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1 Introduction

In the WID RP-182894 of 2-step RACH, the RAN2 related objectives are as follows:

1. 2-step RACH [RAN1, RAN2]
· 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)

· 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 paper, we discuss the fall back procedure from 2-step RACH to 4-step RACH.
2 Discussion

2.1 Scenarios of Fallback to 4-step RACH
According to the 2-step RACH WID, the channel structure of msgA is preamble and PUSCH carrying payload. Based on the channel structure, there are different cases when network receives msgA:
· Case1: preamble detection and PUSCH decoding fails
· Case2: preamble detection success but PUSCH decoding fails

· Case3: preamble detection success and PUSCH decoding success
If case1 happens, UE may not receive any response from gNB during the msgB reception window or only receive BI indication during the msgB reception window. In this case, there are several possible behaviours in the UE side:
· UE may retransmit msgA;

· UE may transmit msg1 after several attempts of msgA

For the second behaviour, it should be regarded as one scenario for fallback from 2-step RACH to 4-step RACH procedure.

Observation 1 When preamble detection and PUSCH decoding fails, fallback to 4-step RACH procedure is possible by transmitting msg1.

If case2 happens, the UE has not yet identified by the network since the payload is not decoded successfully. There are several choices from the network point of view, for example:

· one choice is to indicate to the UE to retransmit msgA. 
· the other choice would be to send at least a UL grant which is addressed to multiple UEs so that those UEs can use the UL grant to transmit msg3 as legacy 4-step RACH, which in our understanding can be regarded as fallback to 4-step RACH indication as well.
Observation 2 When preamble detection success but PUSCH decoding fails, fallback to 4-step RACH procedure is possible by transmitting msg3.

If case3 happens, since the PUSCH is successfully decoded by the network, the UE is identified by the network, network may send msgB for successful contention to the UE to complete the 2-step RACH. Therefore, in this case, there is no reason to support fallback to 4-step RACH procedure.
Observation 3 When preamble detection and PUSCH decoding success, no reason to support fallback to 4-step RACH procedure.

Proposal 1 RAN2 confirms that fallback to 4-step RACH procedure in the following scenarios:
Scenario1: preamble detection and PUSCH decoding fails;

Scenario2: preamble detection success but PUSCH decoding fails.

2.2 Fallback to 4-step RACH schemes
For the first scenario, i.e., preamble detection and PUSCH decoding fails, UE would retransmit msgA, and there are two alternatives:

· If number of attempts of msgA retransmission reaches a threshold, UE triggers RACH problem and indicate to upper layer, then RRC will trigger re-establishment. This is aligned with legacy 4-step RACH behaviour when the number of attempts of msg1 transmission reaches the threshold.
· If number of attempts of msgA reaches a threshold, UE uses 4-step RACH resources to transmit msg1:

· In this case, 4-step RACH probably will fail again since otherwise UE can fallback to 4-step RACH by transmitting msg3 in the previous 2-step RACH transmission. From this perspective, there is no need to support such fallback mechanism. 
· However, considering PUSCH resources are shared by several 2-step RACH UEs, it may be possible that it can decrease the congestion of PUSCH transmission of msgA, if UE can stop using 2-step RACH after several msgA retransmission attempts.
Observation 4 It can decrease the congestion of PUSCH transmission of msgA, if UE can stop using 2-step RACH after several msgA retransmission attempts.
Proposal 2 Some mechanisms are needed for the UE to stop using 2-step RACH after several attempts of msgA retransmission.
For the second scenario, i.e., preamble detection success but PUSCH decoding fails, the preamble is received by the gNB. Then, one question is whether the gNB is able to differentiate the RACH type based on the received preamble. 
· If gNB can not differentiate the RACH type, it anyway needs to send a msg2 in case there is 4-step RACH UE use the preamble. In this case, 2-step RACH UE can use the msg2 to transmit msg3 thus fallback to 4-step RACH procedure. 
· If gNB is able to differentiate the RACH type, i.e., it is aware of the 2-step RACH based on the received preamble, it can have more choices to respond in the msgB.

In RAN1#96bis meeting, regarding the relationship between 2-step RACH and 4-step RACH, there are following agreements:
	· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibilityto configure the following options:

· Option 1: Separate ROs are configured for 2-step and 4-step RACH 

· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH


From RAN1’s agreement, the network is able to differentiate 2-step RACH UE from 4-step RACH UE based on either the RO or the preamble.

Observation 5 Network is able to differentiate 2-step RACH UE and 4-step RACH UE based on RO or preamble.

Since network is able to differentiate 2-step RACH UE and 4-step RACH UE based on the received preamble, it’s likely gNB will include the fallback to 4-step RACH indication in msgB. One way is to reuse the MAC RAR, i.e., with TAC, UL grant and TC-RNTI, so that UE can use all the contents to continue msg3 transmission.
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Proposal 3 Fallback to 4-step RACH by transmitting msg3 can be indicated by MAC RAR included in msgB.
After UE falls back to 4-step RACH, it’s possible that 4-step RACH will fail due to collision. In this case, there is no reason for the UE to go back to 2-step RACH.

Proposal 4 After fallback to 4-step RACH, UE should not switch back to 2-step RACH if the 4-step RACH fails.
2.3 Remaining issues for fallback to 4-step RACH
There are some remaining issues may need to be considered.

Firstly, after fallback to 4-step RACH, how does the preamble transmission counter and power ramping counter work? Should these counter be reset or continue counting? Since counter part is not dicussed yet, we think RAN2 can put an FFS on issue:

Proposal 5 It’s FFS the how does preamble counter and power ramping counter work after fallback to 4-step RACH.
Secondly, no matter for which scenarios, the payload of PUSCH is not successfully received by the network. In this case, whether the UL grant obtained from the fallback 4-step RACH procedure is used to transmit a new MAC PDU or retransmit the payload of the msgA should be FFS.
Proposal 6 It’s FFS whether msgA payload is retransmitted using UL grant from 4-step RACH or not.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
When preamble detection and PUSCH decoding fails, fallback to 4-step RACH procedure is possible by transmitting msg1.
Observation 2
When preamble detection success but PUSCH decoding fails, fallback to 4-step RACH procedure is possible by transmitting msg3.
Observation 3
When preamble detection and PUSCH decoding success, no reason to support fallback to 4-step RACH procedure.
Observation 4
It can decrease the congestion of PUSCH transmission of msgA, if UE can stop using 2-step RACH after several msgA retransmission attempts.
Observation 5
Network is able to differentiate 2-step RACH UE and 4-step RACH UE based on RO or preamble.
Proposal 1
RAN2 confirms that fallback to 4-step RACH procedure in the following scenarios:

Scenario1: preamble detection and PUSCH decoding fails;

Scenario2: preamble detection success but PUSCH decoding fails.
Proposal 2
Some mechanisms are needed for the UE to stop using 2-step RACH after several attempts of msgA retransmission.
Proposal 3
Fallback to 4-step RACH by transmitting msg3 can be indicated by MAC RAR included in msgB.
Proposal 4
After fallback to 4-step RACH, UE should not switch back to 2-step RACH if the 4-step RACH fails.
Proposal 5
It’s FFS the how does preamble counter and power ramping counter work after fallback to 4-step RACH.
Proposal 6
It’s FFS whether msgA payload is retransmitted using UL grant from 4-step RACH or not.
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