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Introduction
In RAN2#105, the following agreement were made [1]:
	RAN2#105 Agreements
1. 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
2. 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
3.  Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure
4.  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
5. [bookmark: OLE_LINK1]MsgB containing the successRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU



In RAN2#107, the following agreement were made [2]:
	RAN2#107 Agreements
1. Working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   
2. successRAR cannot be split into more than one message (i.e. Contention resolution ID will also be included in successRAR).   
3. SuccessRAR and fallbackRAR can be multiplexed



In this paper, we further discuss PDU format for MsgB when msgA includes CCCH SDU and C-RNTI, respectively.
MAC PDU content and size
In four-step random access, the contents included in RAR (i.e. msg 2) and size of each content are listed as following. 
· BI (4 bits)
· RAPID (6bits)
· UL grant (27bits)
· TC-RNTI (16bits)
· TA command (12bits)
The contention resolution ID in msg4 is fixed to 48 bits.
RAN2 agreed the following contents will be included in MsgB which are same as the contents in msg2 or msg4.
· RAPID
· UL grant
· TC-RNTI
· TA command
· Contention resolution ID
However it is unclear on size of each field as mentioned above. Based on WID, two-step random access can be applicable to all cell sizes in Rel-15. Therefore the size of each content can be reused to two-step random access, i.e.
Proposal 1: RAN2 assumes the sizes of contents in msgB are 
· BI (4 bits)
· RAPID (6 bits)
· UL grant (27bits, to be further confirmed by RAN1)
· TC-RNTI (16 bits)
· TA command (12 bits)
· Contention resolution ID (48 bits)
· SRB SDU (flexible)
MAC FallbackRAR 
First, we discuss the format of MAC fallbackRAR, for which the UE need to monitor in both cases when CCCH SDU or C-RNTI is included in msgA. Since it has been agreed that the MAC fallbackRAR will include RAPID, UL grant, TC-RNTI, TA command, which is exactly the same as MAC RAR in R15, we think the format of MAC RAR can be reused for fallbackRAR.
Proposal 2: The format of MAC RAR in R15 can be reused for MAC fallbackRAR.


Figure 1: Format of MAC RAR

msgB format for msgB-RNTI
In this section, we discuss the msgB PDU format is received by a DCI addressed to msgB-RNTI.
In the last meeting, there is working assumption on MsgB content including SRB RRC message. Considering the RRC message size may be large which is not suitable to be multiplexed with RRC messages from other UEs. It is suggested that RAN2 to confirm the working assumption.
Proposal 3: RAN2 confirms the following working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   
SRB RRC MAC subPDU
First, it has also been agreed that SRB RRC message can be included in msgB. The issue in the format is how to establish association between SRB RRC and its corresponding successRAR. We think the association can be naturally established with SRB RRC following its corresponding successRAR in the placement of subheader the MAC subPDU in the msgB MAC PDU.
Proposal 4: MAC subPDU for SRB RRC message should follow its corresponding MAC successRAR in the msgB MAC PDU.
If the SRB RRC message is included, since the size of the SRB is flexible, an L field is needed to indicate the length of the field. Also, LCID is needed for the UE to know that the subPDU is SRB RRC message. Based on this, we think the subheader for SRB RRC message in R15 can be reused.
[image: ]
Figure 2, Format of MAC subheader for SRB RRC in R15
Proposal 5: The R/F/LCID/L MAC subheader with 8-bit and 16-bit L field in R15 can be reused for the SRB RRC message in msgB.
Subheaders in msgB MAC PDU
For RAR in four-step random access in R15, the interleaved structure is used for accelerating the PHY processing on the MAC PDU. We think this structure can be also applicable to msgB PDU in four-step random access. Based on the previous agreement that (a) fallback indication should be supported; (b) msg3-based SI request is supported; (c) fallbackRAR and successRAR can be multiplexed in the same MAC PDU; (d) SRB RRC message can be included in msgB, we think the msgB MAC PDU should consist of the following. One thing in particular is that, considering two-step random access is not applicable for Msg1-based SI request and legacy RAR cannot be multiplexed with MsgB, a MAC subheader with RAPID only for SI request will not be included in MsgB PDU. 
Proposal 6: msgB 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 and MAC fallbackRAR;
-	a MAC subheader and MAC successRAR;
-	a MAC subheader with LCID and SRB SDU.
In the legacy R15 RAR MAC PDU, within the subheader of all types, an E field is included to indicate whether the MAC subPDU is the last one within the MAC PDU. When E=0, it means the subPDU is the last one in the MAC PDU and after it, padding may or may not follow. When E=1, it means the subPDU is not the last one in the MAC PDU. We think the E field should be reused in the MAC subheaders of all types for msgB MAC PDU.
Proposal 7: The E field should be included for all types of subheaders for the MAC subPDUs in msgB except for SRB MAC subPDU. E=1 indicates the MAC subheader with Backoff Indicator only or fallbackRAR subPDU or successRAR subPDU with/without its corresponding SRB MAC subPDU is the last MAC subPDU in the MAC PDU; E=0 indicates otherwise. 
Based on the above proposal, there will be three types of subheaders except for SRB:  subheader for fallbackRAR, successRAR and backoff subheader. Hence, in the subheader, type field is needed to distinguish between these three types. 
Since for fallbackRAR, RAPID and E are needed and T field is needed for differentiating the type, we think the legacy E/T/RAPID MAC subheader can be reused for MAC fallbackRAR.
Proposal 8: The E/T/RAPID MAC subheader in R15 is reused for MAC fallbackRAR. T=1 indicates the presence of a Random Access Preamble ID field in the subheader.


Figure 3: E/T/RAPID MAC subheader
With T=1 indicates the RAPID case, it follows naturally that T=0 indicate the case when backoff indicate is included or the subheader for MAC successRAR.
Proposal 9: When T=0, the subheader is for BI indication or MAC successRAR
Then the task is to differentiate between BI indication and MAC successRAR. 
Proposal 10: Design a new field T1 to differentiate between BI indication and MAC sucessRAR. When T1=0, the subheader is for BI; when T1=1, the subheader is for MAC successRAR.
With the above proposal, the subheader for backoff indication is as follows:


Figure 4: MAC subheader for Backoff indication
Furthermore, it has also been agreed that SRB RRC message is optional in msgB and, as working assumption, if it is included only the RRC message of one UE can be included. Based on these agreements, in the preceding successRAR, an indication should be given on whether a SRB RRC follows this successRAR.
Proposal 11: Field Snext indicating the presence of the RRC SRB MAC subPDU is given in the subheader for MAC successRAR. S=1 indicates that there is a SRB MAC subPDU following the successRAR; S=0 indicates otherwise
Considering only one RRC SRB message can be included in msgB PDU, only one success RAR with Snext is set to presence of the RRC SRB MAC subPDU.
Proposal 12: Only one successRAR with Snext can be set to 1 in msgB MAC PDU. 
For MAC successRAR and its subheader we found that if E field, T field and Snext is placed in the subheader while TA, contention resolution ID, and TC RNTI is included in the MAC successRAR, there will be four reserved bits in the subheader and four reserved bits in the MAC successRAR, which is a waste of payload. Hence, we make the following proposal:
Proposal 13: The first 4 bits of contention resolution ID is included in the subheader for MAC successRAR and the remaining bits are included in the MAC successRAR
In this way, the overhead of MAC subPDU with subheader and success RAR is decreased. The formats for the MAC successRAR and its subheader are as follows


Figure5: subheader for MAC successRAR



Figure6: format of success RAR

Placement of MAC subPDU within msgB 
Furthermore some rules on how to place the above subPDU within MAC PDU should defined as Msg2 format in four step random access. A MAC subPDU with Backoff Indicator only is placed at the beginning of the MAC PDU in R15. We think the same placement can be used here
Proposal 14: A MAC subPDU with Backoff Indicator only is placed at the beginning of the MAC PDU
'SRB SDU MAC subPDU' is placed always after its 'successRAR MAC subPDU(s) '.
'fallbackRAR MAC subPDU(s) ' and 'successRAR MAC subPDU(s) ' with its 'SRB SDU MAC subPDU' if present can be placed anywhere between BI MAC subPDU (if any) and Padding (if any). 
Padding is placed at the end of the MAC PDU if present. Presence and length of padding is implicit based on TB size, size of MAC subPDU(s).
Proposal 15: the following rules on MsgB format are supported for the placenment of subPDUs.
· 'SRB SDU MAC subPDU' is placed always after its 'successRAR MAC subPDU(s) '.
· 'fallbackRAR MAC subPDU(s) ' and 'successRAR MAC subPDU(s) ' with its 'SRB SDU MAC subPDU' if present can be placed anywhere between BI MAC subPDU (if any) and Padding (if any). 
· Padding is placed at the end of the MAC PDU if present. Presence and length of padding is implicit based on TB size, size of MAC subPDU(s).



Figure 7: MsgB format for msgB-RNTI
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In this section, we discuss the other aspects may impact the MsgB PDU format design.
LSBs of SFN
In NR-U, RAN2 agreed LSBs of SFN can be included in Msg2 of four-step random access due to extended RAR window to mitigate the LBT impact. Two-step random access can be applied to NR-U cell. In that case if msgB window needs to be also extended as RAR window for four-step random access, the question comes whether LSBs of SFN can be included in MsgB or not. If LSBs of SFN can be included in MsgB, flag is needed to identify the LSBs of SFN field.
HARQ feedback
RAN2 agreed HARQ feedback is needed for success RAR. However it is FFS how to indicate the HARQ feedback resource. From our understanding, it is a potential solution that the HARQ feedback resource may be included in success RAR of msgB. If this is agreed, the format of success RAR will be revisited, i.e. a new content is introduced besides contention resolution ID, TA command and C-RNTI.
Proposal 16: RAN2 needs to revisit the PDU format if LSBs of SFN and HARQ feedback resource indication can be included the msgB PDU.
msgB format for C-RNTI
In this section, we discuss the msgB PDU format is received by a DCI addressed to C-RNTI.
We have agreed that TA should be a condition for contention resolution when the UE is not synchronized. In the document regarding msgB reception for C-RNTI, we discuss the scenario when a UL grant should be transmitted on PDSCH. 
Hence, we propose a new unified MAC CE for both TA and UL grant to decrease LCID overhead. Since the The Type field is a flag indicating whether the MAC CE contains a Timing Advance Command field or a UL grant field. The T field is set to "0" to indicate the presence of a Timing Advance Command field; The T field is set to "1" to indicate the presence of a UL grant field;
Proposal 17: Introduce a new MAC CE for TAC and UL grant. T=1 indicates the presence of UL grant in the MAC CE; T=0 indicates its non-presence.
With the above proposal, the format for the MAC CE is as follows:


Figure8: Format for TAC and UL grant MAC CE

Conclusion
Based on the discussion we propose the following issues:
MAC PDU content and size
Proposal 1: RAN2 assumes the sizes of contents in msgB are 
· BI (4 bits)
· RAPID (6 bits)
· UL grant (27bits, to be further confirmed by RAN1)
· TC-RNTI (16 bits)
· TA command (12 bits)
· Contention resolution ID (48 bits)
· SRB SDU (flexible)
MAC fallbackRAR
Proposal 2: The format of MAC RAR in R15 can be reused for MAC fallbackRAR.
SRB MAC subPDU
Proposal 3: RAN2 confirms the following working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   
Proposal 4: MAC subPDU for SRB RRC message should follow its corresponding MAC successRAR in the msgB MAC PDU.
Proposal 5: The R/F/LCID/L MAC subheader with 8-bit and 16-bit L field in R15 can be reused for the SRB RRC message in msgB.
Subheaders in msgB
Proposal 6: msgB 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 and MAC fallbackRAR;
-	a MAC subheader and MAC successRAR;
-	a MAC subheader with LCID and SRB SDU.
Proposal 7: The E field should be included for all types of subheaders for the MAC subPDUs in msgB except for SRB MAC subPDU. E=1 indicates the MAC subheader with Backoff Indicator only or fallbackRAR subPDU or successRAR subPDU with/without its corresponding SRB MAC subPDU is the last MAC subPDU in the MAC PDU; E=0 indicates otherwise. 
Proposal 8: The E/T/RAPID MAC subheader in R15 is reused for MAC fallbackRAR. T=1 indicates the presence of a Random Access Preamble ID field in the subheader.
Proposal 9: When T=0, the subheader is for BI indication or MAC successRAR
Proposal 10: Design a new field T1 to differentiate between BI indication and MAC sucessRAR. When T1=0, the subheader is for BI; when T1=1, the subheader is for MAC successRAR.
Proposal 11: Field Snext indicating the presence of the RRC SRB MAC subPDU is given in the subheader for MAC successRAR. S=1 indicates that there is a SRB MAC subPDU following the successRAR; S=0 indicates otherwise
Proposal 12: Only one successRAR with Snext can be set to 1 in msgB MAC PDU. 
Proposal 13: The first 4 bits of contention resolution ID is included in the subheader for MAC successRAR and the remaining bits are included in the MAC successRAR
Placement of MAC subPDUs
Proposal 14: A MAC subPDU with Backoff Indicator only is placed at the beginning of the MAC PDU
[bookmark: _GoBack]Proposal 15: the following rules on MsgB format are supported for the placenment of subPDUs.
· 'SRB SDU MAC subPDU' is placed always after its 'successRAR MAC subPDU(s) '.
· 'fallbackRAR MAC subPDU(s) ' and 'successRAR MAC subPDU(s) ' with its 'SRB SDU MAC subPDU' if present can be placed anywhere between BI MAC subPDU (if any) and Padding (if any). 
· Padding is placed at the end of the MAC PDU if present. Presence and length of padding is implicit based on TB size, size of MAC subPDU(s).
Proposal 16: RAN2 needs to revisit the PDU format if LSBs of SFN and HARQ feedback resource indication can be included the msgB PDU.
msgB format for C-RNTI
Proposal 17: Introduce a new MAC CE for TAC and UL grant. T=1 indicates the presence of UL grant in the MAC CE; T=0 indicates its non-presence.
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