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1. Introduction

In the plenary RAN#81 meeting, the following objectives on the enhancements on NR-MIMO were laid out regards to beam management [1]:
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR

In the RAN1AH-1901 meeting [2], the following agreements were made with respect to UE multi-beam operations:

Agreement
An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info

Agreement
For UL beam management latency reduction in controlling PUCCH spatial relation, the maximum RRC configurable number of spatial relations for PUCCH (i.e., maxNrofSpatialRelationInfos) is increased to be 64 per BWP.
· FFS: RRC and/or MAC CE signaling overhead reduction related to this.

Agreement
For latency and overhead reduction for DL beam management,
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16, i.e., no support of sub-time unit for beam management RS shorter than 1 OFDM symbol
Companies can provide further evaluation results and proposals for faster DL beam operation other than those requiring sub-time unit.

This contribution discusses various issues in UE panel-specific UL transmissions.

2. On UE panel-specific UL transmissions
In the RAN1 AH-1901 meeting, the discussion on UE panel-specific UL transmissions came to an agreement between companies about the use of an ID to facilitate the same. Four alternatives were discussed for identifying a ‘panel’ at the UE.

Before discussing panel-specific UL transmissions for Rel. 16, we look at if panel-specific or multi-panel transmissions is already be possible by Rel. 15. It should be noted that all such discussions only pertain to FR2. 

For ‘beamManagement’ SRS usage:

For many companies, the understanding of what a ‘panel’ may mean comes from the SRS configuration for ‘beamManagement’ SRS usage [3].

“When the higher layer parameter usage is set to ‘beamManagement’, only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously.”

From the above statement, a notion that an SRS resource set corresponds to a UE panel is shared by many companies and hence two SRS resources transmitted simultaneously means that two different panels are transmitting them.

Considering that an SRS resource set is associated with a panel, just the selection of the SRS resource for PUSCH transmission by the higher-layer configured UL grant rrc-ConfiguredUplinkGrant, selects the panel for UL transmission. Multi-panel transmission, however, is not supported in this case as the higher-layer configured UL grant cannot indicate multiple SRS resources for PUSCH transmission.

For ‘codebook’ SRS usage:

Unlike the ‘beamManagement’ SRS usage, there is no specification directive on SRS configuration for codebook-based SRS. Only one SRS resource set can be configured with higher-layer parameter usage set to ‘codebook’ and a maximum of 2 SRS resources can be configured in the resource set. Considering a UE equipped with 4 panels operating in FR2 and given that the UL codebook-based transmission enables incoherent or partially-coherent transmission over the SRS ports, the notion of an SRS resource spread over multiple ‘panels’ is not precluded.

However, the application of the spatial filter for the SRS resource, if configured in ‘SpatialRelationInfo’, would only be possible if the ports in the SRS resource share the same set of antenna elements, i.e., an array panel. Therefore, one can suggest that a maximum of 2 ‘panels’ can be supported when the UE is configured with ‘codebook’ SRS usage in Rel. 15. Here, the word ‘panel’ corresponds to a set of antenna elements that are fed by the antenna ports. Similar to ‘beamManagement’ SRS usage, implicit selection of a UE ‘panel’ is possible by indicating the SRS resource in the scheduling DCI to transmit the PUSCH or the higher-layer configured grant for ‘codebook’ SRS usage. Multi-panel transmissions, however, are not possible as multiple SRS resources cannot be indicated for codebook-based UL transmissions.

For ‘nonCodebook’ SRS usage:

One SRS resource set with the higher-layer parameter usage set to ‘nonCodebook’ can be configured in Rel. 15. The resource set can contain up to 4 SRS resources, each configured with one SRS port. The PUSCH is scheduled for non-codebook-based transmission by indicating one or more SRS resources in the ‘SRI’ field of the scheduling DCI. The number of SRS resources indicated in the SRI is the rank of the UL transmission. The maximum rank the UE can transmit with and the number of SRS resources that can be transmitted simultaneously are UE capabilities that decide the number of SRS resources the gNB can indicate in the scheduling DCI for UL transmission. 

For a UE operating in FR2 with multiple panels, where each panel is equipped with a separate Tx-Rx chain, we can assume that simultaneously transmitted SRS resources come from different panels as in the case of ‘beamManagement’ SRS. This leads to the conclusion that non-codebook-based UL transmission in Rel. 15 supports multi-panel transmission up to 4 panels and each SRS resource is associated with a UE panel. Moreover, by selecting an SRS resource for UL transmission, a panel at the UE is implicitly selected by the gNB.

Observation 1: From the above analysis, we make the following observations about the features supported in Rel. 15 for various SRS usages:

	SRS usage
	Best 1-panel only transmission
	Simultaneous Tx from multiple panels (STxMP)

	Beam management
	Implicitly done by SRS resource indication in the uplink grant 
	Not supported

	Codebook
	Implicitly done by SRS resource indication in the PUSCH-scheduling DCI
	Not supported

	Non-codebook
	Implicitly done by SRS resource indication in the PUSCH-scheduling DCI
	Supported: Indication of multiple SRS resources via the PUSCH-scheduling DCI enables transmission from multiple panels in FR2.




As observed from the above analysis, best 1-panel only PUSCH transmission can be performed in Rel. 15 implicitly for all SRS usage values by the indication of the SRS resource for PUSCH transmission. Multi-panel PUSCH transmission can already be performed for non-codebook-based transmission in Rel. 15, with power control done across panels.

In the email discussions so far on the issue of panel-specific transmissions, two alternatives were proposed by the FL to down-select from.

Alternative 1:
· Introduce a NEW ID that can be used at least for indicating panel-specific UL transmission.
· FFS on the exact name of NEW, e.g., uplink transmission entity (UTE), antenna port group (APG), beam group (BG), etc.
· The maximum supported number of NEW (with value range of 1, …, X) is reported by UE capability signalling, where X (>1) is FFS.
· FFS the relation to the existing UE capability for FG 2-30, or whether FG 2-30 can be reused or updated.
· For PUCCH transmission,
· Alt.1: A NEW-ID can be configured/associated with PUCCH-spatialRelationInfo.
· Alt.2: [TBD]
· FFS PUSCH (for CB/NCB-UL) scheduled by DCI format 0_1
· FFS SRS resource/set configurations for all 4 usages 
· FFS on supporting NEW-specific power control and/or timing control
Alternative 2:
· When SRS for BM is configured, the set ID is used for at least indicating panel-specific UL transmission.
· The maximum supported number of UE Tx panels are reported by existing UE capability signalling on FG 2-30, with value ranges FFS (if needed to be updated).
· Reuse Rel-15 mechanisms for CB/NCB-based PUSCH and SRS, except the following issues at least 
· FFS on updating power control
· Alt.1: Power control parameter setting per SRS resource
· Alt.2: Increase the number of configurable SRS resource sets for CB/NCB-based UL
· Alt.3: No change of Rel-15 power control mechanism
· FFS on panel-specific timing control mechanism
· Reuse Rel-15 mechanisms for PUCCH, except the following issues at least
· [TBD if any]
· FFS: Cases when SRS for BM is not configured.

In our opinion, the down-selection decision cannot be made independently. Before discussing the inclusion of a panel-ID, the use of such an ID shall be discussed in the context of the work item. Therefore, the discussion on issues such as UE DL reception/UL Tx panel feedback, sharing of UE panel activation/deactivation information with the gNB, etc. have an impact on whether a panel-ID should be included.

Our preference from the FL’s proposal is alternative 2 as in our perspective, the configuration of SRS resources can address the issue of panel-specific UL transmissions. Moreover, to enable independent power control of SRS transmission from each UE panel and support STxMP for various SRS usages, we propose the following changes for ‘codebook’ and ‘nonCodebook’ SRS configuration:

Proposal 1: Support configuration of more than one SRS resource set for ‘codebook’ and ‘nonCodebook’ based SRS per time-domain behavior. 

Proposal 2: SRS resources that can be transmitted simultaneously shall be grouped into different SRS resource sets for ‘codebook’ and ‘nonCodebook’ SRS usage values, i.e., use SRS resource set ID as the identifier of a ‘panel’ at the UE.

The impacts the above proposals may have in the specifications and otherwise are (and not restricted to) the following:
· The SRI to indicate the SRS resource(s) for uplink transmission in the DCI for ‘codebook’ and ‘nonCodebook’ UL transmissions may have to be chosen from multiple resource sets.
· [bookmark: _GoBack]The overhead due to triggering of multiple SRS resource sets for ‘codebook’ and ‘nonCodebook’ usage in the case of semi-persistent time-domain behavior must be studied.
· The RRC impact due to the reconfiguration of the number of SRS resources and sets is none.
· The UE antenna configuration information is kept transparent to the gNB.

3. On feedback of UE panel/port information in DL beam/CSI report to facilitate UE panel-specific UL transmissions
In Rel. 15, the gNB configures CSI-RS or SSB resources for downlink beam management and the UE is configured to feedback CRI-RSRP or SSB-Index-RSRP, respectively, as beam report quantities in the uplink. The UE beam report can be configured in two ways [3, Section 5.2.1.4.2, TS 38.214]:

a) Non-group-based beam reporting: A total of nrOfReportedRS (CRI/SSB-Index, RSRP) pairs are reported by the UE. The beam reception details are not taken into account.
b) Group-based beam reporting: Two (CRI/SSB-Index, RSRP) pairs are reported per reporting instance, where the two CSI-RS/SSB resources can be received simultaneously at the UE with single or multiple spatial filters.
The current Rel-15 beam report specification does not provide any information on the UE antenna ports/panels used for receiving a DL beam at the UE. Without such information, the following issues are encountered:
· The gNB needs to perform channel sounding involving multiple or all UE panels to find the best UE panel(s) for an UL transmission. In the example shown in Fig. 1, the gNB does not know the panel(s) receiving a DL beam and the RSRP with which each panel is receiving it. Therefore, the gNB triggers SRS for UL channel sounding with respect to multiple/all UE panels.
· The usage of multiple UE panels for the UL transmission, especially in FR2, given the wideband RF components that may be used along with each panel, increases the power consumption of the UE.
A port/panel-based indication in beam reporting has the following advantages:
a) The gNB can trigger SRS resources/SRS resource sets associated with specific UE panels/ports so that the UL SRS transmission overhead and the latency of the UL beam management procedure is significantly reduced. 
b) The gNB can align the DL reception and UL transmission so that only a small number of UE panel(s) is used. Switching off panels/RF chains that are not used for the UL transmission helps the UE to reduce its power consumption.
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Figure 1: Several DL beams are received by only a few panels at the UE. Without UE panel/port-specific reception knowledge, the gNB triggers SRS with respect to multiple/all panels.





Observation 2: The reporting of UE panel/port-specific information in the DL beam report may have the following advantages: 
· Reduction of UL SRS transmission overhead and reduction of latency for the UL beam management procedure.
· Optimization of UE’s power consumption by minimizing the number of UE panels used for UL transmission.
As discussed in the previous sub-section, using the SRS resource set ID as the identifier of a UE panel or a set of UE ports, shall pave the way for UE-panel-specific power control and implicit identification of a UE panel without additional RRC parameters. The UE panel/port information can be indicated in two different ways in a way to reduce UL sounding overhead and latency: 
a) The antenna port(s)/panel(s) receiving the DL beam might be indicated to the gNB in the DL beam report using the ID of the SRS resource set that is transmitted from the same ports. The SRS-ResourceSetId values obtained from the DL CSI/beam report may be used by the gNB to schedule only specific SRS resource set(s) (the resource sets that contain the reported SRS resources) for UL sounding.
b) The UE panel/port information may also be the ID of an SRS resource that is indicated along with a DL beam. The reported SRS-ResourceId value may correspond to the SRS resource associated with the same port(s) as the one receiving the DL beam. This information is particularly useful when beam correspondence is possible at the UE where the gNB may directly schedule the PUSCH transmission with a particular SRS resource along with a SpatialRelationInfo configuration that associates the reported DL beam and the SRS resource, without performing UL sounding.
Proposal 3: UE reception information shall be reported during a DL CSI or beam reporting instance to aid the gNB to perform UL sounding with specific SRS resource set(s) or configure SpatialRelationInfo. SRS-ResourceSetId and SRS-ResourceId values shall be potential candidates for the same when beam correspondence is applicable.

4. On UE panel activation/deactivation

In RAN1-AH-1901, the activation/deactivation of a UE panel was discussed as part of the agenda item. Activation/deactivation of a UE panel is important from the perspective of UE power saving. In Rel. 15, the decision to activate/deactivate a UE panel was left solely to the UE. The gNB was not notified of it, nor was the gNB able to direct the UE to activate/deactivate specific UE panels/Tx-Rx chains. From our perspective, the UE is in a better position to decide which panels to activate/deactivate. Unless use cases that require gNB’s direction to activate/deactivate panels can be defined, or a demonstration of the advantage of gNB’s knowledge of the state of the UE panels is available, UE panel activation/deactivation should be left completely to UE implementation in Rel. 16.
Proposal 4: UE panel activation/deactivation shall be left to UE implementation. The gNB shall not be informed or involved in activation/deactivation of UE panels.

5. Conclusion

Based on the above discussion, we have the following observations and proposals. 

Observation 1: From the above analysis, we make the following observations about the features supported in Rel. 15 for various SRS usages:

	SRS usage
	Best 1-panel only transmission
	Simultaneous Tx from multiple panels (STxMP)

	Beam management
	Implicitly done by SRS resource indication in the uplink grant 
	Not supported

	Codebook
	Implicitly done by SRS resource indication in the PUSCH-scheduling DCI
	Not supported

	Non-codebook
	Implicitly done by SRS resource indication in the PUSCH-scheduling DCI
	Supported: Indication of multiple SRS resources via the PUSCH-scheduling DCI enables transmission from multiple panels in FR2.




Proposal 1: Support configuration of more than one SRS resource set for ‘codebook’ and ‘nonCodebook’ based SRS per time-domain behavior. 

Proposal 2: SRS resources that can be transmitted simultaneously shall be grouped into different SRS resource sets for ‘codebook’ and ‘nonCodebook’ SRS usage values, i.e., use SRS resource set ID as the identifier of a ‘panel’ at the UE.

Observation 2: The reporting of UE panel/port-specific information in the DL beam report may have the following advantages: 
· Reduction of UL SRS transmission overhead and reduction of latency for the UL beam management procedure.
· Optimization of UE’s power consumption by minimizing the number of UE panels used for UL transmission.
Proposal 3: UE reception information shall be reported during a DL CSI or beam reporting instance to aid the gNB to perform UL sounding with specific SRS resource set(s) or configure SpatialRelationInfo. SRS-ResourceSetId and SRS-ResourceId values shall be potential candidates for the same when beam correspondence is applicable.

Proposal 4: UE panel activation/deactivation shall be left to UE implementation. The gNB shall not be informed or involved in activation/deactivation of UE panels.
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