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At the RAN#82 plenary, a new WID on 2-step RACH for NR had been approved. Two main objectives related to general 2-step RACH procedure in [1] are listed below.
	2-step RACH [RAN1, RAN2]
· Specify contention-based 2-step RACH procedure (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)


During the last RAN2#105bis meetings, with great efforts, some agreements with regard to the general 2-step RACH procedure had been achieved [2] as follow,
	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.


In this contribution, we would like to provide our consideration on the fallback procedure from 2-step to 4-step RACH and some related issues when UE falls back to 4-step RACH. And our proposals are given.
Discussion 
From RAN2 perspective, a basic model of 2-step RACH procedure is that MsgA is a combination of the Msg1 and the Msg3 and the MsgB consists of Msg2 and Msg4. More specifically, MsgA contains RACH preamble and uplink data (e.g., C-RNTI MAC CE, BSR MAC CE, MAC SDU for DRB/SRB). Both MAC RAR and UE contention resolution id may be included in MsgB. Based on this consideration, a basic model of 2-step RACH procedure is shown in the Figure 1 below. 


Figure 1: A basic model of 2-step RACH procedure
The condition to perform fallback procedure
For the contention based 2-step RACH procedure, the PRACH resource (i.e., RO and preamble) and PUSCH resource (i.e., PUSCH occasion and DM-RS port/sequence) have to be shared among multiple UEs. After the UE transmits the MsgA, it is possible that the gNB fails to detect both the MsgA preamble and MsgA PUSCH (case 1) or gNB only detects the MsgA preamble but unsuccessfully decodes the MsgA PUSCH (case 2).
Combining with the MAC PDU format design for MsgB and proposals (e.g., the MsgB is always scheduled by the PDCCH addressed to RA-RNTI) in our companion paper [3], we are going to analyse the possible behaviours of gNB and UE case by case, in order to conclude the condition to perform fallback procedure. 
For case 1, the gNB does not respond any message for this UE. From UE perspective, no matter either UL-CCCH SDU or C-RNTI MAC CE is included in MsgA, it always monitors the PDCCH addressed to the RA-RNTI while the MsgB reception window is running. Some possible behaviours are considered as follow, 
1.1 During the running period of the MsgB reception window, the UE does not receive any downlink assignment on the PDCCH for the RA-RNTI. After the MsgB reception window expires, if the preamble transmission counter has not reached the maximum, the UE will perform RACH resource selection procedure again to re-attempt 2-step or attempt 4-step RACH procedure based on the selection of RACH type;
1.2 During the running period of the MsgB reception window, the UE receives a downlink assignment on the PDCCH for the RA-RNTI and the received TB is successfully decoded. The MAC entity in UE interprets the received MAC PDU but finds out that all RAPID included in MsgB cannot correspond to the transmitted MsgA preamble. Besides, if a BI indicator is contained in the received TB, the UE will apply the BI indicator, as in 4-step RACH. After the expiry of the MsgB reception window and the backoff time, the UE will perform RACH resource selection procedure again to re-attempt 2-step or attempt 4-step RACH procedure.
If the UE has successively re-attempted 2-step RACH with MsgA transmission for several times and there is no any RAPID corresponding to the transmitted MsgA preamble that is received during each RACH attempt, the UE will fall back from 2-step to 4-step RACH, as shown in the following Figure 2. The main reason to perfrom fallback is that the congestion on the PRACH resource and PUSCH resource for 2-step RACH may be high at this time and an addition frequency diversity gain can be obtained as the ROs configured for 4-step RACH may be different from that configured for 2-step RACH. 
Based on the analysis above, we have the following proposal:
Proposal 1: The UE will fall back from 2-step to 4-step RACH after a configured number of consecutive MsgA transmission failure. 


Figure 2. An example of fallback procedure with Msg1 transmission
For case 2, gNB multiplexes a MAC RAR and a RAPID corresponding to the detected preamble as a subPDU in MsgB while no UE-specific contention resolution id (i.e., C-RNTI and contention resolution identity MAC CE) is included. From UE perspective, no matter either UL-CCCH SDU or C-RNTI MAC CE is included in MsgA, it always monitors the PDCCH addressed to the RA-RNTI while the MsgB reception window is running. Some possible behaviours are considered as follow, 
2 
2.1 During the running period of the MsgB reception window, the UE does not receive any downlink assignment on the PDCCH for the RA-RNTI due to poor channel condition. After the MsgB reception window expires, if the preamble transmission counter has not reached the maximum, the UE will perform RACH resource selection procedure again to re-attempt 2-step or attempt 4-step RACH procedure based on the selection of RACH type;
2.2 During the running period of the MsgB reception window, the UE receives a downlink assignment on the PDCCH for the RA-RNTI and the received TB is successfully decoded. Then the MAC entity in UE recognizes a MAC subPDU with both RAP ID corresponding to the transmitted MsgA preamble and MAC RAR, but cannot find out a matched UE contention resolution id. In this case, the UE should fall back to 4-step RACH and utilize the RAR UL grant to transmit the Msg3, as shown in the Figure 3 below.
1 
2 
3 
Based on the analysis above, we have the following proposal:
[bookmark: OLE_LINK22]Proposal 2: A UE will fall back from 2-step RACH to 4-step RACH in the case where MsgB includes a MAC RAR and a RAPID corresponding to transmitted MsgA preamble, but does not contain a matched contention resolution id.
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Figure 3. An example of fallback procedure with Msg3 transmission
Related issues when UE falls back to 4-step RACH
In our understanding, after the UE falls back from 2-step to 4-step RACH, it shall retransmit the MsgA PUSCH part in the subsequent Msg3 transmission. In legacy 4-step RACH procedure, according to the current MAC specification [4], the main preparation steps for Msg3 transmission via the RAR UL grant received in Msg2 are given as follow,
1) The MAC entity obtains the MAC PDU (i.e., Msg3) to transmit from the multiplexing and assembly entity and store it in the Msg3 buffer; 
2) The MAC entity delivers the RAR UL grant and the associated HARQ information (e.g., HARQ process identifier 0) to the HARQ entity;
3) The HARQ entity obtains the MAC PDU to transmit from the Msg3 buffer and delivers it to the identified HARQ process to trigger a new transmission;
4) The identified HARQ process instructs the PHY layer to generate the Msg3 transmission according to the RAR UL grant.
Based on the steps listed above, when the UL grant for MsgA payload is received, we think the MAC entity should store the MsgA payload part in the Msg3 buffer, similar to 4-step RACH. With this, the MAC PDU can be obtained by HARQ entity when UL grant for MsgA payload and RAR UL grant either in Msg2 or MsgB are received. So the UL data will not be lost during fallback procedure from 2-step to 4-step RACH.   
Proposal 3: The Msg3 buffer can be reused for storing the MsgA payload part.
Furthermore, as it has been assume that the mapping relation between preambles in each RO and the associated PUSCH resource unit can be one-to-one and multiple-to-one. For the case where gNB only detects the MsgA preamble but unsuccessfully decodes the MsgA PUSCH, the gNB can be aware of the size of UL grant for MsgA payload. In this sense, in order to avoid UL data lost and simplify UE behaviour, the size of the UL grant transmitted in MsgB for fallback should be the same as the UL grant for MsgA payload.     
Proposal 4: The size of the UL grant in MsgB for fallback is the same as the UL grant for MsgA payload.
For the case where the TB size of MAC PDU (e.g., MsgA payload) in the Msg3 buffer is different from the size of RAR UL grant in Msg2 of 4-step RACH, the UE behavior is left up to UE implementation.
Proposal 5: 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.
Conclusions
In this contribution, we have discussed the fallback procedure from 2-step to 4-step RACH and the related issues. All proposals we have are listed in the following：
Proposal 1: The UE will fall back from 2-step to 4-step RACH after a configured number of consecutive MsgA transmission failure.  
Proposal 2: A UE will fall back from 2-step RACH to 4-step RACH in the case where MsgB includes a MAC RAR and a RAPID corresponding to transmitted MsgA preamble, but does not contain a matched contention resolution id.
Proposal 3: The Msg3 buffer can be reused for storing the MsgA payload part.
Proposal 4: The size of the UL grant in MsgB for fallback is the same as the UL grant for MsgA payload.
[bookmark: _Toc502437832]Proposal 5: 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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