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1	Introduction
This contribution discusses the issue with BFR (Beam Failure Recovery) specific CFRA (Contention Free Random Access) resources when TAT (Time Alignment Timer) associated with PTAG (Primary Timing Advance Group) has expired.
2	Problem with CFRA based BFR in Rel-15
The CFRA based BFR was designed by RAN1 with the assumption the UE would be UL time aligned. This enabled the NW response to UE transmitted CFRA preamble directly with C-RNTI. The following is specified in TS 38.321:
	[bookmark: _Toc20428278]5.1.4	Random Access Response reception
(…)
1>	if notification of a reception of a PDCCH transmission on the search space indicated by recoverySearchSpaceId is received from lower layers on the Serving Cell where the preamble was transmitted; and
1>	if PDCCH transmission is addressed to the C-RNTI; and
1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	consider the Random Access procedure successfully completed.



However, the case when TAT associated with PTAG expires was not considered thoroughly since the NW cannot include a 12-bit TAC (Timing Advance Command) into a MAC PDU scheduled by C-RNTI – such possibility is, so far, only possible for MAC PDU scheduled with RA-RNTI.
Observation 1: 12-bit TAC is not possible to be multiplexed into a MAC PDU scheduled over PDCCH transmission addressed to the UE’s C-RNTI. Such is possible only for a MAC PDU (for RAR) that is scheduled over PDCCH transmission addressed to RA-RNTI.
This will lead to an issue with the current Rel-15 design where the CFRA resources specific to BFR are not released by the UE upon TAT expiry associated with PTAG. As can be seen from TS 38.321, the CFRA resources are not released upon TAT expiry associated with PTAG while all the other dedicated resources are being released:
	[bookmark: _Toc20428281]5.2	Maintenance of Uplink Time Alignment
(…)
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.



Observation 2: All other dedicated UL resources, except the CFRA resources specific to BFR, are released by the UE upon TAT expiry associated with PTAG.
Even though the UE maintains NTA, the possibility that the UL timing has drifted more than the TAC MAC CE can support is high as the UE may be kept out-of-sync until data arrival in either UL or DL. It should be noted that the current TAC MAC CE is 6 bits long and hence allows 5 bits (32 steps) of timing adjustment to either direction of the current TA (NTA in this case). To compare with the 12 bits TAC in RAR which allows 4096 TA steps, the current TAC MAC CE can cover only very minor timing drift – hence, it was also designed to adjust the UL timing when the UE is UL synchronized.
Observation 3: The TAC MAC CE with 32 steps of timing adjustment to either direction will not suffice for bigger timing drifts that will happen when the UE is out-of-sync.
Hence, when the UE triggers BFR when TAT associated with PTAG has expired, since the CFRA resources specific to BFR are available, the UE will prioritize the beams associated with CFRA resources in the RA procedure. When the NW receives the CFRA preamble and determines the 6-bit TAC MAC CE is not able to comply with the timing difference of the UE maintained NTA and received timing of the CFRA preamble, the only option for the NW is to trigger PDCCH ordered RA after completing the Random Access for BFR. This seems to be a major flaw in the Rel-15 design and leads to even longer time for BFR procedure completion given two separate RA procedures are required to get UE back to UL synchronized.
Problem: In Rel-15, NW has to trigger PDCCH ordered RA after completing the Random Access for BFR to get UE UL synchronized since the 12-bit TAC is not possible to be provided in a MAC PDU scheduled with C-RNTI.
3	Solutions
3.1	Alt. 1
Given that all the other UL dedicated resources, except CFRA resources specific to BFR, are released by the UE upon TAT expiry associated with PTAG, it seems easiest to release also such CFRA resources. This would mean that upon BFD (Beam Failure Detection), UE would perform BFR with CBRA (Contention Based Random Access) only given the CFRA resources would not be available. This is already the case for any other trigger to start UL transmissions.
As all the other dedicated signals (e.g., SR resources, CSI/SRS resources, etc.) need to be reconfigured for the UE after UL synchronization has been regained, the CFRA resources can be similarly reconfigured. Furthermore, since the NW would know the UE released the CFRA resources, it could assign such resources for other UEs currently in active communication with the NW.
Solution alternative #1: UE releases the CFRA resources specific to BFR upon TAT expiry associated with PTAG.
The pros/cons of the solution alternative #1 could be listed as follows:
	-	Pros:
		-	Resource efficiency (NW can reuse the UE released CFRA resources for other UEs);
		-	Simplicity (follows the same principle with any other dedicated UL resources);
		-	Reconfiguration will be anyway required to configure other dedicated UL signals along with the new CFRA
		resources specific to BFR could also be configured.
	-	Cons:
		-	No CFRA based BFR could be performed when UL synchronization is not available.
3.2	Alt. 2
In the 2-step RACH work item, it seems likely a new 12-bit TAC MAC CE will be specified to be able to provide sufficient timing information for CONNECTED mode UEs when they perform 2-step RA when UL synchronization is not available. It should be immediately noted that the 12-bit TAC MAC CE was considered for 2-step RA given the current 6-bit TAC MAC CE does not suffice for out-of-sync UEs.
When the UE performs CFRA BFR, NW could include the 12-bit TAC MAC CE into the MAC PDU scheduled with C-RNTI and the current framework of keeping the CFRA resources upon TAT expiry associated with PTAG could be maintained. The benefit from the NW point of view is, however, questionable as the CFRA resources would need to be released by the NW via explicit signalling if it intended to reuse the CFRA resources for other UEs.
Solution alternative #2: define a 12-bit TAC MAC CE which is used to provide UL timing alignment for the UE upon CFRA based BFR from out-of-sync.
The pros/cons of the solution alternative #2 could be listed as follows:
	-	Pros:
		-	CFRA based BFR could be performed when UL synchronization is not available;
	-	Cons:
		-	Reconfiguration will be anyway required to configure other dedicated UL signals for the UE;
		-	Reusing the CFRA resources for other UEs would require release of the resources by the NW via explicit
		signalling from the UE.
3.3	Proposal
Based on the pros/cons comparison above, it seems both simpler and more resource efficient to release the CFRA resources specific to BFR upon TAT expiry.
Proposal: UE releases the CFRA resources specific to BFR upon TAT expiry associated with PTAG.
4	Conclusion
In this contribution, the issue of Rel-15 BFR with CFRA was presented when TAT associated with PTAG expires:
Observation 1: 12-bit TAC is not possible to be multiplexed into a MAC PDU scheduled over PDCCH transmission addressed to the UE’s C-RNTI. Such is possible only for a MAC PDU (for RAR) that is scheduled over PDCCH transmission addressed to RA-RNTI.
Observation 2: All other dedicated UL resources, except the CFRA resources specific to BFR, are released by the UE upon TAT expiry associated with PTAG.
Observation 3: The TAC MAC CE with 32 steps of timing adjustment to either direction will not suffice for bigger timing drifts that will happen when the UE is out-of-sync.
Problem: In Rel-15, NW has to trigger PDCCH ordered RA after completing the Random Access for BFR to get UE UL synchronized since the 12-bit TAC is not possible to be provided in a MAC PDU scheduled with C-RNTI.
Two solution alternatives for the problem were presented out of which one is proposed:
Solution alternative #1: UE releases the CFRA resources specific to BFR upon TAT expiry associated with PTAG.
Solution alternative #2: define a 12-bit TAC MAC CE which is used to provide UL timing alignment for the UE upon CFRA based BFR from out-of-sync.
Proposal: UE releases the CFRA resources specific to BFR upon TAT expiry associated with PTAG.
Appendix A: TP into TS 38.321
First Modified Subclause
5.2	Maintenance of Uplink Time Alignment
RRC configures the following parameters for the maintenance of UL time alignment:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned.
The MAC entity shall:
1>	when a Timing Advance Command MAC CE is received, and if an NTA (as defined in TS 38.211 [8]) has been maintained with the indicated TAG:
2>	apply the Timing Advance Command for the indicated TAG;
2>	start or restart the timeAlignmentTimer associated with the indicated TAG.
1>	when a Timing Advance Command is received in a Random Access Response message for a Serving Cell belonging to a TAG:
2>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble:
3>	apply the Timing Advance Command for this TAG;
3>	start or restart the timeAlignmentTimer associated with this TAG.
2>	else if the timeAlignmentTimer associated with this TAG is not running:
3>	apply the Timing Advance Command for this TAG;
3>	start the timeAlignmentTimer associated with this TAG;
3>	when the Contention Resolution is considered not successful as described in clause 5.1.5; or
3>	when the Contention Resolution is considered successful for SI request as described in clause 5.1.5, after transmitting HARQ feedback for MAC PDU including UE Contention Resolution Identity MAC CE:
4>	stop timeAlignmentTimer associated with this TAG.
2>	else:
3>	ignore the received Timing Advance Command.
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	notify RRC to release contention-free Random Access Resources for beam failure recovery, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release PUCCH, if configured;
3>	notify RRC to release SRS, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	maintain NTA (defined in TS 38.211 [8]) of this TAG.
When the MAC entity stops uplink transmissions for an SCell due to the fact that the maximum uplink transmission timing difference between TAGs of the MAC entity or the maximum uplink transmission timing difference between TAGs of any MAC entity of the UE is exceeded, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired.
The MAC entity shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble transmission when the timeAlignmentTimer associated with the TAG to which this Serving Cell belongs is not running. Furthermore, when the timeAlignmentTimer associated with the PTAG is not running, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble transmission on the SpCell.
End of Modified Subclause
Appendix B: TP into TS 38.331
First Modified Subclause
[bookmark: _Toc20425753]5.3.12	UE actions upon PUCCH/SRS/BFR release request
Upon receiving a PUCCH release request from lower layers, for all bandwidth parts of an indicated serving cell the UE shall:
1>	release PUCCH-CSI-Resources configured in CSI-ReportConfig;
1>	release SchedulingRequestResourceConfig instances configured in PUCCH-Config.
Upon receiving an SRS release request from lower layers, for all bandwidth parts of an indicated serving cell the UE shall:
1>	release SRS-Resource instances configured in SRS-Config.
Upon receiving a contention-free Random Access Resources for beam failure recovery release request from lower layers, for all bandwidth parts of an indicated serving cell the UE shall:
1>	release candidateBeamRSList configured in BeamFailureRecoveryConfig.
End of Modified Subclause




