
3GPP TSG RAN WG1 Meeting #94bis

R1-1810518
Chengdu, P.R. China, Oct. 8th – 12th, 2018
Source:
CATT
Title:
Remaining issues on beam management
Agenda Item:
7.1.2.3
Document for:
Discussion and Decision
1. Introduction
This contribution discusses several remaining issues on beam management and beam failure recovery. 
2. Discussion
2.1. Default spatial QCL assumption

L beam sweepingCLlt-1 and alt-3 is also possible.ratioedure, the debate has been between alt-2 and alt-3.  this is the latest p
2.1.1 PDCCH during reconfiguration period
It has been agreed that PDCCH/PDSCH DMRS are spatially QCL-ed with SSB between initial RRC configuration and activation of TCI states. The remaining question is PDCCH QCL assumption between RRC reconfiguration and activation. Previous candidate schemes are summarized below:
· Alt-0: After an RRC reconfiguration of TCI-StatesPDCCH for a CORESET and prior to MAC-CE activation of a TCI state for that COREST the default QCL assumption is up to UE implementation.
· Alt-1: After an RRC re-configuration of TCI-StatesPDCCH for a CORESET (at least one that is not CORESET#0 or CORESET BFR) and prior to MAC-CE activation of a TCI state for that CORESET, the UE makes the following assumption:
· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PDCCH is QCL with the SSB/CSI-RS identified during the RACH procedure
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE follows the most recent MAC-CE indicated TCI state for PDCCH in the CORESET
· Note: if there is no associated RACH, and no previous MAC-CE indicated TCI state, the UE is not expected to receive PDCCH on that CORESET

· Alt-2: After an RRC reconfiguration of TCI-StatesPDCCH for a CORESET and prior to MAC-CE activation of a TCI state for that COREST the default TCI state is provided by the lowest entry in TCI-StatesPDCCH for the CORESET.
The issue should be treated separately for cases with or without an associated RA procedure. For RRC reconfiguration with an associated RA procedure, SSB/CSI-RS identified during RACH procedure is preferable, as this is the latest possible reference for spatial QCL. 
For RRC reconfiguration without an associated RACH procedure, the debate has been between (a) lowest indexed TCI state or (b) the latest TCI state. One advantage of (b) is that it only requires one beam switch immediately after MAC-CE activation, compared to two beam changes with (a), once after RRC reconfiguration, once after MAC-CE activation. On the other hand, given that the gNB is preforming a RRC reconfiguration, it may be argued that the latest beam has become outdated and should not be used. From this perspective (a) may have a slight performance advantage. However, the key benefit of (b) is that it removes the spatial QCL ambiguity for the RRC reconfiguration ambiguity period and until MAC-CE activation, so the CORSET remains usable throughout the reconfiguration/activation period. This allows network to have an unambiguous assumption of UE RRC configuration status before RRC reconfiguration complete message is received. In that sense, alt-1 is a more suitable approach. 

Proposal: Alt-1, and adopt the following TP for section 10.1 of 38.213.
<Unchanged text omitted>
If a UE has received a configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH but has not received a MAC CE activation command for one of the TCI states of a CORESET, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the most recent RA  procedure associated with the RRC (re)configuration of the higher layer parameter TCI-StatesPDCCH. Otherwise, if a reconfiguration of TCI-StatesPDCCH is not associated with a RA procedure the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the most recent MAC-CE indicated TCI state for the CORESET.
<Unchanged text omitted>
2.1.2 PUCCH 
It has been previously agreed that spatial relation indication for PUCCH consists of the following two steps: (1) RRC configuration of a list of spatial relations (CSI-RS, SSB, or SRS), (2) MAC-CE selection of one entry of the list. Similar to beam indication in DL, a default spatial relation is needed before the UE receives the MAC-CE selection message. The following alternatives were discussed in previous meetings:
· Alt-1:
same beam corresponding to SSB in initial access (e.g. msg1 beam)

· Alt-2:   
lowest entry of PUCCH-SpatialRelationInfo
· Alt-3: 
latest activated PUCCH beam, e.g., UE keeps the spatial relation unchanged until new reconfiguration/reactivation is complete.
Similar analysis on the pros/cons of three alternatives can be made to that in the previous section. Both alt-2 and alt-3 are acceptable. If a consistent behavior for PUCCH/PDCCH reconfiguration period default beam is desirable, Alt-3 can be adopted. 

Proposal: PUCCH is spatially QCL-ed with the latest activated PUCCH beam.
2.1.3 A-CSI-RS

In the last meeting it was agreed to allow A-CSI-RS triggering with a delay (w.r.t. the triggering grant) smaller than a threshold, where UE applies a default QCL assumption. The exact value of the threshold and its relationship to various UE capability (e.g. “2-4” or “2-28”) is FFS. 
Agreement

NW may schedule an ap-CSI-RS with a shorter delay than a threshold, and the UE applies a default QCL assumption 

· At least applies for CSI-RS for CSI acquisition 

· All CSI-RS symbols in one resource set should be below the threshold or all CSI-RS symbols in one resource set should be above the threshold

· FFS: Default QCL assumption

· FFS: Exact threshold with reference to UE capability

The default QCL assumption is FFS. One proposal in the last meeting is to use the “potential PDSCH” as a default QCL assumptions. This has a few issues:
· A-CSI-RS is triggered by UL grant but PDSCH is triggered by DL grant. This would mandate UE to finish decoding a DL grant first to know the PDSCH beam, before it can receive A-CSI-RS triggered by an UL grant. We think it is undesirable to establish any dependencies between different functional blocks of DL/UL grants or different DCI grants, as it will substantially increase UE implementation complexity. 

· When UE prepares to receives A-CSI-RS, it may not be aware whether PDSCH is scheduled in the A-CSI-RS slot or not. 

· If UE does not know whether PDSCH is present in A-CSI-RS slot, it would first need to derive a default QCL for potential PDSCH, which would be the QCL of the lowest-indexed CORESET. 
· If UE knows that PDSCH is present in the A-CSI-RS slot, it is possible that there are more than one PDSCH assignments TDMed in the A-CSI-RS slots, both overlapping with the A-CSI-RS. Then it is unclear which PDSCH assignment should the A-CSI-RS follow.  

In general, our preference is that default QCL assumption for A-CSI-RS should be decided from the triggering UL grant of the A-CSI-RS, unrelated to any other grants (e.g. DL grant) or signals (e.g. PDSCH). This helps to maintain a modularized functional blocks at UE and keeps UE complexity low. For A-CSI-RS with a delay smaller than an offset, since the UE has not finished decoding the UL triggering grant, the simplest approach is to follow the lowest indexed CORESET on which UL grant is monitored. 
Proposal: 

· Default QCL assumption of A-CSI-RS follows the lowest-indexed CORESET in the latest slot where USS for UL grant is monitored. 
2.2. Beam failure recovery

In the last meeting RAN1 agreed to overwrite the RRC configured PUCCH resource beams by PRACH beam after reception of gNB response corresponding to BFR. Two alternatives are pending down selection. 

Agreement

Downselect among the following two alternatives in RAN1#94bis

· Alt 1: 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 PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

· 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

· FFS: value of K

· Alt 4: K symbols after successfully receiving BFR gNB response, the transmissions of PUCCH resources for HARQ ACK/NACK feedback of a corresponding DL PDSCH scheduled from SearchSpace-BFR shall use the same spatial filter as the PRACH transmission until the UE receives a MAC-CE activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

· FFS: value of K

· 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

For alt-1, PUCCH beam overwriting occurs regardless if the gNB response is a DL/UL grant, and applies to all PUCCH resource. With Alt-2, overwrite occurs when the gNB response is a DL grant, and applies to only the PUCCH resource that carrying ACK/NAK corresponding to PDSCH assigned by the DL grant.
Our preference is to allow both DL/UL grant as gNB response, so alt-1 is preferable. Also, if overwriting is adopted, it should apply to all PUCCH resources for simplicity, and to avoid possible error cases (e.g. missed gNB response). Alt-4 is more complicated and the benefits are unclear. 
Proposal:

· Adopt Alt-1 if PUCCH beam overwriting by PRACH beam is considered.  

The value of K shall be chosen so that UE has sufficient amount of time to switch its UL Tx beam. Further, an actual PUCCH transmission may span over multiple symbols and it is possible that the switching point of PUCCH beam (the instance where K symbol threshold is reached) while a PUCCH transmission is ongoing. Our view is that an actual PUCCH transmission should use the same Tx beam in all symbols, regardless of overwriting. 
Proposal: 

· Any PUCCH transmission should use the same beam in all symbols. 

3. Conclusions

This contribution summarizes our views on a few remaining issues on Rel.15 beam management. 

· Proposal 1: For default beam of PDCCH between CORESET reconfiguration and MAC-CE activation, adopt Alt-1 (latest beam).

· Proposal 2:  PUCCH is spatially QCL-ed with the latest activated PUCCH beam.

· Proposal 3:  Default QCL assumption of A-CSI-RS follows the lowest-indexed CORESET in the latest slot where USS for UL grant is monitored. 
· Proposal 4: Adopt Alt-1 if PUCCH beam overwriting by PRACH beam is considered.  Any PUCCH transmission should use the same beam in all symbols. 

For proposal 1, a TP is provide for section 10.1 in 38.213.

	<Unchanged text omitted>
If a UE has received a configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH but has not received a MAC CE activation command for one of the TCI states of a CORESET, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the most recent RA  procedure associated with the RRC (re)configuration of the higher layer parameter TCI-StatesPDCCH. Otherwise, if a reconfiguration of TCI-StatesPDCCH is not associated with a RA procedure the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the most recent MAC-CE indicated TCI state for the CORESET.
<Unchanged text omitted>



