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1. Introduction

In the plenary RAN#81, the following objectives on the enhancements on NR-MIMO were laid out, with 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 RAN1#94-bis, the following agreements were made with respect to the agenda item [2]:
For next meeting:
Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH
· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.
· FFS on relation to TPMI/TRI fields, PC/TA mechanisms
· Companies to consider specification implications of multiple UL Tx panel/beam support
Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism

This contribution discusses enhancing UL beam management operations after a DL beam sweeping instance and the reporting of LI-SINR for beam management.

2. UE transmit and receive beam management
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 beam report from the UE 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 Release-15 beam report 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 may be 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 may have 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 and 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 1: Reporting 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.

The introduction of UE panel or port-group identifiers is one way to obtain UE reception information. However, as pointed out by a few companies in RAN1#94-bis, the UL channel sounding specifications and the CSI/beam reporting framework in Rel. 15 reveals some information about UE panels/ports already. Therefore, using already available parameters to help the gNB perform associations to UE panels/port-groups should be studied.

Proposal 1: The use of available parameters for indicating UE ports/panels used for the reception of DL beams should be studied.

The UE panels are generally kept transparent to the network and no definition of a UE panel is provided in the Rel.-15 specification. However, in the specific case when the higher layer parameter usage in SRS-Config is set to ‘beamManagement’, one can infer some information from the SRS transmission 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 as shown in the example configurations in Fig. 2(a) and Fig. 2(b). In Fig. 2(a), each panel consists of a single Tx/Rx chain used for generating a single Tx/Rx beam. The two panels are therefore associated with two SRS resource sets. In Fig. 2(b), each panel consists at least of two Tx/Rx chains which are used for generating simultaneously two Tx/Rx beams. Each panel is hence associated with two SRS resource sets. Thus the SRS resource set identifier SRS-ResourceSetId, in this case, identifies a panel or a Tx/Rx chain associated with a panel.
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Figure 2: Example SRS resource set allocations for a UE equipped with multiple panels.


Therefore, 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 reported to the gNB along with the DL beam report, where the antenna ports used for the transmission of the reported SRS resource(s)/resource set(s) are the same as the antenna port(s) receiving the DL reference signals or contained in the panel receiving the DL reference signals.

When multiple UE panels are used for receiving a DL beam, the reported SRS-ResourceSetId or SRS-ResourceId value(s) may be decided by the UE. For example, the SRS-ResourceSetId or SRS-ResourceId value reported may correspond to the panel/beam receiving the DL beam with the highest RSRP. 

The reported SRS-ResourceSetId and SRS-ResourceId can be considered by the gNB as a UE recommendation of the (set of) resources to be triggered for UL channel sounding or a recommendation for the configuration of spatialRelationInfo for the 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.

3. L1-RSRP/L1-SINR in DL beam reporting
UE-based L1-RSRP beam measurement and reporting was introduced in Rel-15. It provides information to the gNB about the absolute power of selected beams at the UE in descending order. One major drawback of the Rel.-15 RSRP measurement approach is that the beam report does not contain any information on the interference conditions at the UE (inter-cell and inter-beam). However, such information may be needed by the gNB, especially for multi-user pairing/scheduling, in order to avoid co-scheduling of users to highly-correlated Tx-beams that may cause strong inter-beam interference at the UE. Therefore, in RAN#94, L1-SINR beam measurements and reporting were agreed for Rel-16 beam management [2]. As a starting point for further discussions, the definition of the L1-SINR should follow the one provided in TS 38.215 [4], where the SINR is defined by the average power contributions of resource elements carrying reference signals divided by average noise and interference power contributions of resource elements carrying reference signals.

Proposal 3: As a starting point for further discussions, the definition of L1-SINR should follow the definition provided in TS 38.215 [4]. 

Moreover, the calculation of the L1-SINR requires at least the configuration of a CSI-IM resource configuration for interference measurements. 

Proposal 4: Support at least CSI-IM resource configuration for L1-SINR beam measurement. 

4. Conclusion

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

Observation 1: Reporting 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 1: The use of available parameters for indicating UE ports/panels used for the reception of DL beams should be studied.

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.

[bookmark: _GoBack]Proposal 3: As a starting point for further discussions, the definition of L1-SINR should follow the definition provided in TS 38.215 [4]. 

Proposal 4: Support at least CSI-IM resource configuration for L1-SINR beam measurement. 
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