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1 Introduction

In WID of Rel-16 two-step RACH for NR [1], one of the objectives is to specify the msgB’s content which should include the equivalent contents of msg2 and msg4 of four-step RACH. The objectives also include the design of RNTI for msgB of two-step RACH. Meanwhile, NR-U already has several discussions on two-step RACH study and the following agreements were achieved in the recent RAN2 #103bis meeting.
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In this paper, we would like to analyze and discuss the msgB contents of two-step RACH and RNTI design for msgB.
2 Discussion

In NR-U discussion, it has been concluded that the first message for two-step RACH will at least include the equivalent information which is transmitted in msg3 for four-step RACH. Figure 1 provides the basic modeling of four-step RACH and two-step RACH procedure. The second message (i.e. msgB) of two-step RACH should contain the equivalent information as the combination of msg2 and msg4 in four-step RACH. The random access response (i.e. RAR) and contention resolution identity as well as other possible downlink data that should be included in msgB. The exact contents included in the msgB can be decided in different cases.
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Figure 1 four-step RACH and two-step RACH procedure
Proposal 1: The msgB of two-step RACH should contain equivalent information as the combination of msg2 and msg4 in four-step RACH, and the exact contents included in the msgB can be decided in different cases.
In regular four-step RACH, msg2 may carry the backoff indicator, RAPID and random access response which consist of Timing Advance command, UL grant and Temporary C-RNTI. The msg4 in four-step RACH should include the contention resolution identity to specify the contention resolution UE. Msg4 also carries RRC messages according to UE in different RRC states. For CBRA four-step RACH, the msg2 would be shared by multiple UEs who use the same RACH occasion, while the msg4 is tansmitted to the dedciated contention resolution UE.
For two-step RACH, the backoff indicator and Timing Advance command should be included in msgB. They have the similar purpose as in four-step RACH. The network can estimate the TA based on the reception of msgA to adjust the TA for further UE uplink transmission. The UL grant is also required in some cases for further uplink transmission after msgB to ensure UE can feedback network RRC complete message (i.e. RRCSetupComplete, or RRCReestablishmentComplete, or other uplink data). Furthermore, the UL grant is also useful for msg3 transmission with two-step RACH falling back to four-step RACH. For Temporary C-RNTI in four-step RACH, it can be promoted to C-RNTI in msgB to allocate UE RNTI information especially for the RRCSetup or RRCResume triggering event when UE is in Idle or Inactive RRC state.
MsgB may also contain the dedicated RRC message via either DL CCCH or DCCH to the UE. The RRC message in msgB may be different in various RACH triggering events. For Idle UE doing initial access, RRC message could be RRCSetup or RRCReject; For RRC connection re-establishment procedure, RRC message could be RRCReestablishment or RRCSetup; and for UE transition from RRC_INACTIVE, the possible RRC message should be RRCResume or RRCRelease. 
The msgB can contain information for multiple UEs or one single UE depending on different situations. If UE already has C-RNTI information, msgB can be addressed to C-RNTI to this dedicated UE. In the cases that C-RNTI is not available for the UE (i.e. Idle UE), msgB should be addressed to RA-RNTI as the way of msg2 in four-step RACH. 
Proposal 2: The msgB can contain information for multiple UEs or to one single UEs, which may include the RAR PDU, UE contention resolution identity MAC CE, and/or DL CCCH/DCCH message.
Since the msgA in two-step CBRA is transmitted on contention based resources, UE could consider the two-step RACH successfully only after UE receives the contention resolution identity in msgB.

Proposal 3: If UE receives the UE identifier in msgB, i.e. contention resolution identity which is transmitted in msgA, then UE should consider the two-step RACH successfully.
According to the above analysis, the msgB can contain information for multiple UE or one single UE. There are two options for RNTI addressing for msgB.
· Option1: MsgB are always addressed to RA-RNTI as msg2 in four-step RACH.

· Option2: MsgB is addressed to C-RNTI for UEs who is with C-RNTI and is addressed to RA-RNTI for multiple UEs who are without C-RNTI.
For option 1, RA-RNTI for msgB can be derived based on msgA resource. No matter whether a UE has C-RNTI or not, all the random access response is multiplexed in the msgB. If large number of UEs attempt to the same resource, msgB will have a large size. For option 2, if a UE already has C-RNTI, the UE can use this C-RNTI to monitor PDCCH and msgB addressed to C-RNTI. The contention resolution identity is not needed in msgB for this UE. For those UEs who are without C-RNTI, they can still use RA-RNTI for receiving msgB. So, the option 2 is simpler and more efficient.
Proposal 4: If C-RNTI is already available for a UE, msgB is addressed to C-RNTI and contains information for this single UE. Otherwise, msgB is addressed to RA-RNTI and contains information for multiple UEs.

3 Conclusion
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: The msgB of two-step RACH should contain equivalent information as the combination of msg2 and msg4 in four-step RACH, and the exact contents included in the msgB can be decided in different scenarios.
Proposal 2: The msgB can contain information for multiple UEs or to one single UEs, which may include the RAR PDU, UE contention resolution identity MAC CE, and/or DL CCCH/DCCH message.
Proposal 3: If UE receives the UE identifier in msgB, i.e. contention resolution identity which is transmitted in msgA, then UE should consider the two-step RACH successfully.
Proposal 4: If C-RNTI is already available for a UE, msgB is addressed to C-RNTI and contains information for this single UE. Otherwise, msgB is addressed to RA-RNTI and contains information for multiple UEs.
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5 Annex

Agreements:


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.


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.


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.


CFRA for 2-step RACH is supported.


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.


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


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


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