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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 RAN1#95 meeting [2], the following agreements were made with respect to panel-specific UL Tx and L1-SINR measurements for beam reporting:
· In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission

This contribution discusses panel-specific UL transmission and how the UE may assist the same with indication of reception information in the DL CSI/beam report.

2. UE panel-specific UL transmissions
Following the agreements on panel-specific UL transmission from RAN1#95, two issues regarding UL transmission and reception are worth discussing:
· Issue 1: Introduction of a higher-layer parameter (or) reuse of an existing higher-layer parameter as a UE-panel identifier, so that the gNB can enable UL transmissions from specific panel(s).
· Issue 2: Indication of the panel/port-based information by the UE about DL reception, so that it can be used by the gNB to schedule panel-specific UL transmissions.
Two alternatives are available to address the above issues:
· Introduction of new higher-layer UE panel/port-group/Tx-Rx chain IDs.
· Reuse of existing higher-layer parameters to identify a UE-panel/port-group/Tx-Rx chain.
The reuse of existing higher-layer parameters for UE panel identifications is an attractive option as it avoids overloading the specification with new parameters.

Issue 1: Identifier to enable panel-specific UL transmissions

The UE panels and their configuration are generally kept transparent to the network and no definition of a UE panel is provided in the Rel.-15 specification. However, in certain cases of SRS transmissions, associations between UE panel/Tx-Rx chains and higher-layer parameters can be made and hence the network might already be implicitly choosing specific UE panels for transmission.

When SRS is used for beam management, one can infer some information regarding UE panels/ports and their relationship to SRS resources/resource sets [3, Section 6.2.1, TS 38.214]:

“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, it can be argued that each SRS resource set is associated with a specific UE panel. Configuring a specific SRS resource for transmission implicitly selects a specific panel for transmission.

Similarly for non-codebook-based SRS usage, a maximum of only one SRS resource set can be configured. Each SRS resource is configured with only one SRS port. The number of SRS resources that can be transmitted simultaneously in the same symbol is a UE capability that reveals some panel-based information to the gNB. If the UE capability mentions that 2 SRS resources can be transmitted in the same symbol at the same time out of 4 SRS resources, then the UE might be equipped with 2 panels with 2 SRS resources assigned to each. Therefore, if the gNB selects a specific SRS resource for UL transmission with the SRI in the DL DCI, it implicitly selects a panel for UL transmission.

In the case of SRS for antenna-switching, choosing a specific SRS resource for transmission selects a port or a set of ports in a panel. Hence, implicitly specifying the UE panel by the choice of the SRS resource for UL transmission applies for the ‘antennaSwitching’ usage of SRS as well.

Observation 1: It is possible to implicitly select a UE panel already with the existing Rel-15 specification by choosing a specific SRS resource for UL transmission when the higher-layer parameter ‘usage’ in ‘SRS-config’ is set to ‘beamManagement’, ‘nonCodebook’ or ‘antennaSwitching’.

However, this may not extend to codebook-based SRS transmissions. For codebook-based SRS usage, different codebook subsets are available in Rel.-15 to precode a set of fully coherent, partially coherent and non-coherent sets of SRS ports. Given that the ports of one SRS resource can be partially coherent or non-coherent with each other, the possibility of a single SRS resource being spread across multiple panels/Tx-Rx chains is not precluded. Due to the various possibilities of coherency between ports for codebook-based precoding, UE implementations may result in one of the following associations between SRS resources/resource sets, UE panels and ports:
· Each SRS resource set corresponds to a UE panel. The UE can have a maximum of 2 panels.
· Each SRS resource set may be spread over more than one panel and the ports of each SRS resource may come from a single panel.
· There is no correspondence between panels and SRS resources/resource sets. Each SRS resource may be spread over more than one panel (precoding over non-coherent/partially coherent ports is possible in UL codebook-based Tx).
In the first two cases of UE implementation, choosing an SRI in the DL DCI for UL transmission implicitly specifies a panel. Rel-15 specifications do not preclude the third option in which such implicit panel-selection may not be possible.

Observation 2: For codebook-based UL transmission, implicit UE panel selection by choosing a specific SRS resource in the UL may not be possible as a clear association between SRS resources/resource sets is not made in the Rel-15 specification.

In light of the above observations we make the following proposal:

Proposal 1: The implicit selection of UE panels using SRS resources for UL transmission shall be studied and extended to ‘codebook’ SRS usage.
Issue 2: Panel/port-specific indication by the UE about DL reception

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.
[image: cell-icon-4]
2
3
4
1
[image: bts-antenna-icon-v2]
1. DL beams received with highest RSRP on panel 2
2. SRS sounding from all panels






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 3: The reporting of UE panel/port-specific information in the DL beam report may have the following advantages: (i) reduction of UL SRS transmission overhead and reduction of latency for the UL beam management procedure, (ii) optimization of UE’s power consumption by minimizing the number of UE panels used for UL transmission.

As discussed in the previous sub-section, a selection of an SRS resource for the transmission implicitly selects a UE panel (for SRS usage set to ‘beamManagement’ and ‘nonCodebook’). If SRS is configured with SRS usage set to ‘beamManagement’, the SRS-ResourceSetId value might uniquely identify a UE panel (only one SRS resource can be transmitted at a time from an SRS resource set for ‘beamManagement’ SRS usage, which means that each SRS resource set may correspond to a UE panel/Tx-Rx chain). If non-codebook or antenna-switching SRS is configured, each panel may not be uniquely identified by a SRS-ResourceSetId or a SRS-ResourceId value. However, the antenna port(s) receiving the DL beam might be indicated to the gNB in the DL beam report using the ID of the SRS resource that is transmitted from the same ports. The SRS-ResourceID 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 and also as recommendations for SpatialRelationInfo configuration for different CSI-RS/SSB resources.

Proposal 2: If the higher-layer parameter ‘SRS-Config’ is configured, the ‘SRS-ResourceSetId’ or ‘SRS-ResourceId’ value(s) or an index whose codepoints map to those values can be considered as possible candidates for reporting UE reception information along with the DL CSI or beam report. The reported SRS resource or resource set IDs may be used by the gNB for scheduling UL sounding of specific SRS resource set(s) from particular panel(s)/port-group(s) or as recommendations for ‘SpatialRelationInfo’ configuration.

3. Conclusion

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

Observation 1: It is possible to implicitly select a UE panel already with the existing Rel-15 specification by choosing a specific SRS resource for UL transmission when the higher-layer parameter ‘usage’ in ‘SRS-config’ is set to ‘beamManagement’, ‘nonCodebook’ or ‘antennaSwitching’.

Observation 2: For codebook-based UL transmission, implicit UE panel selection by choosing a specific SRS resource in the UL may not be possible as a clear association between SRS resources/resource sets is not made in the Rel-15 specification.

Proposal 1: The implicit selection of UE panels using SRS resources for UL transmission shall be studied and extended to ‘codebook’ SRS usage.
Observation 3: The reporting of UE panel/port-specific information in the DL beam report may have the following advantages: (i) reduction of UL SRS transmission overhead and reduction of latency for the UL beam management procedure, (ii) optimization of UE’s power consumption by minimizing the number of UE panels used for UL transmission.

Proposal 2: If the higher-layer parameter ‘SRS-Config’ is configured, the ‘SRS-ResourceSetId’ or ‘SRS-ResourceId’ value(s) or an index whose codepoints map to those values can be considered as possible candidates for reporting UE reception information along with the DL CSI or beam report. The reported SRS resource or resource set IDs may be used by the gNB for scheduling UL sounding of specific SRS resource set(s) from particular panel(s)/port-group(s) or as recommendations for ‘SpatialRelationInfo’ configuration.
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