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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. [bookmark: _GoBack]Enhancements on beam measurement and reporting
2.1.1. Panel-specific UL beam selection/transmission
The following agreement is made in RAN1#97 and to select one in RAN1#98 meeting.
Agreement
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]


From our view, Alt.2 (UL-TCI) introduces a general framework change and the major advantage is to unify UL/DL design. However, several concerns are raised for this approach. First, the alternative itself is not meant to resolve panel-specific transmission issue as it still replies on an optional panel-ID which we think should discuss separately. Second, the change scope is too large to be compatible with the existing Rel-15 framework, which involves, for example, UL beam indication, RRC parameters, MAC CE and covers several types of channel (e.g., SRS, PUSCH, PUCCH, etc). We think Rel-16 enhancement should be based on Rel-15 framework. 
Proposal 1: Do not support UL-TCI (as in Alt.2) in Rel-16.
To pursue Alt.3, the new panel ID should be able to support the following use cases and requirements:
1. SRS resources with the same panel ID could share the same hardware, therefore, it only requires one of SRS resource with the same panel ID can be transmitted at a given time.
2. Each set with the same panel ID can have independent power control.
3. Panel indication
a. [bookmark: OLE_LINK8]UE could control panel activation/deactivation (e.g., due to power consumption, MPE, …). The updated panel ID is reported to gNB for further optimization. E.g., scheduling, resource allocation, etc.
b. gNB could specify which panel ID to transmit to optimize system performance.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Also, the defined panel ID should be (at least) applied to SRS usages: beamManagement, codebook, and nonCodebook. 
In order to have a single solution for both beam-correspondence and non-beam-correspondence devices, it is preferred to configure panel-ID explicitly instead of implicit signaling by DL beam reporting. That also suggests the panel-ID configuration should be separated from spatialRelationInfo. The configuration separation can also help to avoid massive spatialRelationInfo.
Proposal 2: panel-ID is explicitly configured to UE
As SRS resource set in Rel-15 already has required power control parameters, SRS resource set can associate with one panel-ID. Panel specific operations (e.g., activation/deactivation) via panel-ID will indicate a set SRS resource set with the same panel. That is said, SRS resource set for beamManagement/codebook/nonCodebook is a panel specific entity carrying the required configuration for multi-panel operations. Following the similar thinking. For PUCCH, as power control parameters are located in PUCCH-SpatialRelationInfo, the panel-ID can be configured in PUCCH-SpatialRelationInfo. 
For PUSCH transmission, panel-ID+SRI indicates which UL beam from which panel is used for UL and can be extended to simultaneous multi-panel transmission easily. Furthermore, in order to make this work, it needs to increase number of SRS resource sets for codebook/nonCodebook to X (where X>1). 
Whether to signal panel-ID by DCI or by MAC CE can be further studied. Also, it is FFS if it needs to consider panel selection can be different for different time behaviors (i.e., P-SRS, SP-SRS, A-SRS).
Proposal 3: Extend number of SRS resource set for codebook/nonCodebook


2.1.2. UL beam management for MPE issues

Agreement (RAN1#97)
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support.
If no consensus in RAN1#98, no further discussion in RAN1.

Four alternatives are discussed in previous RAN1 meeting to deal with MPE issue. Alt.4 should be the baseline and we discuss our view for Alt.1 – Alt.3 by UL beam management in this subsection. 
Alt.1 (UE reports preferred reference RS)
UE reports the preferred UL beam (via reference RS index) in the UL report, the reference RS could include CSI-RS/SSB as well as SRS. For multi-panel enabled UE, the preferred panel-ID can be included in the UL report. Based on the report, gNB can make its decision and configure one UL beam for transmission. Separate DL and UL report is preferred. By decoupling DL and UL reporting, it allows individual control (e.g., period and frequency) for DL measurement and UL sensing. However, creating a new type of report also need to consider reporting resources (e.g., reporting channel, priority rules) carefully and whether other information such as beam specific pathloss, MPR or PHR are included can be further studied. 
Alt.2 (SRI indicates multiple SRS resources) 
The main issue for this approach is that gNB does not know which SRI that UE is selected. Since the indicated multiple SRS resources may experience very different pathloss, gNB is not be able to set an appropriate configuration (e.g., MCS) for UL grant. In that case, the worst case scenario need to be considered (e.g., minimum MCS) and that sacrifices the performance.

Alt.3 (Beam specific PHR reporting)
With this approach, UE can use existing Rel-15 PHR reporting framework (via MAC CE) to indicate preferred transmission. From our understanding, however, there are some missing parts in Rel-15 for specifying beam specific quantity. For example, in MAC CE for PHR in 38.321 has no SRI information to identify a beam. Similar issue also in the PHR calculation formula in 38.213. In order to leverage the PHR framework for MPE issue, modify current message field by adding SRI (and optionally panel-ID) should be supported.
It should be noted that, the agreed scheme will open a way for UE to indicate preferred UL beam(s) in other use cases in additional to MPE issue, so careful study is required. Regarding MPE issue, we should also note that all above discussed enhancements assume UE is able to correctly sense close proximity of human body or estimate the power level toward a body, how good the overall system works is unclear and how it impacts UE complexity needs more study. Considering Rel-16 timeline, the enhancements (not preclude other alternatives) can be further studied and discuss in Rel-17. Finally, the enhancement should be an optional feature.
Based on above discussion, we have following proposals:
Proposal 4: For MPE enhancement, continue studying Alt.1 and Alt.3
· For Alt.1
· Separate DL and UL report
· FFS: reporting resource (e.g., reporting channel, priority rules)
· UL report includes CRI/SSBRI/SRI/[Panel-ID]
· FFS: whether to report beam specific pathloss, MPR or PHR
· For Alt.3
· Introduce beam/panel specific PHR and the corresponding MAC CE report

Proposal 5: MPE enhancement is UE optional feature

2.1.3. UL beam management enhancement
UL beam management procedure defined in Rel-15 can be used to correct the UL beam pair link misalignment if the tolerance of UE beam correspondence is big. However, current UL beam management procedure is not efficient in the sense that only full UE TX beam sweeping can be conducted. To our understanding, UE beam correspondence exists but could be imperfect [1]. That is to say, UE Tx beams and Rx beams are correlated anyway. When a Tx beam which is configured with same beamforming weight with a UE Rx beam, a correspondingly best Tx beams would lie in the neighborhood of the Tx beam. In this sense, conditioned on DL beam management results, UL beam management overhead can be reduced instead of starting beam search from scratch. 
Specifically, U-3 procedure which enables NW to measure locally swept UE TX beams with a fixed RX beam should be supported. The amount of UE Tx beams to be trained can be narrowed down to the neighborhood of a corresponding DL beam pair link, as illustrated in Figure 2. For this, the concept of “partial beam correspondence” and the indication of such spatial relation information should be discussed. One example to realize this is for UE to report the number of SRS resources needed even UE reports positive beam correspondence support.
Proposal 6: U-3 procedure which allows UE local TX beam sweeping around an indicated spatial relation information is supported for reducing UL beam training overhead.


Figure 2: UL local beam search conditioned on DL beam management results


2.2. DL beam management
2.2.1. Group-based reporting
The following agreements were made in RAN1 NRAH1701 and RAN1#88:
Agreement:
· Support at least one of these two alternatives of beam reporting:
· Alt 1:
· UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s) where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal
· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam
· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.
· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· Alt 2:
· UE reports information about TRP Tx Beam(s) per UE antenna group basis where UE antenna group refers to receive UE antenna panel or subarray 
· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam
· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.
· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE
· Further discussion for possible down-selection or merging, especially taking into account overhead

To compare the two alternatives, one crucial factor to be considered is their achievable performance with and without FDM scheduling among users. Assuming only one analog beam can be realized by NW and no FDM scheduling is attempted, only one UE is scheduled at a time. This scheme would favour A1-based group reporting since individual users report their preferred beam groups to be used for transmission, and NW will most likely follow the request unless the TX beams in the request beam group is not realizable by NW.
On the other hand, if FDM scheduling among users is attempted, a compromise on the selected TX beams needs to be achieved in order to put more users at a same scheduling unit. In this case, system can benefit from A2-based group reporting since more beam grouping flexibility is provided to NW for reaching compromise.
The two considered criteria have their individual benefits in different perspectives. An initial comparison is provided below:
· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE.
· Pros:
· Reported beam group reflects UE’s preference on NW TX beams.
· The number of groups is not limited to UE receiving capability, i.e., antenna groups.
· Preferred beam group can be determined not only based on RSRP, but potentially could also be based on an estimated throughput by assuming a preferred precoder
· Beneficial in non-FDM scheduling case
· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· Pros:
· NW can select TX beams to serve UE based on UE’s report and NW capability
· To achieve same flexibility of beam combinations at NW side, less overhead is needed than beam set based reporting
· Beneficial in FDM scheduling case
In current TS 38.214, group-based reporting supports to report N=2 beams. This makes the above 2 alternatives indistinguishable. More specifically, In Rel-15 38.214, if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. If the two reported beams belong to a same group, it would be Alt 1. If the two reported beams belong to different groups, it would be Alt 2. However, we can see that there is no “group” definition in Rel.15 spec. We don’t have to differentiate that it is Alt1 or Alt2.  The criteria for beam selection is up to UE implementation. In this sense, it can be considered as a merged version of the two alternatives. Current multi-panel/multi-TRP scenario has not been confirmed and thus, it is not clear whether more than 2 panels/TRPs will be supported or not. Before considering increasing the number of reported beams, more study is needed to justify the need. If further extension is still desirable, a solution that is compatible with the principles of UL SRS-based beam management should be prioritized.
[bookmark: _Ref525988381]Observation 1: Currently supported group-based reporting mechanism (with N=2 reported beams) is a merged version of the two debating alternatives.
[bookmark: _Ref525988383]Observation 2: Number of supported panels/TRPs in multi-panel/multi-TRP scenarios should be confirmed first before considering increasing the number reported beams in group-based reporting.


3. Interference measurement for L1-SINR
At the Reno meeting, the following was agreed concerning scenarios for L1-SINR:
Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
Note: CSI-RS above is CSI-RS for BM


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.  Alt. 3 from RAN1 #96 should be supported. We have
Proposal 7: Dedicated ZP IMR and NZP IMR can be configured for interference measurement for L1-SINR.

4. Beam failure recovery on SCell
For proper designing SCell BFR, scenarios to be supported should first be discussed. Additionally, in Rel-15, contention-based random access (CBRA) is used as fallback mechanism for beam failure recovery. Since only PCell is configured with CBRA resources, whether or not to support fallback mode BFR on SCell needs to be discussed.
4.1. [bookmark: _Ref4683023]FR1 PCell + FR2 SCell
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.
FR2 SCell BFR design can assume a straightforward application of Rel-15 BFR design, if only contention-free PRACH channel is used. As there is no CBRA resource on SCell, no fallback mode BFR on SCell based on current spec is applicable. Since Rel-15 fallback mode BFR intends to provide a more robust BFR scheme than its contention-free counterpart, it is beneficial to have similar mechanism. It should also be noted that in Rel-15 design, fallback mode always exists as long as there is CF-PRACH based BFR.
Two alternatives can be studied for SCell BFR fallback design:
1. CBRA on SCell: in this case, CBRA resources are configured on SCell. Since CBRA SCell is not supported for any other purposes, CBRA resources on SCell is dedicated for BFR only.
2. CBRA on PCell: CBRA resources configured on PCell are reused (or partially reserved) for SCell BFR purpose. In this case, additional study on what message to carry in BFRQ and on which cell to send NW response is needed.
[bookmark: _Ref525988384]Observation 3: Contention-based BFR on SCell provides better robustness for link recovery.
[bookmark: _Ref525988309]Proposal 8: To provide a contention-based BFR on SCell as fallback mode, discuss between the following two alternatives: 1) CBRA on SCell, 2) CBRA on PCell.
4.2. [bookmark: _Ref4683011]FR1/FR2 PCell + FR2 DL-only SCell 
Another 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
At the last meeting in Reno, the following was agreed concerning scenarios for SCell BFR:
Agreement
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
Send an LS to RAN2 to ask their input with reference to this agreement from their specification work point of view considering their workload. 

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 [2], 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 4. 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 5. When UE transmits UCI using PUCCH format 0, UE selects one cyclic shift (CS) value out of 12 CS values. Figure 5 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. 
Proposal 9: Reuse the existing SR configuration for BFR SR and add SchedulingRequestIdScellBfr in BeamFailureRecoveryConfig.
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 

Proposal 10: For FR2 DL-only SCell BFR, UE requests beam failure using BFR SR on PCell PUCCH and transmits the failed SCell index and new beam index(es) using the following MAC CE transmission. 

· BFR response
In principle, gNB response can be transmitted on either PCell or SCell. If transmitting on SCell, the response can be used for making sure beam alignment based on the selected-candidate beam. On the other hand, if PCell CBRA is used as fallback, transmitting gNB response of CF-PRACH on SCell would make UE to have different monitoring targets for CBRA BFR and for CF-PRACH BFR.
Table 1: Summary on Options for BFRQ and gNB response transmission
	
	BFRQ with candidate beam info
	BFRQ without candidate beam info

	gNB response on PCell
	Candidate beam information can be used to reactivate SCell PDCCH beam via PCell DCI (may be the same one as gNB response)
	Pro: less PRACH overhead 
Con: further signaling step is needed to recover SCell BPL

	gNB response on SCell
	Pro: beam alignment confirmation on SCell as by-product
Con: different serving cells for monitoring gNB response between CF-PRACH BFR and CBRA BFR
	N/A
(need candidate beam information for transmitting gNB response on SCell)



[bookmark: _Ref525988310]Proposal 11: For FR2 DL-only SCell BFR, decide on which serving cell to transmit gNB response.
5. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Proposal 1: Do not support UL-TCI (as in Alt.2) in Rel-16.
Proposal 2: panel-ID is explicitly configured to UE
Proposal 3: Extend number of SRS resource set for codebook/nonCodebook
Proposal 4: For MPE enhancement, continue studying Alt.1 and Alt.3
· For Alt.1
· Separate DL and UL report
· FFS: reporting resource (e.g., reporting channel, priority rules)
· UL report includes CRI/SSBRI/SRI/[Panel-ID]
· FFS: whether to report beam specific pathloss, MPR or PHR
· For Alt.3
· Introduce beam/panel specific PHR and the corresponding MAC CE report  
Proposal 5: MPE enhancement is UE optional feature
Proposal 6: U-3 procedure which allows UE local TX beam sweeping around an indicated spatial relation information is supported for reducing UL beam training overhead.
Observation 1: Currently supported group-based reporting mechanism (with N=2 reported beams) is a merged version of the two debating alternatives.
Observation 2: Number of supported panels/TRPs in multi-panel/multi-TRP scenarios should be confirmed first before considering increasing the number reported beams in group-based reporting.
Proposal 7: Dedicated ZP IMR and NZP IMR can be configured for interference measurement for L1-SINR.
Observation 3: Contention-based BFR on SCell provides better robustness for link recovery.
Proposal 8: To provide a contention-based BFR on SCell as fallback mode, discuss between the following two alternatives: 1) CBRA on SCell, 2) CBRA on PCell.
Proposal 9: Reuse the existing SR configuration for BFR SR and add SchedulingRequestIdScellBfr in BeamFailureRecoveryConfig.
Proposal 10: For FR2 DL-only SCell BFR, UE requests beam failure using BFR SR on PCell PUCCH and transmits the failed SCell index and new beam index(es) using the following MAC CE transmission.
Proposal 11: For FR2 DL-only SCell BFR, decide on which serving cell to transmit gNB response.
6. References
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