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1	Introduction
In previous RAN2 meeting, there are some progress on the 2-step RACH procedure, however there is no conclusion yet on the format and content of MsgB. Based on the agreements so far, this contribution discusses and analyzes the distinguishment of MsgB from legacy 4-step Msg 2, and multiplexing of multiple UEs' response, and then a type of MsgB MAC PDU format for Idle/Inactive state and corresponding new MAC subheaders are proposed for RAN2 discussion and decision.
2	Discussion
2.1	Distinguishment of MsgB from legacy Msg 2
For the RACH occasions used for 2-step RA and 4-step RA,  RAN1 had got the following agreements[1]:
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH



According to RAN1’s conclusion, the same RACH occasions can be shared between 2-step and 4-step RA procedures. As thus, 4-step RA initiated by a legacy UE and 2-step RA initiated by a Rel-16 UE might coincide on the same RO, and the two UEs could monitor the same PDCCH addressed to the identical RA-RNTI within overlapped RAR windows and then receive the response packet scheduled by the PDCCH, assuming that no change would be made for the current RA-RNTI formular for the Rel-16 2-step RA.
Observation 1:  a Rel-15 UE and a Rel-16 UE in IDLE/Inactive state may receive the same response from network scheduled by PDCCH addressed to identical RA-RNTI assuming no change made on the current RA-RNTI formular.
For a Rel-16 UE, it can identify 2-step MsgB format and distinguish it from legacy 4-step Msg 2, since the format of these two types of MAC PDUs are different. However, for a Rel-15 legacy UE, it cannot distinguish new MsgB PDU from legacy Msg 2 MAC PDU since it have no knowledge about the content and format of the new Rel-16 MsgB.
Observation 2: Rel-15 legacy UEs cannot distinguish 2-step MsgB PDU from 4-step Msg 2 MAC PDU due to without knowledge about the content and format of Rel-16 MsgB.
Then a Rel-15 legacy UE may parse the received MAC PDU according to the format of 4-step Msg 2 MAC PDU rather than that of 2-step MsgB, which may result in unintentioned outcome. As such, RAN2 should deliberately design the format of MsgB MAC PDU to avoid the unexpected outcome due to potential back non-compatibility issue between 2-step MsgB and 4-step RA Msg 2. 
Consequently, 
Proposal 1:  RAN2 should deliberately design the format of Rel-16 MsgB MAC PDU to avoid back non-compatibility issue.
In this paper, we propose to introduce a particular tag at the beginning of the MsgB MAC PDU for identification of MsgB. To avoid back compatibility issue with Rel-15 4-step Msg 2, it is beneficial to reuse the legacy E/T/R/R/BI MAC subheader by setting BI field to reserved value. Hereby, the proposed MsgB tag is as follows.


Figure 1: Definition of the Rel-16 MsgB tag 
For Rel-15 legacy UEs, upon reception of the Rel-16 MsgB, the first octet, i.e. the “tag”, would be parsed as an E/T/R/R/BI MAC subheader, with E field set to ‘0’ indicating the MAC subPDU including this subheader is the last subPDU of the MAC PDU (implying the remaining part of the PDU not to be processed), and T field set to ‘0’ indicating the presence of a Backoff Indicator field in the subheader, and then the BI field value set to ‘1110’or ‘1111’, corresponding to the reserved value of the Backoff  parameter according to [3](TS 38.321). Thus, the legacy UEs would consider this MAC PDU as an invalid Msg 2 PDU and discard it without causing any unexpected outcome.
Proposal 2:  a particular tag is introduced to identify Rel-16 MsgB MAC PDU by reusing the format of legacy E/T/R/R/BI subheader to avoid back compatibility issue.
2.2	Multiplexing of multiple UEs’ RAR
In the previous RAN2 meeting, the agreements on multiplexing of RARs are as follows[2],
	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



In our opinion, the fallback RAR and success RAR can be multiplexed into the same MsgB from PDCCH resource efficiency point of view. Otherwise, the network needs to buildup two different response messages and schedule them with two PDCCHs addressed to the identical RA-RNTI. Furthermore, the UEs initiating 2-step RACH have to monitor two different PDDCHs within the MsgB RAR window since they don’t know the MsgA decode outcome in the network. This would largely increase PDCCH load in the NR cell when there are many UEs initiating 2-step RACH.
Proposal 3:  the fallback RAR and success RAR (and of course Backoff Indication) can be multiplexed into the same MsgB MAC PDU.
RAN2 has agreed that the success RAR for initial access can include Contention resolution ID, C-RNTI and TA command. The RAR response comprising two parts would require either the UE to monitor two PDCCHs, or the first part to contain the DL assignment scheduling the second part. In our understanding, it seems like 3-step RACH rather than 2-step RACH, and also affects the HARQ feedback scheme for the MsgB reception, and at the meantime increasing UE’s complexity.
Proposal 4:  the success RAR for Idle/Inactive UE shouldn’t be split into more than one messages.

2.3	MsgB MAC PDU definition
Similar to legacy 4-step Msg 2, except for the Tag defined in the section 2.1, a MsgB MAC PDU can comprise one or more MAC subPDUs, and taking into account of the RAN2’s agreement and above proposals, each MAC subPDU can consist of one of the following:
· a MAC subheader with Backoff Indicator only; 
· a MAC subheader with RAPID and one fallback RAR;
· a MAC subheader without RAPID and one success RAR without CCCH RRC message;
· a MAC subheader without RAPID and one success RAR with CCCH RRC message;
Since there are four variant types of MAC subPDUs, the legacy two types of MAC subheaders (i.e. E/T/R/R/BI and E/T/RAPID) are not enough anymore. Then we could extent more type fields to indicate the different MAC subPDUs by reusing the reserved bits in the legacy MAC subheader. 
Observation 3:  current two types of MAC subheaders for legacy RAR MAC PDU are not enough for the MsgB PDU format.
In this paper, five types of MAC subheaders are proposed as follows. Considering the length of CCCH RRC messages are variant, e.g. from dozens of bytes to dozens of KBs, two types of subheaders are defined with different length of L field .

		
Figure 2: MAC subheader for Rel-16 MsgB PDU
Within these types of MAC subheaders, 
· E: the extension field, which usage is same as the E field of legacy RAR MAC subheader.
· T: the type field, which usage is some different from the T field of legacy RAR MAC subheader. 
· “1”, indicating presence of RAPID field in the subheader, and a fallback RAR included in the current MAC subPDU. 
·  “0”, indicating absence of RAPID field, while presence of T2 field in the subheader.
· T2: the type2 field, indicates the type of subheader except for RAPID subheader. The size of T2 field is 2 bits. 
· “00”,  indicating presence of Backoff Indicator (BI) in the subheader. 
· “01”, indicating a success RAR without containing RRC message available in the current MAC subPDU. 
· “10”, indicating presence of V filed and L field in the subheader, and a success RAR containing RRC message available in the current MAC subPDU.
· “11”, reserved value.
· V: length indication field, indicates the bits used by the L field. 
· “0”,  indicating presence of 8-bits L field in the subheader. 
· “1”,  indicating presence of 16-bits L field in the subheader.
· L: length field, indicating the length of the CCCH RRC message included in the current MAC subPDU. The size of L field is 8 bits or 16 bits depending on the value of V field.
· BI:  The Backoff Indicator field are same as that of legacy RAR MAC subheader.
· RAPID: The Random Access Preamble IDentifier field is same as that of legacy RAR MAC subheader.
· R: reserved bit, set to “0”.
Consequently, a typical MsgB MAC PDU is illustrated in the below figure.

Figure 3: A typical Rel-16 MsgB MAC PDU
As per RAN2’s agreements, the success RAR may include: 
· Contention Resolution ID, C-RNTI, TA command and optional CCCH RRC message.
And except for the RAPID in the MAC subheader, the fallback RAR may include:
· UL grant, TC-RNTI and TA command.
Proposal 5:  RAN2 agrees to define the above five types of MAC subheader used for the Rel-16 MsgB MAC PDU.
3 Conclusion
In this paper, we analyze the method distinguishing 2-step MsgB from 4-step Msg 2 to avoid back compatibility issue, and further provide the definition of new MAC subheader to support the multiplexing of multiple UEs’ RARs in one MAC PDU at IDLE/Inactive state, then give the following observation and proposals.
Observation 1:  a Rel-15 UE and a Rel-16 UE in IDLE/Inactive state may receive the same response from network scheduled by PDCCH addressed to identical RA-RNTI assuming no change made on the current RA-RNTI formular.
Observation 2: Rel-15 legacy UEs cannot distinguish 2-step MsgB PDU from 4-step Msg 2 MAC PDU due to without knowledge about the content and format of Rel-16 MsgB.
Observation 3: current two types of MAC subheaders for legacy RAR MAC PDU are not enough for the MsgB PDU format.

Proposal 1:  RAN2 should deliberately design the format of Rel-16 MsgB MAC PDU to avoid back non-compatibility issue.
Proposal 2:  a particular tag is introduced to identify Rel-16 MsgB MAC PDU by reusing the format of legacy E/T/R/R/BI subheader to avoid back compatibility issue.
Proposal 3:  the fallback RAR and success RAR (and of course Backoff Indication) can be multiplexed into the same MsgB MAC PDU.
Proposal 4:  the success RAR for Idle/Inactive UE shouldn’t be split into more than one messages.
Proposal 5:  RAN2 agrees to define the above five types of MAC subheaders used for the Rel-16 MsgB MAC PDU.
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