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1 Introduction
In RAN2#106 meeting, a number of agreements were made regarding the contents of successRAR in 2-step RACH [1]:

	Agreements
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. 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
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 discuss some options for the format of MsgB in 2-step RACH and present our views for the way forward.
2 Discussion
In 4-step RACH, Msg2 is addressed with RA-RNTI and may contain RA response for multiple UEs. The format of the Msg2 MAC PDU has been designed with the aim of minimising the number of bits required while multiplexing responses for multiple UEs. The MAC PDU is encoded according to 38.321 6.1.5 (Random Access Response) and an example of a MAC PDU containing RARs is illustrated in the figure from 38.321 copied below [2].
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Figure 1 Example of MAC PDU consisting of MAC RARs

On the other hand, Msg4 is addressed with TC-RNTI that was assigned in RAR and contains a response for one UE only. Msg4 is encoded with the MAC PDU format defined in 38.321 6.1.2 (DL-SCH and UL-SCH except transparent MAC and Random Access Response), using the LCID and L fields in the subheader, as illustrated in the figure from 38.321 copied below [2].
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Figure 2 Example of a DL MAC PDU

Observation 1: In 4-step RACH, if response messages can be multiplexed for multiple UEs, a condensed RAR format (in 38.321 6.1.5) is used; if the response messages cannot be multiplexed, DL-SCH MAC PDU format (in 38.321 6.1.2) is used.
For the 2-step RACH, two cases can be identified which may impact the MsgB format:
1. PDCCH of MsgB is addressed with C-RNTI, and MsgB is for a single UE
2. PDCCH of MsgB is addressed with MsgB-RNTI (e.g. RA-RNTI), and MsgB can be for multiple UEs

2.1 Case 1: MsgB addressed with C-RNTI
If the C-RNTI is included in MsgA, PDCCH for the response message is addressed with C-RNTI, and it can only include response for one UE. In this case, the DL-SCH format with LCID and L fields defined in 38.321 6.1.2 can be used. This allows the network to optionally include subPDUs containing MAC CEs, SRB messages, or DL data in the MAC PDU. A UE in connected mode with C-RNTI assigned already monitors PDCCH for C-RNTI, and the DL MAC PDU will be encoded using the format in 38.321 6.1.2. There is no need to define and support a new DL MAC PDU format for a UE monitoring the C-RNTI.
Proposal 1: In 2-step RACH, when PDCCH is addressed with C-RNTI, DL MAC PDU for MsgA response is encoded using the DL-SCH MAC PDU format defined in 38.321 6.1.2.
According to the agreement in RAN2#106 quoted above, for the C-RNTI case and when the UE is not UL synchronised, contention resolution is completed when the UE receives a 12 bit TA command. As the DL MAC PDU will be in DL-SCH format in 38.321 6.1.2, a new MAC CE can be defined that carries the 12 bit TA command. It can be fixed sized, and can be assigned with one of the reserved LCIDs from Rel-15.
Proposal 2: In 2-step RACH, for the C-RNTI case when the UE is not UL synchronised, a new fixed sized MAC CE is introduced that contains a 12-bit Timing Advance Command.

2.2 Case 2: MsgB addressed with MsgB-RNTI (e.g. RA-RNTI)
MsgB can be addressed with MsgB-RNTI (instead of C-RNTI) in the following cases: 
1) MsgB contains Backoff Indication
2) MsgB contains FallbackRAR 
3) MsgB contains SuccessRAR (for CCCH case)
As mentioned in our companion contribution on contention resolution [3], we think that at most one SuccessRAR should be included in MsgB for the CCCH case, unless RAN1 develops new methods to multiplex HARQ feedback for a single PDU from multiple UEs in PUCCH. The UE that completes the contention resolution successfully with the reception of the SuccessRAR in MsgB can send a HARQ ACK to the network as confirmation of successful contention resolution. If multiple SuccessRARs are included in one MsgB, HARQ feedback in Rel-15 cannot be used by the addressed UEs to indicate successful contention resolution to the network.
Observation 2: If multiple SuccessRARs are included in one MsgB in CCCH case, HARQ feedback as in Rel-15 cannot be used by the UE to indicate successful contention resolution to the network.
Also, as in 4-step RACH, there can be up to one subPDU with Backoff Indicator in one MsgB, because otherwise the UE cannot determine which backoff value to apply. A single backoff parameter value should apply to all UEs sharing the MsgB-RNTI.
On the other hand, FallbackRAR’s for multiple UEs can be included in one MsgB, each referring to a different RAPID.
Proposal 3: If PDCCH is addressed with MsgB-RNTI, MsgB MAC PDU may contain: 1) zero or one subPDU with Backoff Indicator, 2) zero or more FallbackRARs subPDU(s), and 3) zero or one SuccessRAR subPDU.

In order to multiplex responses for multiple UEs in one MsgB while minimising the message size, a condensed, RAR-like format for MsgB can be suitable for the MsgB-RNTI case. The existing subheader and payload formats for RAR in Rel-15 can be used as the baseline for the MsgB format. These can be extended by introducing new subheader and payload formats to support the new requirements for 2-step RACH.
Proposal 4: If PDCCH is addressed with MsgB-RNTI, MAC PDU for RAR format in 38.321 6.1.5 is used as the baseline for MsgB MAC PDU format, with extensions (e.g. with new subheader/payload definitions).
With this principle in mind, we now look at the different cases for the MsgB-RNTI case below.
Case 2.1: MsgB contains Backoff Indication
We think that the Backoff Parameter values from Rel-15 can be re-used for 2-step RACH. The range of the Backoff parameter is 5-1920ms in Rel-15, and this should also be sufficient for 2-step RACH. The size of the BI field can be set to 4 bits as in Rel-15. Therefore the E/T/R/R/BI subheader in Rel-15 can be re-used for the Backoff Indication in 2-step RACH.
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Figure 3 E/T/R/R/BI MAC subheader

Proposal 5: SubPDU for the Backoff Indicator in MsgB PDU consists of the E/T/R/R/BI subheader as in Rel-15.

Case 2.2: MsgB contains FallbackRAR
For FallbackRAR, existing E/T/RAPID subheader and RAR payload with UL grant, TC-RNTI, and 12 bit TA command can be re-used from Rel-15. These are illustrated in figures captured from 38.321 below [2]. There is no need to define a new subheader and payload format, as all the information for the fall-back that is required according to the above agreement in RAN2#106 is already included in the RAPID and RAR subPDU from Rel-15.
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Figure 4 E/T/RAPID MAC subheader
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Figure 5 MAC RAR

Proposal 6: SubPDU for the FallbackRAR in MsgB PDU consists of the E/T/RAPID subheader and the MAC RAR payload from Rel-15.

Case 2.3: MsgB contains SuccessRAR
When PDCCH is addressed with MsgB-RNTI and MsgB contains SuccessRAR, a new MAC subheader format can be introduced to differentiate the SuccessRAR subPDU from the existing Rel-15 subPDUs. The new subPDU should contain UE Contention Resolution ID, 12-bit TA command, C-RNTI, and optionally SRB message, according to the agreement from RAN2#106 quoted above.
The spare bits (R-bits) from Rel-15 can be used to indicate the presence of the new MAC subheader. For example, in the Rel-15 E/T/R/R/BI subheader, the T-bit is set to 0, and the two R-bits are set to 0. By setting one of the R-bits to 1, the presence of the new subheader can be indicated. 
Proposal 7: For CCCH SuccessRAR case, a new MAC subheader is introduced, and the presence of the new subheader is indicated by using the R-bit(s) in the existing Rel-15 subheaders.

The payload for the SuccessRAR subPDU should contain UE Contention Resolution ID, 12-bit TA command, C-RNTI, and optionally SRB message.

Proposal 8: For CCCH SuccessRAR case, a new subPDU payload that contains UE Contention Resolution Identity, 12-bit TA command, C-RNTI, and optional SRB message fields is introduced.

The UE Contention Resolution ID should be placed before other fields in the payload, so that the UEs without matching UE contention resolution ID do not have to parse all of the subPDU contents.
Proposal 9: The UE Contention Resolution ID field is placed before the other fields in the payload, to speed up the parsing of the MAC PDU.
An example for MsgB MAC PDU based on the above proposals is illustrated in figure below.
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Figure 6 Example for MsgB MAC PDU with Backoff Indicator, FallbackRARs, and SuccessRAR

3 Conclusion
In this contribution, we make the following observations and proposals regarding the MsgB format in 2-step RACH:
Observation 1: In 4-step RACH, if response messages can be multiplexed for multiple UEs, a condensed RAR format (in 38.321 6.1.5) is used; if the response messages cannot be multiplexed, DL-SCH MAC PDU format (in 38.321 6.1.2) is used.
Observation 2: If multiple SuccessRARs are included in one MsgB in CCCH case, HARQ feedback as in Rel-15 cannot be used by the UE to indicate successful contention resolution to the network.

Proposal 1: In 2-step RACH, when PDCCH is addressed with C-RNTI, DL MAC PDU for MsgA response is encoded using the DL-SCH MAC PDU format defined in 38.321 6.1.2.
Proposal 2: In 2-step RACH, for the C-RNTI case when the UE is not UL synchronised, a new fixed sized MAC CE is introduced that contains a 12-bit Timing Advance Command.
Proposal 3: If PDCCH is addressed with MsgB-RNTI, MsgB MAC PDU may contain: 1) zero or one subPDU with Backoff Indicator, 2) zero or more FallbackRARs subPDU(s), and 3) zero or one SuccessRAR subPDU.
Proposal 4: If PDCCH is addressed with MsgB-RNTI, MAC PDU for RAR format in 38.321 6.1.5 is used as the baseline for MsgB MAC PDU format, with extensions (e.g. with new subheader/payload definitions).
Proposal 5: SubPDU for the Backoff Indicator in MsgB PDU consists of the E/T/R/R/BI subheader as in Rel-15.
Proposal 6: SubPDU for the FallbackRAR in MsgB PDU consists of the E/T/RAPID subheader and the MAC RAR payload from Rel-15.
Proposal 7: For CCCH SuccessRAR case, a new MAC subheader is introduced, and the presence of the new subheader is indicated by using the R-bit(s) in the existing Rel-15 subheaders.
Proposal 8: For CCCH SuccessRAR case, a new subPDU payload that contains UE Contention Resolution Identity, 12-bit TA command, C-RNTI, and optional SRB message fields is introduced.
Proposal 9: The UE Contention Resolution ID field is placed before the other fields in the payload, to speed up the parsing of the MAC PDU.
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