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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Enhancements to multi-beam operation is a key part of the Release 16 WI on NR MIMO enhancement [1]. In the Athens RAN1 96# meeting, the following agreements and work assumption were reached on this subject [2]:

Agreement
If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.
· Deadline for decision: RAN1#96bis

Agreement
· For SCell BFR, BFRQ shall be conveyed if UE declares beam failure
· UE shall convey new beam information during BFR procedure if new candidate beam RS and corresponding threshold is configured and at least if channel quality of new beam is above or equal to threshold
· FFS: whether no new beam identified could be included as a state of new beam information
· FFS: details if no new beam is above or equal to threshold

Agreement
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline

Agreement
For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 
· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options
· Spatial relation update for all PUCCH resources in a CC by one MAC CE
· Spatial relation update per Rel-15 PUCCH resource set
· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 
· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells
· Other options are not precluded.

Agreement
In RAN1#96bis, determine whether to support the configuration of up to 64 candidate beams for BFR by RRC signaling.
· FFS signaling details including whether MAC-CE message can choose a subset of the candidate beams as active resources for new beam identification in Rel-16

Working Assumption
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
· Note: Qualcomm prefers to have this as a UE optional feature
	
In this contribution, we provide our views on SCell BFR, L1-SINR and panel ID for UL beam management.

Discussion
L1-SINR measurement and report
In the RAN1#96 meeting, three alternatives were proposed for interference measurement for L1-SINR (dedicated ZP-IMR, dedicated NZP-IMR, and both), and a down selection among the three will be made in this meeting. Both dedicated ZP-IMR and dedicate NZP-IMR can be used for interference measurement. When ZP-IMR is used, UE measures the total interference power, including inter-cell and intra-cell interference. It has the advantage of simple computation. We believe that dedicate ZP IMR should be supported for interference management of L1-SINR as a baseline. However, with ZP IMR a UE cannot tell the interference of a particular beam from other interferences and noises. On the other hand, UE can calculate the RSRP of NZP IMR based on the sequence of NZP CSI-RS which reflects accurately the inter-beam interference (intra-cell interference). The computation of interference power measured from NZP IMR is the same as L1-RSRP. This information is useful for UE to choose the beam to report for better UE pairing. Therefore, gNB can schedule a UE pair with low inter-beam interference according to the beam report with L1-SINR by using dedicate NZP IMR for interference management. In addition to ZP-IMR, we believe dedicated NZP IMR should also be supported in L1-SINR for inter-beam interference awareness and beam report in UE side. Although this is slightly more complicated than ZP-IMR based measurement, it is still significantly simpler than regular CSI computation, which calculates PMI, RI and QCI. We believe it is necessary to include NZP IMR in L1-SINR computation as well. 
Proposal 1: Dedicated ZP IMR and NZP IMR should be both supported in the interference management of L1-SINR.

SCell BFR
Beam failure detection in SCell is based on periodic 1-port CSI-RS, which can be configured explicitly or implicitly. It has been agreed in the RAN1#96 meeting that for SCell, BFRQ can be conveyed when UE declares beam failure from all monitored beams in  and before a new candidate beam is identified. Because the Release 15 beam failure recovery scheme associates each contention-free RACH resource with a candidate beam and requires a UE to transmit in the PRACH resource corresponding to its identified new candidate beam, a UE cannot send PRACH without a candidate beam. This puts reusing PRACH for beam failure recovery out of question. If a UE sends out beam failure recovery request through RACH after it has identified a new beam from , it still poses significant challenges. It was decided in Taipei that beam failure recovery procedure should be designed first for SCell with DL only, and later will be extended to SCell with both DL and UL. When SCell has no UL, beam failure recovery request will need to be sent over the PCell with UL. This puts a toll on the UL resource of the PCell. Such burden should be limited to a minimal in order not to degrade the UL performance of the PCell, including the beam failure recovery procedure of the PCell itself. Using contention free PRACH to signal beam failure and indicate new candidate beam is unattractive, because this requires a large amount of PRACH resources, especially when there are multiple SCells without UL. The alternative is to use MAC-CE to signal beam failure recovery. This does not consume limited PRACH resources in the PCell. Because MAC-CE is transmitted in PUSCH, it is both resource friendly (non-dedicated) and more reliable. When the serving beams from Scell fail, it is likely the beams from the Pcell (or another Scell with UL to the same gNB) to the UE are still in good condition. The connection between the UE and the network is not lost with beam failure in the SCell. The UE can send a MAC-CE message to the PCell (or other SCell) to indicate the beam failure and possibly the new candidate beam for the Scell. The response to the beam failure recovery request can be sent to the UE from the PCell, and the UE can switch in the SCell to the new beam confirmed in the response. The same scheme can be applied when beams in PCell fail and the UL link between the UE and a SCell is still in working condition. When this happens, A MAC-CE can be sent to the SCell to indicate beam failure and possibly new candidate beam in the PCell. This will improve the performance of beam failure recovery of the PCell as well. This works for both SCell with DL only and SCell with both UL and DL. We believe MAC-CE is the best solution for beam failure recovery in SCell.
Proposal 2: Adopt MAC-CE based beam failure recovery mechanism for SCell.

When a SCell is in the same frequency band of another CC (PCell or SCell) and is transmitted by the same TRP, it is possible to reuse a CSI-RS resource in the other CC. Therefore a SCell may not have monitored beam or candidate beam itself. In RAN1#96 meeting it was agreed that a UE may send beam failure request before it identifies a new candidate beam. So the beam failure request may not carry a new candidate beam index. But if it only tells gNB that some beams have failed, it does not help much if gNB cannot tell which CC or CCs have suffered beam failure. The gNB may still transmit to the UE through the failed CC. So when a UE sends the beam failure request to gNB, it should include at least the failed CC indices so gNB can tell which CCs have beam failed and can take proper action. 
Proposal 3: The beam failure report should include at least failed CC index.

Panel specific ID
Agreement@RAN1#AH1901

Three different multi-panel UE (MPUE) assumptions are identified in RAN1#96 as follows:
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· 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
Different assumptions correspond to UE capabilities. Multi-panel based UL transmission can only be achieved for MPUE-Assumption2, and multi-panel based DL reception can be achieved for both MPUE-Assumption2 and MPUE-Assumption3 if multiple Rx chain are equipped for MPUE-Assumption3. Considering the implementation complexity and UE power saving, MPUE-Assumption1 could firstly be discussed.  However, we prefer to define a unified assumption for MPUE with both TX and RX capabilities and design a unified solution for different UE assumptions.

Proposal 4: In Rel-16, support at least the scenario that multiple panels are implemented on a FR2 UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms.
Proposal 5: Define a unified assumption for MPUE with both TX and RX capabilities. 

It has been agreed that panel ID is required to enable the panel-specific UL transmission, and the following agreement are agreed at RAN1#Ad hoc1901:
	Agreement@RAN1#AH1901
 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



For Alt.1 a UE Tx panel is identified as a configured SRS resource set based on the description in TS38.214: “The SRS resource set applicability is configured by the higher layer parameter usage in SRS-ResourceSet. 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 with the same time domain behavior in the same BWP can be transmitted simultaneously.”. However, when multiple SRS resource sets with different time behavior are configured, different SRS resource sets with different time behavior may transmitted from the same UE panel. Different SRS resource sets cannot represent different UE panels. An ID other than SRS resource set ID is required to identify a UE panel.

The gNB can assign an unique ID for each UE panel based on the UE capability reporting, and each panel ID is associated with a set of panel-specific parameters, for example SRS resource or PUCCH resource. Each SRS resource (set), or each PUCCH resource (set) can be associated with one panel ID, and the UE could get the panel-specific parameter for each PUCCH/SRS resource transmitted by each panel. This scheme is suitable for panel switch based UL transmission or the multiple-PDCCH based multi-panel UL transmission illustrated in Figure 1. 
In this example, 4 panels are equipped for the UE and Panel#1 and panel#2 are activated for UL transmission. The gNB configure 2 different PUCCH-Config/SRS-Config, i.e. PUSCH-Config#1 and PUSCH-Config#2, PUCCH-Config#1 and PUCCH-Config#2, SRS-Config#1 and SRS-Config#2, for the UE and each one with an associated panel ID. TRP#1 and TRP#2 can use independent DCIs to schedule independent PUSCH or SRS transmissions through a specific UE panel.  



[bookmark: _Ref533425659]Figure 1 multiple-PDCCH based UL transmission
For multiple-PDCCH based multi-TRP transmission, one important issue is how to ensure the simultaneously transmitted PDSCHs are correctly received by the UE. Based on the assumption that two DL transmissions can be received simultaneously by two different active UE panels, the information of the best received panel ID along with the L1-RSRP reporting will be beneficial for TCI configuration for CORESETs and the PDSCH transmitted by different TRPs.
For example, when the UE reports the L1-RSRP of CRI#1/2/3/4 with panel#1 and the L1-RSRP of CRI#5/6/7/8 with panel#2, the DL beams corresponding to CRI#1/2/3/4 and CRI#5/6/7/8 can be simultaneously received by panel#1 and panel#2. Based on this information, the gNB can assign the TCIs with value of CRI#1/2/3/4 for TRP#1 and assign the TCIs with value of CRI#5/6/7/8 for TRP#2 for multiple-PDCCH based multi-panel transmission when panel#1 and panel#2 are activated for DL reception at the UE. Any one beam from CRI#1/2/3/4 and one beam from CRI#5/6/7/8 can be received simultaneously by the UE at any time.
Proposal 6: gNB could assign an ID for a target RS resource or resource set to support panel specific UL transmission.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For SRS resource and PUCCH resource in FR2, higher layer parameter spatialRelationInfo is configured to indicate the transmit beam for the SRS or PUCCH transmission in FR2. For a UE with beam correspondence, the candidate value of spatialRelationInfo for can be set as an ‘ssb-Index’ or a ‘csi-RS-Index’. The gNB shall group the DL RS, i.e. SSB and CSI-RS,  into different sets corresponding to different TRPs. Based on an assumption that one TRP can only communicate with one UE panel at a given time, different DL RS Groups also correspond to different UE panels. Panel-specific parameters, such as power control parameter set can be configured or be associated with different DL RS Group. The UE could obtain the panel-specific parameters according to the additional ID along with the spatial relation info configuration for each SRS resource set or PUCCH resource.
[bookmark: _GoBack]Proposal 7: The gNB could configure an additional ID in spatial relation info to support panel specific UL transmission.

Conclusion
We have discussed multi-beam operation in R16. Our proposals are summarized below: 

Proposal 1: Dedicated ZP IMR and NZP IMR should be both supported in the interference management of L1-SINR.
Proposal 2: Adopt MAC-CE based beam failure recovery mechanism for SCell.
Proposal 3: The beam failure report should include at least failed CC index.
Proposal 4: In Rel-16, support at least the scenario that multiple panels are implemented on a FR2 UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms.
Proposal 5: Define a unified assumption for MPUE with both TX and RX capabilities. 
Proposal 6: gNB could assign an ID for a target RS resource or resource set to support panel specific UL transmission.
Proposal 7: The gNB could configure an additional ID in spatial relation info to support panel specific UL transmission.
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