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1 Introduction

In WID of Rel-16 two-step RACH for NR [1], one of the objectives is to specify the fall back procedure from two-step RACH to four-step RACH. Meanwhile, NR-U already has some discussions on two-step RACH study and the following agreements were achieved in the recent RAN2 #103bis meeting.
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In this paper, we would like to provide our high-level view on the procedure on two-step RACH fall back to four-step RACH.
2 Discussion

In two-step RACH, UE would transmit preamble and payload contained in msgA to network on PRACH and PUSCH, respectively. It is possible that UE may transmit a relatively large data as payload of msgA in a poor radio condition, and the physical resource for this UE may have collision with other UEs. Hence, there may be a case that gNB can only decode the random access preamble successfully but may partially or fully fail to decode the data part of msgA. In different situations, network may have different response and behavior.
· Both the preamble and payload are received and decoded successfully: Network should transmit msgB as random access response to UE as an expected two-step RACH procedure.

· Both the preamble and payload are failed to decode: Network cannot send any response to UE within the RAR window, and UE should consider msgA transmission unsuccessful. UE may make another attempt of two-step RACH or a new four-step RACH based on the different triggering conditions.
· The preamble is received successfully, but payload is partially or fully failed to decode: In this case, since network can successfully decode UE preamble, network can response msgB RAR. Meanwhile, network cannot confirm the contention resolution in response, because UE identifier information is transmitted in the payload of msgA in two-step RACH.
Observation 1: If network can successfully decode preamble of MsgA but fails to decode the payload of msgA, network should send back a RAR.

Proposal 1: UE should consider msgA transmission unsuccessful if no msgB is received within the RAR window in two-step RACH.

Once UE receives the msgB RAR in the case of failed to decode the payload in two-step RACH, UE can acquire the RAPID, TA command and UL grant information from the RAR. Since network responses the RAR after successfully receiving the preamble, UE can request re-transmission of msgA payload in the remaining step (i.e. msg3) based on the granted resources in msgB RAR. Fallback to four-step RACH also can help UE to quickly receive the contention resolution in the last step (i.e. msg4) to finish the RACH procedure in time. 
In addition, since the PUSCH resource used in the msgA might be associated with several preambles for resource utilization, there would be high probability to collide with other PUSCH resource for msgA. Hence, how to increase the possibility of successful decoding the retransmitted payload of msgA should need more further study, and it should be RAN1 work.
In summary, if msgA preamble detection is successful but network fails to decode the payload, network can send back a RAR. Instead of considering the two-step RACH failed, UE can retransmit the failed payload on the following step based on the granted resources in msgB RAR. If network can further send message including the UE contention resolution, this RACH attempt is considered successfully completed. Otherwise, UE may make another new attempt of either two-step RACH or four-step RACH.

Proposal 2: Fallback to the four-step RACH procedure for the case where only the msgA preamble is detected by gNB should be supported.
The network can configure a timer and/or maximum number of attempts to control when UE gives up two-step RACH attempt. The high level procedure can be like this. 

If a timer is configured by network and number of two-step RACH attempt has reached the maximum number, UE should stop two-step RACH and perform regular four-step RACH instead. On the other hand, if the timer is still running, UE can make another attempt of two-step RACH. If the timer has expired, UE should stop two-step RACH and perform regular four-step RACH.

If network does not configure a timer and the number of two-step RACH attempt has reached the maximum number, UE should terminate the random access procedure and notify the upper layer. Otherwise, UE should make another attempt by repeating above steps. The new attempt is either a two-step RACH or a new four-step RACH according to the different triggering conditions.
Proposal 3: UE should give up the two-step RACH procedure and fall back to four-step RACH procedure based on either a timer and/or a maximum number of attempts configured by network.
3 Conclusion
We make the following observations related to two-step RACH fall back to four-step RACH.
Observation 1: If network can successfully decode preamble of MsgA but fails to decode the payload of msgA, network should send back a RAR.

We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: UE should consider msgA transmission unsuccessful if no msgB is received within the RAR window in two-step RACH.

Proposal 2: Fallback to the four-step RACH procedure for the case where only the msgA preamble is detected by gNB should be supported.
Proposal 3: UE should give up the two-step RACH procedure and fall back to four-step RACH procedure based on either a timer and/or a maximum number of attempts configured by network.
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5 Annex

Agreements:


From RAN2 perspective, the first message in 2-step RACH is a signal to detect the UE and a payload while the second message is for contention resolution for CBRA with a possible payload.


As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request, BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.


The first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH. RAN1 input will be needed for the payload size.


CFRA for 2-step RACH is supported.


Contention resolution in 2-step RACH will be done by including a UE identifier in the first message which is echoed in the second message. The type of UE identifier(s) is FFS.


Fall-back from 2-step RACH to 4-step RACH is supported. Doing this after msgA will need support from physical layer perspective.


Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH.


Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH and a grant for msgA will be broadcasted.









