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1. Introduction
A revised Rel.16 MIMO WID was agreed in RAN#85 with the following scope.
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify beam failure recovery for SCell with DL/UL as well as UL-only, where PCell can be operating on FR1 as well as FR2

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
Significant progress was made in the last RAN1 meeting. This contribution presents our views on some of the remaining issues.
2. UL Beam management with latency / overhead reduction
2.1. Default beam for PUCCH/SRS
	Working Assumption
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 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




UL transmission needs to meet a certain quality control to be detectable to the NW. Such quality control needs to be satisfied on multiple fronts, including both power control and beam management. If beam management is optimized but power control is left unmanaged, it is still difficult to ensure the overall link quality of UL transmission. Therefore it is our opinion that if beam management is to be optimized, pathloss RS is configured in the most typical cases.  
Observation 1 The use case of NW not configuring pathloss RS but needs a default UL beam is unclear. 

When pathloss RS is configured, it is natural to use pathloss RS as the default UL spatial relation info reference. Pathloss RS as a reference allows dynamic UL beam refinement in accordance with the instantaneous propagation channel. This would achieve better performance than any other semi-static DL beam assumption (e.g. lowest CORESET ID, lowest activated PDSCH TCI state) as these are in no way related to the desirable UL beam. 
Another possible alternative is to use the DL TCI of the triggering PDCCH for aperiodic PUCCH/SRS. This would achieve better performance, without adding any UE complexity. For periodic PUCCH/SRS, pathloss RS can still be used. 
Proposal 1 When pathloss RS is configured: 
· For A-PUCCH/SRS, the default UL spatial relation info is the DL QCL source of the triggering PDCCH.
· For P-PUCCH/SRS, the default UL spatial relation info is the configured pathloss RS.

One open issue is the UE behaviour when neither activated PDSCH TCI nor CORESET is present in the CC. Since there is no other valid DL reference, ppathloss RS would be a straightforward solution in this case. 
Proposal 2 If neither activated PDSCH TCI nor CORESET is present in the CC, pathloss RS is the default reference for UL spatial relation info. 

Another open issue is the UE behaviour for cross-carrier scheduling. None of the aforementioned default DL beam alternatives (e.g. CORESET ID, PDSCH TCI state, triggering PDCCH) would address both inter-band and intra-band scenarios. Pathloss RS seems to be the only valid solution. 
Proposal 3 For cross-carrier scheduling, pathloss RS is assumed the default UL spatial relation info. 
Another remaining issue is the default UL spatial relation for PUSCH scheduled by DCI 0-0 in a carrier without PUCCH resources configured with spatial relation info. Since scheduling DCI 0-0 is always in the same CC scheduled PUSCH, using the DL QCL of triggering DCI 0-0 as UL spatial reference for scheduled PUSCH is the most straightforward approach, which also yields the best performance. Another possible solution is to use the latest successful RACH transmission; however this case does not work for a DL-only SCell or when RACH transmission is not possible, hence it is an incomplete solution.
Proposal 4 UL spatial relation info of PUSCH scheduled by DCI 0-0 is based on the DL QCL of the triggering PDCCH. 
2.2. Cross-BWP/CC beam management with one MAC-CE
For cross-CC/BWP TCI activation/update for PDSCH, the following agreements were reached in RAN1#98bis. 
	Conclusion

For the agreed feature of single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs,

· In the RRC perspective, the candidate (up to 128) TCI-states are still independently configurable by RRC for each CC/BWP.

Agreement
When a set of TCI-state IDs for PDSCH are activated 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 signalling, the same set of TCI-state IDs are applied for the all 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 set of PDSCH 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.

· FFS: How many combinations of CCs can be configured by RRC and relevant UE capability

Agreement
For the purpose of simultaneous TCI state activation across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.

· UE expect no overlapped CC in multiple RRC-configured lists of CCs.


Given that the set of candidate TCI states are independently configured per CC/BWP, it is possible that the set of activated TCI states ID for CC A may not actually be configured for CC B. For instance, CC B may be configured with only 8 states, while the TCI states ID activated for CC A exceeds 8. A simple remedy is to preclude this corner case.
Proposal 5 UE expects the same set of configured TCI state IDs to be configured for all CC. 
It is also FFS whether the agreed mechanism in RAN1#98bis should be applicable for inter-band operation, in addition to the current intra-band scenario. In our view the agreed mechanism in RAN1#98bis is generic and should be band-agnostic, at least from RAN1 perspective. On the other hands, different UE implementations may or may not support using the same Rx beam across inter-band CCs. Therefore UE capability can be introduced. 
Proposal 6 Support inter-band across-CC TCI activation in RAN1. Whether UE supports this feature is a UE capability. 
3. Beam failure recovery on SCell
3.1. Selection rule for BFD-RS
It was agreed that UE supports up to 2 BFD RS per BWP per SCell. Since up to 3 CORESETs can be configured in a SCell BWP, whether it is necessary to define a selection rule to determine the 2 BFD RS from 3 CORESETs needs to be resolved. 
	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




Configuring multiple CORESETs is mainly to achieve beam diversity by injecting different CORESETs to different beam directions; hence in the most typical use cases the beams allocated to different CORESETs are non-overlapping. If UE must choose 2 out of 3 CORESETs, whether a selection rule is needed should take into account system performance gain and scheduling flexibility restriction. 
If no selection rule is defined, NW will know that 2 CORESETs failed and a new beam, but has no information of the 3rd CORESET. There are only two things the NW can do:

· Alt1: deactivate the 3rd CORESET, and reconfigure TCI for the remaining 2 CORESETs, mostly likely with the new beam or through a separate beam report

· Alt2: keep the 3rd CORESET activated, and reconfigure TCI state for all 3 CORESETs, most likely with the new beam, or through a separate beam report 
Regardless which alternative the NW chooses,  knowing exactly what the 3rd CORESET is does not seem to produce any clear benefit. The NW will do exactly the same thing after receiving BFRQ, irrespective if a selection rule is defined or not. Hence our current preference is not to introduce a selection rule, and leave it to UE implementation. It is also noted that a selection rule would most likely imply a NW default behavior in configuring the CORESET beams. As a NW vendor, this is not very attractive to us. 

Proposal 7 Do not introduce selection rule for BFD RS. How to select 2 BFD RS out of 3 CORESET is left to UE implementation. 
3.2. PUCCH-SCell

	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 behaviour supported in current spec

The above PUCCH group refers to the existing PUCCH group description in TS38.213.




RAN2 agreed that one scheduling request ID is introduce per cell group, which is more in line with alt-1. Between alt-1a and alt-1b, alt-1b is slightly more preferable. The issue with alt-1a is that NW may need to blindly decode which PUCCH-BFR resource is selected by the UE, which adds to error probability. Also, since PUCCH-BFR does not indicate the actual cell group that had beam failure, NW implementation has to resolve such ambiguity in determining the amount of UL resources for ensuing BFRQ, as well as responses to BFR-MAC-CE. 
Proposal 8 Adopt 1b (e.g. PUCCH-BFR resource is shared among Cs in the respective PUCH group), if the WA is to be confirmed (e.g. PUCCH-BFR can be configured in PUCCH-SCell with if PUCCH group is configured).
3.3. Beam overwriting for PDSCH/PUCCH/PUSCH/SRS
It was agreed that K symbols after receiving a positive response to step 2 MAC-CE, UE should apply the new beam indicated in the MAC-CE (qnew, if found) for PDCCH reception on the failed SCell. The open issue is whether the same overwriting should be applied to other DL signal (e.g. PDSCH, CSI-RS, or even SSB) or UL signal (e.g. PUSCH/PUCCH/SRS). 

	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


For PDSCH, TCI-presentinDCI can be turned ON or OFF. 

· If TCI-presentinDCI is ON, NW explicitly controls the PDSCH beam, e.g. by maintaining a separate beam reporting procedure. 
· First, it is possible that NW maintain different sets of beams for PDCCH and PDSCH, e.g. wide beam for PDCCH for robustness, and narrow beam for PDSCH for beamforming gain. In this case it is preferable to let NW control the PDSCH beam with PDSCH BM RS, not based on PDCCH BM RS (e.g. new candidate beam RS). A CORESET beam failure is by no means an indication of PDSCH beam failure. A new candidate beam for PDCCH (e.g. wide beam) is not necessarily better than PDSCH beam. 
· Secondly, if PDCCH/PDSCH beams are of the beam width. 
· If PDSCH BM RS and candidate new beam set of PDCCH are non-overlapping, NW will mostly likely continue to use the PDSCH BM RS for PDSCH. There is no way to compare the quality of new candidate beam RS set for PDCCH and BM RS for PDSCH, so overwriting does not make much sense.  

· If PDSCH BM RS and candidate new beam RS set of PDCCH is partially overlapping

· If qnew is superior to the previous best beam for PDSCH, NW can simply indicate qnew  to PDSCH through TCI indication. No new behavior is needed. 
· If qnew is inferior to the previous best beam for PDSCH, NW should still use the previous best beam for PDSCH. No new procedure is needed.   
· The only foreseeable use case of overwriting for PDSCH is where new candidate beam RS set for SCell BFR and beam management RS set for PDSCH are completely overlapping, and a new BFR RS is not within the activated TCI states for PDSCH, where overwriting may save some delay of MAC-CE activation of PDSCH TCI states. This is a very minor optimization that does not warrant a new PDSCH reception behavior. 
· The above discussion assumes same-CC scheduling. For cross-CC scheduling, overwriting PDSCH beam in one CC with qnew found in another CC is even less motivated, given numerous inapplicable scenarios (e.g. inter-band, non-QCL intra-band).
· If TCI-presentinDCI is OFF, PDSCH follows scheduling PDCCH beam (when scheduling offset is larger than threshold) or lowest CORESET beam (when scheduling offset is smaller than threshold). In both cases, as PDCCH beam is overwritten by qnew, the current NR specification already achieves the intended functionality, without explicitly introducing specification change. 
Proposal 9 Do not introduce new PDSCH BM behavior due to SCell BFR (e.g. overwriting by qnew).
For UL transmission (PUSCH/PUCCH/SRS), beam correspondence must be valid if overwriting with qnew is to be considered. In this case, the baseline is the existing normal UL BM procedure with DL RS. The same conclusion as for PDSCH holds. Note this case is different than PCell BFR in Rel.15 where overwriting PUCCH beam by RACH beam is applied. For PCell, CBRA is initiated as a result of PCell BFR, which implicitly includes a fresh round of UL beam sweeping. Therefore overwriting PUCCH beam makes sense. Even for PCell, overwritten is by the latest RACH transmission, not by qnew.  However for SCell BFR, there is no RACH-based UL beam sweeping, and overwriting by qnew is baseless.
Proposal 10 Do not introduce new UL BM behavior to PUCCH/SRS/PUSCH due to SCell BFR (e.g. overwriting by qnew).
For the value of K, the same value as for PCell can be used. 
Proposal 11 K = 28 when PDCCH reception in the same SCell is overwritten by qnew (e.g. same value as in Rel.15).
4. L1-SINR based beam measurement 
4.1. Additional association between CMR/IMR
It was agreed to support option 1a with one-to-one mapping and QCL between CRM/IMR for NZP-based IMR. 
	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)


For option 2a/2b/2c, 1-to-M or M-to-1 CMR/IMR mapping are proposed, aiming to reflect different panel/beam pairing hypotheses. For instance with 1-to-M mapping, M IMR resources can emulate interferences from M panels. Interference can be either measured from a single IMR source (along with IMR-index reporting), or accumulated across M IMR to emulate total interference from M panels. 

Our understanding is that all use cases of option 2a/2b/2c can be well supported by option 1a. More particular, it is not prohibited that N CMR resources (or N IMR resources) are, based on NW implementation, divided into K groups, where each group is assigned to a panel. It is also not precluded that different CMR (or IMR) resources are functionally the same RS signal, but assigned with different logic RS IDs. NW may therefore replicate the same signal on different CMR (or IMR) within a group, or transmit accumulated interference on a particular IMR resource. Therefore, functional wise, no clear benefit of option 2a/2b/2c/3 is found compared to option 1a. 

Observation 2 All functionalities of option 2a/2b/2c/3 can be supported by option 1a.  

Option 1a does not necessarily generate more air-interference overhead than option 2a/2b/2c/3, given that different CMR (or IMR) resources may be exactly the same RS signal, despite assigned with different logical RS ID.  Air-interface overhead may be further reduced by aperiodic CMR/IMR, without compromising beam measurement flexibility. 
Observation 3 Option 1a may reduce RS overhead than option 2a/2b/2c/3.

The only benefit of option 2a/2b/2c/3 against option 1a appears to be reduced RRC overhead. This is not the main design target in Rel.16 and out of WI scope in our opinion. Second, considering the additional RAN1 specification impact, these trivial benefits (even if true) are not worth pursuing within the Rel.16 time frame. 

Proposal 12 Do not support option 2a/2b/2c.
4.2. Working assumption on joint ZP/NZP-IMR

For ZP-based IMR, signal power received on ZP-IMR is considered interference. For NZP-based IMR, there is currently no clear description of interference measurement behavior. An agreement is unlikely given this is the last meeting in Rel.16. When UE behavior of interference measurement on NZP-IMR is undefined, it is even more difficult to agree on a UE behavior for joint ZP/NZP-IMR. It becomes very difficult for the NW to make use of this feature, in addition to the already supported ZP or NZP standalone mode. 
Further, it is unclear what additional benefits can joint ZP/NRP IMR provide on top of the already agreed ZP or NZP alone operation. If UE complexity is the main concern, ZP-IMR should be the go-to approach. If accurate interference measurement is the main motivation, NZP-IMR is sufficient. 

Proposal 13 Do not confirm the working assumption on joint ZP/NZP based IMR.

5. Conclusions
In this contribution we presented our views on multi-beam operation enhancements in Rel.16.
Observation 4  The use case of NW not configuring pathloss RS but needs a default UL spatial relation info is unclear.
Observation 5 All functionalities of option 2a/2b/2c/3 can be supported by option 1a.  

Observation 6 Option 1a may reduce RS overhead than option 2a/2b/2c/3.

Our proposals are summarized below.
Proposal 14 When pathloss RS is configured: 
· For A-PUCCH/SRS, the default UL spatial relation info is the DL QCL source of the triggering PDCCH.
· For P-PUCCH/SRS, the default UL spatial relation info is the configured pathloss RS.

Proposal 15 For cross-carrier scheduling, pathloss RS is assumed the default UL spatial relation info. 
Proposal 16 If neither activated PDSCH TCI nor CORESET is present in the CC, pathloss RS is the default reference for UL spatial relation info. 

Proposal 17 UL spatial relation info of PUSCH scheduled by DCI 0-0 is based on the DL QCL of the triggering PDCCH. 
Proposal 18 UE expects the same set of configured TCI state IDs to be configured for all CC. 
Proposal 19 Support inter-band across-CC TCI activation in RAN1. Whether UE supports this feature is a UE capability. 
Proposal 20 Do not introduce selection rule for BFD RS. How to select 2 BFD RS out of 3 CORESET is left to UE implementation. 
Proposal 21 Adopt 1b (e.g. PUCCH-BFR resource is shared among Cs in the respective PUCH group), if the WA is to be confirmed (e.g. PUCCH-BFR can be configured in PUCCH-SCell with if PUCCH group is configured).
Proposal 22 Do not introduce new PDSCH BM behavior due to SCell BFR (e.g. overwriting by qnew).
Proposal 23 Do not introduce new UL BM behavior to PUCCH/SRS/PUSCH due to SCell BFR (e.g. overwriting by qnew).
Proposal 24 K = 28 when PDCCH reception in the same SCell is overwritten by qnew (e.g. same value as in Rel.15).
Proposal 25 Do not support option 2a/2b/2c.
Proposal 26 Do not confirm the working assumption on joint ZP/NZP based IMR.
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