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In the last RAN2#106 meeting, the following agreements with regard to the fallback procedure in 2-step RACH had been achieved [1],
	Agreements
1. For MsgA with C-RNTI, the UE shall monitor the PDCCH addressed to C-RNTI for success response and msgB-RNTI (e.g. RA-RNTI or new RNTI) 
2. Contention resolution:
a. If the PDU PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB or with UL grant if the UE is synchronized already.
b. If the corresponding fallback RAR is detected, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI for success response and process the fallback operation accordingly.
c. If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the response window, the UE should consider the msgA attempt failed and do back off operation based on the backoff indicator if received in MsgB.
d. FFS if a new MAC CE with 12bits Timing Advanced Command shall be introduced
3. 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
4. Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure
5. 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


In this contribution, we would like to discuss some remaining issues on the fallback procedure from 2-step to 4-step RACH. And our proposals are given.
Discussion 
Other 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 transmitting the MsgA, it is possible that the gNB fails to detect both the MsgA preamble and MsgA PUSCH due to severe interference incurred by other UEs. 
According to the progress made in 2-step RACH work item, it is feasible for the network to configure separate ROs for 2-step and 4-step RACH, respectively. In this scenario, if both the MsgA preamble and MsgA PUSCH cannot be successfully detected by gNB after several MsgA re-transmission attempts in succession, it will be beneficial for the UE to fall back to 4-step RACH. The main intention is that the congestion on the PRACH resource and PUSCH resource for 2-step RACH may be high at this time and an additional frequency diversity gain can be obtained in this case.
Based on the analysis above, we think 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. This procedure is shown in the following Figure 1. 


Figure 1: An example of fallback procedure with Msg1 transmission
Proposal 1: The UE will fall back from 2-step to 4-step RACH after a configured number of consecutive MsgA transmission failure. 
Whether we can reuse legacy Msg2 as FallbackRAR
According to the agreements made in the RAN1#96bis meeting, the relation of PRACH resources between 2-step and 4-step RACH can be either Option 1 or Option 2 as follows,
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to 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;
If Option 1 is implemented by the network, it is obvious that the time or frequency resource of the RO configured for 2-step RACH will be different than that of 4-step RACH. Consequently, the RA-RNTI computed by 2-step RACH UE will differ from that of 4-step RACH UE. In this scenario, it seems unfeasible for the 2-step RACH UE to monitor the PDCCH identified by the RA-RNTI associated with an RO configured for 4-step RACH. In other words, a 2-step RACH UE is unable to receive the legacy Msg2 if separate ROs are configured for 2-step and 4-step RACH. A PDSCH carrying a RAR message is only intended to transmit to either 2-step RACH UE or 4-step RACH UE.
Observation 1: If separate ROs are configured for 2-step and 4-step RACH, a UE performing 2-step RACH is unable to receive the legacy Msg2 due to the differentiation of RA-RNTI computation.
For Option 2, it is obvious that the RA-RNTI computed by 2-step RACH UE is the same as that of 4-step RACH UE. If the legacy Msg2 is allowed to reused as FallbackRAR, according to the MAC PDU format consisting of MAC RARs, the network can only transmit the legacy Msg2 with FallbackRAR included. Besides, to avoid the back-compatible issue as depicted in our companion paper [3], the network has to schedule the MsgB containing SuccessRAR via the PDCCH addressed to another 2-step RACH specific RA-RNTI (e.g., MsgB-RNTI). From the perspective of UE, considering that the FallbackRAR and SuccessRAR are scheduled by the PDCCH addressed to RA-RNTI and MsgB-RNTI respectively, it has to monitor two PDCCH simultaneously. Moreover, we should further consider whether the UE should stop the monitoring of PDCCH addressed to the MsgB-RNTI for SuccessRAR since there might be a time difference between the arrival of the FallbackRAR and the SuccessRAR.
In conclusion, reusing the legacy Msg2 as FallbackRAR will lead to more resource consumption, power consumption, and UE complexity in the case where shared RO for 2-step and 4-step RACH. 
Observation 2: If shared ROs are configured for 2-step and 4-step RACH, reusing the legacy Msg2 as FallbackRAR will lead to too much resource consumption, power consumption, and UE complexity.
Based on the above analysis, we have the following proposal:
Proposal 2: MsgB containing the FallbackRAR shall not be multiplexed with the legacy 4-step RACH MAC RAR in the same MAC PDU.
How to retrieve the payload part of MsgA to process fallback 
In our understanding, upon successfully receiving the FallbackRAR in the MsgB, the UE shall retransmit the payload part of MsgA in the subsequent Msg3 transmission. For simplicity, the UE should retrieve the payload part of MsgA to be transmitted as Msg3 after fallback. The next question is how does the UE to retrieve the payload part of MsgA when processing the fallback from 2-step to 4-step RACH.
In Rel-15 4-step RACH procedure, according to the current MAC specification [4], the main preparation steps for Msg3 transmission via the UL grant received in the RAR 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 (e.g., PUSCH configuration) for the payload part of MsgA is received, it can be assumed that the MAC entity in UE will store the payload part of MsgA in the MsgA buffer, similarly to the 4-step RACH. Given that the 2-step and 4-step RACH cannot be parallelly performed by the UE at the same time, we think the MsgA buffer and Msg3 buffer can be the same buffer on the UE implementation. Besides, 
Proposal 3: The payload part of MsgA can be stored in the MsgA buffer, which could be the same buffer as the Msg3 buffer on the UE implementation. 
Then the HARQ entity can obtain the MAC PDU to transmitted from the MsgA buffer after fallback, rather than generating a new MAC PDU. Besides, in order to avoid UL data lost and simplify UE behavior, the size of the UL grant transmitted in FallbackRAR should be the same as that of the UL grant for the payload part of MsgA. Note that the gNB can be aware of the size of UL grant for the payload part of MsgA in the case where the gNB only detects the MsgA preamble but unsuccessfully decodes the MsgA PUSCH. This is because the mapping relation between preambles in each RO and the associated PUSCH configuration can be either one-to-one or multiple-to-one. 
Proposal 4: The size of the UL grant in FallbackRAR should be the same as the size of the UL grant for MsgA transmission.
If the UL grant in fallbackRAR has the same size as the first UL grant received for MsgA transmission, in our opinion, the Msg3 transmission after fallback could be regarded as the retransmission of the payload part of MsgA. Besides, to facilitate a retransmission request for the payload part of MsgA, HARQ process ID 0 should be used for MsgA transmission.
Proposal 5: If the UL grant in fallbackRAR has the same size as the first UL grant received for MsgA transmission, the Msg3 transmission after fallback could be the retransmission of MsgA payload.
Proposal 6: HARQ process ID 0 can be used for MsgA transmission.
Furthermore, if the TB size of MAC PDU (i.e., the payload part of MsgA) in the MsgA buffer is different from the size of UL grant in FallbackRAR, the UE behavior is left up to UE implementation.
Proposal 7: 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 is not defined.
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. 
Observation 1: If separate ROs are configured for 2-step and 4-step RACH, a UE performing 2-step RACH is unable to receive the legacy Msg2 due to the differentiation of RA-RNTI computation.
Observation 2: If shared ROs are configured for 2-step and 4-step RACH, reusing the legacy Msg2 as FallbackRAR will lead to too much resource consumption, power consumption, and UE complexity.
Proposal 2: MsgB containing the FallbackRAR shall not be multiplexed with the legacy 4-step RACH MAC RAR in the same MAC PDU.
Proposal 3: The payload part of MsgA can be stored in the MsgA buffer, which could be the same buffer as the Msg3 buffer on the UE implementation. 
[bookmark: _Toc502437832]Proposal 4: The size of the UL grant in FallbackRAR should be the same as the size of the UL grant for MsgA transmission.
Proposal 5: If the UL grant in fallbackRAR has the same size as the first UL grant received for MsgA transmission, the Msg3 transmission after fallback could be the retransmission of MsgA payload.
Proposal 6: HARQ process ID 0 can be used for MsgA transmission.
Proposal 7: 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 is not defined.
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