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1. Introduction 
In 3GPP RAN2#105bis meeting, some agreements on 2-step RACH have been reached as follows:
	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.  


Agreements
1.
2-step RACH is applicable for Msg3 based SI request.

2.
2-step RACH is applicable for CB BFR.  FFS for CFRA
In this contribution, we elaborate different options on the fall back procedure from 2-step RACH to 4-step RACH which have not been fully addressed in the email discussion on “2-step RACH procedures and msgB content” and provide some proposals as a way forward.
2. Discussion
2.1 Two options on fall back procedure to 4-step RACH   

In general, there are two options on the fall back procedure from 2-step RACH to 4-step RACH.
Option 1: UE falls back to msg1 of 4-step RACH.
In this option, once 2-step RACH procedure fails, the UE will initiate a new 4-step RACH procedure e.g. to transmit a 4-step RACH preamble.
Option 2: UE falls back to msg3 of 4-step RACH
In this option, once gNB detects a 2-step RACH failure, it will send a RAR to UE. After receiving a RAR instead of a msgB, UE can deduce that 2-step RACH has failed and then send msg3 in the UL grant that is allocated in RAR.
We then elaborate our analysis on each option as follows.
2.2 Option 1: UE falls back to msg1 of 4-step RACH.

Fall back conditions

The UE will revert to msg1 of 4-step RACH when any of the following happens:
(1) UE does not receive msg B or RAR with an UL grant within a time window in response to transmission of msg A including a preamble and PUSCH.

(2) UE is configured with a maximum number of msg A retransmissions and has reached that limit.
(3) gNB explicitly instructs UE to fall back to msg 1 of 4-step RACH.

gNB behaviour 
There are several alternatives to instruct the UE to fall back to 4-step RACH:
Alt 1: gNB responds with a RAR including a fall back indicator instead of an UL grant.

Alt 2: gNB configures maximum number of msgA retransmissions and UE falls back to msg1 of 4 step RACH on reaching the limit.

Alt3: gNB configures a timer/window for 2-step RACH and UE falls back to 4-step RACH when the timer/window expires.
UE behaviour 
UE’s behaviour is relatively simple with this option. After receiving the fall back indicator in RAR or when the maximum number of retransmissions has been reached or when the timer expires, UE will select a 4-step RACH preamble and RACH resources and initiate a 4-step RACH.
2.3 Option 2: UE falls back to msg3 of 4-step RACH.

Fall back conditions
The UE will revert to msg3 of 4-step RACH when
(1) UE receives RAR including a UL grant instead of msg B.
gNB behaviour 
If the gNB successfully decodes the PUSCH associated with the detected preamble, the gNB can identify it is a 2-step RACH and send a msgB afterwards.

If the gNB cannot detect any PUSCH associated with the detected preamble, the gNB can assume it is a 4-step RACH and send RAR accordingly.

If the gNB can detect PUSCH transmission but cannot decode it successfully, the gNB can identify it is a failed 2-step RACH attempt and send RAR with UL grant to accommodate the corresponding msg3. The transmission of RAR will be an implicit indication to the UE of the 2-step RACH failure.   

UE behaviour 
Given the assumption that msgB will have different identification/format/contents from RAR, a UE could deduce its initiated 2-step RACH has failed or not according to the message received from gNB.

If UE receives a msgB, it follows the remaining 2-step RACH procedure.
On the other hand, if UE receives a RAR, it knows the 2-step RACH has failed and it will send msg3 within the allocated UL grant included in the RAR. 

2.4 Way forward proposals
From the above analysis, it seems some of the conditions associated for both of the fallback options should be supported, depending on the situation. 
The UE fallback to msg3 of 4-step RACH has been addressed in email discussion. Whereas the conditions to fallback to msg1 of 4-step RACH has not been fully discussed. According to our understanding, the success of msgA transmission depends not only on the radio link quality but also on the number of contending UEs. Therefore the introduction of a counter or timer is important to reduce the random access delay, especially when PUSCH collision persists with multiple-to-one mapping RACH resource allocation. Furthermore, according to latest RAN1 agreement [1], RACH resources will be partitioned between 2-step RACH and 4-step RACH and fallback to msg1 of 4-step RACH may have higher successful rate depending on percentage of allocated resources for each partition.
Proposal 1: UE to fall back to msg1 and msg3 of 4-step RACH should be supported.
Proposal 2: UE falls back to msg1 of 4-step RACH when retransmission attempts reach a pre-configured maximum number or timer has been expired. 
2.5 Summary
We summarize the two fall back options as follows.

	
	Option 1: UE falls back to msg1 of 4-step RACH.


	Option 2: UE falls back to msg3 of 4-step RACH

	Fall back conditions


	(1) UE does not receive msg B or RAR with a UL grant within a time window 
(2) UE is configured of maximum number of msg A retransmissions and already reaches that limit.

(3) gNB explicitly instructs UE to fall back to msg 1 of 4-step RACH.


	(1) UE receives RAR including a UL grant instead of msg B.



	gNB behaviour
	Alt 1: gNB responds with a RAR including a fall back indicator instead of an UL grant.

Alt 2: gNB configures maximum number of msgA retransmissions and UE falls back to msg1 of 4 step RACH on reaching the limit.

Alt3: gNB configures a timer/window for 2-step RACH and UE falls back to 4-step RACH when the timer/window expires.


	gNB will always try to decode PUSCH after detect a preamble.

If the gNB successfully decodes the PUSCH, it will send an msgB.

If the gNB cannot detect any PUSCH or it detects PUSCH but cannot decode it successfully, it will send RAR with UL grant.

	UE behaviour
	After receiving the fall back indicator in RAR or when the maximum number of retransmissions has been reach or when the timer expires, UE will select a 4-step RACH preamble and RACH resources and initiate a 4-step RACH.
	If UE receives an msgB, it follows the remaining 2-step RACH procedure.

On the other hand, if UE receives a RAR, it will send msg3 within the allocated UL grant included in the RAR. 




Therefore, we have the proposal as follows.
Proposal 1: UE to fall back to msg1 and msg3 of 4-step RACH should be supported.
Proposal 2: UE falls back to msg1 of 4-step RACH when retransmission attempts reach a pre-configured maximum number or timer has been expired.
3. Conclusion
We propose RAN2 to discuss and agree on following proposals:
Proposal 1: UE to fall back to msg1 and msg3 of 4-step RACH should be supported.
Proposal 2: UE falls back to msg1 of 4-step RACH when retransmission attempts reach a pre-configured maximum number or timer has been expired.
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