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1. Introduction 
In 3GPP RAN#83 meeting [1], a revised work item on 2-step RACH for NR has been agreed with the objectives as follows.
	· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.

· 2-step RACH is applicable to any cell size supported in Rel-15 NR;

· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state

· Specify contention-based 2-step RACH procedure (RAN2)

· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)

· Only reuse the Rel-15 NR PRACH Preambles design. 

· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA

· No new CP length and no sub-PRB guard subcarrier(s)

Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS

· PRACH Preamble and PUSCH in a msgA is TDMed

· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA

· Consider the msgA payload contents determined by RAN2

· Specify power control of PUSCH of msgA

· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)

· Inclusion of UCI in msgA is not precluded

· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)

· Contention resolution for 2-step RACH (RAN2)

· Design of RNTI for msgB of 2-step RACH (RAN2)

· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)

· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion

· No new triggers for 2 step RACH

For unlicensed operation:

· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)

Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 




In this contribution, we discuss different options on the fall back procedure from 2-step RACH to 4-step RACH and give our preliminary analysis.
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 an 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 a UL grant within a time window in response to transmission of msg A including a preamble and PUSCH.

(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.

Need PRACH resource partition on 2-step RACH and 4-step RACH or not
Is there a need for PRACH resource partition or not?

The answer is Yes.

In this option, gNB needs to distinguish 2-step RACH from 4-step RACH because gNB’s response depends on if UE initiated 2 step RACH or 4 step RACH. Therefore the reserved preambles and/or RACH resources for 2-step RACH and 4-step RACH should be different.
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 reach or when the timer expires, UE will select a 4-step RACH preamble and RACH resources and initiate a 4-step RACH.
Pros. and Cons.
The advantage is that the UE and gNB’s behaviour are clear and simple.

The disadvantage is that 
(1) RACH resource partitioning becomes necessary which will reduce the RACH resource efficiency.

(2) The RACH delay when failure occurs will increase.

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.
Need PRACH resource partition on 2-step RACH and 4-step RACH or not
Is there a need for PRACH resource partition or not?

The answer is No.

A gNB does not need to distinguish whether a RACH attempt is a 2-step RACH or 4-step RACH. Instead, a gNB will always try to decode an associated PUSCH. The RACH procedure will not incur any delay if the time gap between preamble and associated PUSCH is less than the RAR window size.
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 an 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 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 an 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. 

Pros. and Cons.
The advantage is that 
(1) There is no partition of RACH resources between of 2-step RACH and 4-step RACH. The RACH resources can be shared between 2-step RACH and 4-step RACH. 
(2) The recovery of RACH procedure would be accelerated when 2-step RACH fails. 
The disadvantage is that the gNB side complexity has been increased. 
2.4 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.



	Need PRACH resource partition on 2-step RACH and 4-step RACH or not
	Yes
	Not necessary

	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. 



	Pros. and Cons.
	The advantage is that the UE and gNB’s behaviour are clear and simple.

The disadvantage is that 

(1) RACH resource partitioning becomes necessary which will reduce the RACH resource efficiency.

(2) The RACH delay when failure occurs will increase.


	The advantage is that 

(1) There is no partition of RACH resources between of 2-step RACH and 4-step RACH. The RACH resources can be shared between 2-step RACH and 4-step RACH. 

(2) The recovery of RACH procedure would be accelerated when 2-step RACH fails. 

The disadvantage is that the gNB side complexity has been increased. 




Therefore, we have the proposal as follows.
Proposal 1: RAN2 should work on options to support fall back of 2-step RACH to 4-step RACH in order to decide which option/options should be supported and which aspects should be specified.
3. Conclusion
We propose RAN2 to discuss and agree on following proposals:
Proposal 1: RAN2 should work on options to support fall back of 2-step RACH to 4-step RACH in order to decide which option/options should be supported and which aspects should be specified.
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