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1. Introduction
At RAN#82 meeting, the NOMA study item has been completed and 2-step RACH work item has been approved [1]. One of the objectives for RAN2 is to determine the payload size of msgA and inform this to RAN1 so that the channel structure for msgA can be developed accordingly in RAN1. In this contribution, the contents of msgA are examined and size of the msgA is determined. 

It is proposed to send an LS to RAN1 once the payload size is agreed by RAN2. A draft LS is available in [2]. 
2. Discussion
Per the WID [1], 2-step RACH is applicable to RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE states. In the following sections we consider the IDLE/INACTIVE states and the CONNECTED state aspects separately
2.1. [bookmark: _Hlk3384815]IDLE/INACTIVE state
- CCCH size
For IDLE and INACTIVE states, the msgA should carry the CCCH payload. There are two CCCH sizes currently allowed in Rel-15 (72 bit – for resume and 56 bit – applicable to both resume and setup). These are the two options for msg3 size in Rel-15. Given that msgA needs to carry the CCCH payload per the WID, it is clear that the msgA payload size should at least be 56 bits. Assuming no changes to the msg3 format or contents in Rel-16, the same payload sizes will also apply to Rel-16. Thus, the following proposal is made: 

Proposal 1: The supported payload sizes of msgA should be the same as the payload size of msg3 (i.e. CCCH) in case of IDLE/INACTIVE states (i.e. 56 bit and 72 bit)

- Considerations related to Fallback to 4-step RACH
The msgA in 2-step RACH consists of preamble and payload. It is possible that the preamble is successfully decoded whilst the payload is missed by the gNB. In this case, one option is to fallback to msg3 step of the legacy 4-step RACH procedure (i.e. instead of retransmitting the preamble, the UE moves on to the msg3 phase of the 4-step RACH). 
If the payload for msg3 in the fallback case is same as that of msgA, then there are a few advantages:
· The UE can reuse the msgA payload buffer for the msg3 transmission (i.e. there is no need to flush the msg3 buffer in case of fallback to 4-step RACH). 
· The specification is simplified since msg3 need not be reconstructed. 
· Given that the contents of msg3 are typically obtained directly from higher layers, it is cumbersome to specify reformatting msg3 contents due to fallback procedure (which will be needed if the payload format/size is different between msg3 and msgA). 
· Also, since msgA payload format is exactly the same as msg3, the construction of msgA payload can simply reuse the existing text and IEs in Rel-15
· And more importantly, soft-combining can be used at the gNB to receive msg3 (i.e. the contents of payload of msgA and the retransmitted msg3 can be soft combined thereby improving the reliability of msg3 reception in case of fallback). 
Based on the above the following observation is made:

Observation 1: If the payload of msg3 (in case of fallback to 4-step RACH) and payload of msgA are same, then the specification work is simplified and soft-combining can be used in UL to receive msg3 in case of fallback procedure. 

Based on the above, observations, the following proposals are made: 

Proposal 2: The actual payload size used for msgA for CCCH in a given cell should be the same as that of the corresponding msg3 (in case of 4-step RACH). 

Proposal 3: The msgA payload and the contents should remain unchanged upon fallback to 4-step RACH (i.e. the same payload is retransmitted in msg3). 
2.2. CONNECTED state
2-step RACH is also applicable to the RRC_CONNECTED state. In case of CONNECTED state, data from any of the active radio bearers (SRB or DRB) can be included in the payload. Given this, there is no practical upper limit on the payload size of msgA in case of CONNECTED state from RAN2 perspective. The upper limit on the payload size in this case can hence be left to RAN1 discussions. 
However, as a minimum, it is beneficial to consider inclusion of the BSR in the payload so that the subsequent UL grant from the network can be appropriately dimensioned. It should be noted that along with the BSR, the UE ID (which in case of connected mode, could be the C-RNTI MAC CE) also needs to be included in the msgA. So, the total size of the msgA in this case can be up to 14 bytes (3 bytes for C-RNTI, 11 bytes for long BSR including the MAC Sub headers). Although this may not fit within the 56/72 bit payload size which is designed for CCCH, having such long BSR in the payload is a rare case (only happens with a high number of LCGs waiting for UL grant at the same time). Further, if the entire BSR payload doesn’t fit in the UL, then truncated BSR format can be used. Given this, the payload size designed for CCCH message could also be reused for the connected mode in most cases, at least to send the BSR. Any higher payload sizes can be left for RAN1 discussions. Based on this, the following proposals are made: 

Proposal 4: To support BSR transmission in msgA of 2-step RACH in RRC_CONNECTED state, the same payload size applicable to IDLE/INACTIVE state may be reused (i.e. 56/72 bit payload). 

Proposal 4a: In RRC_CONNECTED state, if the payload size of msgA is larger than the BSR, then padding can be used and if the payload size is smaller than the BSR, truncated BSR can be used

Proposal 5: Any payload sizes larger than the CCCH size per above for RRC_CONNECTED state can be discussed further in RAN1

2.3. Piggy backed UCI
The WID for 2-step RACH also allows inclusion of UCI within the msgA structure. However, from RAN2 perspective, UCI is not considered as part of the higher layer payload. So, the design and the size of UCI that can be piggy-backed on msgA can be left to RAN1 discussions. Further, UCI is expected to change for each transmission and retransmission of the msgA payload. So, the inclusion of UCI in msgA should not impact the ability to soft-combine the payload of msgA (e.g. during fallback to 4-step RACH). In other words, UCI is coded separately and can be piggybacked with msgA and its design details should be transparent to higher layers. Based on this, the following proposals are made: 

Proposal 6: Inclusion of UCI in addition to the higher layer payload is left to RAN1 discussions

Proposal 7: Inclusion of UCI shall not impact the ability to soft combine the higher layer msgA payload in case of retransmission or fallback to 4-step RACH
3. Conclusion and proposals
The following observations and proposals are made: 

Proposal 1: The supported payload sizes of msgA should be the same as the payload size of msg3 (i.e. CCCH) in case of IDLE/INACTIVE states (i.e. 56 bit and 72 bit)

Observation 1: If the payload of msg3 (in case of fallback to 4-step RACH) and payload of msgA are same, then the specification work is simplified and soft-combining can be used in UL to receive msg3 in case of fallback procedure. 

Proposal 2: The actual payload size used for msgA for CCCH in a given cell should be the same as that of the corresponding msg3 (in case of 4-step RACH). 
[bookmark: _GoBack]
Proposal 3: The msgA payload and the contents should remain unchanged upon fallback to 4-step RACH (i.e. the same payload is retransmitted in msg3 upon fallback). 

Proposal 4: To support BSR transmission in msgA of 2-step RACH in RRC_CONNECTED state, the same payload size applicable to IDLE/INACTIVE state may be reused (i.e. 56/72 bit payload). 

Proposal 4a: In RRC_CONNECTED state, if the payload size of msgA is larger than the BSR, then padding can be used and if the payload size is smaller than the BSR, truncated BSR can be used

Proposal 5: Any payload sizes larger than the CCCH size per above for RRC_CONNECTED state can be discussed further in RAN1

Proposal 6: Inclusion of UCI in addition to the higher layer payload is left to RAN1 discussions

Proposal 7: Inclusion of UCI shall not impact the ability to soft combine the higher layer msgA payload (e.g. in case of fallback to 4-step RACH)

Based on the agreements above, it is proposed to send an LS to RAN1 informing about the progress in RAN2 regarding msgA payload design – draft in [2]. 
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