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1.	Introduction
At RAN2 #106, the following agreements for 2-step RACH were made:
Agreements
1. From RAN2 perspective, 2-step RACH selections can be based on indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE/IDLE states.  FFS if radio quality is used for 2-step RACH selection. 
2. From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  
3. FFS whether the UE can fallback to 4-step RACH after certain time.  Ask RAN1 whether the preamble transmission performance for 2-step RACH and 4-step RACH is the same.  
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) 
5. 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
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: 
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
9. Proposal 10: 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
10. Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure
11. 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
12.  From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).
13. The UE will monitor for response message using the single msgB agreed window
14. MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU

In this contribution, we’d like to address the possible ways based on the remaining issues which can affect the MAC PDU formats of msgB including fallbackRAR, successRAR and BI, and suggest the potential MAC PDU formats according to the candidates.
[bookmark: _Toc476230925]2.	Discussion
At RAN2 #106, the default contents of fallbackRAR and successRAR were agreed, but there are still several remaining issues that can affect MAC PDU formats of the response messages to msgA as follows: 
· Issue #1. Whether legacy msg2 can be reused for fallbackRAR
· Issue #2. If we can multiplex SRB RRC messages of multiple UEs.
Depending on the RAN2 decision in above issues, various MAC PDU formats for response messages can be considered. In details, the issue #1 may affect whether fallbackRAR and successRAR for different UEs can be multiplexed into a single MAC PDU, while the issue #2 would only affect the structure of the successRAR. So, in this document, we’d like to first address the potential MAC PDU formats for msgB which can include either successRAR, fallbackRAR or BI based on issue #1, and second, the potential structures of the successRAR based on issue #2.

2-1. MAC PDU formats for msgB
Depending on whether the legacy msg2 can be reused for fallbackRAR, we can consider MAC PDU formats of the following two ways:
· Candidate 1. MAC PDU format only for successRAR (i.e. reusing the legacy msg2 for fallbackRAR)
· Candidate 2. MAC PDU format which can include either fallbackRAR, successRAR or BI
[MsgB candidate #1] If we reuse the legacy msg2 for fallbackRAR, we need to only define a MAC PDU including one or more successRARs. In this case, the MAC PDU will be separately transmitted from the MAC PDU including fallbackRAR (i.e., legacy msg2). As agreed at the last meeting, the successRAR certainly includes CRID, C-RNTI and TA Command. The SRB RRC message can be included in the msgB with the successRAR, but it is optional and we’d like to handle the detailed formats of the successRAR in the next section. Similar to a legacy RAR consisting of a RAPID sub-header and a RAR payload as shown in the Figure 1-(a), the successRAR can consist of a CRID sub-header and a successRAR payload, as illustrated in the Figure 1-(b). If a UE detects a CRID sub-header including the UE CRID matching the CCCH SDU which was transmitted in msgA, the UE can acquire the C-RNTI and TA command by decoding the following successRAR payload. Else, the UE may try to detect the next CRID sub-header without decoding the following successRAR payload if exists. In this format, the CRID sub-header allows the UE to decode only the desired successRAR payload, which is effective for efficient parsing of the UE.


  
(a) MAC PDU for fallbackRAR                (b) MAC PDU for successRAR (with BI)
Figure 1. MAC PDU format for msgB candidate #1
However, we may have one more issue on whether the backoff indicator in the legacy msg2 can be also reused for the 2-step RACH. If RAN2 determines to use the different BI from 4-step RACH, we should additionally define the BI field in the MAC PDU with the successRAR. In this case, the BI sub-header for 2-step RACH can be included by defining a Type field in each sub-header. The type field indicates whether the MAC sub-header contains a BI or a CRID, in the same way to in the legacy RAR. 
[MsgB candidate #2] If we don’t reuse the legacy msg2 for fallbackRAR, RAN2 should design a new msgB for either fallbackRAR, successRAR or BI. Given that the msgB is designed based on the legacy msg2, we may use one of the reserved bits for indicating the successRAR from the fallbackRAR or BI. For efficient parsing of the msgB, several companies suggested to include the RAPID even in the successRAR. If then, the successRAR payload may be indicated by the remaining reserved 1-bit of the legacy RAR payload, but we don’t think that the successRAR does not need to include the RAPID because the contention of 2-step RACH can be totally resolved by the CRID, not RAPID. So, if we should indicate three different RARs in a MAC PDU, we propose to use the reserved bit as a new Type field in the BI sub-header as shown in the Figure 2. 


Figure 2. MAC PDU format for MsgB candidate #2
That is, a UE receiving the msgB checks T1 field indicating whether the MAC subheader contains a RAPID or others. If the T1 indicates that the MAC sub-header contains others, the UE additionally checks T2 field indicating whether the MAC sub-header contains a Backoff Indicator or a CRID. If the T2 indicates to include a CRID, the UE can detect a CRID sub-header and a successRAR payload following the CRID sub-header. In this format, the fallbackRAR can be detected by the T1 in the same way as the legacy RAR.
Proposal 1. RAN2 define MAC subPDU consisting of CRID sub-header including a CRID and successRAR payload including at least a C-RNTI and a TA command. 
Proposal 2-1. If the legacy msg2 is reused for fallbackRAR and BI, the CRID sub-header consist of at least E/CRID.
Proposal 2-2. If the legacy msg2 is reused for fallbackRAR but BI is NOT reused, the CRID sub-header consist of at least E/T/CRID. 
· The T field indicates whether the MAC sub-header contains a BI or a CRID.
Proposal 2-3. If the legacy msg2 is NOT reused for fallbackRAR, the CRID sub-header consist of at least E/T1/T2/CRID and the BI sub-header consists of E/T1/T2/R/BI. 
· The T1 field indicates whether the MAC sub-header contains a RAPID or others. 
· The T2 field indicates whether the MAC sub-header contains a BI or a CRID.

2-2. Structure of successRAR
According to the agreements at the last meeting, RAN2 should design the msgB considering both with and without SRB RRC message. However, it is still FFS if we can multiplex SRB RRC messages of multiple UEs. The structure of the successRAR can vary depending on whether the SRB RRC messages can be multiplexed into one MAC PDU. In our understanding, if RAN2 allows multiplexing SRB RRC messages, it means that the successRARs with SRB RRC message can be multiplexed into a single MAC PDU. If we don’t allow multiplexing SRB RRC messages, it is understood that only successRARs without SRB RRC message should be multiplexed into a single MAC PDU. In the latter case, the UE can receive the SRB RRC message addressed to the C-RNTI after successfully receiving the successRAR and only one successRAR for a UE will solely transmitted even if the successRAR with SRB RRC message is transmitted. But, the former case would need a method to efficiently extract the desired SRB RRC message from the multiplexed MAC PDU.
[SuccessRAR candidate #1] If we allow multiplexing SRB RRC messages into one MAC PDU, we should design the structure of the successRAR considering the efficient parsing due to the variable-sized MAC SDU (i.e., SRB RRC message) per successRAR. As described in the section 1, if receiving the CRID matching with the CCCH SDU which was transmitted in msgA, the UE can acquire C-RNTI and TA command corresponding to the CRID. Else, the UE should try to decode the following sub-header. In the legacy RAR, MAC subPDU for a RAR (i.e., RAPID sub-header + RAR payload) has a fixed-size. This helps in easy decoding of the following sub-header by skipping the undesired RAR payload. However, the successRAR can have a variable size if the successRAR includes SRB RRC message. This makes it difficult to decode the desired successRAR and SRB RRC message. In order for the UE to easily detect its successRAR, therefore, we propose to include the length field indicating the length of the SRB RRC message in the CRID sub-header. The Figure 3 shows an example of the MAC PDU format which a BI and successRARs are multiplexed into one MAC PDU. 


Figure 3. MAC PDU format for SuccessRAR candidate #1
As shown in the Figure 3, if a UE detects a CRID sub-header including a CRID which does not match the CCCH SDU transmitted in msgA and this is not the last MAC subPDU, the UE can jump to the next sub-header based on the length field without decoding the undesired successRAR. Also, if a UE detects a CRID sub-header including a CRID which matches the CCCH SDU transmitted in msgA, the UE can only acquire its C-RNTI, TAC and SRB RRC message based on the length field. 
[SuccessRAR candidate #2] If we don’t allow multiplexing SRB RRC messages into one MAC PDU, we can design the structure of the fixed-sized successRAR. But, since the successRAR can include a SRB RRC message even if the SRB RRC messages are not multiplexed, a new field for indicating whether the SRB RRC message is included in this MAC PDU is required. Since a SRB RRC message can correspond to a successRAR of a UE and in this candidate it will be solely transmitted without any other RARs, it seems to be best way to define the 1-bit indicator as a content of successRAR. The Figure 4 shows examples for the MAC PDU formats including the 1-bit indicator, marked with “S”. 


   
(a) SuccessRAR w/ SRB RRC message            (b) Multiplexed successRARs (w/o SRB RRC message)
Figure 4. MAC PDU format for SuccessRAR candidate #2
As shown in the Figure 4-(a), if a successRAR with SRB RRC message is solely transmitted without any other RARs, the S field in the successRAR payload indicates whether the SRB RRC message is included or not in this MAC PDU. If the successRARs without SRB RRC message are multiplexed into one MAC PDU as in Figure 4-(b), the indicator will be always set the value indicating that there is no SRB RRC message. 
Proposal 3-1. If RAN2 allows multiplexing SRB RRC messages into one MAC PDU, the CRID sub-header additionally include a Length field indicating the length of the SRB RRC message.
Proposal 3-2. If RAN2 does NOT allow multiplexing SRB RRC messages into one MAC PDU, the successRAR payload additionally include a new S field indicating whether the SRB RRC message is included in this MAC PDU.
3.	Conclusion
In this contribution, we address the possible ways based on the remaining issues which can affect the MAC PDU formats of msgB including fallbackRAR, successRAR and BI, and our proposals are as follows:
Proposal 1. RAN2 define MAC subPDU consisting of CRID sub-header including a CRID and successRAR payload including at least a C-RNTI and a TA command. 
Proposal 2-1. If the legacy msg2 is reused for fallbackRAR and BI, the CRID sub-header consist of at least E/CRID.
Proposal 2-2. If the legacy msg2 is reused for fallbackRAR but BI is NOT reused, the CRID sub-header consist of at least E/T/CRID. 
· The T field indicates whether the MAC sub-header contains a BI or a CRID.
Proposal 2-3. If the legacy msg2 is NOT reused for fallbackRAR, the CRID sub-header consist of at least E/T1/T2/CRID and the BI sub-header consists of E/T1/T2/R/BI. 
· The T1 field indicates whether the MAC sub-header contains a RAPID or others. 
· The T2 field indicates whether the MAC sub-header contains a BI or a CRID.
Proposal 3-1. If RAN2 allows multiplexing SRB RRC messages into one MAC PDU, the CRID sub-header additionally include a Length field indicating the length of the SRB RRC message.
[bookmark: _GoBack]Proposal 3-2. If RAN2 does NOT allow multiplexing SRB RRC messages into one MAC PDU, the successRAR payload additionally include a new S field indicating whether the SRB RRC message is included in this MAC PDU.
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