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1. Introduction 

In this contribution, we provide our view and analysis on remaining issues on beam management and beam failure recovery. Particularly, PDSCH default sQCL assumption in multi-CC case, UL default beam after beam failure recovery, the number of BFD RS, and QCL assumption of configured search spaces after successful beam failure recovery are discussed.
2. Remaining issues for beam measurement and reporting
2.1. PDSCH default sQCL in multi-CC case
Agreement (RAN1#91):

· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state 

· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot

Agreement (RAN1#92bis) 

For the case of single CC case, to determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs in active BWP 
Agreement (RAN1#94) 

When TCIpresentinDCI is enabled, the TCI field in DCI in the scheduling CC points to the activated TCI states in the scheduled CC/BWP

Agreement (RAN#81)[4] 

· Cross-carrier scheduling with different numerologies is postponed to Rel-16. 
· Already-agreed functionality for cross-carrier scheduling with different numerologies will not be removed from the Rel-15 specs, but will have a note added that the behaviour does not apply in this release. 
· Note that this does not affect SUL or BWP switching, which remain in Rel-15.
· Work will be completed under “DC and CA enhancements” WI
· WID to be updated accordingly
· Completion targeting June 2019 (RAN#84)
Default spatial QCL assumption for PDSCH when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset was agreed to follow “lowest CORESET-ID”. However, the CORESETs space to determine “lowest CORESET-ID” is not clear. In RAN1#92bis meeting, progress is made in single CC case where the “lowest CORESET-ID” is determined by considering only CORESETs in active BWP. For multiple CCs case, the issue remains open

Though CORESET is per-BWP configured, only active BWP is monitored. In single-CC case, “lowest CORESET-ID” is thus BWP-specific. In multi-CC case, there could be multiple active BWPs with CORESETs configuration. Since the indexing of CORESETS are CC-specific, CORESET-ID of multiple CCs can be the same. A tie-breaking rule is needed. 

In multi-CC case, RLM is performed on SpCell(s). Robustness of SpCell(s) control channel is thus more important than other SCells. Prioritizing sQCL of CORESETs on SpCell(s) as default PDSCH sQCL seems sensible. On the other hand, in CA scenario with LF+HF CCs, it is likely that a PCell is in LF while SCells are in HF. Since there is likely no sQCL assumption for LF PCell, this solution does not work well.
Another straightforward alternative is to determine the “lowest CORESET-ID” in a per-CC basis. For example, PDSCH on CC#x determines a lowest CORESET-ID only based on activated BWP on CC#x. In case of cross-carrier scheduling, the “lowest CORESET-ID” is based on the activated BWP of scheduling cell. In this case, it is required that scheduling cell can provide spatial QCL assumption from CORESET configuration.
It is noted that cross-carrier scheduling with different numerologies is not supported in Rel-15, per ruling of RAN plenary#81 [4]. However, since the discussion is merely postponed to Rel-16, the solution here needs to be future-proof.

Proposal 1: To decide “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH in a CC, UE selects lowest CORESET-ID from activated BWP of the scheduling cell of the PDSCH.

· In case of cross-carrier scheduling, UE expects that the scheduling cell can provide spatial QCL assumption from corresponding CORESET configuration.
· TP to 38.214 Section 5.1.5

-------- start of change ----------

For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE. For the same cases but with cross-carrier scheduling, the UE may assume that the DM-RS ports of PDSCH of a scheduled cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of a corresponding scheduling cell are configured for the UE. The UE may assume at least one CORESET within the active BWP of a scheduling cell provides QCL parameter(s). For the same cases but with self-carrier schedulingIn this case, if the ‘QCL-TypeD’ of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.

-------- end of change ---------
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3.1. UL default beam after beam failure recovery
In RAN1#94bis meeting, the following working assumption is made [3]:
Working Assumption

K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation of corresponding PUCCH resource(s)

· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission

· The above applies for all BWP(s) corresponding PCell or PSCell

· FFS: value of K

· FFS: whether to apply this for CBRA 

For DL reception, current contention-free BFR procedure specifies that, after gNB response reception, UE assumes the same antenna port QCL parameters as the selected candidate beam until the UE receives by higher layers an activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList. The DL reception on SearchSpace-BFR is secured after BFR. At the same time, UL transmission with previously signaled PUCCH-SpatialRelationInfo may or may not work. To restore UL transmission, NW can reconfigure and/or reactivate PUCCH-Spatialrelationinfo for all configured PUCCH resources. This comes with a RRC reconfiguration and/or MAC-CE latency. During the time gap, PUCCH transmission is not guaranteed. Since PDSCH transmission cannot be HARQ ACK/NACK reliably, link connection between NW and UE is not guaranteed to be restored.

After receiving gNB response, apparently, the UE TX beam used for the corresponding PRACH transmission is the only guaranteed communication means with NW in UL. Assuming it as spatial relation for PUCCH transmission is in principle a common understanding in RAN1, though there are concerns that as the total amount of PUCCH resources can be as high as maxNrofPUCCH-Resources = 128, overwriting activated PUCCH-Spatialrelationinfo for all PUCCH resources may later result in large signaling overhead to reconfigure/reactivate them. 
The K symbols latency was proposed in consideration of the latency for UE to decode gNB response DCI and to overwrite SpatialRelationInfo of all PUCCH resources. As illustrated in Figure 1, during the time duration between gNB response DCI reception (step 2) and UL TX corresponding to gNB response (step 4), SpatialRelationInfo for UE to assume for any possible UL transmission is not clear. From our point of view, this is a short time period and since BFD has been declared, the probability of receiving any normal DCI (step 1) is extremely low, making this an error handling case. If the group would like to address the issue, one possibility is to reuse what is defined already to minimize specification impact. The latency here is similar to N1/N2 discussion before. Since the focus here is to learn SpatialRelationInfo and to apply it for UL transmission, we think baseline N1 capability can be used, i.e., 38.214 Table 5.3-1.
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Figure 1: Illustration of uncertainty period for UL SpatialRelationInfo
Proposal 2: for K value, adopt N1, i.e., PDSCH processing time in 38.214 Table 5.3-1/-2.
· Text proposal to TS 38.213 Section 6
------- start of change -----
After K symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI and until the UE receives an activation command for PUCCH-Spatialrelationinfo [11, TS 38.321] or is provided PUCCH-Spatialrelationinfo for PUCCH resource(s), the UE transmits a PUCCH using 
-
a same spatial filter as for the last PRACH transmission

-
a power determined as described in Subclause 7.2.1 with 
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The value of K follows the PDSCH processing time as given in Table 5.3-1 or Table 5.3-2 of [6, TS 38.214] per UE capability signalling.
-------- end of change ------
3.2. Explicit configuration of BFD RS

During [94b-NR-03] email discussion, the issue of the number of BFD RS was raised. It was commented by companies that while there was an agreement to limit the number of explicitly configured BFD RS to 2, there was no corresponding limit for implicitly configured BFD RS. However, current specification captures the agreement in the way that the limit applies to both explicit and implicit configuration of BFD RS. This should be fixed and a TP proposed during email discussion seems quite stable and should be considered.
Proposal 3: adopt the following text proposal to 38.214 Section 6 to clarify implicitly configured BFD RS is not limited to 2
--------- start of change----------- 
The UE expects failureDectionResources for ‘purpose’ set to ‘beamFailure’ or ‘both’ the set [image: image6.wmf]0
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 to include up to two RS indexes and, if there are two RS indexes in a TCI state, the set [image: image7.wmf]0
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 includes RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects single port RS in the set 
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-------- end of change --------------
3.3. SearchSpace monitoring after successful BFR

Based on [94b-NR-03] email discussion summary, for CORESET-0 QCL assumption, it is either explicitly configured by MAC-CE or based on “the most recent random access procedure with a PRACH transmission not initiated by a PDCCH order that triggers a non-contention based random access procedure”, which is reflected in TS 38.213 Section 10.1.
In TS 38.213 Section 6, after successfully receiving gNB response for a BFRQ, the same newly identified beam, qnew, is used for monitoring PDCCH/PDSCH reception associated with CORESET-BFR. It does not address the QCL assumption for other CORESET(s). 
Excerpt of TS 38.213 Section 6

“After the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpaceId, the UE continues to monitor PDCCH candidates in the search space set provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList.”
Considering the newly achieved consensus on CORESET-0 QCL assumption, we think it is beneficial and sensible to unify UE behaviour on PDCCH monitoring on different CORESETs after BFR. Specifically, we think the newly identified beam in BFR procedure, qnew, should be applied for monitoring PDCCH/PDSCH associated with all CORESET(s) in active BWP.
Proposal 4: adopt the following TP to TS 38.213 Section 6 to clarify qnew is used for all search space sets monitoring after successful reception of beam failure recovery response
------- start of change ------

After the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpaceId, the UE continues to monitor PDCCH candidates in all the search space sets provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList.
-------- end of change -------
4. Conclusion

In summary, based on the above discussion we have the following proposals:
Proposal 1: To decide “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH in a CC, UE selects lowest CORESET-ID from activated BWP of the scheduling cell of the PDSCH.
· In case of cross-carrier scheduling, UE expects that the scheduling cell can provide spatial QCL assumption from corresponding CORESET configuration.
Proposal 2: for K value, adopt N1, i.e., PDSCH processing time in 38.214 Table 5.3-1/-2.
Proposal 3: adopt the following text proposal to 38.214 Section 6 to clarify implicitly configured BFD RS is not limited to 2
Proposal 4: adopt the following TP to TS 38.213 Section 6 to clarify qnew is used for all search space sets monitoring after successful reception of beam failure recovery response
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