or DMRS ports) with its associated SRI, so that the UE can determine the uplink beam for each layer. 
Proposal: 
For PUSCH, each state of the SRI indicator may points to one or multiple previously transmitted SRS. Mapping between the SRS resources and PUSCH layers need to be defined. 
4. Conclusions

This contribution summarizes our views on the remaining issues of DL/UL beam management listed below. 
Proposal: 
Alt-(a) can be considered for P1, if it is to be supported in Rel.15, where 
· (a) Multiple resource sets, all with repetition = “ON” 

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

Proposal: 
The ordering of CRI and L1-RSRP in the case of multi-beam reporting needs to be clarified. Two examples are given in Section 2.2. 
Proposal:  
UL grant for A-SRS triggering includes a SRI indicator, where the SRI points to a SRS/CSI-RS/SSB, or its state is “unspecified”.

Proposal: 
For beam indication for PUSCH, UL grant comprises one SRI pointing to a previously transmitted SRS, CSI-RS or SSB. 

Proposal: 
For PUSCH, each state of the SRI indicator may points to one or multiple previously transmitted SRS. Mapping between the SRS resources and PUSCH layers need to be defined. 
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