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Introduction
Samsung’s views on enhancements to multi-beam operation and evaluation methodology are presented in this contribution. 

SCell BFR
1 
2 
Beam failure recovery request (BFRQ)
The following agreement/conclusion was reached in RAN1#98bis [1]:
	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.



If PUCCH group is configured, it would be simpler in terms of implementation that a PUCCH-BFR resource is shared among all the CCs in the same PUCCH group (as proposed in Alt1b). Alt1a offers more flexibility to the UE in selecting a PUCCH-BFR resource for BFRQ. Although such flexibility could be beneficial, whether this is needed for non-DC scenario is still unclear. Alt2, on the other hand, is too restrictive given that multiple PUCCH groups are intended to be used for multiple panels/TRPs. Hence some flexibility to assign PUCCH-group-specific PUCCH-BFR resource is justified. Considering the above, Alt1b seems to be the most balanced alternative in terms of PUCCH resource utilization, UE complexity, and flexibility for the use case of interest.
Proposal: On PUCCH-BFR when a UE is configured with PUCCH group, support Alt1b as it seems to achieve a reasonable trade-off among PUCCH resource utilization, UE complexity, and flexibility for the use case of interest.

Beam failure recovery response (BFRR)
The following agreement/conclusion was reached in RAN1#98bis [1]:
	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



Since the value of K (the number of symbols after which UE applies a new beam) for PCell/PSCell in Rel-15, K=28 would be a good candidate for SCell BFRR. As Rel.16 SCell BFR is simply an extension of the Rel.15 BFR, it seems fitting that the value of K follows that for PCell/PSCell especially since the UE will most likely reuse the existing computational resources (designed for Rel.15). With K=28, the UE should have sufficient time to update the new beam for the next PDCCH reception. Therefore, we support K=28, which is aligned with the one in Rel-15. 
Proposal: On the value of K, support K=28 following the value of K for PCell/SPCell in Rel.15.

Support for L1-SINR
CMR to IMR mapping
The following agreement/conclusion was reached in RAN1#98bis [1]:
	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 {1}: Whether QCL-TypeD can be configured to each NZP IMR
· FFS {2}: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· FFS {3}: 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)

Note:
· Option 2a: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s)
· UE shall apply at least the same QCL-typeD configuration to the CMR and the associated IMR
· For each SINR, interference is measured based on accumulating measurement of all the associated M IMR(s)



In our view, the three FFS points do not need to be supported for the following reason. It has been discussed that the main use case of NZP IMR, at least for what the group has sufficiently studied in Rel.16, is to assist interference measurement. While its use for interference emulation can be perceived, it is unclear if this is important considering its overlap with CSI acquisition (where interference emulation with IMRs could be relevant) and the lack of study in its benefit. Since FFS {1}, {2}, and {3} are mainly motivated with interference emulation, there is no need for supporting them in Rel.16. 

Proposal: For NZP IMR, the following schemes are not supported in Rel.16:
· QCL-Type D configured to each IMR
· Each NZP IMR corresponding to an interference transmission layer
· Option 2a 

WA on mixed use of NZP and ZP IMR for L1-SINR calculation
The following agreement was reached in RAN1#98bis [1]:
	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



Regarding the issues highlighted in yellow, whether to use NZP IMR or CMR in conjunction with ZP IMR is essentially a mix usage of NZP CSI-RS and ZP CSI-RS for interference measurement. At least the following issues arise:
1. The benefit of measuring interference from both NZP and ZP CSI-RS is unclear. There has been no tangible evidence that using NZP CSI-RS (CMR and/or NZP IMR) in conjunction with ZP IMR yields better accuracy (hence increased user throughput). Therefore, some study is required not only to justify the support of this feature, but also to understand where (if) the feature offers some gain over interference measurement using a single resource.  
2. The required specification support is unclear. For example, the current definition of CSI/SSB-SINR in TS38.215 is based on a single measurement resource where signal/channel and interference are separately measured (via some type of averaging before calculating the ratio). Evidently, signal/channel is measured from a single measurement resource and so is interference. Therefore, if this new feature is supported, the manner in which two measurement resources are concurrently/synergistically used for interference measurement needs further study. Furthermore, since detailed formulation for interference measurement is unlikely to happen, some tests in RAN4 are required to ensure that this feature is implemented properly by UEs (otherwise the resulting measurement can be worse than that using a single measurement resource). 
3. It should also be noted that the two interference measurement resources differ by nature. For ZP IMR, the UE simply needs to measure the “signal” within the IMR location to calculate interference statistics. For NZP IMR, however, interference measurement requires cancellation of the channel part which typically imposes some additional latency in calculation. This can be problematic, for instance, if the “companion” NZP CSI-RS used for interference measurement differs in time-domain location (symbols, slots) from ZP IMR. In addition, it is unclear how the “companion” NZP CSI-RS can be used for interference emulation while the ZP IMR is used (at the same time) purely for interference measurement. Here, DL multi-TRP/panel could be a potential use case. However, the specification impact is unclear.    
4. In addition, it is demonstrated in [2] that there is no performance benefit for the combination of NZP IMR and ZP IMR over ZP-IMR-only. In fact, the performance of NZP+ZP IMR is simply slightly better than NZP-IMR-only which is worse than ZP-IMR-only. This confirms the above analysis.  

Observation: Concurrent use of NZP CSI-RS (CMR or NZP IMR) and ZP IMR is plagued with the following issues: 1) absence of benefit (analysis and simulation) and use cases; 2) unclear or potentially demanding specification effort; 3) unclear or potentially demanding UE complexity impact, either for interference measurement or, if applicable, interference emulation.  

Given that there are only three RAN1 meetings left to finalize Rel.16 NR_eMIMO and the lack of details (in terms of specification support – not only in RAN1, but also in RAN4) as well as concrete assessment on the benefit, supporting concurrent use of NZP and ZP CSI-RS for interference measurement in Rel.16 does not seem to be a realistic task.  
 
Proposal: On the concurrent use of NZP CSI-RS and ZP CSI-RS for interference measurement to be used in calculating L1-SINR:
· Revert (do not confirm) the working assumption of concurrent use of ZP IMR and NZP IMR
· Do not support concurrent use of ZP IMR and CMR

DL/UL beam indication with reduced latency and overhead
Concurrent TCI state update across BWPs
The following agreement was reached in RAN1#98bis [1]:
	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

{Similar agreement for CORESET/PDCCH and UL SpatialRelationInfo}




Regarding the support for inter-band CA, in most cases (including those anticipated for future release(s)), inter-CA operation has been the basic assumption for Rel.15 design on TCI state and SpatialRelationInfo update. The support for common update for multiple CCs in Rel.16 is mainly motivated by intra-band CA. While there could be some scenarios (including the present ones) with small inter-band separation, this is hardly the case for FR2. Therefore, such corner cases may complicate the work in RAN1 and RAN4 if simultaneous common update is supported for FR2. Given that there is only one meeting left for Rel.16, such scenarios can be studied in Rel.17 (if the need can be justified with actual deployment scenarios). For FR1, on the other hand, supporting simultaneous common update for inter-band CA may be reasonable and can be considered in Rel.16.   

Proposal: On common update across multiple CCs, inter-band CA is not supported for PDSCH, CORESET/PDCCH, and UL SpatialRelationInfo updates on FR2.  

SRS as reference RS for DL beam indication
Rel.15 beam measurement and reporting tend to be (over-)designed to accommodate worst-case scenarios. In terms of UE capability, they were designed to enable UEs without beam correspondence. For FR2 (where DL/UL reciprocity is quite common due to TDD or TDD-like operation), beam correspondence allows not only more flexibility, but also opportunities to reduce latency and overhead. 
For DL TX beam indication, Figure 1 depicts a timing diagram on the so-called “beam switching” which involves a sequence of UE procedures: receiving beam reporting trigger, (after some timing offset) receiving CSI-RS, measuring CSI-RS and calculating beam reporting, reporting beam metric, receiving DL beam indication (DCI reception).   

[image: ]
[bookmark: _Ref525784097][bookmark: _Ref525784092]Figure 1 DL TX beam switching based on Rel.15 design (CSI-RS based measurement)

If beam correspondence holds, the “beam switching” process can be simplified by utilizing SRS instead of CSI-RS as depicted in Figure 2. Compared to Figure 1, it is apparent that using SRS as the reference for DL beam indication at least avoids the latency caused by the time offset between the UL-related DCI for CSI request and AP-CSI-RS transmission. This can be done by simply introducing SRS resource ID (in addition to CSI-RS and SSB IDs) in the TCI state definition for DL beam indication.  
Proposal: Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition 

[image: ]
[bookmark: _Ref525784442]Figure 2 DL TX beam switching with SRS-based measurement


Conclusions
In this contribution, Samsung’s views on enhancements to multi-beam operation and evaluation methodology are presented. The following observations and proposals are made:
Observation:
· L1-SINR:
1. Concurrent use of NZP CSI-RS (CMR or NZP IMR) and ZP IMR is plagued with the following issues: 1) absence of benefit (analysis and simulation) and use cases; 2) unclear or potentially demanding specification effort; 3) unclear or potentially demanding UE complexity impact, either for interference measurement or, if applicable, interference emulation.  
Proposal:
· SCell BFR: 
1. On PUCCH-BFR when a UE is configured with PUCCH group, support Alt1b as it seems to achieve a reasonable trade-off among PUCCH resource utilization, UE complexity, and flexibility for the use case of interest.
2. On the value of K, support K=28 following the value of K for PCell/SPCell in Rel.15.
· L1-SINR: 
1. For NZP IMR, the following schemes are not supported in Rel.16:
· QCL-Type D configured to each IMR
· Each NZP IMR corresponding to an interference transmission layer
· Option 2a 
2. On the concurrent use of NZP CSI-RS and ZP CSI-RS for interference measurement to be used in calculating L1-SINR:
· Revert (do not confirm) the working assumption of concurrent use of ZP IMR and NZP IMR
· Do not support concurrent use of ZP IMR and CMR
· DL/UL beam indication with reduced latency/overhead:
1. On common update across multiple CCs, inter-band CA Is not supported for PDSCH, CORESET/PDCCH, and UL SpatialRelationInfo updates on FR2. 
2. Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
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