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1	Introduction
In RAN2#106, several agreements for 2-step RACH design were made based on which Stage-3 details on the MAC PDU format for MsgB design can be considered:
	Agreements
4. For MsgA with C-RNTI, the UE shall monitor the PDCCH addressed to C-RNTI for success response and msgB-RNTI (e.g. RA-RNTI or new RNTI) 
6. For CCCH, MsgB can include the SRB RRC message.  The format should be designed for both with and without RRC message.   
7. 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.  
8. Network response to msgA (i.e. msgB/msg2) can include the following: 
i. SuccessRAR 
ii. FallbackRAR
iii. 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
9. Proposal 10: The following fields can be included in the successRAR when CCCH message is included in msgA.
i. Contention resolution ID
ii. C-RNTI
iii. TA command
10. Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure
11. FallbackRAR should contain the following fields
i. RAPID
ii. UL grant (to retransmit the msgA payload).  FFS on restrictions on the grant and UE behavior if different grant and rebuilding 
iii. TC-RNTI
iv. TA command




In this contribution we provide a design for general MsgB format that is used for successRAR (with or without RRC response message), fallbackRAR, and backoff indication.
2	MsgB MAC PDU design aspects
As proposed in [1], general MsgB format should be designed for responding to all MsgA transmissions except for the successful case for CONNECTED mode UEs that can be responded directly with C-RNTI. Thus, the MsgB MAC PDU structure should be able to distinguish the following cases:
	-	backoff indicator (BI);
-	successRAR;
		-	with RRC response message;
		-	without RRC response message.
	-	fallbackRAR;
	-	padding.
Indicating the four main cases (backoff, successRAR, fallbackRAR, padding) seems to be reasonable to pack within one field for UEs to quickly parse what kind of information fields follow. Hence, a two-bit Type field should be introduced in front of each MAC subheader in the MsgB.
Proposal 1: 2-bit Type field is introduced in front of the MAC subheader to indicate whether the MAC subheader is for Backoff Indicator (BI), successRAR, fallbackRAR, or padding.
For the successRAR and fallbackRAR cases, a UE identification is required for the UE to identify the response is for itself.
In case of successRAR, it seems unnecessary to include the RAPID (Random Access Preamble ID) of the MsgA given the UE needs anyway to be identified by means of UE Contention Resolution ID. Whether the UE Contention Resolution ID is part of the MAC subheader or not seems to be only a modelling issue as the same fixed sized field is required to convey the information, however, putting it into the payload seems more appropriate.
Proposal 2: For successRAR, UE Contention Resolution Identity alone is used to identify the target UE.
In case of fallbackRAR, as the preamble is the only information network has about the UE, RAPID has to be used.
Proposal 3: For fallbackRAR, RAPID is used to identify the UE(s) the fallback is indicated.
In the previous meeting, it was agreed that the MsgB should be able to carry SRB SDU (RRC response message) for UEs that sent CCCH message (RRC request) in MsgA. However, it was left FFS whether multiplexing SRB SDUs (RRC response message) for multiple UEs would be possible or not. Considering that the SRB SDU would usually consist of initial UE RRC configuration (RRCSetup or RRCResume), the SRB SDU may be relatively big size making it impossible to multiplex multiple of SRB SDUs within one MsgB. Exception on this could be, e.g., RRCReject to multiple UEs, however, it seems unnecessary to optimize the design for such exceptional overload case.
Limiting the SRB SDUs multiplexed in MsgB to one UE would facilitate the parsing of the MsgB MAC PDU. One bit indication after the Type field could be used to indicate whether SRB SDU(s) is multiplexed inside the MsgB or not. After that, UE would have to only decode the UE Contention Resolution Identity field to determine whether the response is for the given UE – if not, the parsing of the PDU can stop. After that, existing MAC subheaders used for UL/DL-SCH MAC PDU can be used to indicate the size and LCID of the SRB SDU. It should be noted that restricting SRB SDUs to be multiplexed only to one UE inside one MsgB would still allow sending successRARs without SRB SDUs and fallbackRARs to other UEs before such successRAR with SRB SDU(s).
Proposal 4: Multiplexing of SRB SDUs inside one MsgB MAC PDU is limited to one UE. One bit indication after the Type field is used to indicate the presence of SRB SDU(s) in the MsgB.
Proposal 5: MAC subheaders used for UL/DL-SCH MAC PDU can be used to identify the SRB SDU(s).
3	MsgB MAC PDU format
3.1	subheader formats
Based on the above design, the following subheader formats can be drawn.
	-	MAC subheder for BI:
		-	T1: indicates the MAC subheader is used for backoff indicator.


Figure 3-1: MAC subheader for BI
	-	MAC subheader for successRAR:
-	T1 indicates successRAR follows; S field is encoded after the T1 field which indicates whether the successRAR follows SRB SDU(s) or not.


Figure 3-2: MAC subheader for successRAR
	-	MAC subheader for fallbackRAR:
		-	T1 indicates fallbackRAR follows; RAPID is encoded in the subheader to identify the UE.


Figure 3-3: MAC subheader for fallbackRAR
	-	MAC subheader for padding:
		-	T1 indicates padding follows and the UE can stop parsing the MAC PDU.


Figure 3-4: MAC subheader for padding
	-	MAC subheader for SRB SDU follows the Rel-15 design:

[bookmark: _GoBack]
Figure 3-4: MAC subheader for SRB SDU
3.2	RAR formats
For successRAR and fallbackRAR, the MAC subheader follows with further information.
For fallbackRAR, the RAR can simply follow the Rel-15 design given the procedure falls back to Msg3 transmission.


Figure 3-5: fallbackRAR (same as Rel-15 RAR)
For the successRAR, UL grant is not required given the UE is waiting for RRC Response message from the network, hence, only TAC and C-RNTI fields are required after the UE Contention Resolution Identity.


Figure 3-6: successRAR
3.3	MsgB MAC PDU
Based on the above, the following example of the MsgB MAC PDU formats can be drawn:


Figure 3-7: Example of MsgB MAC PDU consisting of MAC RARs without SRB SDU(s)


Figure 3-8: Example of MsgB MAC PDU consisting of MAC RARs with SRB SDU(s)
Proposal 6: Agree on the MAC subheader and RAR formats provided in section 3.
4	Conclusion
In this contribution, the MsgB MAC PDU design is discussed and the following is proposed:
Proposal 1: 2-bit Type field is introduced in front of the MAC subheader to indicate whether the MAC subheader is for Backoff Indicator (BI), successRAR, fallbackRAR, or padding.
Proposal 2: For successRAR, UE Contention Resolution Identity alone is used to identify the target UE.
Proposal 3: For fallbackRAR, RAPID is used to identify the UE(s) the fallback is indicated.
Proposal 4: Multiplexing of SRB SDUs inside one MsgB MAC PDU is limited to one UE. One bit indication after the Type field is used to indicate the presence of SRB SDU(s) in the MsgB.
Proposal 5: MAC subheaders used for UL/DL-SCH MAC PDU can be used to identify the SRB SDU(s).
Proposal 6: Agree on the MAC subheader and RAR formats provided in section 3.
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