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[bookmark: _Ref513464071]Introduction
In RAN1 meeting #AH1901 [1], the discussion on various aspects related to the enhancements for uplink multi-beam operation continued, and the following agreements were reached; 
	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.

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

For L1-SINR, interference can be measured based on dedicated resource(s) for interference measurement.
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement 

Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure
· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE
· FFS: Whether new beam information should be included
· FFS: Details on triggering for transmitting BFRQ

· SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state. 
· Down-select one of the following alternatives in RAN1#96:
· Alt 1: SCell BFD RS is in current CC
· Alt 2: SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration
· Alt 3: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration
· SCell BFD is measured based on hypothetical BLER


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


Down-select at least one of the following alternatives:
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.
· UE reports new beam information by or after BFRQ
· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.
· UE only indicates beam failure happens by BFRQ
· Note: new beam identification can be done by using DL BM procedure
· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure
· UE may report new beam information during BFR procedure 
· FFS: impact of new beam identification threshold
· Note: It is up to UE whether to do beam failure detection and new beam identification in parallel or not
· For Alt1 and Alt3, reference signals for new candidate DL beam(s) are configured, which are based on CSI-RS and/or SSB.
· FFS: whether the CSI-RS and/or SSB can be in another CC
· FFS: signaling details, e.g. RRC and/or MAC CE

For SCell BFR
· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2
· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios



In this contribution, we share our views on panel-specific uplink transmission that is part of enhancements considered for NR Rel-16 multi-panel beam management operation.
UL Multi-Beam and Panel-Specific Transmission 
[bookmark: _GoBack]In RAN1 #1901 [1], it was agreed that for indicating panel-specific UL transmission an identifier (ID) can be used. While introduction of a new ID is not precluded, however it is desired to reuse the existing support in Rel-15. The existing Rel-15 SRS design may be utilized to support this function, however further details on the expected operation is needed.

Moreover, the identifier (ID) can be used to support panel-specific UL transmission including PUSCH, PUCCH and SRS, where a gNB may need to have association information between panel and uplink beams from a UE. For example, a gNB can trigger a PUSCH transmission with an SRI which belongs to a specific panel only so that a UE can turn-off the other panels which may not be used. In this case, a gNB may provide information (e.g., ID) of panel to be used for a PUSCH transmission. Alternatively, a gNB may trigger two SRS resources simultaneously if they are associated with different panels. For this case, gNB should still need to know which beams are associated which panel. In this case, the identifier could be used to indicate a beam for each panel.

Rel-15 SRS is a UE-specific configuration, based on which a UE can be configured with several SRS resource sets where each SRS resource set can itself be configured with multiple SRS resources. Each SRS resource configuration can be identified with an index, and it can be configured independently with potentially different behavior in time. Once a configured SRS resource usage is set to 'BeamManagement', it is possible to have simultaneous transmission by SRS resources of different SRS resource sets.

A potential issue for reusing Rel-15 SRS mechanism is that from perspective of gNB, all SRS ports seem uniform and there is no information on the number of panel and distribution of antenna ports per panel. As shown in Table 1, the only information about the number of panels that may be potentially available to the gNB is through UE capability information [2]. As shown below, the field supportedNumberPanels in the UE capability parameter set typeI-MultiPanelCodebookList indicate the number of panels for codebook based operation, however it could also be used for the purpose of the discussion here.


	Table 1 – Indication of number of panels in UE Capability [2]

	[bookmark: _Hlk1093444]typeI-MultiPanelCodebookList
List of type I multi-panel codebooks supported by the UE. Each entry includes the following parameters:
-	maxNumberTxPortsPerResource indicates the maximum number of Tx ports in a resource across all CCs simultaneously;
-	maxNumberResources indicates the maximum number of resources across all CCs simultaneously;
-	totalNumberTxPorts indicates the total number of Tx ports across all CCs simultaneously;
-	supportedCodebookMode indicates supported codebook modes (mode 1, mode2 or both of mode 1 and mode 2);
-	supportedNumberPanels indicates supported number of panels;
-	maxNumberCSI-RS-PerResourceSet indicates the maximum number of CSI-RS resource in a resource set.



That said, it is not clear that for a given SRS configuration, how the antenna ports should be distributed and indexed according to the available number of panels. In other words, the association information between SRS resource and panel at a UE transmitter should be available at the gNB to insure proper configuration and usage of multiple SRS resources in different panels. Therefore, it is pertinent to indicate the information to gNB for proper configuration of SRS resources for multi-panel beam selection. While it is not needed to discuss implementation specifics of antenna panel implementation, the indication of the above information is essential for the operation of multi-panel beam selection.

Proposal 1: Support association between SRS resources and UE transmit panel for panel-specific transmission 

There are couple of different ways to convey the panel related information, i.e., number of panels and number of ports per panel. A simple way would be based on the extension of existing UE capability signaling to include distribution of ports per panel. However, if a more dynamic assignment of port is needed, then new L1 signaling may be needed.

Proposal 2: Study requirements and signaling for indication of number of panels and ports per panel. 


Figure 1 Multi-panel uplink beam selection 
Another important aspect of multi-beam operation is simultaneous transmission. Figure 2 shows uplink multi beam transmission for two different scenarios of multi- and single-TRP transmission. In the multi-TRP case, a UE is simultaneously connected to two TRPs with two independent beams. Each beam may be carrying independent traffics, i.e., different layers of data, or control and data, or URLLC and mMTC, etc. Therefore, each beam may be viewed as a different radio link. The single TRP case is intended as a showcase of beam diversity to counter blockage, and other potential transmission anomalies. The high sensitivity of operation in FR2 to blockage, makes beam diversity transmission another use case of simultaneous multi beam uplink communication. In our view, simultaneous multi-beam operation would be important for both robustness and reliability of transmission, especially for operation in FR2. Moreover, since supporting simultaneous multi-beam transmission require some additional support from SRS transmission point of view that are in line with enhancements related to UE panel-ID discussion, simultaneous multi-beam operation should be supported.

Proposal 3: Support simultaneous uplink multi-beam transmission, FFS whether beams are from the same or multiple panels 
 


Figure 2 Multi-beam uplink transmission 


Conclusion
In this contribution, we share our views on panel-specific uplink transmission that is part of enhancements considered for NR Rel-16 multi-panel beam management operation. Based on the presented discussion, following proposals are made;

Proposal 1: Support association between SRS resources and UE transmit panel for panel-specific transmission 
Proposal 2: Study requirements and signaling for indication of number of panels and ports per panel 
Proposal 3: Support simultaneous uplink multi-beam transmission, FFS whether beams are from the same or multiple panels 
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