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MAC subheader for MsgB
For 4-step RACH, a MAC PDU consists of one or more MAC subPDUs and optionally padding. Each MAC subPDU consists one of the following:
· a MAC subheader with Backoff Indicator only;
· a MAC subheader with RAPID only (i.e. acknowledgment for SI request);
· a MAC subheader with RAPID and MAC RAR.
To distinguish different type of MAC subPDU, two kind of MAC subheader are defined for Random Access Response: the MAC subheader for BI without RAP ID and the MAC subheader with RAP ID.
--------------------------------- Format of MAC subheader for 4-step RACH --------------------------------


Figure 6.1.5-1: E/T/R/R/BI MAC subheader


Figure 6.1.5-2: E/T/RAPID MAC subheader
--------------------------------- Format of MAC subheader for 4-step RACH --------------------------------
In 2-step RACH, based on the agreements made in previous meeting, network response to msgA (i.e. msgB/msg2) can include the following: 
· SuccessRAR 
· FallbackRAR
· Backoff Indication
In addition, it has also been agreed that “For CCCH, MsgB can include the SRB RRC message. The format should be designed for both with and without RRC message”. Therefore, besides the MAC subPDU types mentioned above, the SRB SDU can be included in the MsgB as well, and to allow the UE to first parse the contention resolution IE and the decode the SRB SDU, the SRB SDU shall be located after the successRAR of the corresponding UE.
Considering different MAC subPDUs have different structure and different size, if the UE cannot distinguish the type of MAC subPDU based on the MAC subheader, the UE has to read the content of each MAC subPDU, which will lead to unnecessary processing and extra complexity in implementation. 
Proposal 1: The MAC subheader for MsgB can be used to distinguish the following types of MAC subPDU:
· SuccessRAR with or without SRB SDU
· FallbackRAR
· Backoff Indication
For the fallback RAR in 2-step RACH, since the RAP ID will be used to identify the target UE of the fallback RAR, the RAP ID shall be included in the MAC subheader for fall back RAR. 
For the successRAR in 2-step RACH, since the contention resolution ID can be used to identify the UE instead of RAP ID, the RAP ID is not necessary. It has been argued that inclusion of RAPID improves the processing on the UE side (since the UE need not check the 48 bit contention resolution ID in the RAR but simply check the MAC subheader and move on). However, considering that this comes at the cost of 1 byte extra in the subheader, it seems this is not a good tradeoff. 
For the SRB SDU, if the SRB SDU is located after the corresponding successRAR for the same UE, UE can identify the target UE of the SRB SDU based on the contention resolution ID in the previous successRAR, thus no extra ID is needed in the MAC subheader for the SRB SDU (note that this works even when there is multiplexing for SRB case which has not yet been agreed). 
Proposal 2: The MAC subheader for MAC subPDU shall be able to identify the target UE for the corresponding MAC subPDU.
· For fallback RAR, the RAP ID shall be included in the MAC subheader.
· For the success RAR, the contention resolution ID shall be included in the MAC subheader.
· For the SRB SDU, the SRB SDU shall be located after the corresponding successRAR for the same UE, and the MAC subheader of the corresponding successRAR can be used to identify the target UE for the SRB SDU.

For the SRB SDU, since the length of SRB SDU is flexible, one length field shall be included in the MAC subheader. Considering the length of MsgB will be quite limited, one byte length field should be sufficient. In addition, since either message from SRB 0 (e.g. RRC setup) or from SRB 1 (e.g. RRC resume) can be included in MsgB, one LCH ID field shall be included in MAC subheader to indicate the LCH ID. Also considering the LCH ID for CCCH is fixed as 0, and the LCH ID 1 will be used in case of resume (i.e. Default SRB configurations specified in RRC), 1 bit LCH ID indicator can be included instead of a 6bits LCH ID field.
Proposal 3: For the MAC subPDU for SRB SDU, the following field shall be included in the MAC subheader
· 1 byte length field: which will be used to indicate the length of the SRB SDU
· 1 bit LCH ID indicator: which will be used to indicate the LCH ID for the SRB (i.e. either LCH 0 for SRB 0 or LCH 1 for SRB1)

Based on the proposal 1/2/3, the suggested MAC subheader format for MsgB is given as follow:
MAC subheader for the fallback RAR:
	E
	T1
	RAP ID
	Oct 1



MAC subheader for the BI
	E
	T1
	T2
	BI
	Oct 1



MAC subheader for the Success RAR

	E
	T1
	T2
	R
	R
	R
	R
	Oct 1

	UE Contention Resolution Identity
	Oct 2

	UE Contention Resolution Identity
	Oct 3

	UE Contention Resolution Identity
	Oct 4

	UE Contention Resolution Identity
	Oct 5

	UE Contention Resolution Identity
	Oct 6

	UE Contention Resolution Identity
	Oct 7




MAC subheader for the MAC subPDU for SRB SDU
	E
	T1
	T2
	R
	R
	R
	R
	Oct 1

	L
	Oct 2



Where the definition of each field can be found as follow:
· E: The Extension field is a flag indicating if the MAC subPDU including this MAC subheader is the last MAC subPDU or not in the MAC PDU. The E field is set to "1" to indicate at least another MAC subPDU follows. The E field is set to "0" to indicate that the MAC subPDU including this MAC subheader is the last MAC subPDU in the MAC PDU;
· T1: The Type1 field is a flag indicating whether the MAC subheader contains a Random Access Preamble ID or a Type2 field. The T1 field is set to "0" to indicate the presence of Type2 field in the subheader. The T1 field is set to "1" to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID). If the T1 is set 1, the fallback RAR is included in the MAC subPDU;
· T2: The Type2 field is a flag to indicate the content of MAC subheader and the content of MAC subPDU after the MAC subheader. The definition of Type2 field is given as follow:
· "00": Backoff Indicator is present in the MAC subheader, and the MAC subPDU include MAC subheader only.
· "01": Contention Resolution ID field is present in the MAC subheader, and a success RAR is included in the MAC subPDU.
· "10": LCH ID indication and L field are present in the MAC subheader, and a SRB SDU is included in the MAC subPDU after the MAC subheader.
· "11": Reserved
· LCH ID indicator: The LCH ID indicator field is a flag to indicate the LCH of the following SRB SDU. The LCH ID indicator field is set to "0" to indicate the logical channel id for the SRB SDU is 0; the LCH ID indicator field is set to "1" to indicate the logical channel id for the SRB SDU is 1.
· L: The Length field indicates the length of the corresponding MAC SDU for SRB.
· RAP ID: The same as 4-step RACH.
· Contention Resolution ID: The same as 4-step RACH
Based on the analysis above, we give our proposal as follows:
Proposal 4: The MAC PDU format for MAC subheader given above shall be considered as baseline.
MAC PDU format for FallbackRAR
Based on the agreements made in previous meeting, the fallbackRAR should contain the following fields
· RAPID
· UL grant (to retransmit the msgA payload).  FFS on restrictions on the grant and UE behavior if different grant and rebuilding 
· TC-RNTI
· TA command
Since the content of fallback RAR is the same as the MAC RAR for 4-step RACH, the MAC RAR defined for 4-step RACH can be reused for fallback RAR.


Figure 6.2.3-1: MAC RAR
Proposal 5: The MAC RAR defined for 4-step RACH can be reused for fallback RAR.
MAC PDU format for SuccessRAR
Based on the agreements made in previous meeting, the following fields can be included in the successRAR when CCCH message is included in msgA.
· Contention resolution ID
· C-RNTI
· TA command
As noted above, the MAC subheader for SuccessRAR, includes the contention resolution ID. So, in this case, the successRAR itself will simply contain the TA command and the C-RNTI as shown below. 

	R
	R
	R
	R
	Timing Advance Command
	Oct 1

	Timing Advance Command
	Oct 2

	C-RNTI
	Oct 3

	C-RNTI
	Oct 4



Besides the field mentioned above, it is still FFS whether any field is needed for the transmission of ACK for the successful reception of MsgB with corresponding contention resolution ID, and more input from RAN1 is needed for this issue.
Proposal 5: The MAC PDU format above for Success RAR will be considered as baseline. 
Conclusions
Based on the discussion above, the following observations and proposal are shared: 
Proposal 1: The MAC subheader for MsgB can be used to distinguish the following types of MAC subPDU:
· SuccessRAR 
· FallbackRAR
· Backoff Indication
· SRB SDU

Proposal 2: The MAC subheader for MAC subPDU shall be able to identify the target UE for the corresponding MAC subPDU.
· For fallback RAR, the RAP ID shall be included in the MAC subheader.
· For the success RAR, the contention resolution ID shall be included in the MAC subheader.
· For the SRB SDU, the SRB SDU shall be located after the corresponding successRAR for the same UE, and the MAC subheader of the corresponding successRAR can be used to identify the target UE for the SRB SDU.

Proposal 3: For the MAC subPDU for SRB SDU, the following field shall be included in the MAC subheader
· 1 byte length field: which will be used to indicate the length of the SRB SDU
· 1 bit LCH ID indicator: which will be used to indicate the LCH ID for the SRB (i.e. this bit is set to 0 for SRB 0 or 1 for SRB1)

Proposal 4: The following MAC subheader format is considered as baseline.
MAC subheader for the fallback RAR:
	E
	T1
	RAP ID
	Oct 1



MAC subheader for the BI
	E
	T1
	T2
	BI
	Oct 1



MAC subheader for the Success RAR
	E
	T1
	T2
	R
	R
	R
	R
	Oct 1

	UE Contention Resolution Identity
	Oct 2

	UE Contention Resolution Identity
	Oct 3

	UE Contention Resolution Identity
	Oct 4

	UE Contention Resolution Identity
	Oct 5

	UE Contention Resolution Identity
	Oct 6

	UE Contention Resolution Identity
	Oct 7




MAC subheader for the MAC subPDU for SRB SDU
	E
	T1
	T2
	R
	R
	R
	R
	Oct 1

	L
	Oct 2



Where the definition of each field can be found as follow:
· E: The Extension field is a flag indicating if the MAC subPDU including this MAC subheader is the last MAC subPDU or not in the MAC PDU. The E field is set to "1" to indicate at least another MAC subPDU follows. The E field is set to "0" to indicate that the MAC subPDU including this MAC subheader is the last MAC subPDU in the MAC PDU;
· T1: The Type1 field is a flag indicating whether the MAC subheader contains a Random Access Preamble ID or a Type2 field. The T1 field is set to "0" to indicate the presence of Type2 field in the subheader. The T1 field is set to "1" to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID). If the T1 is set 1, the fallback RAR is included in the MAC subPDU;
· T2: The Type2 field is a flag to indicate the content of MAC subheader and the content of MAC subPDU after the MAC subheader. The definition of Type2 field is given as follow:
· "00": Backoff Indicator is present in the MAC subheader, and the MAC subPDU include MAC subheader only.
· "01": Contention Resolution ID field (or RAP ID field for alternative 2) is present in the MAC subheader, and a success RAR is included in the MAC subPDU.
· "10": LCH ID indication and L field are present in the MAC subheader, and a SRB SDU is included in the MAC subPDU after the MAC subheader.
· "11": Reserved
· LCH ID indicator: The LCH ID indicator field is a flag to indicate the LCH of the following SRB SDU. The LCH ID indicator field is set to "0" to indicate the logical channel id for the SRB SDU is 0; the LCH ID indicator field is set to "1" to indicate the logical channel id for the SRB SDU is 1.
· L: The Length field indicates the length of the corresponding MAC SDU for SRB.
· RAP ID: The same as 4-step RACH.
· Contention Resolution ID: The same as 4-step RACH

Proposal 5: The MAC RAR defined for 4-step RACH will be reused for fallback RAR.
Proposal 6: The following MAC PDU format for SuccessRAR given will be considered as baseline. 

	R
	R
	R
	R
	Timing Advance Command
	Oct 1

	Timing Advance Command
	Oct 2

	C-RNTI
	Oct 3

	C-RNTI
	Oct 4
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