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Introduction
In this contribution, we discuss issues on enhancements on UL transmit beam selection, UL panel-specific transmission, and SCell beam failure recovery. 
Enhancements on UL transmit beam selection
For further discussion
Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2

In order to optimize FR2 single-beam operation where a UE receives or transmits with single beam at the same time, an UL shadow mode for PUCCH/SRS transmission is proposed by following DL QCL assumption of a derived CORESET. While we understand and appreciate the motivation, we think that more considerations are needed in order to make the solution complete, instead of sipmly tailoring it for a very specific scenario. In our understanding, the following factors should also be considered and some of them are also echoed by other companies [2].
· Currently, at least two PUCCH resource groups are supported. Such DL/UL spatial filter information association should be group specific.
· Different CORESETs can correspond to different TRPs. Such DL/UL spatial filter information association should be TRP specific.
· pucch-PathlossReferenceRS is provided per pucch-SpatialRelationInfo. If there is no pucch-SpatialRelationInfo, there is no pathloss reference RS for UL PC.
· For AP PUCCH/SRS, following QCL assumption of scheduling PDCCH seems more sensible than following a predetermined CORESET.
In principle, we suport to introduce default spatial relation info for PUCCH/SRS for beam indication overhead reduction. The introduced default spatial relation info rule should properly address the above issues.
[bookmark: _Ref16328869]Proposal 1: support introducing default spatial relation info for PUCCH and for SRS with the following considerations:
· PUCCH resource group-specific default spatial relation, which can be associated with different CORESETs corresponding to different TRPs.
· Default pathloss reference RS for PUCCH should be specified if pucch-SpatialRelationInfo is not provided.
· Differentiation of default spatial relation info between P/SP and AP PUCCH/SRS.
UL Panel-specific Transmission
Panel definition
Agreement (RAN1#96bis) 
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

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 a 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: _Ref16328843][bookmark: _Ref7785131][bookmark: _Toc7791020]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.
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: _Ref16328845]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.
Based on the above observations, we then propose.
[bookmark: _Ref16328872]Proposal 2: 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
UL panel-specific transmission
Agreement (RAN1#97)
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.

gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.

 (For example) Alt.2 UL-TCI states
	Valid UL-TCI state Configuration
	Source (reference) RS
	(target) UL RS 
	[qcl-Type ]

	1
	SRS resource (for BM) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	2
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	3
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	4
	DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	5
	SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	6
	UL RS(a SRS for BM) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]



The debate on the introduction of UL TCI framework has taken place back in NR Rel-15 time. There, after lengthy discussion, spatial relation information is introduced instead of UL TCI framework. The same argument is likely to be gone through again if UL TCI is revisited. Even without consideration of a limited time budget, another round of long discussion is likely to lead to the same conclusion that there is no consensus for UL TCI. Thus, we think the same discussion should be avoided in Rel-16 phase. Additionally, from a technical point of view, not all QCL types in DL TCI framework is needed in UL counterpart. Simply introducing UL TCI framework for DL/UL symmetry does not seem like a good justification, not to mention the spec impact. 
From our point of view, spatial filtering indication for DL/UL can be integrated, but the integration should not impact DCI signalling much. As a starting point, beam correspondent UE can be considered, and a TCI field can be additionally configured with an SRS resource for indicating UL spatial filter characteristics. At the same time a DL TCI is provided, its corresponding UL spatial filter information is indicated.
[bookmark: _Ref16328873]Proposal 3: Support Alt.3. Alt.2 is not supported in order to avoid repeating similar argument in Rel-15.
[bookmark: _Ref16328875]Proposal 4: Consider extending DL TCI framework for UL spatial filter information indication by adding UL RS to TCI state.
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
SCell beam failure recovery
Related to enabling SCell beam failure recovery, the following progress was made in previous RAN1 meetings:
Agreement (RAN1#97)
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only
Agreement (RAN1#97)
When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.
Agreement (RAN1#97)
A UE can be configured to perform BFR for any configured SCells 
· The maximum number of SCells for which the UE performs BFR is a UE capability
Agreement (RAN1#97)
A UE can be configured to perform BFR for any configured SCells 
· The maximum number of SCells for which the UE performs BFR is a UE capability
Agreement (RAN1#96bis)
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 (RAN1#96bis)
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

One of the main motivation for introducing a dedicated SR-like PUCCH transmission for step-1 SCell BFR is to allow the NW identifying the happening of beam failure at UE side. The prompt reaction can be taken by the NW for recovering the link accordingly. For PUCCH format 0/1, only limited UCI bits can be delivered to the NW and therefore, it is required to discuss the prioritization between SR-BFR, legacy SR and HARQ-ACK bits.
Current NR spec does not differentiate the priority between SRs. Furthermore, SRs may be dropped when colliding with HARQ-ACK feedback. Specifically, at least the following cases can be used as a starting point for discussing the priority/dropping issue.
1. SR(s) is triggered with PUCCH format 0 resource + HARQ-ACK feedback with PUCCH format 0 resource.
When multiple SRs are triggered by different logical channels and PUCCH format 0 is used for delivery, current specfication does not differentiate the SRs and it is up to UE to select one SR resource for transmission. HARQ-ACK information will be multiplexed in the selected SR resoruce. In fact, it is noted in 38.321 that “The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation”. Apparently, there is no priority between SRs.
2. SR(s) is triggered with PUCCH format 0 resource + HARQ-ACK feedback with PUCCH format 1 resource.
When SRs on PUCCH format 0 are triggered and they collide with HARQ-ACK feedback on PUCCH format 1, SRs are dropped and only HARQ-ACK information is fed back. With new consideration on SR for BFR, the prioritization rule should be revisited.
[bookmark: _Ref16328876]Proposal 5: The priority of legacy SR and SR-BFR needs to be discussed. SR-BFR shall be emphasized to reflect its relevance.
[bookmark: _Ref16328877]Proposal 6: The condition for dropping SR-BFR when colliding with HARQ-ACK needs to be re-examined. 
Per agreement, any SCell can be configured with BFR procedure, subject to a maximum number of total configurations as UE capability. It is then possible that BF event is detected at the same time or within a short time duration by multiple SCells. It is then required to consider a step-2 design which can accommodate information for multiple failed SCells. At least 2 alternatives can be discussed
· Alt 1): introduing a MAC-CE format with variable payload size.
· Alt 2): introducing a MAC-CE format with fixed size to accommodate limited number SCell beam failure information. If it happens that a single MAC-CE cannot accommodate all failed SCell information, multiple of SCell BFR MAC-CE can be carried. In this case, a priority rule needs to be discussed on deciding which SCell beam failure procedures are prioritized to be included in MAC-CE first.
[bookmark: _Ref16328878]Proposal 7: SCell BFR MAC-CE in step-2 BFRQ procedure takes into account the case of multiple SCell beam failure at the same time.
In Rel-15, a dedicated CORESET-BFR is used to differentiate between a normally received DCI or a gNB response DCI for BFR procedure. 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 necessity for a dedicated CORESET-BFR for SCell is not clear, especially now that BFRQ information is carried by MAC-CE. By adopting MAC-CE, latency would not be one of the most crucial concerns as it is for PCell BFR design. Alternatively, we think a gNB response signaling that is robust and yet with small spec impact is preferred. Thus, for the purpose of determining successful reception of UL BFRQ MAC-CE transmission of gNB, the following options are discussed:
· Opt-1: introducing a new DL MAC-CE for confirming BFRQ MAC-CE transmission. UE considers corresponding SCell BFR procedure(s) successful when receiving the DL MAC-CE.
· Opt-2: mandating PDCCH TCI state update for beam failed SCell(s). UE considers corresponding SCell BFR procedure(s) successful when receiving PDCCH TCI state update for the beam failed SCell(s).
· Opti-3: implicit response based on HARQ-ACK reception. UE considers corresponding SCell BFR procedure(s) successful when receiving a DCI indicating the same HARQ process number used to transmit BFRQ UL MAC-CE with a toggled “NDI” field.
While we consider Opt-1 as a symmetric design with current BFRQ MAC-CE agreement, we are open to other options.
[bookmark: _Ref16328880]Proposal 8: RAN1 to discuss on mechanism for UE to determine a successful SCell BFR procedure, by using the following options as starting point:
· Opt-1: introducing a new DL MAC-CE for confirming BFRQ MAC-CE transmission. 
· Opt-2: mandating PDCCH TCI state update for beam failed SCell(s).
· Opti-3: implicit response based on HARQ-ACK reception.
[bookmark: _GoBack]For flexibility, it is supported to configure BFD RS and New Beam Identification (NBI) RS on either current CC or another CC, individually. However, it may lead to a combination where SCell BFR is configured for a CC with all its BFD RS and NBI RS residing on another CC. From modeling perspective, this is not a sensible configuration since all the monitoring efforts reside on the “another CC” while it is modeled in the current CC.
[bookmark: _Ref16328881]Proposal 9: either BFD RS and NBI RS, but not both of them, can be configured in another CC.
Conclusion
Based on the discussion and analysis in this contribution, we have the following observations and proposals.
Proposal 1: support introducing default spatial relation info for PUCCH and for SRS with the following considerations:
· PUCCH resource group-specific default spatial relation, which can be associated to different CORESETs corresponding to different TRPs.
· Default pathloss reference RS for PUCCH should be specified if pucch-SpatialRelationInfo is not provided.
· Differentiation of default spatial relation info between P/SP and AP PUCCH/SRS.
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.
Proposal 2: 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 3: Support Alt.3. Alt.2 is not supported in order to avoid repeating similar argument in Rel-15.
Proposal 4: Consider extending DL TCI framework for UL spatial filter information indication by adding UL RS to TCI state.
Proposal 5: The priority of legacy SR and SR-BFR needs to be discussed. SR-BFR shall be emphasized to reflect its relevance.
Proposal 6: The condition for dropping SR-BFR when colliding with HARQ-ACK needs to be re-examined.
Proposal 7: SCell BFR MAC-CE in step-2 BFRQ procedure takes into account the case of multiple SCell beam failure at the same time.
Proposal 8: RAN1 to discuss on mechanism for UE to determine a successful SCell BFR procedure, by using the following options as starting point:
· Opt-1: introducing a new DL MAC-CE for confirming BFRQ MAC-CE transmission. 
· Opt-2: mandating PDCCH TCI state update for beam failed SCell(s).
· Opti-3: implicit response based on HARQ-ACK reception.
Proposal 9: either BFD RS and NBI RS, but not both of them, can be configured in another CC.
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