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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#96-bis meeting [2], the following progress was made with respect to UE multi-beam operations:

Agreement
In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.
· Note that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
This is a UE optional feature

Agreement
The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

Agreement
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 
· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation
· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP
Detailed design on the MAC CE is up to RAN2

Agreement
Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling
This applies per BWP.

Working Assumption
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.

[bookmark: _GoBack]This contribution discusses various issues in UE multi-beam operations.

2. On the definition of a panel and the use of a panel identifier
MPUE-assumption 3 was decided to be supported for panel-specific UL transmission in RAN1#96-bis. The UE is equipped with multiple panels and multiple panels can be activated at a time, but only one panel can be used for transmission.

The definition of a panel needs to be agreed before the discussion on the enhancements of panel-specific UL transmission. In Rel. 15, the UE’s panel configuration is largely kept transparent to the gNB. In Rel. 16, the intention is to enable panel-specific UL transmission without explicitly sharing the UE’s panel configuration, with the goal to improve UL coverage in FR2 deployments and to reduce UE’s power consumption. While the UE’s panel configuration is not explicitly shared, the UE and the gNB need to have an understanding of what a UE panel is via an identifier, and a method of information sharing needs to be established between the gNB and the UE based on this identifier, to enable UL transmissions (PUCCH, PUSCH, SRS) from desired panel(s).

Physically, a UE panel can be defined as a set of UE antenna ports used to control the direction and power of a UE beam. The antenna ports of a panel would therefore be associated with antenna elements in the UE radiating in a common broadside direction and share a single power amplifier that controls the power fed to them.
Proposal 1: A panel is defined as a set of UE antenna ports that can independently control the direction and power of a UE beam.

Considering that a ‘beam’ in the UL typically corresponds to an SRS resource and power control is performed per SRS resource set, the UE panel definition can be incorporated into the specification by mapping the SRS port(s) of all SRS resources from an SRS resource set to the antenna ports associated with the same panel (which is defined as above).  Some advantages and extensions of the above proposal are as follows:
· There is no spec change required in the case of beam management SRS with respect to the above mapping between antenna ports and SRS ports. The ports of the SRS resource in the resource set can already be considered to map to a single UE panel, a notion shared by many companies, based on the language in Rel. 15 specifications: “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.”
· Extending the port mapping to codebook and non-codebook SRS resource sets would maintain the SRI based PUSCH transmission indication. PUSCH transmission is thereby restricted to a single panel due to the above mapping, which conforms with the MPUE assumption agreed to be supported in Rel. 16.
· The gNB should be able to indicate UL transmissions from specific panels, and to facilitate the same, the UE may have to share some information regarding the activated panel(s), or receiving in the DL in a beam reporting instance.  Possible candidates for sharing panel or DL reception information on a beam reporting instance are as follows:
a. SRS resource/set ID: If SRS resources transmitted by each panel are grouped into separate SRS resource sets, the SRS resource set ID can be used to denote the UE panel receiving in the DL.
b. Panel/port-group ID: A panel ID can be included in the SRS resource configuration to indicate which panel the SRS resource is transmitted from. The same can be reported to the gNB in a DL CSI or beam reporting instance.
Our preference is the use of SRS resource/set ID as they can be used in the following ways: 
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 an SRS resource along with a SpatialRelationInfo configuration that associates the reported DL beam and the SRS resource, without performing UL sounding.
· Usually, for a ‘codebook’ or ‘nonCodebook’ based UL transmission to happen in FR2 the following sequence of events may happen:
a. The UL channel is sounded by ‘beamManagement’ SRS sounding.
b. The gNB identifies one or more suitable SRS resources and schedules ‘codebook’ or ‘nonCodebook’ SRS transmission whose ‘SpatialRelationInfo’ settings follow the ‘beamManagement’ SRS resource(s) identified.
c. PUSCH transmission with higher-layer parameter txConfig set to ‘codebook’ or ‘nonCodebook’ is scheduled by the DCI or a higher-layer UL grant.
Due to the limited number of SRS resources in ‘codebook’ or ‘nonCodebook’ SRS resource sets, the sounding may be performed using ‘beamManagement’ SRS resources and then the PUSCH transmission is scheduled from the subsequent transmission of ‘codebook’ or ‘nonCodebook’ SRS resources, whose beam directions align with the identified ‘beamManagement’ SRS resources. Increasing the number of configurable SRS resource sets for ‘codebook’ or ‘nonCodebook’ based SRS and grouping SRS resources of a UE panel in an SRS resource set may help in eliminating the ‘beamManagement’ SRS sounding step, and thus reducing the latency of ‘codebook’ and ‘nonCodebook’ based PUSCH scheduling. Ideally, if the number of configured SRS resources for an SRS usage is identical to the number of UE panels, frequent RRC reconfiguration of SRS resource sets can be avoided.
· Extension to simultaneous transmissions from multiple UE panels (STxMP) would be possible with the antenna port mapping, panel information sharing, and SRS configuration methods mentioned above with only minor changes to SRI indication and power control for PUSCH transmission.
From the above discussion, we propose the following:

Proposal 2: The SRS port(s) of all SRS resource(s) of an SRS resource set map to antenna ports associated with a single panel.

Proposal 3: The maximum number of configurable SRS resource sets supported for ‘codebook’ and ‘nonCodebook’ based SRS, per time-domain behavior, is equal to the number of UE antenna panels.
Proposal 4: The UE shall report the SRS resource set ID(s) or SRS resource ID(s) corresponding to the activated UE panels, or the one or more UE panels/antenna ports used for receiving in the DL, in a DL beam reporting instance to aid the gNB in triggering panel-specific UL transmissions.

These proposals pave way for the extension to STxMP for ‘codebook’ and ‘nonCodebook’ PUSCH transmissions in future releases, while enabling single panel transmissions in Rel. 16, as described in the discussion above. In addition, they also provide how the UE and gNB can share information about activated panel(s) at the UE to enable the gNB to schedule UL transmissions, while taking UE power consumption into account.

3. On PUCCH-SpatialRelationInfo update and beam management overhead reduction
In RAN1#96-bis, it was agreed that one MAC-CE can update the PUCCH-SpatialRelationInfo for either all or a subset (grouped via higher layer configuration or some other implicit method) of PUCCH resources in an UL BWP. While this issue is discussed in this work item with regards to combating beam management overhead, it is also taken up by the multi-TRP agenda item to differentiate TRPs in the UL for the transmission of the UCI. In our opinion, the discussion on beam management overhead reduction in this agenda item should take multi-TRP UL transmissions into account. The possibility of agreeing to a method that addresses overhead reduction but does not support UL TRP differentiation in multi-TRP scenarios should be avoided. The discussion on UL TRP differentiation via PUCCH resource grouping should take precedence over overhead reduction, and hence the discussion of the grouping method shall be shifted to the multi-TRP agenda item to discuss a unified solution for the grouping method for both single-TRP and multi-TRP scenarios.

Proposal 5: The discussion on grouping of PUCCH resources and the corresponding PUCCH-SpatialRelationInfo update shall be shifted to the multi-TRP agenda item.

In our companion Tdoc [3] in the multi-TRP agenda item, we discuss the grouping of PUCCH resources for UL TRP differentiation.

On simultaneous update of TCI-state of CORESET(s) and PUCCH-SpatialRelationInfo of PUCCH resource(s)

In this subsection, the simultaneous update of the TCI-state of one or more CORESET(s) and the spatialRelationInfo for a group of PUCCH resources is discussed. This discussion, similar to the one on simultaneous update of spatialRelationInfo of multiple PUCCH resources in this agenda item, focuses on UL beam management overhead and latency reduction.

For UEs supporting beam correspondence, the UE Rx beam used for the reception of a DL RS may automatically imply the UE Tx beam for the transmission of a PUCCH resource. Since the Tx and Rx beams at the UE point to the same direction, there is scope to switch both the beams simultaneously. Hence, the beam correspondence feature of the UE can be exploited to reduce the latency of beam indication and switch. When a TCI-state containing a DL RS with a QCL assumption of ‘QCL-typeD’ (spatial Rx filter) is applied to a CORESET or a PDSCH, the UE’s Tx beam for the transmission of one or more associated PUCCH resources may be pointed to the same direction as the spatial Rx filter. If a PUCCH-SpatialRelationInfo with the same ‘referenceRS’ as the DL RS in a TCI-state configured with ‘QCL-typeD’ is applied to a PUCCH resource,  the UE transmits the PUCCH resource with a Tx beam pointed to the same direction as the spatial Rx filter indicated by the TCI-state. A joint signaling of both a TCI-state of one or more CORESET(s) and the PUCCH-SpatialRelationInfo of an associated group of PUCCH resources reduces the signaling overhead.

A joint signaling of TCI-state and PUCCH-SpatialRelationInfo can be employed via a MAC-CE or RRC configuration as indicated by one the following methods:

· A single MAC-CE containing a CORESET ID, TCI-state ID and a PUCCH-SpatialRelationInfo ID can be used to update the TCI-state of a CORESET and the PUCCH-SpatialRelationInfo for a group of PUCCH resources. The PUCCH resources can be grouped explicitly by configuring them with a CORESET ID. The PUCCH resources may also be grouped according to a CORESET group via RRC configuration. When indicating a CORESET group ID in the MAC-CE message, instead of a CORESET ID, jointly updates the TCI-state of the CORESETs in the CORESET group and the PUCCH resources configured with the indicated CORESET group ID. In another option, the indicated PUCCH-SpatialRelationInfo can be dynamically updated for multiple PUCCH resources. Here, the PUCCH resources are not grouped according to a CORESET or a CORESET group via RRC configuration. They are implicitly and dynamically grouped based on the CORESET(s) on which the DCI indicating them is transmitted, i.e., any PUCCH resource indicated in a DCI transmitted on the CORESET/the CORESETs in a CORESET group is applied with the indicated PUCCH-SpatialRelationInfo.

· The RRC configuration of a TCI-state can be included with the ID of a PUCCH-SpatialRelationInfo. The ‘reference RS’ parameter of the PUCCH-SpatialRelationInfo may contain the same reference RS as the RS mentioned in the TCI-state with ‘qcl-typeD’, so that the UE can form Tx and Rx beams in the same direction. When a TCI-state containing a PUCCH-SpatialRelationInfo ID is indicated via MAC-CE for a CORESET, the joint update of the TCI-state and the PUCCH-SpatialRelationInfo for the CORESET and a group of PUCCH resources can be made. When a TCI-state with a PUCCH-SpatialRelationInfo ID is indicated in DCI format 1_1, the TCI-state and the PUCCH-SpatialRelationInfo can be applied to the PDSCH scheduled by the DCI and the PUCCH resource indicated to carry the ACK/NACK for the scheduled PDSCH, respectively.
The methods described above are two examples for realizing the joint update of the TCI-state and PUCCH-SpatialRelationInfo for the CORESET(s)/PDSCH and the group of PUCCH resources, respectively. These methods reduce beam management latency and overhead for both single-TRP and multi-TRP scenarios, and for UEs satisfying beam correspondence.

Proposal 6: Introduce joint signalling of TCI-state for CORESET(s) and PUCCH-SpatialRelationInfo for a group of associated PUCCH resources via MAC-CE or RRC configuration.
· The PUCCH resource grouping method shall be decided in the multi-TRP agenda item.

4. Conclusion

The following proposals are made from the discussions in the Tdoc.
Proposal 1: A panel is defined as a set of UE antenna ports that can independently control the direction and power of a UE beam.

Proposal 2: The SRS port(s) of all SRS resource(s) of an SRS resource set map to antenna ports associated with a single panel.

Proposal 3: The maximum number of configurable SRS resource sets supported for ‘codebook’ and ‘nonCodebook’ based SRS, per time-domain behavior, is equal to the number of UE antenna panels.
Proposal 4: The UE shall report the SRS resource set ID(s) or SRS resource ID(s) corresponding to the activated UE panels, or the one or more UE panels/antenna ports used for receiving in the DL, in a DL beam reporting instance to aid the gNB in triggering panel-specific UL transmissions.

Proposal 5: The discussion on grouping of PUCCH resources and the corresponding PUCCH-SpatialRelationInfo update shall be shifted to the multi-TRP agenda item.

Proposal 6: Introduce joint signalling of TCI-state for CORESET(s) and PUCCH-SpatialRelationInfo for a group of associated PUCCH resources via MAC-CE or RRC configuration.
· The PUCCH resource grouping method shall be decided in the multi-TRP agenda item.
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