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1 Introduction

In RAN2#105bis meeting, regarding RACH procedure, the following agreements were made:

· 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 in MAC) from PHY is used. 
· MAC returns to the resource selection step if LBT fails for Msg1 transmission opportunity(ies)
· From MAC perspective, multiple msg1 transmissions are not supported (does not preclude beam sweeping enhancement if decided for NR)

· Actual transmission for MSG1 (LBT success) is used for starting RAR window
· R2 assumes the maximum RAR window size is extended to [20] ms
· We ask R1 regarding the support of multiple MSG3 transmission opportunities

· R2 assumes the range of ra-ContentionResolutionTimer is not extended for NR-U (note this contradicts earlier assumption)

· Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS
In this contribution, we give our views on possible enhancements to 4-steps RACH.
2 Discussion

2.1 Additional opportunities for msg3
As agreed in the study item phase:

· For NR-U, RACH can be enhanced by additional opportunities. The additional opportunities should apply to msg1 and msg3.
During RAN2#105bis meeting, there are several proposals on how to increase the additional opportunities of msg3:
· Option1: the UL grant in msg2 can be repeated in time domain [1];
· Option2: update the RAR format so that it can indicate multiple UL grant [2];

· Option3: UE continues monitors RAR so that if msg3 transmission fails due to LBT it can still have chance to receive RAR [3];

· Option4: UE is configured to transmit a Msg3 within a COT initiated by the gNB with a transmission of Msg2 [4].
For option1, the transmission opportunites are consecutive in the time domain, it seems if LBT fails for the first opportunity, it would fails for the following consecutive time. For option 2, involvement from RAN1 is needed and it seems not so easy to extend the RAR format to support multiple UL grant scheduling. For option 3, it requires multiple RAR transmission from gNB side however it seems feasible. Option 4 also depends on RAN1 and it’s not sure msg3 can be always within the COT initiated by gNB.
Observation 1 Among all the options, option 3 seems feasible and has the least impact on the current MAC specification. 

However, considering the feasibility of option4, we think option 3 and option 4 can be considered together. In other words, if UE receives RAR and msg3 is indicated within the COT initiated by msg2, then UE may stop ra-responseWindow. If UE receives RAR and msg3 is indicated out of the COT initiated by msg2, in this case, msg3 transmission may be blocked due to LBT failure, in order to get another chance to transmit msg3, UE needs to monitor RAR during the ra-responseWindow.
Proposal 1 UE shall monitor RAR during the ra-responseWindow if msg3 transmission is not in the COT of initiated by msg2 transmission.
2.2 Start condition for ra-contentionResolutionTimer

For NR licensed operation, the start condition of ra-contentionResolutionTimer in 4-step RACH is when UE performs msg3 transmission or retransmission. During the timer running, UE monitors msg4 or the scheduling of msg3 retransmission.
For NR unlicensed operation, since the msg3 transmission may be block due to LBT failure, so it’s not clear whether the UE starts ra-contentionResolutionTimer in the case when msg3 is not transmitted due to LBT failure.
In RAN2 #105bis meeting, this issue was discussed and there was an FFS as following:
· Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS
During the discussion, there are two views:

· Option 1: the ra-contentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission;

· Option 2: the ra-contentionResolutionTimer is started only at successful LBT outcome of msg3 transmission;
In NR-U, from network point of view, after send the RAR, gNB tries to decode msg3 on the scheduled resources, if there is no msg3 received, gNB can not differentiate the following two cases:
· Case 1: UE does not receive the RAR;
· Case 2: UE has received the RAR, however, the msg3 transmission is blocked due to LBT;

If case1 happens, it does not make sense to send retransmission scheduling of msg3 to the UE since UE does not have TC-RNTI. If case2 happens, gNB can schedule retransmission of msg3. However, given not being able to differentiate these two cases, it seems wasteful to send retransmission UL grant to UE to schedule msg3. Thus, from UE side, ra-ContentionResolutionTimer should not be started since there maybe no retransmission scheduling received, and UE would need to wait until the end of the expiry of the timer to perform RACH resource selection again, which could be up to 64ms.
Observation 2 If msg3 fails due to LBT failure, gNB is not able to differentiate whether UE does not receive RAR or it fails to transmit msg3 due to LBT failure, thus gNB may not schedule msg3 retransmission. 

Proposal 2 ra-ContentionResolutionTimer is started or restarted when msg3 is successfully transmitted or retransmitted. 
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
Among all the options, option 3 seems feasible and has the least impact on the current MAC specification.
Observation 2
If msg3 fails due to LBT failure, gNB is not able to differentiate whether UE does not receive RAR or it fails to transmit msg3 due to LBT failure, thus gNB may not schedule msg3 retransmission.
Proposal 1
UE shall monitor RAR during the ra-responseWindow if msg3 transmission is not in the COT of initiated by msg2 transmission.
Proposal 2
ra-ContentionResolutionTimer is started or restarted when msg3 is successfully transmitted or retransmitted.
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