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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 detection (BFD)
Regarding the maximum number of BFD RS on the open issues in SCell BFD, we prefer to keep the value of 2 as used in Rel-15. There has been so far no clear reason for that it is required for SCell BFD to increase or reduce the maximum number of BFD RS that is specified in Rel-15. 
Proposal: The maximum number of BFD RS for BFD per BWP is 2.


Beam failure recovery request (BFRQ)

Based on the current agreements, the BFRQ can be conveyed by two steps:
· Step 1 is carried by a dedicatedly configured SR-like PUCCH in PCell or PSCell to inform gNB beam failure happens, where the PUCCH is configured based on PUCCH format 0 or PUCCH format 1. If the UE already has the UL grant on serving cell(s) on which BFR MAC CE can be transmitted, UE is not required to transmit SR-like PUCCH for SCell BFR. The SR-like dedicated PUCCH resource for SCell BFR is common for all SCell(s) of the same cell group. Here, at least two issues are still open:
· Details when PUCCH is collided with other uplink signals 
· Whether this PUCCH is optionally configured or not 
· Step 2 is carried by a MAC CE to report detail information, e.g. failed CC index and new beam index
· If new candidate beam RS and corresponding threshold is configured
· If at least one new beam is identified (L1-RSRP is higher or equal to the threshold)
· UE reports only 1 new beam with corresponding beam index per SCell and failed CC index(es)
· Else
· UE reports no new beam identified and failed CC index(es)
· Else
· Detail is one open issue

On the handling for PUCCH collision in Step 1 of BFRQ, a resolution procedure defined in Rel-15 (for example, the contention-based random access procedure) can be reused. Since the PUCCH collision may rarely happen, over-optimizing such resolution procedure (e.g. by a new design) lacks strong motivation. 
Proposal: On the resolution procedure for PUCCH collision in Step 1 of BFRQ reuse the contention-based random access procedure defined in Rel-15.
When new candidate beam RS and threshold are not configured in Step 2 of BFRQ, it is proposed that the UE report an indicator message (1-bit) to inform NW that UE needs to get new candidate beam RS and threshold configured. 
Proposal: When new candidate beam RS and threshold are not configured in Step 2 of BFRQ, the UE reports an indicator message to inform NW that UE needs to get new candidate beam RS and threshold configured.

Support for L1-SINR
The following agreement/conclusion was reached in RAN1#98 [1] and email discussion:

	
Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
· CMR and IMR are 1-to-1 mapped from signaling perspective

For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes:
· Option 1: CMR and IMR are 1-to-1 mapped
· Option 2: 1 CMR can be mapped to 1 or more than 1 IMRs
· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs
· Option 4: More than 1 IMRs can be mapped to more than 1 CMRs. 

[98-NR-20] Proposal:
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes in RAN1 #98b:
· Option 1: CMR and IMR are 1-to-1 mapped
· 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 uses the same QCL assumption of to the CMR and the associated NZP-IMR. 
· 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)
· Option 2b: 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)
· For each SINR, interference is measured based on accumulating measurement of a subset of or all the associated M IMR(s)
· UE selects IMRs that are Type-D QCLed with the corresponding CMR to calculate interference
· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs
· In a CSI-reportConfig, gNB configures a list of NK CMR(s) and another list of N NZP-IMR(s). They are K:1 mapped in order.
· For each SINR, interference is measured based on each CMR and its associated one IMR.
· UE assumes that the CMR and its associated IMR are QCLed w.r.t QCL TypeD.
· Option 4a: More than 1 IMRs can be mapped to more than 1 CMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of M*K IMR(s). 
· UE measures N CMR(s) firstly, and selects M CMR(s) based on L1-RSRP. Then, L1-SINR are calculated by M CMR(s) and M*K IMR(s), where CMR(s) and IMR(s) are 1:K mapped in order.
· For each L1-SINR, interference is measured based on each NZP-IMR.
· UE shall apply the same QCL type-D assumption for each CMR and its associated IMR(s).
· Option 4b: More than 1 IMRs can be mapped to more than 1 CMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of M (M>N) IMR(s)
· For each SINR, interference is measured based on accumulating measurement of the associated IMR(s) that are Type-D QCLed with the corresponding CMR




It has been discussed before that the only benefit of configuring NZP IMR (or in general NZP CSI-RS, either in the form of CMR or IMR) with L1-SINR is not for interference emulation (as is the case for CSI acquisition, i.e. long-term vs. short-term metric), but instead for interference estimation. In this case, the benefit of Option 2a/2b, 2, and 4a/4b requires further justification. In other words, there is no tangible benefit of supporting options other than Option 1 – just as the case for ZP IMR.  
 
Proposal: For L1-SINR configured with NZP IMR, support only Option 1 just as the case with ZP IMR, i.e. CMR and IMR are one-to-one mapped.

DL/UL beam indication with reduced latency and overhead
Concurrent TCI state update across BWPs
The following agreement was reached in RAN1#98 [1]:
	
Agreement
For latency/overhead reduction across multiple CCs/BWPs, support single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs
· Example 1: Reuse Rel-15 MAC-CE to activate same set of TCI state IDs for all active BWPs in same band or cell group(s) on FR2
· Support of this mode can be indicated by UE capability
· To operate in this mode, UE may expect the same QCL-TypeD RS is configured for same TCI state ID for all BWPs in each band or cell group(s)
· For activation MAC-CE received on any active BWP in a band or cell group(s), indicated activated TCI state IDs will be applied to every active BWP in that band or cell group(s)
· Example 2: Reuse Rel-15 MAC-CE to activate one set of TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2
· Note: The QCL Type A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs 
· FFS: operation/signaling details including the possibility to activate different sets of PDSCH TCI state IDs for multiple CCs/BWPs
· Note: QCL type-A comes from the BWP where the TCI state is applied





As previously discussed and understood, the only advantage of this feature is to reduce MAC CE overhead, i.e. one MAC CE is used to update a same set of TCI state IDs shared by multiple CCs/BWPs. In the first example, this feature is used to perform concurrent TCI state ID activation for only QCL Type-D. The second example, on the other hand, includes both QCL Type-A and D. Mostly intended for intra-band CAs where the same analog beam is used (upon transmission and reception) for all the active CCs/BWPs, it is evident that the resulting overhead is less. When MAC CE is overloaded, this can result in latency reduction as well. 
With such understanding, the variation noted in the FFS point (highlighted above) defeats the purpose of this feature. If QCL Type-D is common across the active CCs/BWPs but not the QCL Type-A, the Rel.15 mechanism (one MAC CE per CC/BWP) can still be utilized. Else, the activation of QCL Type-D can be performed separately from QCL Type-A by using this new feature. 

Proposal: Activation of different sets of PDSCH TCI state IDs for multiple CCs/BWPs using one MAC CE is not supported.

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

Extended use of DCI format 0_0
The following agreement was reached in RAN1#98 [1]:
	
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 Rel.15, DCI format 0_0 cannot be used with an FR2 SCell if there is no PUCCH resource configured for that SCell. This limitation should be removed at least for the following reasons:
· The payload of DCI format 0_0 is almost half that of DCI format 0_1 (32 vs. 57 information bits) and thus permits better coverage. 
· Coverage limitation from not being able to use DCI format 0_0 is especially relevant for CA scenarios. For instance, consider one carrier in FR1 as the primary cell and a few SCells in FR2. In this case, even if PUCCH resource is configured for the PCell, DCI format 0_0 cannot be used even for cross carrier scheduling of any of the SCells. 
 
Observation: In Rel.15, not allowing DCI format 0_0 in SCell with no PUCCH resource configuration penalizes CA deployment, especially in terms of DL control coverage.
Proposal: Support DCI format 0_0 for any SCell in FR2 even when PUCCH resource configuration is absent. 
· In the absence of PUCCH resource configuration, the default TCI state for PUSCH can use, for instance, default TCI state of PDSCH (cf. Alt1 in the agreement for dedicated PUCCH.SRS spatial relation info) – at least for UEs supporting beam correspondence 

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:
· DL/UL beam indication with reduced latency/overhead:
1. In Rel.15, not allowing DCI format 0_0 in SCell with no PUCCH resource configuration penalizes CA deployment, especially in terms of DL control coverage.
Proposal:
· SCell BFR: 
1. [bookmark: _GoBack]The maximum number of BFD RS for BFD per BWP is 2
2. On the resolution procedure for PUCCH collision in Step 1 of BFRQ reuse the contention-based random access procedure defined in Rel-15
3. When new candidate beam RS and threshold are not configured in Step 2 of BFRQ, the UE reports an indicator message to inform NW that UE needs to get new candidate beam RS and threshold configured.
· L1-SINR: 
1. For L1-SINR configured with NZP IMR, support only Option 1 just as the case with ZP IMR, i.e. CMR and IMR are one-to-one mapped.
· DL/UL beam indication with reduced latency/overhead:
1. Activation of different sets of PDSCH TCI state IDs for multiple CCs/BWPs using one MAC CE is not supported.
2. Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
3. Support DCI format 0_0 for any SCell in FR2 even when PUCCH resource configuration is absent. 
· In the absence of PUCCH resource configuration, the default TCI state for PUSCH can use, for instance, default TCI state of PDSCH (cf. Alt1 in the agreement for dedicated PUCCH.SRS spatial relation info) – at least for UEs supporting beam correspondence 
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