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1. [bookmark: _Ref4683067] Introduction 
In this contribution, we discuss potential enhancements, with considerations on multi-panel/multi-TRP scenario. In particular, QCL indication, group-based reporting, L1-SINR measurement, MPE issues, UL beam management enhancement, and BFR on SCell are discussed.
2. Enhancements on beam measurement and reporting
2.1. UL beam management
2.1.1. Default spatial relation for PUCCH/SRS in FR2
Agreement 
At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS is down-selected from the followings in RAN1#98bis
· Alt.1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)
· Alt.2: one of an active TCI state of CORESET
· FFS: details of which TCI state
· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
· Alt.4: CORESET#0 QCL assumption
· Alt.5: pathloss reference RS
· FFS: details of which pathloss reference RS
FFS: whether to apply the above for UEs not supporting beam correspondence

In order to reduce overhead, we agree RAN1 should specify default association when spatial relation is not configured. The default spatial relation info should be based on QCL/spatial info which was received or transmitted successfully recently. For UEs supporting beam correspondence, among alternatives in the proposals, Alt.3 looks more promising. 
For UEs not supporting beam correspondence, SRS without configured spatial relation info can use similar scheme as PUSCH scheduled by DCI format 0_0 in Rel-15. In such a case, SRS follows the spatial relation used by the dedicated PUCCH resource with the lowest resource ID configured in the active UL BWP and it requires at least one PUCCH-SpatialRelationInfo is configured in FR2.

Proposal 1: For PUCCH/SRS without configured spatial relation, support default spatial relation info association
· For beam-correspondence case, the default spatial relation follows Alt.3:
· TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
· For non-beam-correspondence case, at least for SRS, the default spatial relation follows the spatial relation used by the dedicated PUCCH resource with the lowest resource ID configured in the active UL BWP

2.2. DL beam management
2.2.1. Default spatial relation for PUCCH/SRS in FR2
We have the following agreements from the last meeting at Chongqing.
Agreement
When a TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signaling, the TCI-state ID is applied for the CORESET(s) with the same CORESET ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same PDCCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.

It was agreed that a TCI-state ID can be activated for a CORESET with the same CORESET ID by a MAC CE for a set of CCs at least for the same band. As shown in Figure 1, since some operating bands are actually overlapped (ex. n257 and n258), it is also beneficial to extend this feature for inter-band CA. Thus, we have 
Proposal 2: Support TCI-state update for CORESET for a set of CCs even in the different band (inter-band CA) by single MAC CE
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[bookmark: _Ref23845902]Figure 1: NR operating bands in FR2

3. Interference measurement for L1-SINR
It has been agreed to specify measurement and reporting of L1-SINR in Rel-16 at least targeting FR2 operation. Different from L1-RSRP, L1-SINR aims to reflect interference level in beam measurement report. This provides additional information for NW to select TX beams with better channel quality. Since the effect of interference can be captured in L1-SINR and the interference may come from neighboring cells or co-channel beams from the same TRP or multiple TRPs, we may further take inter-beam interference into consideration, especially for the operations with simultaneous transmission with multiple-beams, which can be transmitted by multiple-panels or multi-TRPs. 
From our point of view, such interference consideration is of importance when group-based reporting is enabled. Since multiple beams are transmitted towards the UE simultaneously, selecting a beam or a beam group with preferred inter-beam interference is crucial for efficient transmission. 
We consider that the following use cases for L1-SINR:
1) Transmission based on panel/TRP selection: reported beams are used independently. For example, each beam is used in a TDM manner. In this case, no mutual interference between reported beams is required. In the case of carrier aggregation, with L1-SINR as a first-order indicator of channel quality, the network can assess the relative quality of two or more CCs, therefore reporting L1-SINR instead of RSRP can be beneficial. From reported L1-SINR, the network can decide whether/what CSI reporting should be requested for a UE. As the interference encountered by a UE during L1-SINR measurement should reflect or be indicative of the interference encountered by a UE during PDSCH reception, e.g. with beam coordination among TRPs, the UE should be not tasked to guess how interference should be measured. From that, configuring interference measurement resources for UE, no matter its NZP IMR or ZP IMR, should be supported.
a. Specification impact analysis:
i. To support panel/TRP selection with L1-SINR, the CSI frame work for CSI acquisition as in Rel-15 can be extended for beam management:
1. CMR + NZP IMR with report-quantity with “L1-SINR”
2. CMR + ZP IMR with report-quantity with “L1-SINR”
3. CMR + ZP IMR + NZP IMR with report-quantity with “L1-SINR”
4. And CMR is limited to 1 port or 2 ports NZP CSI-RS or SSB;
2) Group-based transmission: reported Tx beams can be used at the same time, e.g. with two Rx panels on the UE side, each panel can be tuned to receive one Tx beam, hence for a single Rx panel’s point of view, a single Rx spatial filtering is used. Assume there are  Tx candidate beams from TRP1, there are  Tx candidate beams from TRP2, the UE needs to select the optimal beam combination. As discussed by some companies already, if the same paradigm as used in 1) were reused for group-based transmission, the UE would be required to examine each possible combination with a single CMR and corresponding IMR(s), the required resources, the number of required configurations and UE complexity could explode. Hence joint examining transmissions from two TRPs can be supported by configuring two CMRs for measurement
Next, we consider the necessity of reporting L1-SINR measurements from two TRPs.  Let the receiver model be
	

             	where  is the channel response between a TRP 1 and a UE with signal ; where  is the channel response between a TRP 2 and a UE with signal ,  is a spatially white noise with standard deviation at 1. 
With the MMSE-IRC receiver, we first derive the SINR for and :

                                                       
          From the reported pair of L1-SINRs, the gNB can deduce roughly the link qualities if two Tx beams  are exploited simultaneously.  
In summary, NW needs L1-SINR report both with and without inter-beam interference consideration.  
We have the following proposal from [98-NR-23] Email discussion on possible alternatives for Z, Z' and CPU occupancy rule for L1-SINR.

Proposal

For a CSI report, when reportQuantity is configured to be “ssb-Index-SINR” or “csi-SINR”, the value of O_CPU = 1. 
•	Make the decision of Z and Z’ based on one of the following alternatives 
o	Alt 1: 
	Z = Z3 + a fixed offset value, where the detail value is FFS
	Z’ = beamReportTimingforL1-SINR
•	beamReportTimingforL1-SINR is separately reported from beamReportTiming for L1-RSRP
o	Alt 2:
	Z = Z1
	Z’ = Z1’
	Z1 and Z1’ are selected from Table 5.4-2 in 38.214
o	Alt 3:
	Z = Z3
	Z’ = Z3’
o	Alt 4
	Z = N * Z3
	Z’ = N * Z3’
	N>1, FFS detailed value, e.g. N=2
o	FFS: additional UE capability e.g. maximum number of total number of CMR/IMR for L1-SINR measurement across CCs within a slot.

For L1-SINR report, the UE shall estimate the power of both CMR and IMR. The processing time depends on how many resources UE shall measure. As L1-SINR report configuration is based on 1-1 mapping between CMR and IMR, the number of resources to measure can be doubled. Therefore, we support the following
Proposal 3: For a CSI report, when reportQuantity is configured to be “ssb-Index-SINR” or “csi-SINR”, we support Alt 4 (N*Z3 and N*Z3’) for the value of Z and Z’. N (at least N=2) can be reported by UE capability
For additional UE capability for maximum number of total number of CMR/IMR for L1-SINR measurement across CCs within a slot, we propose
Proposal 4: The maximum number of total number of CMR/IMR for L1-SINR measurement across CCs within a slot is limited by K which is reported by UE capability.
The following was agreed at the last meeting.
Agreement
For NZP-IMR based interference measurement, option 1a is supported
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped
· For each SINR, interference is measured based on each associated NZP-IMR only
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Whether QCL-TypeD can be configured to each NZP IMR
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· FFS: Additional support of option 2a (without RRC signalling impact)
Note: There is no consensus in RAN1 on the support of option 2b/2c (which introduces IMR index reporting for L1-SINR)

Regarding QCL-TypeD for the interference measurement in NZP-IMR, it is reasonable to configure the same QCL-TypeD for CMR and IMR. We don’t see any benefit to separately configure QCL-TypeD for each NZP IMR. Therefore, we have
Proposal 5: Do not support QCL-TypeD can be configured to each NZP IMR

4. Beam failure recovery on SCell
4.1. [bookmark: _Ref4683011]FR1/FR2 PCell + FR2 DL-only SCell 
The following working assumptions and agreements were made in RAN1#98b:
Working Assumption
In addition to previous agreement that PUCCH-BFR is configured in PCell/PSCell, it is also agreed that PUCCH-BFR can be configured in PUCCH-SCell if PUCCH group is configured
· For non-DC case, down-select one of the following alternatives in RAN1#99
· Alt1a: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· If more than 1 PUCCH-BFR resources are configured for a UE, UE can pick one of them to transmit BFRQ
· Alt1b: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· PUCCH-BFR resource is shared among the CCs belonging to the respective PUCCH group
· Alt2: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per UE
· The down-selection is based on the assumption of SR configuration behavior supported in current spec
The above PUCCH group refers to the existing PUCCH group description in TS38.213.

Agreement
At least for PDCCH, after K symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE at least for the DL reception on the failed SCell if a new beam is identified.
· Applies for all CORESETs in the failed SCell
· FFS: Any other channel
· FFS: value of K

Agreement
For maximum number of SCell BFD RS, support up to 2 BFD RS for per BWP without introducing additional UE capability
· FFS: whether to specify UE behaviour if number of configured CORESETs is more than 2
Agreement
For eMBB, when PUCCH-BFR collides with other PUCCH that does not carry SR, reuse the dropping/multiplexing rule specified in Rel-15 for collision handling between SR and other PUCCH except the case when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1
· FFS: When PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1

Regarding working assumption for PUCCH-BFR on PUCCH-SCell, PUCCH-BFR isn’t necessarily restricted by PUCCH grouping. BFRQ MAC CE can include information of all failed SCells (no matter which PUCCH group the SCell belongs to). If the gNB configure PUCCH-BFR per PUCCH group, the overhead for PUCCH-BFR would be increased. For Alt2, the gNB can configure PUCCH-BFR either on PCell or PUCCH-SCell according to the load of PUCCH. Thus, we have 
Proposal 6: For PUCCH-BFR on PUCCH-SCell, up to 1 PUCCH-BFR resource for a BWP can be configured per UE (Alt2) 
At the last meeting at Chongqing, it was agreed that up to 2 BFD RS per BWP can be configured for SCell BFR. Also, up to 2 BFD RS can be configured for PCell BFR. In the case of implicit configuration, the UE determines 2 BFD RS as QCL-TypeD RS in TCI states for respective CORESETs. The maximum number of CORESETs per BWP/CC is 3 and the number is increased to 5 for Multiple TRP scenario in Rel-16. Therefore, it is necessary to define UE behavior when the number of configured CORESETs is more than 2. We propose a simple solution as follows. 
Proposal 7: The UE determines 2 BFD RS as QCL-TypeD RS of CORESETs with 2 lowest index(es) for implicit configuration of SCell BFR. 
One meaningful scenario can be FR1/FR2 PCell + FR2 DL-only SCell. With wider bandwidth in FR2, the throughput is expected much higher than what sub-6 GHz band can provide. Applications that require such high DL throughput support can be enumerated relative easily when compared with its UL counterpart. In addition, FR2 UL faces challenges such as PA power consumption, heat dissipation etc. at UE. By ignoring UL when it is not necessary, user experience can be increased from those aspects, not to mentioned relieved UE implementation complexity.

· BFRQ transmission
We propose one solution to further reduce the latency and the overhead. It is based on BFR SR on PUCCH and MAC CE transmission on PUSCH. As in [1], if we use normal SR+MAC CE based solution, it will lead to large latency due to the normal procedure of SR transmission. Thus, we introduce special SR called BFR SR for SCell BFR to avoid unnecessary delay because gNB cannot tell the importance of request using normal SR. In addition, the gNB doesn’t know how much UE wants to transmit the data on uplink. BFR procedures based on BFR SR and MAC CE are shown in Figure 2. When UE detects SCell beam failure and finds a new beam, UE sends BFR SR to network to request the UL grant. The gNB could assign enough UL grant for transmitting new BFRQ MAC CE which conveys SCell index and new beam ID. Unlike normal SR, the gNB can schedule UL grant ASAP with higher priority to further reduce the latency unlike normal SR. If we use normal SR, UL grant might be delayed due to high traffic in the cell. Also, we don’t need the additional buffer status reporting (BSR) procedures because gNB exactly know how much UE wants to transmit for SCell BFRQ.



[bookmark: _Ref4682445]Figure 2: SCell BFR procedure using PUCCH BFR SR and BFRQ MAC CE
We give an example of transmitting BFR SR using PUCCH format 0 in Figure 3. When UE transmits UCI using PUCCH format 0, UE selects one cyclic shift (CS) value out of 12 CS values. Figure 3 shows the assigned CS values depending on how many HARQ bits are multiplexed with SR and BFR SR. UE are assigned with two CS values for each SR and BFR SR for SR and BFR SR only. When we transmit 1 HARQ bit with SR and BFR SR, UE are assigned 2 more CS values for BFR SR. So, UE selects one CS value out of 6 CS values according to SR, BFR SR and HARQ information. Also, 2 HARQ bits with SR and BFR SR is shown in the figure. Thus, we can reuse the existing structure for normal SR transmission using PUCCH format 0 and it will lead to small impact for Rel-15. In addition, it is easy for the gNB to schedule or handle PUCCH resource scheduling. 


[bookmark: _Ref4682517]Figure 3: SR and BFR SR transmission with HARQ using PUCCH format 0

Alternatively, we can reuse the existing SR configuration. Each logical channel configuration has SchedulingRequestId which is associated with SchedulingRequestResourceConfig. The periodicity and offset of scheduling request resource and the corresponding PUCCH resource are included in SchedulingRequestResourceConfig. According to the priority of each logical channel (group), the gNB can configure different periodicity (from 2 symbols to 640 slots). In the case of BFRQ, the gNB can assign small periodicity considering the urgency of BFR. However, the gNB should also consider the overhead of PUCCH resources. The gNB can also configure small sr-ProhibitTimer (from 1ms to 128ms) using SchedulingRequestToAddMod for BFR SR in order to further reduce the latency. Therefore, we would like to add SchedulingRequestIdSCellBfr in BeamFailureRecoveryConfig.
When the UE needs to send BFR SR for SCell BFR with HARQ bits and the existing SR for other logical channels in PCell, the UE should drop the existing SR and send BFR SR with HARQ bits. For example, if the UE only transmits 1 or 2 HARQ bits using PUCCH format 1, then the UE uses HARQ PUCCH resource. When the UE needs to send the normal SR with HARQ bits, the UE transmits HARQ bits on SR PUCCH resource. In addition, when the UE needs to send BFR SR, normal SR, and HARQ bits, the UE transmits HARQ bits on BFR SR PUCCH resource which is configured by SchedulingRequestIdScellBfr. Regarding other collision handling with CSI, the UE can apply the same principle as the existing SR collision rule. 
In the last meeting, as a second step of SCell BFRQ procedure the UE can transmit SCell index and new beam index (NBI) using MAC CE. New BFRQ MAC CE can convey only SCell index and new best beam index. Also, it can include SCell index and multiple beam index(es) with corresponding RSRPs similar to normal beam reporting. New MAC CE may include the bit whether UE is able to find a new beam satisfying minimum RSRP threshold, so that the gNB can deactivate the corresponding SCell. According to the agreements of the last meeting, UE reports only 1 beam with corresponding beam index only per SCell during a BFRQ procedure. In order to help RAN2’s specification work, we would like to propose the new design of BFRQ MAC CE. Figure 4 shows one exemplary design for BFRQ MAC CE. MAC CE includes up to 31 SCell indexes using a bit map. Each following byte can include new beam index(es) for each SCell. 



[bookmark: _Ref16757033][bookmark: _Ref16757019]Figure 4: Exemplary design for BFRQ MAC CE 


4.2. FR1 PCell + FR2 SCell with UL and DL
The following agreements were made in RAN1#98bis:
Agreement
[bookmark: _GoBack]For SCell with both UL and DL, at least reuse the same BFRQ procedure as SCell with DL only.
· Note: Whether to support CBRA/CFRA based BFRQ for both scenarios is a separate issue.
· Note: At least from RAN1 perspective, there is no need for introducing restrictions on MAC CE transmission for BFR in Rel-16 
FFS: Whether PUCCH-BFR can be configured on SCells

For initial NR deployment, FR1 PCell + FR2 SCell seems the main scenario for SCell BFR and should be considered with priority. Apparently, anchoring RRC connection on FR1 PCell is beneficial for the cases where FR2 SCell is for e.g., hot-spot type of deployment with low UE mobility.
For SCell with both UL and DL, we can consider other alternatives such as sending BFRQ via CBRA/CFRA on SCell. As there is no CBRA resource on SCell based on current spec, the gNB needs to additionally configure CBRA even on SCell for BFR only. In addition, the probability of contention will be higher on SCell if we configure CBRA on SCell. It will impact RACH performance of PCell UEs of the cell when beam failure happens frequently. 
In the case of CFRA, we already excluded CFRA on PCell as a solution of SCell BFR because we need to reserve the RACH preambles for both PCell and SCell(s). It can be too much overhead. We have a similar problem for CFRA on SCell because we need to reserve the RACH preambles for PCell UEs and SCell UEs of the cell. Thus, we have the following proposal.
Proposal 8: For SCell with both UL and DL, reuse the same BFRQ procedure as SCell with DL only. RAN1 does not consider other alternative for SCell BFR, e.g., send BFRQ via CFRA/CBRA on SCell. 

5. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Proposal 1: For PUCCH/SRS without configured spatial relation, support default spatial relation info association
· For beam-correspondence case, the default spatial relation follows Alt.3:
· TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
· For non-beam-correspondence case, at least for SRS, the default spatial relation follows the spatial relation used by the dedicated PUCCH resource with the lowest resource ID configured in the active UL BWP
Proposal 2: Support TCI-state update for CORESET for a set of CCs even in the different band (inter-band CA) by single MAC CE
Proposal 3: For a CSI report, when reportQuantity is configured to be “ssb-Index-SINR” or “csi-SINR”, we support Alt 4 (N*Z3 and N*Z3’) for the value of Z and Z’. N (at least N=2) can be reported by UE capability
Proposal 4: The maximum number of total number of CMR/IMR for L1-SINR measurement across CCs within a slot is limited by K which is reported by UE capability.
Proposal 5: Do not support QCL-TypeD can be configured to each NZP IMR
Proposal 6: For PUCCH-BFR on PUCCH-SCell, up to 1 PUCCH-BFR resource for a BWP can be configured per UE (Alt2) 
Proposal 7: The UE determines 2 BFD RS as QCL-TypeD RS of CORESETs with 2 lowest index(es) for implicit configuration of SCell BFR. 
Proposal 8: For SCell with both UL and DL, reuse the same BFRQ procedure as SCell with DL only. RAN1 does not consider other alternative for SCell BFR, e.g., send BFRQ via CFRA/CBRA on SCell. 
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