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1	Introduction
The following email discussion was held after the previous RAN2#107 meeting:
	[107][NR/2-step RACH]  MAC PDU format for msgB(Qualcomm)
	Intended outcome: proposal on MAC PDU Format 
	Deadline:  Thursday before the meeting




However, the exact formats were not captured as well as the email discussion had much discussion of any new items that should be able to be included into the MsgB. In this contribution we provide a design for MsgB subheader formats as well as the content of each response.
2	MsgB MAC PDU design aspects
2.1	Inclusion of LSB bits of SFN
As agreed for NR-U as well as discussed in [1], it seems reasonable to reuse the current RA-RNTI along with the calculation formula for MsgB reception. The MsgB window spanning over 10ms can be coped with the inclusion of LSB bits of SFN of the corresponding RO (RACH Occasion) into the MsgB.
Obviously, the SFN LSB bits are not required for successRARs multiplexed into the MsgB as the UE Contention Resolution Identity does not depend on the RO where the MsgA was sent. Hence, the SFN LSBs are only required for possible fallbackRARs multiplexed into the MsgB.
Observation 1: SFN LSB bits are only required for UEs receiving fallbackRAR in the MsgB.
The main question is whether the SFN LSB should be provided on a per fallbackRAR basis or be common for all fallbackRARs sent within one MsgB. Having one common indication in front of the MsgB PDU could ease up UE decoding need to quite some extent as it would not need to go through each of the fallbackRAR multiplexed to know if any of those were for the RO where the UE sent its MsgA.
Proposal 1: MsgB includes one indication of SFN LSBs which apply to each fallbackRAR within the given MsgB.
2.2	Inclusion of RAPID only MAC subheader
In the current design, the NW is able to respond UE with either fallbackRAR or successRAR (or then neither). Given that NW could in many scenarios be able to notice a collision of two UEs sending on the exact same MsgA resources (same preamble and PUSCH), it would usually decide not to respond with fallbackRAR as that would just lead to further collisions between the same UEs. 
In 4-step RA procedure, this was never really a big deal given the RAR window was up to 10ms and UEs would reattempt after the RAR window expiration in case NW intentionally did not respond to the UEs it detected collision. However, with 2-step RA where the MsgB window can span over several radio frames (even up to 64ms [1]), requiring the UEs to wait for such long window becomes detrimental and ruins the latency benefit the 2-step RA was to bring over 4-step in the first place. Currently, there is no means for the NW to stop such UEs monitoring the MsgB window in vain.
Observation 2: In the current design of 2-step, NW has no means in stopping the UEs that transmitted on the same MsgA resources leading to collision from monitoring MsgB window even though there would be no response expected form the NW.
It would seem beneficial to allow such response from the NW which can be in the form of transmitting the RAPID only the UEs collided with in their MsgA transmissions. The RAPID indication without the corresponding fallbackRAR would cease UE from monitoring the MsgB window any further and start over with MsgA transmission.
Proposal 2: NW can indicate RAPID only fallbackRAR to terminate UEs that sent the corresponding RAPID from monitoring MsgB window any further.
2.3	Needed fields for the MsgB MAC subheader
Considering the information provided in the email discussion as well as above, the MsgB MAC PDU structure should be able to distinguish the following cases:
	-	backoff indicator (BI);
	-	LSB bits of SFN corresponding to the responded RO;
-	successRAR;
		-	with RRC response message;
		-	without RRC response message.
	-	fallbackRAR;
	-	RAPID only;
	-	padding.
Within one MsgB, backoff indicator, LSB bits of SFN, and padding are only indicated once (if at all) while there could be multiple successRARs, fallbackRARs, and RAPID only indications. Hence, indicating the main four cases of (successRAR, fallbackRAR, RAPID only, BI/SFN/padding) seems to be reasonable to pack within one field for UEs to quickly parse what kind of information fields follow. Hence, a two-bit Type field should be introduced in front of each MAC subheader in the MsgB.
Proposal 3: 2-bit Type field is introduced in front of the MAC subheader to indicate whether the MAC subheader is for successRAR, fallbackRAR, RAPID only, or BI/SFN/padding.
For the case of BI, LSB bits of SFN and padding, a further type field following the first type field can be introduced that differentiates between these three leaving one reserved value for future use.
Proposal 4: 2-bit second Type field following the first one is introduced to indicate whether the MAC subheader is for BI, LSB bits of SFN, or padding leaving one reserved index for future use.
In the previous meeting, it was agreed that the MsgB should be able to carry SRB SDUs (RRC response message) for one UE that sent CCCH message (RRC request) in MsgA. One bit indication after the Type field could be used to indicate whether SRB SDU(s) is multiplexed inside the MsgB or not. After that, UE would have to only decode the UE Contention Resolution Identity field to determine whether the response is for the given UE – if not, the parsing of the PDU can stop. After that, existing MAC subheaders used for UL/DL-SCH MAC PDU can be used to indicate the size and LCID of the SRB SDU. It should be noted that restricting SRB SDUs to be multiplexed only to one UE inside one MsgB would still allow sending successRARs without SRB SDUs and fallbackRARs to other UEs before such successRAR with SRB SDU(s).
Proposal 5: Multiplexing of SRB SDUs inside one MsgB MAC PDU is limited to one UE in the end of the MsgB. One bit indication after the Type field is used to indicate the presence of SRB SDU(s) in the MsgB.
Proposal 6: MAC subheaders used for UL/DL-SCH MAC PDU can be used to identify the SRB SDU(s) and padding, if any.

For the successRAR, it seems unnecessary to include the RAPID (Random Access Preamble ID) of the MsgA given the UE needs anyway to be identified by means of UE Contention Resolution ID. Whether the UE Contention Resolution ID is part of the MAC subheader or not seems to be only a modelling issue as the same fixed sized field is required to convey the information, however, putting it into the payload seems more appropriate. Furthermore, given the indication of following SRB SDUs in the successRAR subheader as well as the 2-bit Type field in front, the RAPID would not fit within the first byte of the subheader requiring additional byte to be introduced for the subheader which will increase overhead of each successRAR unnecessarily.
Proposal 7: For successRAR, RAPID is not indicated in the subheader.
3	MsgB MAC PDU format
3.1	subheader formats
Based on the above design, the following subheader formats can be drawn.
	-	MAC subheder for BI/SFN LSBs/padding:
		-	T1 = 00: indicates the MAC subheader is used for BI/SFN LSBs/padding;
		-	T2 = 00: indicates the MAC subheader is used for BI:


Figure 3-1: MAC subheader for BI
		-	T2 = 01: indicates the MAC subheader is used for SFN LSBs:


Figure 3-2: MAC subheader for SFN LSBs
		-	T2 = 11: indicates the MAC subheader is used for padding:


Figure 3-3: MAC subheader for padding
	-	MAC subheader for RAPID only:
-	T1 = 01: indicates RAPID only; RAPID is encoded in the subheader to identify the UE(s) that should cease from monitoring MsgB window any further.


Figure 3-4: MAC subheader for RAPID only
	-	MAC subheader for successRAR:
-	T1 = 10: indicates successRAR follows; S field is encoded after the T1 field which indicates whether the successRAR follows SRB SDU(s) or not.


Figure 3-5: MAC subheader for successRAR
	-	MAC subheader for fallbackRAR:
		-	T1 = 11: indicates fallbackRAR follows; RAPID is encoded in the subheader to identify the UE.


Figure 3-6: MAC subheader for fallbackRAR
-	MAC subheader for SRB SDU follows the Rel-15 design (as well as possible padding, if any, after the SRB SDU(s)):


Figure 3-7: MAC subheader for SRB SDU
3.2	RAR formats
For successRAR and fallbackRAR, the MAC subheader follows with further information.
For fallbackRAR, the RAR can simply follow the Rel-15 design given the procedure falls back to Msg3 transmission.


Figure 3-8: fallbackRAR (same as Rel-15 RAR)
For the successRAR, UL grant is not required given the UE is waiting for RRC Response message from the network, hence, only TAC and C-RNTI fields are required after the UE Contention Resolution Identity.


Figure 3-9: successRAR
Proposal 8: Agree on the MAC subheader and RAR formats provided in section 3.
[bookmark: _GoBack]4	Conclusion
In this contribution, the MsgB MAC PDU design is discussed and the following is proposed:
Proposal 1: MsgB includes one indication of SFN LSBs which apply to each fallbackRAR within the given MsgB.
Proposal 2: NW can indicate RAPID only fallbackRAR to terminate UEs that sent the corresponding RAPID from monitoring MsgB window any further.
Proposal 3: 2-bit Type field is introduced in front of the MAC subheader to indicate whether the MAC 
subheader is for successRAR, fallbackRAR, RAPID only, or BI/SFN/padding.
Proposal 4: 2-bit second Type field following the first one is introduced to indicate whether the MAC subheader is for BI, LSB bits of SFN, or padding leaving one reserved index for future use.
Proposal 5: Multiplexing of SRB SDUs inside one MsgB MAC PDU is limited to one UE in the end of the MsgB. One bit indication after the Type field is used to indicate the presence of SRB SDU(s) in the MsgB.
Proposal 6: MAC subheaders used for UL/DL-SCH MAC PDU can be used to identify the SRB SDU(s) and padding, if any.
Proposal 7: For successRAR, RAPID is not indicated in the subheader.
Proposal 8: Agree on the MAC subheader and RAR formats provided in section 3.
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