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Introduction
In this contribution, we discuss the remaining issues and corrections for PUCCH spatial relation after CBRA-BFR in Rel.16.

PUCCH spatial relation after CBRA-BFR
The beam recovery procedure was introduced so that the UE can quickly discover that its currently configured beams have become non-operational. The UE can then autonomously act to restore the connection to its serving cell by discarding its current beam configuration. Rather than using its configured TCI states and spatial relations, the UE would autonomously choose a TCI state and spatial relation that would maximize the likelihood that it can reach the gNB.
The determination of such spatial recovery parameters has been carefully specified in TS38.213, but only for contention-free beam recovery. However, NR supports also contention-based beam recovery on the SpCell. For contention-based beam recovery, the UE would utilize the contention-based random access procedure (CBRA), as described in 38.213. In this case, since there is no description on which spatial relation the UE would use for PUCCH transmissions after beam failure, the UE would be mandated to follow the spatial relation that is activated for the PUCCH resource(s), despite the fact that these spatial relations are most probably outdated. PUCCH transmissions relying on these configured spatial relations are likely to fail. 
Hence, in RAN1#102e meeting, it was proposed that the UE should use the spatial relation which is used for the PRACH transmission for subsequent PUCCH transmissions also during CBRA-BFR, until it is reconfigured/reactivated by the gNB [1]. Following draft proposal was discussed in the email discussion.
	Proposal 1 (for PUCCH):
· For CBRA based PCell/PSCell BFR, if Msg3 or MsgA of CBRA-BFR contains BFR MAC CE, after 3ms28 symbols from the successful completion of contention based random access procedure for beam failure recovery last symbol of the first PDCCH reception where UE detects a DCI with CRC scrambled by C-RNTI,
· UE shall transmit PUCCH in the PCell/PSCell with spatial domain filter based on the latest PRACH transmission and with power control parameters q_u = 0, q_d = q_new and l = 0
· q_new is the SSB selected for the PRACH transmission
· Note: the first PDCCH is counted from the transmission of the Msg3 or MsgA
· A new RRC enablePUCCHBeamResetBFR is added to configure whether to apply the above behavior or not
· enablePUCCHBeamResetBFR is optionally configured per UL BWP, with candidate value ‘enabled’ 
· The above behavior is supported by the UE supporting both PCell BFR and SCell BFR
· The above behavior of updating PUCCH spatial domain filter is applied to all PUCCH resources in PCell/PSCell


Note that TS38.321 [2] specifies contention resolution (i.e. CBRA completion) of CBRA-BFR is when UE detects DCI CRC scrambled by C-RNTI (shown in Appendix). However, it was pointed out that the above proposal has an issue when gNB miss detects Msg. 3 PUSCH, and if gNB transmits usual DCI with CRC scrambled by C-RNTI (because this gNB doesn’t realize the BFR yet), UE updates the PUCCH spatial relation but gNB doesn’t. In this case, the above proposal may cause miss alignment issue of PUCCH spatial relation between UE and gNB. Here, the “DCI with C-RNTI” in TS38.321 is not a pure usual “DCI with C-RNTI”, instead, we should consider together with RACH procedure, as well as RAN1 spec. As shown in Appendix, that the QCL assumption of “DCI with C-RNTI” for Msg. 4 is q_new (i.e. a SS/PBCH block the UE used for PRACH association), however, the QCL assumption of the usual DCI with C-RNTI is previously configured failed beam. Hence, UE monitors the DCI for Msg. 4 with q_new, on the other hand, the usual DCI with C-RNTI is transmitted with the failed beam. Therefore, most probably UE does not wrongly detect the usual DCI with C-RNTI as Msg. 4, and the issue raised by some companies will seldom happen.
Although this issue will seldom happen, to avoid this issue, we modify the proposal so that UE updates the PUCCH spatial relation after UE receives the “confirmation” of the successful reception of the Msg. 3 PUSCH. Note that “UL grant DCI with a same HARQ process number as Msg.3 PUSCH and having a toggled NDI field value”, can be regarded as the confirmation of the Msg. 3 PUSCH. Based on this proposal, the issue above is solved, because when gNB miss detects Msg. 3 PUSCH, and if gNB transmits usual DCI with CRC scrambled by C-RNTI, gNB transmits DCI with CRC scrambled by TC-RNTI to schedule re-transmission of Msg. 3 PUSCH, however, “UL grant DCI, with CRC scrambled by C-RNTI, with the same HARQ process number as Msg.3 PUSCH and having a toggled NDI field value” will not be transmitted until the Msg. 3 PUSCH is successfully received.

Proposal 1:
· For CBRA based PCell/PSCell BFR, if Msg3 or MsgA of CBRA-BFR contains BFR MAC CE, after 3ms from the last symbol of the first PDCCH reception in response to Msg.3 or MsgA PUSCH as described in Clause 8.4 of TS38.213, with CRC scrambled by C-RNTI, scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, UE shall transmit PUCCH in the PCell/PSCell with spatial domain filter based on the latest PRACH transmission and with power control parameters q_u = 0, q_d = q_new and l = 0
· q_new is the SSB selected for the PRACH transmission
· Note: the first PDCCH is counted from the transmission of the Msg3 or MsgA
· [bookmark: _GoBack]Adopt the following TP in TS38.213 section 6:
	6	Link recovery procedures
--- Omitted ---

After 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId where a UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI, the UE assumes same antenna port quasi-collocation parameters as the ones associated with index  for PDCCH monitoring in a CORESET with index 0.
For the PCell or the PSCell, if BFR MAC CE [11, TS38.321] is transmitted in Msg3 or MsgA of contention based random access procedure, after 3ms from a last symbol of a first PDCCH reception where the UE detects a DCI format in response to Msg.3 or MsgA PUSCH as described in Clause 8.4, with CRC scrambled by C-RNTI, scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, and until the UE receives an activation command or configuration to update spatial domain filter for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the PRACH transmission using 
- a same spatial filter as for the last PRACH transmission 


- a power determined as described in Subclause 7.2.1 with , , and , and    
where qnew is the SS/PBCH block index selected for the last PRACH transmission.



Conclusion
In this contribution, we discussed the remaining issues on PUCCH spatial relation assumption after CBRA-BFR. Based on the discussion, we made the following proposals.
Proposal 1:
· For CBRA based PCell/PSCell BFR, if Msg3 or MsgA of CBRA-BFR contains BFR MAC CE, after 3ms from the last symbol of the first PDCCH reception in response to Msg.3 or MsgA PUSCH as described in Clause 8.4 of TS38.213, with CRC scrambled by C-RNTI, scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, UE shall transmit PUCCH in the PCell/PSCell with spatial domain filter based on the latest PRACH transmission and with power control parameters q_u = 0, q_d = q_new and l = 0
· q_new is the SSB selected for the PRACH transmission
· Note: the first PDCCH is counted from the transmission of the Msg3 or MsgA
· Adopt the following TP in TS38.213 section 6:
	6	Link recovery procedures
--- Omitted ---

After 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId where a UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI, the UE assumes same antenna port quasi-collocation parameters as the ones associated with index  for PDCCH monitoring in a CORESET with index 0.
For the PCell or the PSCell, if BFR MAC CE [11, TS38.321] is transmitted in Msg3 or MsgA of contention based random access procedure, after 3ms from a last symbol of a first PDCCH reception where the UE detects a DCI format in response to Msg.3 or MsgA PUSCH as described in Clause 8.4, with CRC scrambled by C-RNTI, scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, and until the UE receives an activation command or configuration to update spatial domain filter for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the PRACH transmission using 
- a same spatial filter as for the last PRACH transmission 


- a power determined as described in Subclause 7.2.1 with , , and , and    
where qnew is the SS/PBCH block index selected for the last PRACH transmission.



Appendix
TS38.321 [2] specifies contention resolution (i.e. CBRA completion) timing of CBRA. The Note is added to explain the specification.
	[bookmark: _Toc37296183][bookmark: _Toc46490309][bookmark: _Toc52752004][bookmark: _Toc52796466]5.1.5	Contention Resolution
Once Msg3 is transmitted the MAC entity shall:
1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;
1>	monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of a measurement gap;
1>	if notification of a reception of a PDCCH transmission of the SpCell is received from lower layers:
2>	if the C-RNTI MAC CE was included in Msg3: (Note: for CONNECTED UE since only CONNECTED UE already has a C-RNTI. CBRA-BFR is also included.)
3>	if the Random Access procedure was initiated for SpCell beam failure recovery (as specified in clause 5.17) and the PDCCH transmission is addressed to the C-RNTI; or (Note: for CBRA-BFR.)
3>	if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI; or
3>	if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission: (Note: for CBRA for many other purposes.)
4>	consider this Contention Resolution successful;
4>	stop ra-ContentionResolutionTimer;
4>	discard the TEMPORARY_C-RNTI;
4>	consider this Random Access procedure successfully completed.




TS38.213 [3] specifies PRACH procedure of CBRA.
	8.4       PDSCH with UE contention resolution identity
[…]
When detecting a DCI format in response to a PUSCH transmission scheduled by a RAR UL grant, as described in [11, TS 38.321], or corresponding PUSCH retransmission scheduled by a DCI format 0_0 with CRC scrambled by a TC-RNTI provided in the corresponding RAR message [11, TS 38.321], the UE may assume the PDCCH carrying the DCI format has the same DM-RS antenna port quasi co-location properties, as described in [6, TS 38.214], as for a SS/PBCH block the UE used for PRACH association, as described in Clause 8.1, regardless of whether or not the UE is provided TCI-State for the CORESET where the UE receives the PDCCH with the DCI format.
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