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1 Introduction

In last RAN2 meeting, there was some discussion on 2-step RACH and we had achieved the following agreement [1].
	Agreements:

1. From RAN2 perspective, the first message in 2-step RACH is a signal to detect the UE and a payload while the second message is for contention resolution for CBRA with a possible payload.

2. As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request, BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.

3. The first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH. RAN1 input will be needed for the payload size.

4. CFRA for 2-step RACH is supported.

5. Contention resolution in 2-step RACH will be done by including a UE identifier in the first message which is echoed in the second message. The type of UE identifier(s) is FFS.

6. Fall-back from 2-step RACH to 4-step RACH is supported. Doing this after msgA will need support from physical layer perspective.

7. Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH.

8. Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH and a grant for msgA will be broadcasted.


In addition, during the RAN#81 meeting, some further clarification on the scope of 2-step RACH was discussed and agreed that 
· A common 2-step RACH design for various use cases is desirable 

· PHY layer aspects of 2-step RACH design are not addressed in any of the on-going SIs (no SIDs updates) 

· 2-step RACH can be included in a later Rel-16 WI, per normal approval process
· Higher layer aspects of 2-step RACH can be studied within NR-U SI with the understanding that higher priority should be given to the feasibility of NR-U operation in the architectures described in the NR-U SID [RP-181339] and aspects that may require input from SA WGs.

Therefore, in this contribution, we would like to discuss about some detailed issues related to 2-step RACH and give corresponding proposals. 

2 Discussion
2.1 Supported triggers for 2-step RACH
In last meeting, we further discussed about the triggers for 2-step RACH and the conclusion is that as a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request, BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.
Actually, in NR, both Msg3 based and Msg1 based SI request are supported and for Msg3 based SI request, 4-step CBRA applies while for Msg1 based SI request, a “2-step” RACH is performed in which RAR only consists of preamble index for acknowledgement and no RAR MAC PDU is transmitted. 
According to the general principle that all triggers for 4-step RACH should also be applicable to 2-step RACH, there seems no strong motivation to not apply 2-step RACH to Msg3 based SI request. However, for Msg1 based SI request, since there are in total two steps and this is only applicable to idle mode, it seems the benefit to support 2-step RACH for this case is not clear. 
Proposal 1: RAN2 assumes that 2-step RACH is supported for msg3-based SI request but not for msg1-based SI request
As for BFR-triggered RACH, in release-15, BFR is only considered as successful after a reconfiguration of TCI state through RRC signalling or MAC CE is received. After response of BFR is transmitted from the network, the UE will assume the PRACH beam for PUSCH and PUCCH transmission. If we want to support 2-step RACH for BFR-triggered RACH, either CFRA or CBRA, the transmission of the payload in msgA on PUSCH should also assume PRACH beam, which is not acknowledged by the network. This will lead to erroneous transmission of PUSCH. In addition, for BFR-triggered RACH, the only essential payload for the UE to transmit to the network is C_RNTI MAC CE for CBRA and there is no strong need to payload transmission. Based on the above analysis, we make the following proposal:
Proposal 2: RAN2 assumes that 2-step RACH is not supported for BFR-triggered RACH. 
Even though from RAN2’s perspective, RAN2 can assume that some of the triggers should be valid for 2-step RACH, finally all these supported triggers need to be confirmed in RAN1. However, based on plenary guideline, currently there is no need to study further how these triggers can be supported by RAN1 as PHY layer aspects of 2-step RACH design are not addressed in any of the ongoing SIs. Therefore, all these triggers that RAN2 assumes applicable to 2-step RACH need to be confirmed by RAN1 in the WI.    

Proposal 3: All these triggers that RAN2 assumes applicable to 2-step RACH need to be confirmed by RAN1 in the WI. 
2.2 2-step RACH use cases and scenarios 
However, in order to leave more control to the gNB allocating resources for msgA, it makes sense to introduce some mechanisms to restrict the usage of 2-step RACH for certain cases (e.g. procedures/services/radio condition, etc), which was also discussed and agreed during the NR SI [2]. Since the gNB is able to limit the scenarios/use cases for 2-step RACH, the most straightforward method is to allow the gNB to optionally configure the 2-step RACH resources.

Proposal 4: The 2-step RACH resources are optionally configured by the network. 

The design of 2-step RACH shall consider the target use case and deployment scenarios. In particular, MsgA payload transmission is without UL TA. If the initial TA offset (i.e. the round-trip delay) is too large, e.g. larger than the duration of cyclic prefix, the network may have to use different detection windows to receive the payload of MsgA transmitted by different UEs. Therefore, the implication on network Rx implementation complexity needs to be considered further. 
Proposal 5: The design of 2-step RACH shall consider the target use case and deployment scenarios, and also the implication on network Rx implementation complexity. 
2.3 Content of MsgA and MsgB 
In last meeting, RAN2 spent some time on the discussion of the detailed content of MsgA and MsgB and some general agreements were achieved. For MsgB, even though there is no detailed definition of the payload, generally we think the information carried in RAR of legacy 4-step RACH should be contained. As for the detailed content, we have the following analysis:

· UL grant: It is not clear if the UL grant field is required or not. In legacy 4-step RACH, this grant is used for Msg3 transmission but for 2-step RACH, since the equivalent information sent in Msg3 is carried in the first message. However, the following cases may justify the inclusion of UL grant

· Transmission of RRCConnectionComplete
· Transmission of msg3 with 2-step RACH falling back to 4-step CBRA 
· Temporary C-RNTI: In LTE and release-15 NR, there are two usages for TC-RNTI in RAR: (a) provide a temporary ID to the UE that may be promoted to C-RNTI, (b) for the scheduling of the retransmission of msg3. For 2-step RACH, (a) might still hold while (b) does not hold anymore. In addition, whether temporary C-RNTI is needed or not depends on the detailed design of Msg2, i.e., whether RAR and contention resolution are multiplexed as a whole message with the same scrambled RNTI or two separate messages with different scrambled RNTIs. For the first case, temporary C-RNTI is not needed as RA-RNTI can be used for monitoring this message while for the second case, temporary C-RNTI can be included which is used for the UE to decode a follow-up PDCCH that schedules the final contention resolution message. However, details regarding this needs to be first determined by RAN1.
Proposal 6: RAN2 should study whether or not UL grant and TC-RNTI are included in MsgB.   
As mentioned above, for the detailed design of MsgB for CBRA, there are two alternatives as listed below:
· Alternative 1: RAR and contention resolution are multiplexed as a whole message.

For this option, only one message needs to be sent and in this case, only one DL LBT procedure is needed. Therefore, this alternative is more aligned with the original intention to introduce 2-step RACH which is to reduce LBT procedures as well as the access latency. However, more impact on the message design will be introduced since a new message within which RAR and contention resolution are multiplexed together needs to be defined. 
· Alternative 2: RAR and contention resolution are kept as two separate messages.

For this option, similar as legacy CBRA, RAR and contention resolution are two separate messages and scrambled with different RNTIs. This alternative has less impact on the message design compared with alternative 1 but two messages need to be transmitted separately and it is quite possible two LBT procedures are needed in case only a short COT was obtained when the NW sends the RAR. In addition, the UE needs to monitor these two separate messages with different RNTIs, i.e., RA-RNTI can be used for monitoring the RAR where a temporary C-RNTI can be included which is used for the UE to decode a follow-up PDCCH that schedules the final contention resolution message. 
Based on the above analysis, we think both alternatives have pros and cons. Therefore we propose RAN2 to discuss and choose one alternative.
Proposal 7: RAN2 should down-select from two alternatives below for the content of msgB in 2-step RACH for CBRA:
· Alternative 1: RAR and contention resolution are multiplexed as a whole message;
· Alternative 2: RAR and contention resolution are kept as two separate messages.
3 Conclusion

In this contribution, we discuss about some details related to 2-step RACH and we have the following proposals. 
Proposal 1: RAN2 assumes that 2-step RACH is supported for msg3-based SI request but not for msg1-based SI request
Proposal 2: RAN2 assumes that 2-step RACH is not supported for BFR-triggered RACH. 
Proposal 3: All these triggers that RAN2 assumes applicable to 2-step RACH need to be confirmed by RAN1 in the WI. 
Proposal 4: The 2-step RACH resources are optionally configured by the network. 

Proposal 5: The design of 2-step RACH shall consider the target use case and deployment scenarios, and also the implication on network Rx implementation complexity. 

Proposal 6: RAN2 should study whether or not UL grant and TC-RNTI are included in MsgB.   
Proposal 7: RAN2 should down-select from two alternatives below for the content of msgB in 2-step RACH for CBRA:

· Alternative 1: RAR and contention resolution are multiplexed as a whole message;
· Alternative 2: RAR and contention resolution are kept as two separate messages.
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