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In the previous RAN2 meeting, a number of agreements with regard to 2-step RACH procedure have been achieved [1], as listed below.
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.
We therefore revise the contribution to provide our understanding on the RAN2 impacts of 2-step RACH procedure in more detail. It includes additional information on timing advance initialization, HARQ retransmission, and LBT impacts on 2-step RACH.
Discussion 
In order to transmit a message on a cell operating on unlicensed spectrum, both UE and gNB have to perform LBT procedure for channel access. As a result, additional latency caused by LBT may be introduced into the total access delay. Based on this fact, 2-step RACH procedure has been widely considered in NR-U scope because it can reduce the number of message transmissions during RACH procedure. 
Basic model of 2-step RACH
From RAN2 perspective, the basic model of 2-step RACH procedure is that the MsgA of 2-step RACH is a combination of the Msg1 and Msg3 of legacy 4-step RACH, and the MsgB consists of the Msg2 and Msg4 of 4-step RACH. More specifically, the MsgA contains RACH preamble and uplink data. Meanwhile, both RAR and downlink data with contention resolution identity are included in MsgB. A basic model of 2-step RACH procedure is demonstrated in the Figure 1 below. 


Figure 1. A basic model of 2-step RACH procedure
Generally, transmitting UL data without receiving a TA command may cause unnecessary interference to other UEs. However, in NR-U scenarios with a small coverage, such as indoor VIP lounge, where the UL synchronization to some degree can be guaranteed, it is practical to transmit the UL data in MsgA before implementing the UL timing alignment. Therefore, similar to the NTA for PRACH in NR, the initial value of NTA for the PUSCH of MsgA can be set to 0. 
Proposal 1: A fixed initial TA value (e.g. NTA = 0) for the PUSCH of MsgA can be assumed. 
Content of MsgA 
As it is agreed that the MsgA of 2-step RACH should include equivalent information transmitted in Msg3, we think the UE identity transmitted via Msg3 in legacy 4-step RACH can still be used to identify a UE in 2-step RACH. For example, for the case in connected mode e.g. handover, beam failure recovery, and DL/UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised", C-RNTI MAC CE can be included in the MsgA for UE identification.
For legacy 4-step RACH, the UEs who have transmitted an identical preamble on the same PRACH occasion will transmit the Msg3 on the same PUSCH resource scheduled by RAR. Consequently, collision among multiple UEs makes the PUSCH unreliable. At this point, HARQ is supported for Msg3 because soft combining is beneficial for the gNB decoding Msg3. 
However, in 2-step RACH procedure, the collision probability of the PUSCH resource for MsgA would be even higher than that in 4-step RACH. In the case that the preamble of MsgA can be detected while the payload of MsgA cannot be decoded successfully, we think it is more reasonable to fall back from 2-step RACH to 4-step RACH. Based on the analysis above, we consider that the HARQ does not need to be supported for MsgA. This would also simplify the 2-step RACH procedure. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Proposal 2: The MsgA of 2-step RACH procedure is proposed to have the following characteristics:
· The C-RNTI MAC CE can be included at least for the case of handover, beam failure recovery, and UL asynchronization during RRC_CONNECTED with data arrival.  
· HARQ retransmission is not supported.
Content of MsgB 
Typically, for legacy 4-step RACH, the random access response in NR includes Timing Advance Command, UL Grant for Msg3, Backoff Indicator, RAPID, and temporary C-RNTI. For 2-step RACH, on one hand, the Msg3 is transmitted before the Msg2 transmission, we think the UL grant may be optional for MsgB. Besides, if the MsgB containing a UE Contention Resolution Identity MAC CE is successfully decoded by the UE, contention resolution would be considered as successful. The RAPID can be optional for MsgB as well. On the other hand, when the preamble of MsgA is detected by the gNB while the UL data of MsgA cannot be decoded successfully, the gNB may just respond a legacy RAR in MsgB, so that the UE can fallback to 4-step RACH procedure. In this case, the UE performing the 2-step RACH procedure can realize that it should fall back to 4-step RACH procedure by receiving both the UL grant and RAPID in MsgB.   
Since the MsgA in 2–step CBRA is transmitted on contention-based resources, contention resolution identity which corresponds to the UE identity in MsgA should be included into the MsgB. Regarding the characteristics of MsgA mentioned above, we consider that the MsgB should be used to transit the UE from the RRC_IDLE/RRC_INACTIVE to the RRC_CONNECTED. As such the RRCSetup or RRCResume or RRCRestablisment or RRCRelease or RRCReject message needs to be transmitted in the MsgB. 
Additionally, for initial access and RRC Connection Re-establishment triggers, the PDCCH transmission in MsgB would be addressed to RA-RNTI. In order to reduce the number of messages transmitted by the gNB, we think multiple RRC messages and Contention Resolution Identity MAC CEs can be assembled in one MsgB if the size of the payload is large enough. Since the Msg2 may consist of multiple messages for different UEs, we propose HARQ retransmission is not applied to MsgB. This is because it is difficulty for the gNB to distinguish which ACK/NACK feedback comes from which UE. 
Proposal 3: The MsgB with a possible payload in 2-step CBRA procedure is proposed to have the following characteristics:
· The RRCReject or RRCSetup message transmitted by DL CCCH can be included.
· The RRCResume or RRCRelease or RRCRestablishment message transmitted by DL DCCH can be included.
· The Timing Advance Command, Backoff Indicator, and temporary C-RNTI of RAR can be included.
· UL grant and RAPID for RAR is optional fields, only included for the UEs which needs to fall back from 2-step RACH to 4-step RACH. 
· Contention Resolution Identity MAC CE(s) for multiple UEs can be included.
· RRC message to different UEs can be included.
· HARQ retransmission is not supported.
[bookmark: _GoBack]Though HARQ retransmission is not supported for MsgB, we consider that the UE should send a feedback when the contention resolution succeeds, like in legacy 4-step RACH. This is to allow the network to know the contention resolution status at the UE. Note that the network is not required to retransmit the MsgB even though the UE does not send any feedbacks. The details of the feedback can be studied further.
Proposal 4: The UE sends a feedback when the contention resolution succeeds after receiving the MsgB.
Fallback from 2-step RACH to 4-step RACH
As mentioned above, when the gNB only successfully detects the preamble of the MsgA, it can transmit the RA-RNTI addressed PDCCH to schedule a legacy RAR in MsgB. Then the UE can use the UL grant for Msg3 transmission rather than initiating the legacy 4-step RACH procedure. So the fallback from 2-step RACH to 4-step RACH can be efficiently implemented. In general, we consider that a UE should fall back from 2-step RACH to 4-step RACH according to the following scenario: 
· The legacy RAR which responds to the Preamble transmitted in MsgA is included into the MsgB, while Contention Resolution Identity MAC CE or RRC message for this UE are not included.
Proposal 5: A UE should apply the fallback from 2-step RACH to 4-step RACH in the case where the MsgB includes legacy RAR, but does not contain Contention Resolution Identity MAC CE or RRC message for this UE.
A UE will attempt to complete the legacy 4-step RACH after it applies the fallback from 2-step RACH to 4-step RACH. Usually, the UE will not successfully complete this 4-step RACH due to poor channel condition or severe contention. Further, it is known that both channel condition and the burden of PRACH occasions are time-varying. After a period of time, the channel condition or the burden of PRACH occasions may become better. From this point of view, if a UE fails the 4-step RACH procedure after it applies the fallback from 2-step RACH to 4-step RACH and the Preamble transmission counter has not reached the maximum value configured by the network, then the UE should initiate 2-step RACH procedure.
Proposal 6: If a UE fails the 4-step RACH procedure after it applies the fallback from 2-step RACH to 4-step RACH, the UE should initiate 2-step RACH procedure.
LBT impact on 2-step RACH
It is well known that a UE/gNB also has to perform LBT procedure before transmitting MsgA/MsgB. Obviously, the LBT procedure may still introduce additional latency to the UE performing 2-step RACH. In order to shorten the duration of the 2-step RACH procedure for a UE, solutions to increase the transmission opportunities either in time domain or frequency domain would be helpful for both MsgA and MsgB. In our understanding, similar enhancements for 4-step RACH discussed in our companion contribution [2] can be applied to 2-step scope as well. For example: 
· The UE will be capable of skipping the RAR reception if LBT fails when attempting to transmit MsgA. And then the UE is allowed to perform preamble transmission in the next available PRACH occasion.
· The RAR window for 2-step RACH on unlicensed spectrum should be extended, so that the gNB to perform MSGB transmission with additional opportunities in time domain.
Proposal 7: The solutions to increase transmission opportunities either in time domain or frequency domain for 4-step RACH can be applied to 2-step RACH. 
Conclusions
Based on the discussions given above, we have the following proposals：
Proposal 1: A fixed initial TA value (e.g. NTA = 0) for the PUSCH of MsgA can be assumed.
Proposal 2: The MsgA of 2-step RACH procedure is proposed to have the following characteristics:
· The C-RNTI MAC CE can be included at least for the case of handover, beam failure recovery, and UL asynchronization during RRC_CONNECTED with data arrival.  
· HARQ retransmission is not supported.
Proposal 3: The MsgB with a possible payload in 2-step CBRA procedure is proposed to have the following characteristics:
· The RRCReject or RRCSetup message transmitted by DL CCCH can be included.
· The RRCResume or RRCRelease or RRCRestablishment message transmitted by DL DCCH can be included.
· The Timing Advance Command, Backoff Indicator, and temporary C-RNTI of RAR can be included.
· UL grant and RAPID for RAR is optional fields, only included for the UEs which needs to fall back from 2-step RACH to 4-step RACH. 
· Contention Resolution Identity MAC CE(s) for multiple UEs can be included.
· RRC message to different UEs can be included.
· HARQ retransmission is not supported.
[bookmark: _Toc502437832]Proposal 4: The UE sends the HARQ feedback when the contention resolution succeeds after receiving the MsgB.
Proposal 5: A UE should apply the fallback from 2-step RACH to 4-step RACH in the case where the MsgB includes legacy RAR, but does not contain Contention Resolution Identity MAC CE or RRC message for this UE.
Proposal 6: If a UE fails the 4-step RACH procedure after it applies the fallback from 2-step RACH to 4-step RACH, the UE should initiate 2-step RACH procedure.
Proposal 7: The solutions to increase transmission opportunities either in time domain or frequency domain for 4-step RACH can be applied to 2-step RACH. 
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