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Introduction
In RAN1#96, the following agreements have been endorsed.
	Agreement in RAN1#96
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
For purpose of further discussion on this topic for RAN1#96 and future meetings
Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.
· [bookmark: _Hlk4083271]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
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions.
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI.
Agreement in RAN1#96
For signalling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 
· FFS signalling 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.


In this contribution, we address issues on 
· Panel definition
· multi-panel UE (MPUE) categories
· signalling overhead for PUCCH spatial relation
· SCell beam failure recovery
Discussion
Panel definition
In RAN1#96, three multi-panel UE (MPUE) categories are proposed as FFS, however the wording is quite confusing. In general, a clear definition of panel is missing, whether it means a group of antenna ports, or literately an antenna array board that can be used for UL transmission or DL reception. 
[bookmark: _Toc4774652]A clear definition of panel is missing; it is unclear whether panel means a group of antenna ports or a physical antenna array board. 
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.
In terms of panel definition, one should keep in mind that the 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.
[bookmark: _Toc4774664]A panel is defined as a virtual entity which can form a 1-port beam. For an antenna array which can form a 2-port beam, it is considered as two panels.
[image: ]
[bookmark: _Ref4603938]Figure 1: Illustration of a cross-polarized antenna array, with individual transceiver chains connecting to respective co-polarized antenna elements.
MPUE categories
For cleanness, MPUE-1, MPUE-2, and MPUE-3 are used for MPUE-Assumption1, MPUE-Assumption2, and MPUE-Assumption3 in the following discussion.
For MPUE-1, only one panel can be activated at a time, with panel switching/activation delay of [X] ms. For this category, potential issues include:
· Issue #1: what’s the linkage with Rel-15 group-based reporting assumption? Can UE still perform multi-panel reception?
· Issue #2: does it mean UL transmission gap during panel switching/activation delay?
· Issue #3: does it mean DL reception gap during UL panel switching/activation delay?
· Issue #4: is it required to specify panel activation in specs?
· Issue #5: is it enough to define a single value of X for different SCS, i.e., 60kHz and 120kHz? 
For MPUE-2, multiple panels can be activated at a time and multiple panels can be used for transmission. There is no obvious issue except that we need to define a signalling method for control.
For MPUE-3, multiple panels can be activated at a time but only one panel can be used for transmission.
· Issue #1: can UE still turn off some of its panels autonomously for power saving purposes (in Rel-15, this is controlled by UE)?
· Issue #2: can UE still perform multi-panel reception during group-based reporting?
· Issue #3: if UE turns off some panels by itself, is it necessary for NW to know which UE panels are active?
· Issue #4: if UE can perform multi-panel reception, how to build a linkage between DL and UL panels?
· Issue #5: can UE transmit SRS resources simultaneously in different SRS resource sets based on Rel-15 capability signalling?
[bookmark: _Toc4677532][bookmark: _Toc4677855][bookmark: _Toc4774653][bookmark: _Toc4677533]Support of MPUE-Assumption1 or MPUE-Assumption3 should make sure no violation of Rel-15 functionality.
On top of the above issues, we provide our view on pro-and-cons of the 3 alternatives.
MPUE-1 is retrogression compared with Rel-15
· In Rel-15, dynamic panel switching has been well discussed for AP-CSI reception. In the discussion, UE may turn off its panels for power-saving purposes and sufficient time is needed to reactivate. To this end, two large values (224 and 336) were added to UE feature 2-28, corresponding to 2 and 3 ms for 120kHz SCS. For UL in Rel-15, the minimal time interval to trigger AP-SRS is specified by N2 in units of OFDM symbols. Based on our observation, panel switching/activation dealy has already been addressed in Rel-15, by introducing UE feature capability. So, there is no need to introduce a similar feature in Rel-16.
MPUE-2 would achieve the best performance and flexibility if RAN1 can support it.
· Results from different companies have shown the performance gain of simultaneous transmission across multiple panels (STxMP). Also, valid use cases of STxMP can also be found in NR V2X SI and NR IAB SI for purposes of improving the communication range in FR2 and supporting access and backhaul traffic.  
MPUE-3 is a tradeoff, where enough progress compared with Rel-15 can still be made.
· Since panels are always turned on, switching between panels does not require additional guard periods. As a result, associating panels with spatial relation will not require further specification changes.  
Based on the above observations, we then have the following proposal.
[bookmark: _Toc4774665][bookmark: _Hlk4677372]Support MPUE-Assumption3 for further discussion on UL transmit beam selection for multi-panel operation.
Signalling overhead for PUCCH spatial relation
In RAN1#96, it was agreed to down-select/merge among the following options
· Alt#1: Spatial relation update for all PUCCH resources in a CC by one MAC CE
· Alt#2: Spatial relation update per Rel-15 PUCCH resource set
· Alt#3: Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 
· Alt#4: PUCCH spatial relation info configured in a BWP could be applied across different BWP/cells
· Alt#5: Other options are not precluded.
In Rel-15, PUCCH spatial relation Activation/Deactivation MAC CE is used resource-wisely, which is inefficient for up to 128 PUCCH resources. To update all PUCCH resources, it may only need one additional bit in the current MAC CE. To update per resource set, 2 bits are enough, because the maximum number of PUCCH resource set is configured by RRC as 4. However, the feasibility of Alt#3 and Alt#4 may need more discussion and may need to wait for more progress related to multi-panel designs. Regarding our progress in this WI, we prefer Alt#1 and Alt#2.
On top of that, signalling detail is out of RAN1’s working scope. Send LS to RAN2. 
[bookmark: _Toc4774666]Support spatial relation update for all PUCCH resources (Alt#1) and per Rel-15 PUCCH resource set (Alt#2); Send LS to RAN2.
SCell beam failure recovery
	Agreement in RAN1#96
· 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


Per agreement above, if new beam information is available, it should be delivered to gNB, together with failed SCell index, during BFR procedure. The information can be carried in either one transmission or in two separate transmissions.
· Alt#1 (one-shot transmission method): failed SCell index and corresponding new beam information are carried in one transmission. Examples include
· MAC-CE
· Periodic PUCCH
· Alt#2 (two-shot transmission method): failed SCell index and corresponding new beam formation are carried in two separate transmissions. Examples include
· 1st TX to carry failed SCell index via PRACH resource selection or via PUCCH scheduling request resource selection.
· 2nd TX to carry corresponding new beam via MAC-CE or AP beam report.
From a resource efficiency perspective, periodically reserved resources are less preferred since BFR is not expected to happen frequently. A set of periodically reserved resources for BFR means that the resources are used only rarely. From this perspective, the approach of using purely PUCCH in Alt#1 or using PRACH as 1st TX in Alt#2 is not recommended.
[bookmark: _Toc4590898][bookmark: _Toc4774654]From a resource efficiency perspective, transmitting {failed SCell index, new beam information} in the following manner is not preferred
· [bookmark: _Toc4590899][bookmark: _Toc4774655]Using periodic PUCCH resource to carry both {failed SCell index, new beam information} in one-shot transmission method (in Alt#1)
· [bookmark: _Toc4590900][bookmark: _Toc4774656]Using 1st TX to carry failed SCell index via PRACH resource selection in a two-shot transmission method (in Alt#2)
On the other hand, one of the main targets for supporting SCell BFR is to allow recovering beam pair link promptly for individually failed SCells. Thus, a UE should allow to be configured with multiple SCells running BFR procedures. This introduces the possibility that more than 1 set of BFRQ information, i.e., {failed SCell index, new beam information} pair, may need to be transmitted at the same time. A BFRQ transmission solution that allows carrying all failed SCell information, rather than doing it one-by-one is preferred.
[bookmark: _Toc4590901][bookmark: _Toc4774657]BFRQ transmission solution should consider the case that beam failure information of multiple SCells needs to be reported promptly.
To take the above observations into account in BFRQ transmission solution design, we have the following proposal.
[bookmark: _Toc4590905][bookmark: _Toc4774667]Down-select candidate BFRQ transmission solutions based on the following principles
· [bookmark: _Toc4590906][bookmark: _Toc4774668]for one-shot BFRQ transmission method, consider MAC-CE based approach
· [bookmark: _Toc4590907][bookmark: _Toc4774669]for two-shot BFRQ transmission method, consider PUCCH as 1st transmission, and one of {MAC-CE, AP L1 beam report} as 2nd transmission.
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: _Toc4774670]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
In this contribution, we have the following observations and proposals.
Observation 1	A clear definition of panel is missing; it is unclear whether panel means a group of antenna ports or a physical antenna array board.
Observation 2	Support of MPUE-Assumption1 or MPUE-Assumption3 should make sure no violation of Rel-15 functionality.
Observation 3	From a resource efficiency perspective, transmitting {failed SCell index, new beam information} in the following manner is not preferred
· Using periodic PUCCH resource to carry both {failed SCell index, new beam information} in one-shot transmission method (in Alt#1)
· Using 1st TX to carry failed SCell index via PRACH resource selection in a two-shot transmission method (in Alt#2)
Observation 4	BFRQ transmission solution should consider the case that beam failure information of multiple SCells needs to be reported promptly.
Based on the above observations, we then have the following proposals.
Proposal 1	A panel is defined as a virtual entity which can form a 1-port beam. For an antenna array which can form a 2-port beam, it is considered as two panels.
Proposal 2	Support MPUE-Assumption3 for further discussion on UL transmit beam selection for multi-panel operation.
Proposal 3	Support spatial relation update for all PUCCH resources (Alt#1) and per Rel-15 PUCCH resource set (Alt#2); Send LS to RAN2.
Proposal 4	Down-select candidate BFRQ transmission solutions based on the following principles
· for one-shot BFRQ transmission method, consider MAC-CE based approach
· for two-shot BFRQ transmission method, consider PUCCH as 1st transmission, and one of {MAC-CE, AP L1 beam report} as 2nd transmission.
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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