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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Enhancements to multi-beam operation is a key part of the Release 16 WI on NR MIMO enhancement [1]. In this contribution, we provide our views on L1-SINR measurement and report, spatial relationship for PUCCH and SRS, and SCell beam failure recovery, based on the agreements achieved in RAN1#97 [2], RAN1#98 [3] and RAN1#98bis [4].

Discussion
Spatial relationship of PUCCH and SRS
Simultaneous spatial relation update for multiple PUCCH resources
The following agreements are reached in the last meeting:
Agreement
Confirm the working assumption made in RAN1#97, with the following updates.
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP.
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups within RAN1#98bis, only up to two groups will be supported in Rel-16
· Note: the terminology of “group” may or may not be in specifications.
Agreement
At least for the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE, explicit higher layer signalling on PUCCH resource grouping is supported.
· Signalling details are up to RAN2

Agreement
For the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE,
· Support up to 4 groups per BWP.

It was agreed that explicit higher layer signaling on PUCCH resource grouping is supported for the feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]One simple option is to define several PUCCH groups with different group IDs, and all PUCCH resources within the same PUCCH group share the same spatial relation. For this case, only PUCCH group ID need be included in the MAC CE compared with the MAC CE in Rel-15. Up to 8 PUCCH-spatialRelationInfo values can be configured for a UE in a BWP, while only up to 4 PUCCH groups per BWP can be configured. It means that only 4 out of 8 configured PUCCH-spatialRelationInfo can be used for all PUCCH resources, the flexibility is reduced compared to the Rel-15. 
Another option is that all PUCCH resources of a PUCCH group are indicated by a bitmap in the MAC CE along with the PUCCH group ID, where the bitmap indicates which PUCCH resources within the group should update their spatial relation by the indicated value in this MAC CE. This offers more flexibility than the previous approach. Based on the above discussion, we have the following proposal:
Proposal 1:
· PUCCH group with group ID should be configured by RRC.
· All PUCCH resources of a same PUCCH group should be indicated by a bitmap in the MAC CE along with the PUCCH group ID, where the bitmap indicates which PUCCH resources within the group should update the spatial relation by the indicated value in the MAC CE.

Default spatial relation for dedicated-PUCCH/SRS
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The default TCI states or QCL assumption for PDSCH reception in Rel-15 has been widely discussed and it is reasonable to extend it for SRS and dedicated-PUCCH for the UE with beam correspondence. However, the solution can only be used for the single TRP case. For example, one TRP transmits a DCI scheduling a PUCCH to report the ACK/NACK feedback to this TRP, however, the scheduled PUCCH may be transmitted to the another TRP using the default spatial relation determined by the TCI state configured for the CORESET with the lowest ID. Because the CORESET with lowest ID is configured for a fixed TRP. So we want to confirm the working assumption with the following updates.
Proposal 2: Confirm the working assumption with the following updates(RED). 
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· Default TCI state or QCL assumption of PDSCH, i.e.,
· in case when CORESET(s) are configured on the CC, the CORESET with the lowest ID in the most recent monitored downlink slot, or 
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least only for the single TRP case
· FFS: Details on UE behavior in the absence of the activated TCI state
· FFS: Details on default spatial relation in multicarrier scenario
· FFS: Details on which RS to use for pathloss measurement
· FFS: Details on how to handle this issue in case pathloss RSs are configured

It has been agreed that a higher layer index, i.e. CORESETPoolIndexx, can be configured for each CORESET for TRP differential and each PUCCH resource is also associated with a CORESETPoolIndexx value. So the UE can be specific the target TRP for a PUCCH resource based on the associated CORESETPoolIndexx value. And the target TRP should not be changed by using the default spatial relation in multi-DCI based multi-TRP scenario. Based on this assumption, we have the following proposal:

[bookmark: _GoBack]Proposal 3: If the higher layer index, i.e. CORESETPoolIndex, is configured for each CORESET and each PUCCH resource is associated with a CORESETPoolIndex value, the default spatial relation for dedicated-PUCCH is determined by the default TCI state or QCL assumption of PDSCH, i.e. in case when CORESET(s) are configured on the CC, the CORESET with lowest ID among the CORESETs configured with the same higher layer index value which is associated with the PUCCH resource in the most recent monitored downlink slot.

SCell beam failure recovery
MAC-CE of Scell BFRQ multiplexed with PUSCH without PUCCH-BFR triggering

As discussed in RAN1 #98, Scell BFRQ step 2 MAC CE can be transmitted in a PUSCH without Scell BFR step 1 triggering. Then, we should discuss in which case Scell BFRQ step 2 MAC CE can be transmitted in a PUSCH without Scell BFRQ step 1 triggering. Firstly, considering that the PUSCH can either be new transmission or retransmission, Scell BFRQ step 2 MAC CE obviously can’t be transmitted in the PUSCH when it is a retransmission, because the data transmitted in a retransmission should be always be same to the original transmission. Secondly, Scell BFRQ step 2 MAC CE can’t be transmitted in a PUSCH if the resources scheduled for the PUSCH can’t carry the whole Scell BFRQ step 2 MAC CE. 

In the following discussion, we assume that the two conditions where Scell BFRQ step 2 MAC CE can be transmitted in a PUSCH mentioned before are satisfied. Besides, we will discuss the time limitation if Scell BFRQ step 2 MAC CE can be transmitted in a PUSCH without Scell BFRQ step 1 triggering. As shown in Fig 1, if there is a UL DCI transmitted in slot n to schedule a PUSCH transmitted in slot m for a UE, the UE will decode the UL DCI and prepare the data for PUSCH transmission during the time between slot n and slot m. If the UE finds that it has a beam failure in Scell with CC index(es) c, and possibly the corresponding new beam index(es), then the UE will prepare the MAC CE which indicates the failed CC index(es) and the corresponding new beam index(es) to the gNB. Considering the preparing of Scell BFRQ step 2 MAC CE and the multiplexing of the MAC CE in the PUSCH is both time consuming, time is needed to multiplex the MAC CE in a PUSCH. According to the analysis, there is a time limitation to multiplex Scell BFRQ step 2 MAC CE in a PUSCH. There is a minimal time interval between the UE detecting the Scell beam failure and the start of a PUSCH where Scell BFRQ step 2 MAC CE can be multiplexed, which is defined as a t_threshold as shown in Fig 1. t_threshold is related to the UE process capability which should be further studied. 
As shown in Fig1, Case 1 is that a UE detects a Scell is beam failed in t1 and the start time of the PUSCH is t3 where the time_offset1 between t1 and t3 is not smaller than t_threshold. In this case, the Scell BFRQ step 2 MAC CE can be multiplexed in the PUSCH since the time is enough for MAC CE multiplexing in the PUSCH. Case 2 is that a UE detects a Scell is beam failed in t2 and the start time of the PUSCH is still t3 where the time_offset2 between t2 and t3 is smaller than t_threshold. In this case, the Scell BFRQ step 2 MAC CE can’t be multiplexed in the PUSCH since the time is not enough for MAC CE multiplexing in the PUSCH. Therefore, we proposal that:

Proposal 4: Scell BFRQ MAC CE can be multiplexed with a PUSCH not triggered by SCell PUCCH-BFR when the time interval between the detection of Scell beam failure and the start of the PUSCH is not smaller than a time threshold.

Proposal 5: The time threshold is related to UE capability and should be further studied.
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Figure 1. Multiplexing SCell BFRQ MAC-CE in PUSCH

Configuration of PUCCH-BFR in PUCCH-Scell

In RAN1#98bis meeting, the following working assumption regarding the configuration of PUCCH-BFR was agreed:

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.

Configuration of PUCCH-BFR in PUCCH-SCell offers more robustness to the beam failure recovery process and should be allowed. We think the working assumption should be endorsed. Furthermore, for the non-DC case, it should be sufficient to configure 1 PUCCH-BFR resource for a BWP per PUCCH group. Because the cc index is included in the MAC-CE, the purpose of PUCCH-BFR transmitted in a SCell is simply to signal the SR for the PUSCH carrying the MAC-CE, and multiple CCs belong to the same PUCCH group should be able to share the PUCCH-BFR. Therefore among the alternatives proposed in RAN1#98bis meeting, we think Alt 1b makes the most sense and should be supported. 
	Proposal 6: Endorse the above working assumption from RAN1#98bis meeting and support Alt 1b. 

Multiplexing of PUCCH-BFR with PUSCH 

As we discussed above, whether the Scell BFRQ step 2 MAC CE can be multiplexed in a PUSCH without Scell BFRQ step 1 triggering is related to whether the time interval between the detection of Scell beam failure and the start of the PUSCH meets a time threshold. Since the detection time of Scell beam failure is only known by UE, gNB don’t know whether there is Scell BFRQ step 2 MAC CE multiplexed in a PUSCH without Scell BFRQ step 1 triggering in advance. As we know, when the PUCCH carrying SR overlaps with a PUSCH, the SR is not transmitted in NR R15. Though Scell BFRQ step 1 is SR-like, it has a higher priority than normal SR since it has a lower latency requirement than normal SR. Therefore, if the PUCCH configured for Scell BFRQ step 1 transmission overlaps with a PUSCH, the Scell BFRQ step 1 state should be reported in the PUSCH to indicate the gNB whether the UE requests UL resource to report the Scell BFRQ step 2 MAC CE. Considering that it is possible that Scell BFRQ step 2 MAC CE can be transmitted in the PUSCH, the state of Scell BFRQ step 1 should depend on whether the corresponding Scell BFRQ MAC CE can be transmitted in the PUSCH. If the Scell BFRQ MAC CE can be multiplexed in the PUSCH which means it doesn’t need dedicated UL resource to transmit the MAC CE, the Scell BFRQ step 1 state transmitted in the PUSCH should be negative. If the Scell BFRQ MAC CE can’t be multiplexed in the PUSCH which means it needs other UL resource to transmit the MAC CE, the Scell BFRQ step 1 state transmitted in the PUSCH should be positive. Besides, the Scell BFRQ step 1 can be transmitted in the PUSCH by rate matching or puncturing. According to the analysis above, we proposal that:
Proposal 7: When PUCCH-BFR resource overlaps with a PUSCH, PUSCH-BFR should be multiplexed in PUSCH. 

Conclusion

We have discussed L1-SINR measurement and report, default spatial relationship and updating for PUCCH and SRS, and SCell beam failure recovery. Our proposals are summarized as below: 

Proposal 1:
· PUCCH group with group ID should be configured by RRC.
· All PUCCH resources of a same PUCCH group should be indicated by a bitmap in the MAC CE along with the PUCCH group ID, where the bitmap indicates which PUCCH resources within the group should update the spatial relation by the indicated value in the MAC CE.

Proposal 2: Confirm the working assumption with the following updates(RED). 
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· Default TCI state or QCL assumption of PDSCH, i.e.,
· in case when CORESET(s) are configured on the CC, the CORESET with the lowest ID in the most recent monitored downlink slot, or 
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least only for the single TRP case
· FFS: Details on UE behavior in the absence of the activated TCI state
· FFS: Details on default spatial relation in multicarrier scenario
· FFS: Details on which RS to use for pathloss measurement
· FFS: Details on how to handle this issue in case pathloss RSs are configured

Proposal 3: If the higher layer index, i.e. CORESETPoolIndex, is configured for each CORESET and each PUCCH resource is associated with a CORESETPoolIndex value, the default spatial relation for dedicated-PUCCH is determined by the default TCI state or QCL assumption of PDSCH, i.e. in case when CORESET(s) are configured on the CC, the CORESET with lowest ID among the CORESETs configured with the same higher layer index value which is associated with the PUCCH resource in the most recent monitored downlink slot.

Proposal 4: Scell BFRQ MAC CE can be multiplexed with a PUSCH not triggered by SCell PUCCH-BFR when the time interval between the detection of Scell beam failure and the start of the PUSCH is not smaller than a time threshold.
Proposal 5: The time threshold is related to UE capability and should be further studied.
Proposal 6: Endorse the above working assumption from RAN1#98bis meeting and support Alt 1b. 
Proposal 7: When PUCCH-BFR resource overlaps with a PUSCH, PUSCH-BFR should be multiplexed in PUSCH. 


References
[1] [bookmark: _Ref523924562][bookmark: _Ref477447693]3GPP RP-182863, Revised WID:  Enhancement on MIMO for NR. 
[2] [bookmark: _Ref20745589][bookmark: _Ref525744507][bookmark: _Ref528792518]3GPP RAN1#97 chairman’s notes.
[3] 3GPP RAN1#98 chairman’s notes.
[4] [bookmark: _Ref20745595]3GPP RAN1#98bis chairman’s notes.

