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[bookmark: OLE_LINK72][bookmark: OLE_LINK71]The content of MsgB has been discussed in the 2-step RACH email discussion [1], based on the views from majority companies, it can be observed that:
· For the successRAR for the MsgA with CCCH, the Contention resolution ID, TA command, C-RNTI shall be included, but it is still FFS for RAP ID and UL grant.
· For the successRAR for MsgA with C-RNTI, the contention resolution should be made based on PDCCH addressed to C-RNTI, thus no successRAR is needed
· For the fallback RAR, the RAPID, UL grant, TC-RNTI and TA command shall be included.
Based on the majority views above, the open issues now are mainly on the RAP ID and UL grant. For the UL grant, the main usage mentioned by companies is the ACK of MsgB reception, we think the detailed method for the transmission of ACK of MsgB should be determined by RAN1 and we discuss the further details of this in another contribution [2]. Therefore, in this contribution, we analyse the detailed design of MsgB MAC PDU format, especially depending on whether the RAP ID is included or not.
Consideration on MsgB MAC PDU format with/without RAP ID in successful response
In this section, the MAC PDU format for MsgB will be analyzed separately for the solution with or without RAP ID in successful response.
· Option 1: MAC PDU format option 1 (without RAP ID for success response)
· Option 2: MAC PDU format option 2 (with RAP ID for success response)
MAC PDU format option1 (without RAP ID in successful response)
MAC subheader Format 
In this option, the RAP ID is not needed for the success response. However, it should be noted that RAP ID is needed for the fallback response. Thus, since the RAP ID is not common for both successRAR and fallbackRAR, the RAP ID shall be removed from the MAC subheader for MsgB. Also considering that content of successRAR and fallbackRAR are different, different MAC subPDU formats can be defined for successRAR and fallbackRAR. 
Therefore, in option 1, a 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 SuccessRAR;
-	a MAC subheader and fallbackRAR.
Since the RAP ID is removed from the MsgB MAC subheader, which gives some spare bits in MAC subheader, and now we have two different kinds of MAC subPDU for successRAR and fallbackRAR, the T field can be extended to 2 bits to indicate the MAC subheader for BI, for successRAR and for fallback RAR. 
With the 2 bits T field, the following two kinds of MAC subheader shall be supported in MsgB.
-	The MAC subheader with Backoff Indicator only, which consists of four header fields E/T/R/BI, as shown in figure 1 below.
-	The MAC subheader for successRAR and fallback RAR, which consists of seven header fields  E/T/R/R/R/R/R, as shown in figure 2 below.



Figure 1: E/T/R/BI MAC subheader


Figure 2: E/T/R/R/R/R/R MAC subheader

The definition of 2bit T field is as follow:
-	"00": indicates the presence of a Backoff Indicator field in the subheader (BI)
-	"01": indicates the presence of a successRAR in the MAC subPDU
-	"10": indicates the presence of a fallbackRAR in the MAC subPDU
-	"11": reserved 

With the definition of MAC subheader given above, one example is given as follows to show the MsgB MAC PDU.


Figure 3:  Example of MAC PDU consisting of MAC RARs


With the T field in MAC subheader, the UE can distinguish the successRAR and fallbackRAR based on the MAC subheader, thus the subPDU format for successRAR and fallbackRAR can be defined separately.

MAC subPDU Format for successRAR
For the successRAR, the successRAR is of fixed size, and consists of the following fields:
-	Contention Resolution ID: This field contains the UL CCCH SDU. If the UL CCCH SDU is longer than 48 bits, this field contains the first 48 bits of the UL CCCH SDU. The size of the Contention Resolution ID is 48 bits
-	Timing Advance Command: The same as the TAC field in MAC RAR for 4-step RACH. The size of the Timing Advance Command field is 12 bits;
-	C-RNTI: The C-RNTI allocated for the UE within the cell. The size of the C-RNTI field is 16 bits.
-	R: Reserved bit, set to "0";
-	FFS for UL grant for ACK of MsgB, which should be determined by RAN1 – see [2].



Figure 4: MAC subPDU format for SuccessRAR
MAC subPDU Format for fallback RAR
For the fallback RAR, the fallbackRAR is of fixed size, and consists of the following fields:
-	RAPID: The Random Access Preamble IDentifier field identifies the transmitted Random Access Preamble. The size of the RAPID field is 6 bits.
-	Timing Advance Command: The same as the TAC field in MAC RAR for 4-step RACH. The size of the Timing Advance Command field is 12 bits;
-	UL Grant: The same as the UL Grant field in MAC RAR for 4-step RACH. The size of the UL Grant field is 27 bits;
-	Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the MAC entity during Random Access. The size of the Temporary C-RNTI field is 16 bits.
-	R: Reserved bit, set to "0";



Figure 5: MAC subPDU format for FallbackRAR
Based on the analysis above, if the RAP ID is not required for the successful response, the MAC PDU format for MsgB given above shall be considered as baseline.
MAC PDU format option 2 (with RAP ID in successful response)
MAC subheader format for MsgB
In option 2, since RAP ID is common for both successRAR and fallbackRAR, it can be kept in MsgB MAC subheader, which is the same as 4-step RACH. Then, considering the E field and 6bits RAR, only 1 bit is left for T field, thus distinguishing between successRAR and fallback RAR shall be made based on the field in MAC subPDU instead of the MAC subheader. 
Therefore, in option 2, a 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 with RAPID and MAC RAR. The MAC RAR can be either the successRAR or fallbackRAR, which should be distinguished based on the field in MAC RAR;
The following two kind of MAC subheader shall be supported in MsgB.
-	The MAC subheader with Backoff Indicator only, which consists of four header fields E/T/R/BI, as shown in figure 6.
-	The MAC subheader for successRAR and fallback RAR, which consists of seven header fields  E/T/RAP ID, as shown in figure 7.


Figure 6: E/T/R/R/BI MAC subheader


Figure 7: E/T/RAPID MAC subheader
The definition of 1 bit T field in MAC subheader is as follow:
-	"0": indicate the presence of a Backoff Indicator field in the subheader (BI)
-	"1": indicate the presence of a MAC RAR in the MAC subPDU
With the 1 bit T field in MAC subheader, the UE can distinguish the successRAR and fallbackRAR based on the field in MAC RAR instead of MAC subheader.

MAC subPDU Format for MAC RAR
Since the MAC RAR can be either successRAR or fallbackRAR, the MAC RAR is of flexible size, one 1 bit T field shall be included to indicate whether the MAC RAR is for successRAR or for fallback RAR.
The definition of 1bits T field in MAC RAR is as follow:
-	"0": indicate the MAC RAR consists of the fields for successRAR
-	"1": indicate the MAC RAR consists of the fields for fallbackRAR

The other fields of success RAR included in the following information:
-	Contention Resolution ID: This field contains the UL CCCH SDU. If the UL CCCH SDU is longer than 48 bits, this field contains the first 48 bits of the UL CCCH SDU. The size of the Contention Resolution ID is 48 bits
-	Timing Advance Command: The same as the TAC field in MAC RAR for 4-step RACH. The size of the Timing Advance Command field is 12 bits;
-	C-RNTI: The C-RNTI allocated for the UE within the cell. The size of the C-RNTI field is 16 bits.
-	R: Reserved bit, set to "0";


Figure 8: MAC RAR format for SuccessRAR

The fields of fallback RAR included in the following information:
-	Timing Advance Command: The same as the TAC field in MAC RAR for 4-step RACH. The size of the Timing Advance Command field is 12 bits;
-	UL Grant: The same as the UL Grant field in MAC RAR for 4-step RACH. The size of the UL Grant field is 27 bits;
-	Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the MAC entity during Random Access. The size of the Temporary C-RNTI field is 16 bits.
-	R: Reserved bit, set to "0";


Figure 9: MAC RAR format for fallbackRAR
Based on the analysis above, if the RAP ID is required for the successful response, the MAC PDU format for MsgB given above shall be considered as baseline.
Comparison between option 1 (with RAP ID) and option 2 (without RAP ID)
Based on the MsgB PDU format given in sections above, some analysis is given in section to show the pros and cons of each solution.
For the complexity in implementation, with the RAP ID in MAC subheader, the UE can identify the corresponding MAC subPDU first by checking the RAP ID in MAC subheader, and the UE only needs to check the contention resolution ID in case the corresponding RAP ID is detected. Without the RAP ID in successRAR, the UE has to check the contention resolution ID in every MAC subPDU for successRAR to identify the corresponding successRAR. Considering the contention resolution ID (48bits) is much longer than the RAP ID (6bits), longer processing time will be required to check the contention resolution ID compared to the RAP ID.
Observation 1: With RAP ID, UE can identify the corresponding RAR based on the RAP ID in MAC subheader and only check the contention resolution ID in the corresponding successRAR. However, without RAP ID in MAC subheader, the UE has to check the contention resolution ID in every successRAR to identify the corresponding RAR, which may lead to longer processing time since the contention resolution ID is much longer than RAP ID.
For the size of MsgB, in option 1 (without RAP ID in successful response), even if the RAP ID is removed from the MAC subheader, the size of MAC subheader is still 1 byte. In addition, since the RAP ID is removed in MAC subheader and the RAP ID is still needed for fallback RAR, the RAP ID will be included in the fallback RAR explicitly, which will increase size of fallback RAR and the size of MsgB.
Observation 2: Removing the RAP ID from MAC subheader cannot save any bits in MsgB for success case (i.e. the MAC subheader is still 1 byte), but will increase the size of MsgB for fallback case (i.e. RAP ID will be added in fallback RAR).
and RAP ID will be included.in fallback RAR. However, in option 2, 

	
	Option 1
MsgB MAC PDU format without RAP ID in successful response
	Option 2
MsgB MAC PDU format with RAP ID in successful response

	Impact on specs
	RAP ID will be removed from MsgB MAC subheader.
RAP ID will be included in fallback RAR.
A T field with 2 bits will be included in MsgB MAC subheader to distinguish the BI, successRAR and fallbackRAR.
	The MAC subheader for 4-step RACH can be reused.
A T field will be included in MAC RAR to distinguish the successRAR and fallbackRAR.

	Impact on implementation
	UE identifies the corresponding RAR by checking the contention resolution ID of each successRAR. Considering the size of contention resolution ID is much larger than RAP ID, more processing time is required.
UE identify the type of RAR based on the T field in MAC subheader.
	UE identifies the corresponding RAR by RAP ID, and checks the contention resolution ID of the corresponding RAR detected.
UE identifies the type of RAR based on the T field in MAC subheader together with the T field in MAC RAR.

	Impact on MsgB size
	MAC subheader is still 1byte, but RAP ID will be included in fallbackRAR, which may increase the size of MsgB in this case.
	MAC subheader is still 1byte.



Based on the table summarized above, even if the RAP ID is not needed for the successful response in MsgB, it still seems there are some benefits to include the RAP ID in MAC subheader, and we propose to keep the RAP ID in MsgB MAC subheader, and take the option 2 given in section 2.2. as baseline for MsgB PDU format.
Proposal 1: RAP ID shall be included in MsgB MAC subheader, and the following two kind of MAC subheader shall be supported in MsgB.
· The MAC subheader with Backoff Indicator only, which consists of four header fields E/T/R/BI.
· The MAC subheader for MAC RAR, which consists of three header fields E/T/RAP ID, where the MAC RAR may include either the success RAR or fallback RAR.

Proposal 2: In MAC RAR, 1 bit T field shall be included to distinguish the success RAR and fallback RAR. The definition of 1bits T field in MAC RAR is as follows:
· "0": indicates the MAC RAR consists of the fields for successRAR
· "1": indicates the MAC RAR consists of the fields for fallbackRAR

Proposal 3: The other fields of success RAR include:
· Contention Resolution ID: This field contains the UL CCCH SDU. If the UL CCCH SDU is longer than 48 bits, this field contains the first 48 bits of the UL CCCH SDU. The size of the Contention Resolution ID is 48 bits
· Timing Advance Command: The same as the TAC field in MAC RAR for 4-step RACH. The size of the Timing Advance Command field is 12 bits;
· C-RNTI: The C-RNTI allocated for the UE within the cell. The size of the C-RNTI field is 16 bits.
· R: Reserved bit, set to "0";
· FFS for UL grant. It is up to RAN1 to determine whether UL grant shall be included and the size of UL grant, if needed.

Proposal 4: The other fields of fallback RAR include:
· Timing Advance Command: The same as the TAC field in MAC RAR for 4-step RACH. The size of the Timing Advance Command field is 12 bits;
· UL Grant: The same as the UL Grant field in MAC RAR for 4-step RACH. The size of the UL Grant field is 27 bits;
· Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the MAC entity during Random Access. The size of the Temporary C-RNTI field is 16 bits. 
Conclusions
Based on the discussion above, the following observations and proposal are shared: 
Observation 1: With RAP ID, UE can identify the corresponding RAR based on the RAP ID in MAC subheader and only check the contention resolution ID in the corresponding successRAR. However, without RAP ID in MAC subheader, the UE has to check the contention resolution ID in every successRAR to identify the corresponding RAR, which may lead to longer processing time since the contention resolution ID is much longer than RAP ID.
Observation 2: Removing the RAP ID from MAC subheader cannot save any bits in MsgB for success case (i.e. the MAC subheader is still 1 byte), but will increase the size of MsgB for fallback case (i.e. RAP ID will be added in fallback RAR).
Table: Comparison between option 1 (MsgB MAC PDU format without RAP ID in successful response) and option 2 (MsgB MAC PDU format with RAP ID in successful response)
	
	Option 1
MsgB MAC PDU format without RAP ID in successful response
	Option 2
MsgB MAC PDU format with RAP ID in successful response

	Impact on specs
	RAP ID will be removed from MsgB MAC subheader.
RAP ID will be included in fallback RAR.
A T field with 2 bits will be included in MsgB MAC subheader to distinguish the BI, successRAR and fallbackRAR.
	The MAC subheader for 4-step RACH can be reused.
A T field will be included in MAC RAR to distinguish the successRAR and fallbackRAR.

	Impact on implementation
	UE identify the corresponding RAR by checking the contention resolution ID of each successRAR. Considering the size of contention resolution ID is much larger than RAP ID, more processing time is required.
UE identify the type of RAR based on the T field in MAC subheader.
	UE identify the corresponding RAR by RAP ID, and check the contention resolution ID of the corresponding RAR detected.
UE identify the type of RAR based on the T field in MAC subheader together with the T field in MAC RAR.

	Impact on MsgB size
	MAC subheader is still 1byte, but RAP ID will be included in fallbackRAR, which may increase the size of MsgB.
	MAC subheader is still 1byte.



Proposal 1: RAP ID shall be included in MsgB MAC subheader, and the following two kind of MAC subheader shall be supported in MsgB.
· The MAC subheader with Backoff Indicator only, which consists of four header fields E/T/R/BI.
· The MAC subheader for MAC RAR, which consists of three header fields E/T/RAP ID, where the MAC RAR may include either the success RAR or fallback RAR.
Proposal 2: In MAC RAR, 1 bit T field shall be included to distinguish the success RAR and fallback RAR. The definition of 1 bits T field in MAC RAR is as follows:
· "0": indicates the MAC RAR consists of the fields for successRAR
· "1": indicates the MAC RAR consists of the fields for fallbackRAR
Proposal 3: The other fields of success RAR include:
· Contention Resolution ID: This field contains the UL CCCH SDU. If the UL CCCH SDU is longer than 48 bits, this field contains the first 48 bits of the UL CCCH SDU. The size of the Contention Resolution ID is 48 bits
· Timing Advance Command: The same as the TAC field in MAC RAR for 4-step RACH. The size of the Timing Advance Command field is 12 bits;
· C-RNTI: The C-RNTI allocated for the UE within the cell. The size of the C-RNTI field is 16 bits.
· R: Reserved bit, set to "0";
· FFS for UL grant. It is up to RAN1 to determine whether UL grant shall be included and the size of UL grant, if needed.
Proposal 4: The other fields of fallback RAR include:
· Timing Advance Command: The same as the TAC field in MAC RAR for 4-step RACH. The size of the Timing Advance Command field is 12 bits;
· UL Grant: The same as the UL Grant field in MAC RAR for 4-step RACH. The size of the UL Grant field is 27 bits;
· Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the MAC entity during Random Access. The size of the Temporary C-RNTI field is 16 bits. 
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