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Introduction
In previous meetings, the following agreements/working assumption have been reached.
	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
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.
Agreement 
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
Agreement
[bookmark: _Hlk5796618]Downlink RS for new beam identification can be transmitted in active BWP of the CC which is configured to be monitored for BFR or another CC within the same band
Agreement
At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration
Agreement
· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH
· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR
· FFS: N_max 


In this contribution, we discuss issues on UL fast panel selection and SCell beam failure recovery, and provide our views on them. 
Discussion
Panel definition
In RAN1#96bis, MPUE-Assumption3 is agreed for Rel-16 specification enhancement. In 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. To complete the common understanding within the group, a clear definition of panel is needed. In the early stage of the discussion, the “panel” concept is argued between a group of antenna ports, and literately an antenna array board that can be used for UL transmission or DL reception. Since the definition of antenna array board is dependent on UE implementation, it is not suitable to be used as definition. In [2], a few possible candidates are captured in FL summary and copied below:
· Opt-1: Unit of antenna group to control beam independently
· Within a panel, one beam can be selected and used for UL transmission.
· Across different panels, multiple beams (each selected per panel) may be used for UL transmission
· Opt-2: Unit of antenna group to control its transmission power
· Opt-3: Unit of antenna group to control its transmission timing
In our understanding, the panel definition itself should not in any way prevent the operation of fast panel switch enabled by currently agreed MPUE-Assumption3. In this sense, Opt-2 and Opt-3 are not proper candidates since it would require additional work/agreement on transmission power and transmission timing control, respectively, in a panel-specific manner.
[bookmark: _Ref7785131][bookmark: _Toc7791020]Defining “panel” based on the unit of antenna group with independent transmission power and/or transmission timing would require additional work on panel-specific operation in order to achieve fast panel switch.
In Rel-15 DL, group-based reporting supports simultaneous reception from two beam directions though its usage is very restrictive. In Rel-15 UL, the number of required SRS resource sets in UE capability reporting also suggests that a UE may be capable of simultaneous transmission toward >1 beam direction. In a sense, simultaneous transmission/reception is possible in Rel-15, though without many details. 
Another point of view to check Rel-15 simultaneous transmission/reception support is to check the number of supported ports per beam. For DL, both 1-port and 2-port beam is supported. Essentially, a UE which support 2-port beam, e.g., via cross-polarized antenna array, can also form two 1-port beams. This implies that simultaneous reception is already supported there.
Panel definition should be compatible with the Rel-15 status quo. Thus, it is sensible to define a panel based on the antenna elements which are used to form a port. Specifically, for a cross-polarized antenna array as illustrated in Figure 1, we consider it as two independent panels since the co-polarized antenna elements are connected to a common transceiver chain, which can be virtualized as an antenna port in the specifications. Apparently, defining the array in Figure 1 as a single panel does not fulfill the maximum potential of the implementation since the two transceivers can be controlled independently to form two beam directions.
[image: ]
[bookmark: _Ref4603938]Figure 1: Illustration of a cross-polarized antenna array, with individual transceiver chains connecting to respective co-polarized antenna elements.
Therefore, we think Opt-1 is a more appropriate candidate. However, Opt-1 in its current form does not differentiate between 1-port and 2-port beam. To clarify this, we suggest the beam described in Opt-1 should be clarified as a 1-port beam.
[bookmark: _Ref7785133][bookmark: _Toc7791021]Rel-15 UE capable of realizing a 2-port beam is possible to realize two 1-port beams at the same time with UE-specific transmission power/time control.
Based on the above observations, we then propose.
[bookmark: _Toc4677524][bookmark: _Toc7785231][bookmark: _Toc7785303][bookmark: _Toc7785861][bookmark: _Toc7786087][bookmark: _Toc7786347][bookmark: _Toc7786657][bookmark: _Toc7786779][bookmark: _Toc7791076][bookmark: _Toc7791262][bookmark: _Toc7791714][bookmark: _Toc7786348][bookmark: _Toc7786658]A panel is defined as FL Opt-1 candidate, with the following modification: 
[bookmark: _Toc7786780][bookmark: _Toc7791077][bookmark: _Toc7791263][bookmark: _Toc7791467][bookmark: _Toc7791715][bookmark: _Toc7785232][bookmark: _Toc7785304][bookmark: _Toc7785862][bookmark: _Toc7786088]-  Opt-1: Unit of antenna group to control 1-port beam independently
Fast panel switch control based on MPUE-Assumption3
In Xi’an meeting, a note under MPUE-Asumption3 agreement is provided as “Note: UE can control the panel activation/deactivation”. To fulfill the description from the note and, at the same time to reach common understanding on active UE panels available for NW selection/indication, the following signaling capability from gNB/UE is needed:
· NW signaling
· indication to select UL transmission panel from currently active panels
· indication to request a number of panels to be activated/deactivated based on UE capability
· UE reporting
· Report to indicate information of currently activated panels
[bookmark: _Toc7785233][bookmark: _Toc7785305][bookmark: _Toc7785863][bookmark: _Toc7786089][bookmark: _Toc7786349][bookmark: _Toc7786659][bookmark: _Toc7786781][bookmark: _Toc7791078][bookmark: _Toc7791264][bookmark: _Toc7791716][bookmark: _Hlk7791848]To support MPUE-Assumption3 for fast panel switch operation, the following signalling is supported
· [bookmark: _Toc7786350][bookmark: _Toc7786660][bookmark: _Toc7786782][bookmark: _Toc7785234][bookmark: _Toc7785306][bookmark: _Toc7785864][bookmark: _Toc7786090][bookmark: _Toc7791079][bookmark: _Toc7791265][bookmark: _Toc7791469][bookmark: _Toc7791717]NW signaling
[bookmark: _Toc7785307][bookmark: _Toc7785865][bookmark: _Toc7786091][bookmark: _Toc7786351][bookmark: _Toc7786661][bookmark: _Toc7786783][bookmark: _Toc7791080][bookmark: _Toc7791266][bookmark: _Toc7791470][bookmark: _Toc7791718]		-  indication to select UL transmission panel from currently active panels
[bookmark: _Toc7785308][bookmark: _Toc7785866][bookmark: _Toc7786092][bookmark: _Toc7786352][bookmark: _Toc7786662][bookmark: _Toc7786784][bookmark: _Toc7791081][bookmark: _Toc7791267][bookmark: _Toc7791471][bookmark: _Toc7791719]		-  indication to request a number of panels to be activated/deactivated based on UE capability
[bookmark: _Toc7785235][bookmark: _Toc7785309][bookmark: _Toc7785867][bookmark: _Toc7786093][bookmark: _Toc7786353][bookmark: _Toc7786663][bookmark: _Toc7786785][bookmark: _Toc7791082][bookmark: _Toc7791268][bookmark: _Toc7791472][bookmark: _Toc7791720]	-  UE reporting
[bookmark: _Toc7785310][bookmark: _Toc7785868][bookmark: _Toc7786094][bookmark: _Toc7786354][bookmark: _Toc7786664][bookmark: _Toc7786786][bookmark: _Toc7791083][bookmark: _Toc7791269][bookmark: _Toc7791473][bookmark: _Toc7791721]		-  Report to indicate information of currently activated panels
Panel ID
Per RAN1#95 meeting, the identifier (ID), for indicating panel-specific UL transmission is agreed to be used. The purpose of the panel-specific ID lies in supporting harmonized understanding between gNB and UE about UE’s panel usage so that e.g., gNB is able to control UE panel based on its scheduling consideration. In addition, the motivation for UE reporting panel information lies in improving robustness and increasing efficiency of UL transmission. As a result, grouping of RS resource(s) or beam(s) per panel can provide better information to the gNB to identify robust resources or beams for transmission. UE may have part or even only one active panel at a time due to the reasons such as power saving, UE capability limits etc. Besides, RAN4 LS [3] to RAN1 mentioned that UE may turn off panels due to power saving consideration and it may need 2~3ms to activate the panel. In that sense, more robust and efficient UL panel-specific multi-beam procedure may be needed. 
Although in Rel-15, UE panel and their usage are transparent to the network (that is, there is no definition about UE panel), the hint of UE panel can be assumed in TS 38.214 section 6.2.1 [4], where it reads: 
“When the higher layer parameter SRS-SetUse 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.”
For the above description, it can be considered that SRS resources in the SRS resource set correspond to different UL transmit resources or beams of the same panel (i.e., one resource or beam at a time unit per panel). Furthermore, it can be considered that each SRS resource set corresponds to a UE active panel. To achieve the intention of performing panel-specific UL transmission and to keep spec. impact as small as possible, it is proposed to implicitly map SRS resource set ID as the panel ID, which means corresponding association is maintained by the UE. 
[bookmark: _Hlk534625196][bookmark: _Toc534666971][bookmark: _Toc7785236][bookmark: _Toc7785311][bookmark: _Toc7785869][bookmark: _Toc7786095][bookmark: _Toc7786355][bookmark: _Toc7786665][bookmark: _Toc7786787][bookmark: _Toc7791084][bookmark: _Toc7791270][bookmark: _Toc7791474][bookmark: _Toc7791722][bookmark: _Toc7791085][bookmark: _Toc7791271][bookmark: _Toc7791475][bookmark: _Toc7791723]Reuse SRS resource set ID as the panel ID.
SCell beam failure recovery
Per RAN1#96bis agreement, the following 3 options are to be down-selected for BFRQ delivery:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· Option 2: Step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Option 3: Step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
To make the selection, we think the following considerations are important.
· One of the main targets for supporting SCell BFR is to allow recovering beam pair link promptly for beam-failed SCell. In this sense, dedicated resource should be used. This means for 1-step approach, the resource should be dedicated one. For 2-step approach, the resource used for step-1 should be dedicated resources. From this perspective, Option 1 will not provide prompt reaction to a SCell BFD in general.
· From a resource efficiency perspective, periodically reserved resources should be kept to small amount, since BFR is not expected to happen frequently. This means for 2-step approach, the periodical resources reserved for step-1 TX should be small. From this perspective, we think both Option-2 and Option-3 are okay, with Option-2 provides slightly better resource efficiency.
· There may be multiple SCells configured with SCell BFR and it is possible that multiple SCells declare beam failure at the same time. It implies that more than 1 set of BFRQ information, i.e., {failed SCell index, new beam information} pair, may need to be delivered at the same time. A BFRQ transmission solution that allows carrying multiple failed SCell information, rather than doing it one-by-one is preferred. Since MAC-CE provides flexible payload size, it is preferred to include MAC-CE as one of delivery channel for BFRQ.
[bookmark: _Toc7785237][bookmark: _Toc7785312][bookmark: _Toc7785870][bookmark: _Toc7786096][bookmark: _Toc7786356][bookmark: _Toc7786666][bookmark: _Toc7786788][bookmark: _Toc7791086][bookmark: _Toc7791272][bookmark: _Toc7791724][bookmark: _Hlk7791993]For BFRQ information delivery, consider only Option -2 and Option-3.
[bookmark: _Toc7786357][bookmark: _Toc7786667][bookmark: _Toc7786789][bookmark: _Toc7791087][bookmark: _Toc7791273][bookmark: _Toc7791725][bookmark: _Toc7785238][bookmark: _Toc7785313][bookmark: _Toc7785871][bookmark: _Toc7786097]-  Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
[bookmark: _Toc7785239][bookmark: _Toc7785314][bookmark: _Toc7785872][bookmark: _Toc7786098][bookmark: _Toc7786358][bookmark: _Toc7786668][bookmark: _Toc7786790][bookmark: _Toc7791088][bookmark: _Toc7791274][bookmark: _Toc7791726]-	Option 3: Step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
In Rel-15, a dedicated CORESET-BFR is used to differentiate between a normally received DCI or a gNB response DCI. From our perspective, such overhead is worthy in Rel-15 design since it targets for PCell BFR, which should be as robustness as possible. For SCell BFR, the need for a dedicated CORESET-BFR for SCell would depend on the BFRQ transmission solution. For example, if MAC-CE is adopted as part of BFRQ transmission channel, SCell CORESET-BFR is not necessarily needed since e.g., introducing a DL MAC-CE for indicating successful reception of 1st part of BFRQ transmission suffices. Alternatively, if AP L1 beam report is adopted as 2nd BFRQ transmission method, reusing CORESET-BFR seems straightforward.
[bookmark: _Hlk907003][bookmark: _Toc4590908][bookmark: _Toc4677530][bookmark: _Toc7785240][bookmark: _Toc7785315][bookmark: _Toc7785873][bookmark: _Toc7786099][bookmark: _Toc7786359][bookmark: _Toc7786669][bookmark: _Toc7786791][bookmark: _Toc7791089][bookmark: _Toc7791275][bookmark: _Toc7791727]The need for dedicatedly configured CORESET-BFR for individual SCell BFR procedure depends on the solution for BFRQ transmission and should be discussed later.
Conclusion
Based on the discussion and analysis in this contribution, we have the following observations and proposals.
Observations:
Observation 1	Defining “panel” based on the unit of antenna group with independent transmission power and/or transmission timing would require additional work on panel-specific operation in order to achieve fast panel switch.
Observation 2	Rel-15 UE capable of realizing a 2-port beam is possible to realize two 1-port beams at the same time with UE-specific transmission power/time control.
Proposals:
Proposal 1	A panel is defined as FL Opt-1 candidate, with the following modification:
· Opt-1: Unit of antenna group to control 1-port beam independently
Proposal 2	To support MPUE-Assumption3 for fast panel switch operation, the following signalling is supported
- NW signaling
-  Indication to select UL transmission panel from currently active panels
-  Indication to request a number of panels to be activated/deactivated based on UE capability
-  UE reporting
[bookmark: _GoBack]-  Report to indicate information of currently activated panels
Proposal 3	 Reuse SRS resource set ID as the panel ID.
Proposal 4	 For BFRQ information delivery, consider only Option -2 and Option-3.
- Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
- Option 3: Step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
Proposal 5	The need for dedicatedly configured CORESET-BFR for individual SCell BFR procedure depends on the solution for BFRQ transmission and should be discussed later.
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