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1 Introduction
In previous RAN2 meetings, a number of agreements have been achieved impacting the design of MsgB in 2-step RACH [1][2]:

	RAN2#106:
· 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
· For CCCH, MsgB can include the SRB RRC message.  The format should be designed for both with and without RRC message.   
· For CCCH, for success or fallback RAR MsgB can multiplex messages for multiple UEs.  FFS if we can multiplex SRB RRC messages of multiple UEs.  
· 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
· The following fields can be included in the successRAR when CCCH message is included in msgA.
a. Contention resolution ID
b. C-RNTI
c. TA command
· 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
· MsgB containing the successRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU
RAN2#107:
· Working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   
· successRAR cannot be split into more than one message (i.e.Contention resolution ID will also be included in successRAR).   
· SuccessRAR and fallbackRAR can be multiplexed
· The fallback RAR shall be included in the general MsgB format, ie., be able to be multiplexed with the successRAR for 2-step RACH.
· For MsgA with CCCH SDU, if neither fallbackRAR or successRAR is received 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



In this contribution, we discuss a proposal for the MsgB format supporting the agreements above.

2 Discussion
2.1 MsgB addressed with MsgB-RNTI (e.g. RA-RNTI)
When MsgB is addressed with MsgB-RNTI, responses for multiple UEs can be multiplexed in the MAC PDU using the following subPDUs:
1) Backoff Indication subPDU
2) FallbackRAR subPDU
3) SuccessRAR subPDU

2.2.1 Backoff Indication subPDU
The E/T/R/R/BI subheader and the Backoff Parameter values from Rel-15 can be re-used for backoff indication in 2-step RACH. The range of the Backoff parameter is 5-1920 ms in Rel-15, and this should be sufficient for also 2-step RACH. The size of the BI field can be set to 4 bits as in Rel-15. The T-bit is set to 0 to indicate the BI subheader, and the R-bits are set to 0.
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Figure 1 E/T/R/R/BI MAC subheader for Backoff

Proposal 1: SubPDU for the Backoff Indicator in MsgB PDU comprises the E/T/R/R/BI subheader from Rel-15.

2.2.2 FallbackRAR subPDU
For FallbackRAR, existing E/T/RAPID subheader and RAR payload including UL grant, TC-RNTI, and 12 bit TA command can be re-used from Rel-15. The FallbackRAR subPDU can be identical to the RAPID and RAR subPDU in Rel-15. The T-bit is set to 1 to indicate the RAPID subheader. The R-bit in the payload is set to 0.
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Figure 2 E/T/RAPID MAC subheader for FallbackRAR
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Figure 3 Payload for FallbackRAR, identical to MAC RAR payload in Rel-15

Proposal 2: SubPDU for the FallbackRAR in MsgB PDU comprises the E/T/RAPID subheader and the MAC RAR payload from Rel-15.

2.2.3 SuccessRAR subPDU
In order to differentiate the SuccessRAR subPDU from the existing Rel-15 subPDUs, a new MAC subheader format should be introduced. One R-bit in the Rel-15 BI subheader can be used for this purpose.
The payload for the SuccessRAR subPDU contains UE Contention Resolution ID, 12-bit TA command, C-RNTI, and optionally SRB message.
The UE Contention Resolution ID should be placed before other fields in the payload, so that the UEs without matching UE contention resolution ID do not have to parse all of the subPDU contents.
In 4-step RACH, Msg4 carries the SRB message, and is encoded using the DL-SCH PDU format in 6.1.2 of 38.321. The SRB message can be encoded using the same format. It can be considered to be carried within a DL-SCH PDU container. It is beneficial to re-use the existing DL-SCH PDU format in Rel-15, because this can be used to carry other information apart from the SRB message in future extensions. For example, it can be used to transmit DRB data or MAC CEs.
We think that the DL-SCH PDU container (with the SRB message) should be considered as part of the SuccessRAR payload and not as a separate subPDU, because it cannot be processed independently, without an associated UE contention resolution identity. The identity of the UE cannot be determined solely from the SRB message itself. Because of these dependencies, it is more appropriate to consider the DL-SCH PDU container (SRB message) as part of the payload.
Because the SRB message is optional, another R-bit in the BI subheader can be used to indicate the presence of the DL-SCH container in the SuccessRAR payload.
The proposed SuccessRAR subheader and payload formats are illustrated below. Setting T-bit=0 and X-bit=1 indicates the presence of the SuccessRAR subheader. Setting of the Y-bit indicates if DL-SCH PDU container is present for this SuccessRAR (0=not present, 1=present).
Proposal 3: A new MAC subheader is introduced for SuccessRAR as illustrated below. Setting T-bit=0 and X-bit=1 indicates the presence of the SuccessRAR subheader. Setting of the Y-bit indicates if DL-SCH PDU Container is present in the payload for this SuccessRAR (0=not present, 1=present).
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Figure 4 MAC subheader for SuccessRAR

Proposal 4: A new MAC payload is introduced for SuccessRAR as illustrated below. DL-SCH PDU Container field can be used to carry the SRB message and encoded according to the DL-SCH PDU format in 6.1.2 of 38.321.
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Figure 5 MAC payload for SuccessRAR

Because of the agreement that SRB RRC messages of multiple UEs cannot be multiplexed in same MsgB, there should be one SuccessRAR with DL-SCH PDU container in one MsgB. Moreover, for efficient parsing, the SuccessRAR with DL-SCH PDU container, if present, should be placed after other subPDUs, at the end of the MAC PDU. This will ensure that only one UE will parse the DL-SCH PDU container field with the SRB message.
Proposal 5: There is at most one SuccessRAR that includes a DL-SCH PDU Container within one MsgB PDU, and if present, it is placed after all the other subPDUs.

2.2.4 MsgB MAC PDU example
An example for MsgB MAC PDU based on the proposals above is illustrated in Figure 6.
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[bookmark: _Ref20745145]Figure 6 Example for MsgB MAC PDU with Backoff Indicator, FallbackRAR, and SuccessRARs

2.2 MsgB addressed with C-RNTI
If the C-RNTI was included in MsgA, PDCCH for MsgB is addressed with C-RNTI. In this case, MsgB is formatted according to the DL-SCH MAC PDU format in 38.321 6.1.2.
Proposal 6: When PDCCH is addressed with C-RNTI, MsgB is encoded according to the DL-SCH MAC PDU format in 38.321 6.1.2.
According to the RAN2 agreement, for the C-RNTI case and when the UE is not UL synchronised, contention resolution is completed when the UE receives a 12 bit TA command. A new MAC CE should be defined that carries the 12 bit TA command. It can be fixed sized, and it can be assigned with one of the reserved LCIDs from Rel-15.
The 12-bit TA command MAC CE can be defined as in Figure 7 below.
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[bookmark: _Ref20754535]Figure 7 12-bit TA Command MAC CE

Proposal 7: For the C-RNTI case when the UE is not UL synchronised, a new fixed sized MAC CE is introduced that contains a 12-bit Timing Advance Command.

3 Conclusion
In this contribution, we have the following proposals regarding the format of MsgB in 2-step RACH:
Proposal 1: SubPDU for the Backoff Indicator in MsgB PDU comprises the E/T/R/R/BI subheader from Rel-15.
Proposal 2: SubPDU for the FallbackRAR in MsgB PDU comprises the E/T/RAPID subheader and the MAC RAR payload from Rel-15.
Proposal 3: A new MAC subheader is introduced for SuccessRAR as illustrated below. Setting T-bit=0 and X-bit=1 indicates the presence of the SuccessRAR subheader. Setting of the Y-bit indicates if DL-SCH PDU Container is present in the payload for this SuccessRAR (0=not present, 1=present).
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Figure 8 MAC subheader for SuccessRAR

[bookmark: _GoBack]Proposal 4: A new MAC payload is introduced for SuccessRAR as illustrated below. DL-SCH PDU Container field can be used to carry the SRB message and encoded according to the DL-SCH PDU format in 6.1.2 of 38.321.
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Figure 9 MAC payload for SuccessRAR

Proposal 5: There is at most one SuccessRAR that includes a DL-SCH PDU Container within one MsgB PDU, and if present, it is placed after all the other subPDUs.
Proposal 6: When PDCCH is addressed with C-RNTI, MsgB is encoded according to the DL-SCH MAC PDU format in 38.321 6.1.2.
Proposal 7: For the C-RNTI case when the UE is not UL synchronised, a new fixed sized MAC CE is introduced that contains a 12-bit Timing Advance Command.
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