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1 Introduction

Regarding contents and size of msgA, it has agreed in RAN2#105bis that:

1. RAN2 has discussed the contents and content size of MsgA data part and concluded that the following could be included into MsgA depending on the Random Access trigger:
· RRC message for requesting RRC connection setup/re-establishment/resume for IDLE/INACTIVE/CONNECTED UEs;
· RRC message for requesting on-demand system information for IDLE/INACTIVE UEs;
· C-RNTI MAC CE + possibly other MAC CE(s) like BSR or UL data (CP or UP) for CONNECTED mode UEs.

Based on the above, it was concluded that minimum payload sizes the MsgA shall be able to support are 56 and 72 bits depending on whether short or long I-RNTI is requested by the NW from RRC INACTIVE UEs inside the RRCResume message, respectively.

On the other hand, no upper bound for the content size is defined by RAN2 but any limit based on the RAN1 design would be good to be known to be able to design the signaling options properly.
which has been sent in an LS (R2-1905303) to RAN1.
In this paper, we mainly discuss the contents and formats for msgB of 2-step RACH.
2 Discussion

2.1 Contents for each message in legacy 4-step RACH
It has been agreed all the triggers for 4-step RACH apply to 2-step RACH. In 38.300, those triggers are:
· Initial access from RRC_IDLE;

· RRC Connection Re-establishment procedure;

· Handover;

· DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";

· UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;

· SR failure;

· Request by RRC upon synchronous reconfiguration;

· Transition from RRC_INACTIVE;

· To establish time alignment for a secondary TAG;

· Request for Other SI (see subclause 7.3);

· Beam failure recovery.
For all triggeres applied for 4-step RACH, msg1 is preamble transmission and msg2 is RAR:
· Msg1: preamble

· Msg2: MAC PDU which may include:

· BI only MAC subPDU;

· RAPID only MAC subPDU;

· MAC subPDU with RAPID subheader and MAC RAR including TAC, UL grant and TC-RNTI.

Observation 1 For 4-step RACH, msg1 is preamble for all the triggers;

Observation 2 For 4-step RACH, msg2 may include BI, RAPID, TAC, UL grant and TC-RNTI for all the triggers;
For 4-step RACH triggered by different cases, the msg3 and msg4 may be different. 
· For msg3, depends on the RACH triggers, it can be:

· CCCH SDU carrying UL CCCH Message from RRC layer, e.g., Initial access;
· C-RNT MAC CE when C-RNTI is available, e.g., SR failure
· For msg4: 
· if C-RNTI MAC CE was included in msg3, msg4 is a PDCCH addressed to the C-RNTI containing a UL grant. For PDCCH order triggered contention based RACH and BFR RACH, it may not be necessary to include a UL grant.
· if C-RNTI MAC CE was not included in msg3, msg4 should at least contain UE Contention Resolution ID MAC CE which is used to for contention resolution, also possible RRC messages may be included.
Observation 3 For 4-step RACH, msg3 contains either C-RNTI MAC CE or CCCH SDU, depending on the RACH trigger. 
Observation 4 For 4-step RACH, if a C-RNTI MAC CE was included in msg3, msg4 is a PDCCH addressed to the C-RNTI containing a UL grant/DL assignment;
Observation 5 For 4-step RACH, if a CCCH SDU was included in msg3, msg4 may contain a UE Contention Resolution Identity MAC CE which is used to for contention resolution, also RRC messages may be included.

2.2 Requirement of msgB contents
According to the 2-step RACH WID description, msgB includes the equivalent contents of msg2 and msg4 in 4-step RACH. 
MsgB should be able to support the following responses:

There would be multiple 2-step RACH UEs using the same msgA resources, i.e., RO and PUSCH resources. In this case, network may not be able to identify all the UE due to collision. Thus, like legacy 4-step RACH, BI should be supported in msgB to randomize the contention. Since BI is supposed to be received by several UEs which use the same msgA resources, so msgB including BI should be addressed to multiple UEs.
Proposal 1 msgB should be able to indicate BI response.
In the case when network only receives preamble but not the payload carried by PUSCH, msgB should be able to indicate a fall back to 4-step RACH procedure so that the UE can be scheduled to transmit msg3. For this purpose, the fall back information should at least include the equivalent contents as MAC RAR, i.e., TA command, UL grant and TC-RNTI.
Proposal 2 msgB should be able to indicate fallback response.
In the case when msgA is successfully decoded by the network, network can send msgB for contention resolution to a specific UE.
Proposal 3 msgB should be able to indicate successful contention response;
2.3 Detail formats of msgB

As discussed in our companion paper for contention resolution [1]. UE should monitor RA-RNTI addressed PDCCH scheduling part of contents of msgB. In this case, the MAC PDU format can be as much the same as RAR in 4-step RACH.
For BI response, the following format can be used like in legacy 4-step RACH RAR:
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Proposal 4 BI response is the same format as E/T/R/R/BI subheader in 4-step RACH RAR.

For fallback response, the legacy MAC RAR can be used to indicate UE transmit msg3, which is as follows:
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Proposal 5 Fallback response is the same format as R/TAC/UL-Grant/TC-RNTI MAC RAR in 4-step RACH.

Proposal 6 BI response and fallback response can be multiplexed in to a same PDU scheduled by RA-RNTI addressed PDCCH.

Regarding the successful contention response, it can be discussed based on the following cases:
· Case 1: 2-step RACH triggered when UE in RRC Connected state (except 2-step RACH triggered due to RRC re-establishment), in this case msgA includes C-RNTI MAC CE;

· Case 2: 2-step RACH triggered when UE in IDLE, Inactive or for RRC re-establishment, in this case msgA includes CCCH SDU;
2.3.1 Case1: successful contention response

For case 1, since the C-RNTI scrambled PDCCH is addressed to a specific UE, some of the contents in RAR should be included in the MAC PDU scheduled by the C-RNTI addressed PDCCH. We think TAC should at least be included, which means a TAC MAC CE should be introduced. The format is as follows:
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Proposal 7 A MAC CE containing TAC (12 bits) should be introduced, which is included in the MAC PDU scheduled by the C-RNTI scrambled PDCCH. 

Besides, in legacy 4-step RACH, contention resolution for Connected state UE is different even thought all of the cases should based on reception of C-RNTI addressed PDCCH. For BFR and PDCCH order based RACH, only reception of C-RNTI addressed PDCCH is required. For other RACH initiated by connected state UE, both reception of C-RNTI addressed PDCCH and containing a UL grant for new transmission are required. Thus, for 2-step RACH, both cases should be considered. However, given C-RNTI addressed PDCCH should schedule downlink transmission due to the TAC needs to be scheduled to UE, it’s probably that a TAC with UL grant MAC CE should be introduced, so that UL grant transmission can also be supported. The format is as follows:
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Proposal 8 A MAC CE containing TAC (12 bits) and UL grant (27 bits) should be introduced, which is included in the MAC PDU scheduled by the C-RNTI scrambled PDCCH. 

2.3.2 Case2: successful contention response

As discussed in our companion paper [1], for case 2, the contention resolution ID is included in another MAC PDU. The contention resolution ID MAC CE from 4-step RACH can be reused with the following format:
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Proposal 9 Contention resolution ID (48 bits) MAC CE is introduced.

As discussed in [1], the MAC PDU including contention resolution can be scheduled by TC-RNTI scrambled PDCCH. The TC-RNTI is obtained from RAR scheduled by the RA-RNT addressed PDCCH. Or, the MAC PDU including contention resolution can be scheduled directly by the DL assignment in the RAR scheduled by the RN-RNTI addressed PDCCH. So, there is a need to differentiate the MAC RAR for indicating fallback response or for scheduling MAC PDU with contention resolution ID. So:
· If RA-RNTI addressed PDCCH is received, and there is a RAPID matches the preamble index in msgA, depends on the “R” bit in the MAC RAR:

· If R=0, UE uses the contents in MAC RAR to fall back to 4-step RACH;
· If R=1, UE uses the contents in MAC RAR to receive the following-up msgB2
Proposal 10 “R” bit in the MAC RAR can be used to indicate whether the MAC RAR is used to indicate fallback response or indicate scheduling msgB2.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
For 4-step RACH, msg1 is preamble for all the triggers;
Observation 2
For 4-step RACH, msg2 may include BI, RAPID, TAC, UL grant and TC-RNTI for all the triggers;
Observation 3
For 4-step RACH, msg3 contains either C-RNTI MAC CE or CCCH SDU, depending on the RACH trigger.
Observation 4
For 4-step RACH, if a C-RNTI MAC CE was included in msg3, msg4 is a PDCCH addressed to the C-RNTI containing a UL grant/DL assignment;
Observation 5
For 4-step RACH, if a CCCH SDU was included in msg3, msg4 may contain a UE Contention Resolution Identity MAC CE which is used to for contention resolution, also RRC messages may be included.
Proposal 1
msgB should be able to indicate BI response.
Proposal 2
msgB should be able to indicate fallback response.
Proposal 3
msgB should be able to indicate successful contention response;
Proposal 4
BI response is the same format as E/T/R/R/BI subheader in 4-step RACH RAR.
Proposal 5
Fallback response is the same format as R/TAC/UL-Grant/TC-RNTI MAC RAR in 4-step RACH.
Proposal 6
BI response and fallback response can be multiplexed in to a same PDU scheduled by RA-RNTI addressed PDCCH.
Proposal 7
A MAC CE containing TAC (12 bits) should be introduced, which is included in the MAC PDU scheduled by the C-RNTI scrambled PDCCH.
Proposal 8
A MAC CE containing TAC (12 bits) and UL grant (27 bits) should be introduced, which is included in the MAC PDU scheduled by the C-RNTI scrambled PDCCH.
Proposal 9
Contention resolution ID (48 bits) MAC CE is introduced.
Proposal 10
“R” bit in the MAC RAR can be used to indicate whether the MAC RAR is used to indicate fallback response or indicate scheduling msgB2.
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