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Introduction
In Release-15, beam management was specified as a new feature in order to facilitate directional data transmission and reception, especially at high frequencies.
In RANP#80 meeting, enhancement of multi-beam operation was included as part of the work plan for NR MIMO enhancement in Rel-16 [1]. In this contribution, we provide our views on different aspects of multi-beam operation enhancement in Rel-16.
Beam failure recovery on SCell
According to [1], beam failure recovery (BFR) for SCell based on Release-15 mechanism will be specified in Release-16. In RAN1#95 meetings, the following agreements related to beam failure recovery on SCell was made [2]:
	Agreement
RAN1 has identified the following scenarios to be important for SCell BFR
· Scenario 1: SCell with both uplink and downlink
· Scenario 2: SCell with downlink only
· PCell can be in FR1 or FR2 for scenarios above



On the basis of aforementioned agreement, we provide our views on the high level solutions for SCell BFR.
High level solutions for SCell BFR
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Figure 1. Candidate solutions for BFR on SCell given by RAN2 in R2-1803981

In RAN1#93 meeting, four broad solutions for BFR on SCell have been provided in R2-1803981 by RAN2 [2]:
A. CFRA BFR on SCell UL and SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.
B. CFRA BFR on SCell UL and PCell DL, using the same CORESET-BFR as BFR on SpCell.
C. CFRA BFR on PCell UL and PCell DL, using same resources as BFR on SpCell but different preambles.
D. MAC CE transmission on PCell to indicate the new beams.
The above solutions can be assumed as a starting point of the discussion for SCell BFR.

Solution A
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Figure 2. Candidate solution A for BFR on SCell given by RAN2 in R2-1803981

In terms of solution A, both BFR request and BFR response of a SCell BFR procedure are taken place on SCell. A UE is configured with multiple BFR search space sets for different serving cells. The advantages and disadvantages of the solution are discussed as follows.
Advantages: 
· The related BFR operations for one serving cell is decoupled with the operation of other serving cells. This simplifies the corresponding gNB and UE behavior; 
· This solution is consistent with RAN1 UE behavior specified in Rel-15. This means less RAN1 standardization effort is required.
Disadvantage: 
· This solution requires the configuration of multiple BFR search space sets for different serving cells. This solution requires more resources used for PDCCH monitoring;
· This solution is not aligned with the design principle of random access procedure. In Rel-15, BFR is regarded as a type of random access procedure, which has been reflected in TS 38.321 [3]. The general design principle for random access procedure in SCell is to transmit a PRACH preamble on SCell and monitor the corresponding RAR on PCell. Hence, if solution A is adopted, there will be some impact on RAN2 specification;
· This solution requires PRACH transmission on SCell. This means that it is only valid for the scenario 1 (SCell UL + DL) and is not valid for the scenario 2 (SCell DL-only).
Solution B
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Figure 3. Candidate solution B for BFR on SCell given by RAN2 in R2-1803981

In terms of solution B, the BFR request of a SCell BFR procedure are transmitted on SCell and the corresponding gNB response are received on PCell. UE is configured with one BFR search space set on PCell. The advantages and disadvantages of the solution are discussed as follows.
Advantages: 
· As mentioned in the previous section, this solution is aligned with the design principle of random access procedure. If this solution is adopted, the framework of random access procedure can be reused, especially from RAN2 perspective;
· This solution only requires one BFR search space set on PCell. This can save the resource for PDCCH monitoring.
Disadvantages:
· The related BFR operations for SCell is associated with the operations for PCell. This may increase the complexity of the corresponding gNB and UE behavior; 
· If this solution is adopted, current RAN1 UE behavior described in Rel-15 cannot be directly applied to SCell BFR. This means that more standardization effort is required;
· Similar to solution A, this solution requires PRACH transmission on SCell. This means that it is only valid for the scenario 1 (SCell UL + DL) and is not valid for the scenario 2 (SCell DL).
Solution C
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Figure 4. Candidate solution C for BFR on SCell given by RAN2 in R2-1803981

In terms of solution C, both BFR request and BFR response of a SCell BFR procedure are taken place on PCell. UE is configured with PRACH resources for different serving cells. The advantages and disadvantages of the solution are discussed as follows.
Advantages: 
· Reliability. Since only one random access procedure is allowed to be initiated at a time, the initiation of SCell BFR may imply that the channel condition of PCell is reasonable. Therefore, the reliability of BFR request transmission and the BFR response reception via PCell can be guaranteed;
· This solution is valid for both scenario 1 (SCell DL +UL) and scenario 2 (SCell DL). In this case, a unify solution is possible for all SCell BFR scenarios.
Disadvantage: 
· By using this solution, SCell BFR may occupy too many PRACH resources in PCell;
· Similar to solution A, this solution is not aligned with the design principle of random access procedure. If this solution is adopted, the framework of random access procedure specified in Rel-15 need to be revised; 
· Similar to solution B, if this solution is adopted, current RAN1 UE behavior described in Rel-15 cannot be directly applied to SCell BFR. This means that more standardization effort is required.
Solution D
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Figure 5. Candidate solution D for BFR on SCell given by RAN2 in R2-1803981

In terms of solution D, BFR request is a MAC CE message on PCell instead of preamble transmission. The advantages and disadvantages of the solution are discussed as follows.
Advantages: 
· Reliability. Similar to solution C, this solution is reliable since BFR request is transmitted on PCell and carried by MAC CE message.
· Similar to solution C, solution D is applicable to all SCell BFR scenarios.
Disadvantage: 
· Latency. It takes longer time for a UE to prepare for a BFR request and it also takes longer time for a gNB to decode a MAC CE message in comparison with a PRACH preamble. Since the motivation of BFR is to quickly recovery beam failure, the latency issue is needed to be carefully considered.
· Similar to solution B, if this solution is adopted, current RAN1 UE behavior described in Rel-15 cannot be directly applied to SCell BFR. This means that more standardization effort is required.
Summary
In order to reduce implementation complexity, we shall strive for a unified solution to all SCell BFR scenarios at least for Rel-16. According to the consensus on the SCell BFR scenarios in the last meeting, only solution C & D are applicable to all the scenarios. Hence, we suggest further discussion for the down-selection between solution C & D.
Proposal 1: At least for Rel-16, consider the candidate solution C and candidate solution D in R2-1803981 for down-selection, where:
· For candidate solution C, both BFR request and BFR response are performed on PCell
· Candidate solution D is a MAC-CE based solution on PCell.
The metric for beam failure detection
The metric for beam failure detection was discussed in RAN1#94bis. The key issue is whether the metric for beam failure detection on PCell (e.g. L1-RSRP) can be reused on SCell. 
In our opinion, the metric for beam failure detection on PCell can be naturally generalized to beam failure detection on SCell. The reason of using different metric for PCell BFR and SCell BFR is unclear.
Proposal 2: Reuse L1-RSRP as the metric for beam failure detection for SCell.
BFR for cross carrier scheduling
Rel-15 BFR mechanism is based on PDCCH channel monitoring. For a UE configured with multiple serving cells, it is very likely that an SCell is cross carrier scheduled by another serving cell. For those scheduled cells, Rel-15 BFR mechanism does not work when there is no PDCCH resource configured on those SCell. As a consequence, link failure on the SCell cannot be quickly recovered.
Proposal 3: Study BFR on the scheduled SCell for cross carrier scheduling.
Beam measurement and reporting based on L1-SINR
According to [1], L1-SINR based beam measurement and reporting will be specified in Release-16. In RAN1#94bis and RAN1#95 meetings, the following agreement related to L1-SINR based beam measurement and reporting was made [2][3]:
	
Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism

Agreement
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes
Agreement
For interference part, down-select at least one from the following alternative:
· Alt 1: Dedicated resource(s) for interference measurement
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement
· Alt 2: The same reference signal as signal part as specified in 38.215
· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part
· Companies are encouraged to provide simulation results for down-selection



On the basis of aforementioned agreement, we provide our views on beam measurement and reporting based on L1-SINR.
Dedicated vs. shared IMR
In RAN1#95 meeting, the measurement resources used for L1-SINR based beam management have been intensively discussed. For signal measurement part, it was agreed that both SSB and NZP CSI-RS can be used. For interference measurement part, three options have been provided for further down-selection.
The key point behind these options is whether the resource for signal measurement can be reused for interference measurement. In our view, if the resource for signal measurement is reused for interference measurement, a UE is required to firstly derive signal power on the resource and then subtract the signal power from the entire received power on the resource to acquire interference power. By doing so, the accuracy of both signal measurement results and interference measurement results will be degraded. Therefore, we suggest that dedicated resources other than signal measurement resources are necessary for interference measurement.
Proposal 4: In terms of interference measurement, dedicated measurement resource(s) is preferred for its high measurement accuracy.
NZP-based vs. ZP-based IMR
Assuming that interference measurement is performed on a dedicated resource, a following question is whether the resource is ZP-based and/or NZP-based. 
On one hand, ZP-based IMR can provide semi-static interference hypotheses within a long time period which is very suitable to reflect long-term inter-TRP interference. Therefore, if ZP-based resource is used, it can help UE to avoid unexpected interference from other TRPs.
On the other hand, NZP-based IMR can provide interference hypotheses within the same TRP (e.g. interference generated by MU-MIMO or inter-beam interference generated by different antenna panel). NZP-based interference measurement can be performed even before the corresponding data transmission actually starts. gNB can facilitate the result of NZP-based interference measurement for the following data scheduling. Hence, we also suggest to take NZP-based IMR into consideration.
In addition, current Rel-15 CSI framework has already provided a flexible CSI measurement mechanism for both signal and interference measurement (for ZP-based and/or NZP-based). In our view, the current CSI framework can be reused as much as possible to support L1-SINR based beam management.
Proposal 5: In terms of interference measurement, both ZP-based and NZP-based IMR need to be considered for the awareness of both inter-TRP interference and inter-beam interference within the same TRP.
Proposal 6: Strive to reuse the CSI framework specified in Rel-15 38.214 for the support of L1-SINR based beam management.
Conclusion
In this contribution, the on SCell BFR and L1-SINR based beam management are provided. Based on the discussion, we have the following proposals:
Proposal 1: At least for Rel-16, consider the candidate solution C and candidate solution D in R2-1803981 for down-selection, where:
· For candidate solution C, both BFR request and BFR response are performed on PCell
· Candidate solution D is a MAC-CE based solution on PCell.
Proposal 2: Reuse L1-RSRP as the metric for beam failure detection for SCell.
Proposal 3: Study BFR on the scheduled SCell for cross carrier scheduling.
Proposal 4: In terms of interference measurement, dedicated measurement resource(s) is preferred for its high measurement accuracy.
Proposal 5: In terms of interference measurement, both ZP-based and NZP-based IMR need to be considered for the awareness of both inter-TRP interference and inter-beam interference within the same TRP.
Proposal 6: Strive to reuse the CSI framework specified in Rel-15 38.214 for the support of L1-SINR based beam management.
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