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1. Introduction
In the NR-U MAC CR which became part of 38.321 16.0.0, RACH counters are not incremented when msg1 or msgA are not transmitted due to LBT failures. However, this presents a critical problem for UEs which do not support consistent uplink LBT failure detection and recovery.

Another issue related to LBT failure recovery is the RAN4 LS to RAN2 which asked if the MAC mechanism for LBT failures is also applicable to handover, re-establishment, release with re-direction and PSCell addition.

In this contribution, we discuss these issues.

2. Discussion
RACH counters and LBT failures

When the impact of LBT failures on RACH was discussed during the NR-U Study Item, the primary agreement in both RAN1 and RAN2 was not to ramp up transmission power of the subsequent attempts when a transmission cannot occur due to LBT failure. This was captured in the Study Item TR 38.889 as follows:

For msg1 transmission of 4-step RACH procedure, if preamble transmissions are dropped due to LBT failure, then from RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented. (RAN1)

In legacy RACH, the counters for preamble transmission and power ramping are increased with every attempt. In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure. This will require an indication from the physical layer to the MAC. (RAN2)

We believe that the RAN1 agreement on the transmission counter was misplaced and the intention seemed to be only to prevent power ramping. Furthermore, RAN1 should not have decided on how MAC parameters are utilized.
When this was discussed during the Work Item phase, in part motivated by the RAN1 agreement, RAN2#105bis has agreed on the following:

· The PREAMBLE_TRANSMISSION_COUNTER is not increased if the preamble is not transmitted due to LBT failure

· As earlier agreed, The POWER_RAMPING_COUNTER is not increased if the preamble is not transmitted due to LBT failure. For this purpose LBT failure indication or equiv. (used for other LBT outcome dependencies) from PHY is used. 

In 38.321, PREAMBLE_POWER_RAMPING_COUNTER is incremented every time a new preamble is transmitted as long as the corresponding SSB or CSI-RS selected does not change and LBT failure has not occurred in the previous transmission. The last part is according to the second RAN2 agreement above and is sufficent and necessary to guarantee that the power ramping is not applied due to LBT failures.

Observation 1: Not incrementing PREAMBLE_POWER_RAMPING_COUNTER is sufficient and necessary to guarantee that power ramping is not applied due to LBT failures.

The first agreement was in part motivated by the earlier RAN1 agreement. In 38.321, PREAMBLE_TRANSMISSION_COUNTER is used to detect and declare RACH failure. It is incremented when a RA response is not received within ra-ResponseWindow duration. When the counter reaches the configured maximum value (preambleTransMax + 1), random access failure is declared and either RLF (on MCG) or SCG failure occurs.
Observation 2: Not incrementing PREAMBLE_TRANSMISSION_COUNTER due to LBT failures serves no useful purpose in MAC.

Since ra-ResponseWindow only starts with actual msg1 or msgA transmission, it is not started when these transmission fail due to LBT failures. Therefore, when consistent LBT failures happen, PREAMBLE_TRANSMISSION_COUNTER will be stuck at the same value. 

When RAN2 made the agreement on PREAMBLE_TRANSMISSION_COUNTER, it was assumed that consistent UL LBT failure detection mechanism will kick in and break the deadlock due to counter being stuck.

However, it was agreed in RAN2#109e that the LBT failure detection and recovery is an optional UE capability. Therefore, when the UE does not support this mechanism, there will not be a recovery if RACH attemps fail consistently.
Observation 3: If the UE does not support consistent UL LBT failure detection and recovery, such failures during RACH will cause the procedure to be stuck without any recovery.

The simple solution is to correct the previous mistake RAN2 did and increment PREAMBLE_TRANSMISSION_COUNTER due to LBT failure.

Proposal 1: The PREAMBLE_TRANSMISSION_COUNTER is increased with preamble transmission attempt regardless of LBT outcome.

RAN4 LS on LBT failures

RAN2 has received an LS from RAN4 [1] which asked the following questions: 
	RAN4 would like to ask for a clarification from RAN2 regarding the UL LBT failure detection/recovery configuration and procedure. More specifically:

· Is there currently support in RAN2 specifications for the UL LBT failure detection/recovery procedure for PRACH transmissions in the target cell during the following procedures: 

· handover, 

· RRC re-establishment, 

· RRC release with redirection, and

· PSCell addition?

· If not yet supported, is RAN2 still considering introducing such support in Rel-16?

· If the UL LBT failure detection/recovery in the target cell is or to be supported in Rel-16, is it mandatory for all UEs supporting NR-U operation or is it a UE capability?

RAN4 would also like to indicate that RAN4 sees it beneficial if the UL LBT failure detection/recovery procedure for the target cell is also introduced for the above procedures (handover, RRC re-establishment, RRC release with redirection, and PSCell addition).




The first question is whether the UL LBT failure detection/recovery (ULFaDR) is applicable to the mentioned RRC procedures.
When ULFaDR was introduced, one of the underlying assumptions was that the UE would be in Connected mode. Therefore, the detection is done per BWP and recovery is by either changing to a configured BWP or by transmitting a MAC CE on an activated cell. In addition, the necessary parameters used are configured by dedicated RRC signalling.
Extending to ULFaDR to handover seems feasible since the UE is in Connected mode and handover attempt can be regarded as any other RACH procedure in Connected mode. In fact, the procedures as they are written can be used without any changes. The only complication is whether switching to a different BWP to complete HO when the initial attempt fails may not be always optimal. For example, it could be simpler to declare HO failure when the attempt fails in the current active BWP.
Observation 4: Uplink LBT failure detection can be supported by the current procedures during handover.

Observation 5: The existing recovery for UL LBT failure can be simplified for handover.
We also note that handover is more important than other procedures in terms of latency and failure requirements and therefore will benefit more from the new mechanism.

Proposal 2: RAN2 to clarify that UL LBT failure detection is applicable to handover and discuss to re-use or simplify the existing recovery. 

The other procedures are more complicated. In re-establishment, the UE is still in Connected mode. However, it uses the default MAC Cell Group configuration which does not have any LBT parameters. In addition, since the access is on the initial BWP and thus switching to another BWP upon failure is not feasible.

The same problems are also applicable to Resume and Setup. The RRC release with redirection causes either Resume or Setup procedures after cell selection and thus can be considered together with these procedures.

Proposal 3: RAN2 to confirm that the current specifications do not support UL LBT failure detection and recovery for RRC Setup, Resume, and re-establishment.
Observation 6: Introducing UL LBT failure detection and recovery for RRC Setup, Resume, and re-establishment will require at least introducing new default LBT parameters and procedural modifications.
UL LBT failure detection and recovery mechanism is an optimization and thus extending to the considered RRC procedures is not essential for WI completion. Unlike Connected mode where such recovery is important for continued data throughput, it is not as critical for the above RRC procedures except possibly for handover.

Observation 7: UL LBT failure detection and recovery for RRC Setup, Resume, and re-establishment is not as critical compared to Connected mode with data transmission and is not essential for WI completion.
Proposal 4: RAN2 to consider the support of UL LBT failure detection and recovery for RRC Setup, Resume, and re-establishment on a best effort basis and lower priority than completion of the remaining essential issues.
Note that RAN2#109-e has already agreed on the UE capability regarding UL LBT failure detection and recovery.

Observation 8: In regard to the relevant RAN4 question, RAN2 has already agreed that UL LBT failure detection and recovery is an optional UE capability.
A response LS to RAN4 based on above observations and proposals should be sent.

Proposal 5: RAN2 to respond to RAN4 LS based on above observations and proposals.
3. Conclusion

In this contribution, we discussed open issues regarding LBT failure and recovery and propose the following:

Observation 1: Not incrementing PREAMBLE_POWER_RAMPING_COUNTER is sufficient and necessary to guarantee that power ramping is not applied due to LBT failures.

Observation 2: Not incrementing PREAMBLE_TRANSMISSION_COUNTER due to LBT failures serves no useful purpose in MAC.

Observation 3: If the UE does not support consistent UL LBT failure detection and recovery, such failures during RACH will cause the procedure to be stuck without any recovery.

Proposal 1: The PREAMBLE_TRANSMISSION_COUNTER is increased with preamble transmission attempt regardless of LBT outcome.

Observation 4: Uplink LBT failure detection can be supported by the current procedures during handover.

Observation 5: The existing recovery for UL LBT failure can be simplified for handover.
Proposal 2: RAN2 to clarify that UL LBT failure detection is applicable to handover and discuss to re-use or simplify the existing recovery. 

Proposal 3: RAN2 to confirm that the current specifications do not support UL LBT failure detection and recovery for RRC Setup, Resume, and re-establishment.
Observation 6: Introducing UL LBT failure detection and recovery for RRC Setup, Resume, and re-establishment will require at least introducing new default LBT parameters and procedural modifications.
Observation 7: UL LBT failure detection and recovery for RRC Setup, Resume, and re-establishment is not as critical compared to Connected mode with data transmission and is not essential for WI completion.
Proposal 4: RAN2 to consider the support of UL LBT failure detection and recovery for RRC Setup, Resume, and re-establishment on a best effort basis and lower priority than completion of the remaining essential issues.
Observation 8: In regard to the relevant RAN4 question, RAN2 has already agreed that UL LBT failure detection and recovery is an optional UE capability.
Proposal 5: RAN2 to respond to RAN4 LS based on above observations and proposals.
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