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1 Introduction
RAN2#106 has discussed 2-step RACH procedure and reach the following agreement:
	2.
From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  
8.
Network response to msgA (i.e. msgB/msg2) can include the following: 

a.
SuccessRAR 

b.
FallbackRAR

c.
Backoff Indication

FFS: format of successRAR and whether successRAR is split into more than one message and format of fallbackRAR and whether legacy msg2 can be reused for fallbackRAR

10.
Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure

11.
FallbackRAR should contain the following fields

a.
RAPID

b.
UL grant (to retransmit the msgA payload).  FFS on restrictions on the grant and UE behavior if different grant and rebuilding 

c.
TC-RNTI

d.
TA command

15.
The UE will monitor for response message using the single msgB agreed window


This contribution discusses issues related to HARQ for MsgA transmission. 
2 Discussion
2.1 MsgA buffer
In R15 NR and LTE, msg3 buffer is designed for storing the MAC PDU generated by the multiplexing and assembly entity when processing the UL grant received in RAR. The reason is, for PRACH retransmission, soft combining is not possible. So, for each PRACH retransmission and its corresponding RAR reception, a new MAC PDU needs to be generated if without msg3 buffer. However, this is un-necessary because the MAC PDU between new PRACH retransmissions are the same. Therefore, msg3 HARQ buffer is designed for storing the MAC PDU generated for msg3 transmission. 
From our understanding, the same rationale also applies in 2-step RACH, since as agreed in the last meeting, msgA will be re-transmitted at msgB timer expires. Hence, we think, for 2-step RACH, a similar buffer for msgA payload needs to be designed. 
Proposal 1: Introduce MsgA buffer to store the MAC PDU for MsgA transmission for 2-step RACH and msg3 transmission at 2-step RACH fallback.
In NR R15, the HARQ process 0 is used for initial and the retransmission for msg3 in 4-step RACH. For 2-step RACH, the same approach can be applied. 
Proposal 2: The associated HARQ process of MsgA should be HARQ process 0 for 2-step RACH.
2.2 HARQ for the MsgA Retransmission
In R15, when UE first successfully received the RAR, UE create the MAC PDU for transmission. We consider it as a new transmission. Then for each RACH retransmission, UE does not need to generate the MAC PDU and gets the MAC PDU from the msg3 buffer, but consider each UL grant as new transmission.
	5> set the TEMPORARY_C-RNTI to the value received in the Random Access Response;

5> if this is the first successfully received Random Access Response within this Random Access procedure:

6>
if the transmission is not being made for the CCCH logical channel:

7>
indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.

6>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.


After the MsgA transmission, if only the preamble is detected successfully, then RAN can send the uplink grant for the retransmission. How to indicate the retransmission for this msgA? There are following options:

a) Option 1: indicate retransmission via RAR, this equivalent to the 2-step RACH fallback solution.
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Figure 2：UL grant for the MsgA retransmission 
In Figure 1, after UE transmit the MsgA, if UE received the RAR with the transmitted Preamble ID and TC-RNTI, then UE can apply the TA and retransmit the PUSCH data.

b) Option 2: indicate retransmission via DCI scrambled by RNTI derived by preamble and RACH occasion
Based on the previous agreement in RAN1, when the gNB receives the preamble from UE, it can identify whether the UE transmits on 2-step RACH or 4-step RACH uniquely. Hence, when the gNB receives the preamble while the reception for msgA payload fails, the gNB can know there is fail in msgA payload reception. For the retransmission of msgA payload scheduled by the gNB, since in LTE and NR, the granularity of TC-RNTI is per PRACH occasion and preamble. Hence, here we think the scheduled retransmission of msgA payload can still be based on an RNTI derived by preamble and RACH occasion.
Among the above two options, option1 is already part of the WID and supported in 2-step RACH. While we think option2 is also a feasible solution for the retransmission of msgA payload. 
Proposal 3: MsgA PUSCH retransmission is supported if the UL grant scheduled for retransmission is received during MsgB timer running and the UL grant is scheduled by PDCCH addressed by RNTI derived by the preamble and RACH occasion
2.3 HARQ for 2-step RACH fallback
In 4-step RA, UE use the UL grant in the RAR for the new transmission, if there is a MAC PDU in the Msg3 buffer then UE obtain the MAC PDU from the Msg3 buffer. Otherwise, UE obtains the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer, which is illuminated in Figure 1. 

In 2-step RA，receiving an UL grant in RAR after the MsgA transmission, what is the UE action for msg3 transmission? New transmission or HARQ retransmission? There are two options:
· Option1: New transmission
For the msgA transmission, UE creates a MAC PDU and stores it in 2 buffers: HARQ buffer and one dedicated buffer for msgA (msgA buffer in figure 1). Here we consider the MsgA buffer and Msg3 buffer can have different content. After the msgA transmission, MsgA buffer and HARQ buffer can be flushed. For the fallback from 2-step RACH case, UE still needs to check this msgA buffer. Since there’s no MAC PDU, UE builds another MAC PDU and places it in the MsgA buffer and HARQ buffer. As illuminated in figure 1, UE creates two MAC PDUs for msgA and msg3 independently, so the msg3 is considered the new transmission.
· Option 2: HARQ retransmission
For the last case in figure1, UE does not flush the msgA buffer and HARQ buffer after msgA transmission, and retransmits the MAC PDU in HARQ buffer directly if the fallback indication is received. In this procedure, we assume that the UL grant size for the retransmission is same as the MAC PDU in the HARQ buffer. 
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Figure 1. MsgA/3 new transmission and retransmission
Based on the above analysis, the retransmission is simpler for UE implementation.
Proposal 4: After 2-step RACH fallback, UE performs HARQ retransmission for MAC PDU in msgA buffer.
Proposal 5: HARQ process 0 is used for 2-step RACH fallback.
In 38.321, the RAN cannot identify the UE during the switching of the contention based and contention free based RACH procedure. It is not possible to allocate the same UL grant size to UE. Therefore if the uplink grant size does not match with size of the obtained MAC PDU from the Msg3 buffer then the connected UE should rebuild the MAC PDU. However, it is different case during the switch of the 2-step and 4-step RACH procedure. RAN2 assumes that UE can determine the UL grant size based on the preamble. Therefore, RAN2 assume that the uplink grant size should match with size of the MsgA MAC PDU during the above retransmission procedure. If the uplink grant size does not match with size of the MAC PDU, then the UE behavior is left up to UE implementation.

Proposal 6: If the TB size of MsgA payload in the MsgA buffer is different from the size of RAR UL grant in Msg2, the UE behavior will be left to UE implementation.
3 Conclusion
Base on the analysis above, we propose the following:
Proposal 1: Introduce MsgA buffer to store the MAC PDU for MsgA transmission for 2-step RACH and msg3 transmission at 2-step RACH fallback.
Proposal 2: The associated HARQ process of msgA should be HARQ process 0.
Proposal 3: MsgA PUSCH retransmission is supported if the UL grant scheduled for retransmission is received during MsgB timer running and the UL grant is scheduled by PDCCH addressed by RNTI derived by the preamble and RACH occasion
Proposal 4: After 2-step RACH fallback, UE performs HARQ retransmission for MAC PDU in msgA buffer.

Proposal 5: HARQ process 0 is used for 2-step RACH fallback.
Proposal 6: If the TB size of MsgA payload in the Msg3 buffer is different from the size of RAR UL grant in Msg2, the UE behavior will be left to UE implementation.
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