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1 Introduction

In last meeting, there was some discussion on 2-step RACH and the following agreements were achieved [1]. 

	Agreements:

1. Criteria on whether the UE uses 2-step RACH or 4-step RACH shall be clearly specified 
2. The start of the msgB reception window is after the PUSCH transmission opportunity of msgA.  Details are FFS for 2-step RACH and fallback. 
3. If CCCH SDU was included in MsgA, then the contention resolution will be based on the contention resolution ID included in MsgB.  FFS for other conditions.  


One email discussion was triggered to discuss the procedure and MsgB content and there was some general discussion on the timers. In this contribution, we would like to discuss about some detailed issues related to times for MsgB reception and give corresponding proposals. 

2 Discussion
2.1 One timer or two timers 
In NR, two timers need to be maintained for UEs performing 4-step CBRA, one is ra-ResponseWindow which is started at the first PDCCH occasion from the end of the Random Access Preamble transmission and UE monitors the RAR when the window is running. It is stated in the specification that the MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX. Another timer is the ra-ContentionResolutionTimer which is started or restarted at each HARQ retransmission once Msg3 is transmitted, and UE monitors the PDCCH until either this timer expires or contention resolution is successful. 
For 2-step RACH, as MsgB carries contention resolution message for CBRA and a possible payload which contains parts or all fields included in legacy RAR, it seems only one timer is needed for MsgB monitoring. Actually in last meeting, we already agreed to have the MsgB reception window and it is started after the PUSCH transmission opportunity of MsgA. However, one remaining issue is that whether the UE also starts another window to control the reception of the fall back RAR from the network in case only the transmitted detect signal is successfully decoded by the NW and the UE is informed to fall back from 2-step RACH to 4-step RACH. 
In the email discussion, this issue was discussed and a majority of companies prefers to only use the MsgB window for both MsgB and fall back RAR monitoring. We also share the same view that it is not necessary to have a separate window for the reception of the fall back RAR. UE starts the MsgB window after the PUSCH transmission opportunity of msgA and when the MsgB window is running, UE needs to monitor the PDCCH for the reception of the MsgB and fall back RAR. 
Proposal 1: Use the MsgB reception window for the reception of the MsgB as well as the fall back RAR. 
2.2 How MsgB window works
According to the discussion in the previous section, UE maintains only one for the reception of MsgB and fall back RAR. There are several cases as listed below.

Case 1: UE receives MsgB before fall back RAR 

In case UE receives MsgB and considers contention resolution successful, UE needs to stop the MsgB window to stop the monitoring of the MsgB as well as the RAR and UE considers this 2-step RACH procedure as successfully completed. Even though no fall back RAR is received, there is no need to continue the monitoring of the fall back RAR and the RAR window can be stopped. 

Proposal 2: In case UE receives MsgB and considers contention resolution successful, UE stops the MsgB window and considers this RACH procedure successfully completed. 
Case 2: UE receives fall back RAR before MsgB

In case UE receives fall back RAR before MsgB, UE may stop the reception of RAR, which is the same behavior as in Rel-15 NR. However how to deal with the reception of MsgB as well as the MsgB window remains unclear and there may be multiple options as listed below. 

Option 1: UE ignores the fall back RAR and keeps monitoring MsgB to continue 2-step RACH until contention resolution successful or until the expiry of MsgB window 
For this option, as long as MsgB is received and contention resolution is considered as successful before the expiry of MsgB window, UE stops the MsgB window as well as the MsgB reception and considers the RACH procedure as successfully completed. Another case is that UE is not able to receive the MsgB until the MsgB window expires and in this case, UE may need to check whether the fall back RAR is still available, i.e., the time point indicated by the UL grant has not passed. If the fall back RAR is still available, then UE falls back to 4-step RACH, i.e., continue the transmission of Msg3 and reception of Msg4, otherwise, UE needs to perform another RACH attempt, either 2-step or 4-step RACH. 
Option 2: UE falls back to 4-step RACH directly and stops the reception of MsgB

For this option, upon reception of the fall back RAR, UE stops the MsgB window and hence the monitoring of MsgB, which means the 2-step RACH is stopped upon reception of the fall back RAR. Then the UE directly falls back to 4-step RACH procedure including transmission of Msg3 on the allocated UL grant and reception of Msg4 as in Rel-15 NR. For this option, there is only one ongoing RACH procedure, however the access latency may increase since it is possible for the UE to receive the MsgB and succeed in the contention resolution before the Msg4 reception if 2-step RACH is also continued in parallel.
Option 3: UE falls back to 4-step RACH while keeps monitoring the MsgB

For this option, upon reception of the fall back RAR, the MsgB window keeps running and UE keeps monitoring MsgB to continue the 2-step RACH. In addition, UE also falls back to 4-step RACH in parallel including transmission of Msg3 on the allocated UL grant and reception of Msg4. In case UE succeeds in the contention resolution in any of the RACH procedures, UE stops the other ongoing RACH procedure immediately. 
Therefore, based on the above analysis, we think option 3 is more aligned with the motivation of the introduction of 2-step RACH and we propose UE to falls back to 4-step RACH while keeps monitoring the MsgB upon reception of a fall back RAR during the 2-step RACH procedure.

Proposal 3: In case UE receives fallbackRAR before MsgB, UE keeps the MsgB window running and continues to monitor MsgB. 

There are three possible cases after falling back. One is that 2-step RACH completes earlier than 4-step RACH which means during the fall back procedure, UE receives the MsgB and considers contention resolution successful. In this case, UE should stop the MsgB window as well as MsgB reception and considers the RACH procedure successfully completed. Even though the ongoing 4-step RACH procedure has not been completed, it can be stopped immediately. 

Proposal 4: After falling back to 4-step RACH, if UE receives the MsgB and considers contention resolution successful, UE stops the MsgB window. 
Another case is that 4-step RACH completes earlier than 2-step RACH which means that during the fall back procedure, upon reception of Msg4 and contention resolution is considered as successful, the MsgB window is still running and UE still has not received the MsgB. In this case, UE also stops the MsgB window as well as the reception of MsgB and considers the RACH procedure as successfully completed. Even though the 2-step RACH has not been completed, it can be stopped immediately. 
Proposal 5: After falling back to 4-step RACH, if the MsgB window is still running when the UE receives Msg4 and considers contention resolution successful, the UE stops the MsgB window. 
Another case is that after falling back to 4-step RACH, UE does not receive the MsgB until the expiry of the MsgB window. In this case, UE can continue the 4-step RACH procedure until either contention resolution successful or 4-step RACH fails. If 4-step RACH also fails, another RACH attempt, i.e., either 2-step RACH or 4-step RACH needs to be performed.

Proposal 6: After falling back to 4-step RACH, if no MsgB is received until the expiry of the MsgB window, UE continues the 4-step RACH procedure until either contention resolution successful or 4-step RACH fails.

The above analysis is based on the assumption that UE receives the fall back RAR while the MsgB window is still running. However, it is also possible that upon the expiry of the MsgB window, neither MsgB nor fall back RAR is received and in this case, another RACH attempt, i.e., either 2-step RACH or 4-step RACH needs to be performed. 
Proposal 7: Upon the expiry of the MsgB window, if UE receives neither fall back RAR nor the MsgB, UE performs another RACH attempt. 
3 Conclusion

In this contribution, we discuss about how many timers UE maintains for the reception of MsgB and the fall back RAR and how MsgB window works. We have the following proposals.
Proposal 1: Use the MsgB reception window for the reception of the MsgB as well as the fall back RAR. 

Proposal 2: In case UE receives MsgB and considers contention resolution successful, UE stops the MsgB window and considers this RACH procedure successfully completed. 

Proposal 3: In case UE receives fallbackRAR before MsgB, UE keeps the MsgB window running and continues to monitor MsgB. 

Proposal 4: After falling back to 4-step RACH, if UE receives the MsgB and considers contention resolution successful, UE stops the MsgB window. 
Proposal 5: After falling back to 4-step RACH, if the MsgB window is still running when the UE receives Msg4 and considers contention resolution successful, the UE stops the MsgB window. 
Proposal 6: After falling back to 4-step RACH, if no MsgB is received until the expiry of the MsgB window, UE continues the 4-step RACH procedure until either contention resolution successful or 4-step RACH fails.

Proposal 7: Upon the expiry of the MsgB window, if UE receives neither fallbackRAR nor MsgB, UE performs another RACH attempt.
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