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Introduction
In the email discussion[107#68] [NR/2-step RACH]: MAC PDU format for msgB, considerable progress has been made. Still several issues are left unresolved. In this contribution we present a concept for msgB transmission based on new msgB MAC PDU formats to enable multiplexing of the different MsgB formats, allowing the msgB window to be extended compared to legacy RAR window and to avoid legacy UEs to parse these new msgB MAC PDUs. The need for a UE specific RNTI to enable efficient HARQ ack and nack and the ability to transmit several msgB and RAR in the same slot is also discussed.
[bookmark: _Ref525832169]Discussion
Allowing longer msgB windows
As has been observed, the time needed for the network to respond with a msgB might in some cases be longer than the time needed for the network to respond with a RAR in the 4-step procedure. The reason for this is that gNB will also do contention resolution on msgB content and gNB resource set up which may require processing time and a need to consider CU/DU fronthaul delay. In NR, the maximum ra-ResponseWindow length is 10ms (20ms for NR-U) while the maximum configurable value of the ra-ContentionResolutionTimer is 64 subframes. 
[bookmark: _Toc7467412][bookmark: _Toc7504871][bookmark: _Toc7603680][bookmark: _Toc13060989][bookmark: _Toc13651189][bookmark: _Toc13661420][bookmark: _Toc15906419][bookmark: _Toc16537571][bookmark: _Toc16682235][bookmark: _Toc20310476][bookmark: _Toc20745172][bookmark: _Toc20904694][bookmark: _Toc20940250][bookmark: _Toc20940278][bookmark: _Toc20986466][bookmark: _Toc20986565]It will be necessary to enable configurations of the MsgB windows which are longer than the maximum allowable RAR window in legacy NR.
The need to configure msgB window which is longer than the RAR window will have consequences on which RNTI that can be used for msgB scrambling. The RA-RNTI used for scrambling of 4-step RAR can only support a maximum ra-ResponseWindow length is 10ms. This means that if we want to configure a msgB window that is longer than this, the RA-RNTI without modifications.  
[bookmark: _Toc20310477][bookmark: _Toc20745173][bookmark: _Toc20904695][bookmark: _Toc20940251][bookmark: _Toc20940279][bookmark: _Toc20986467][bookmark: _Toc20986566]RA-RNTI can only be used unambiguously during the RAR window.

In RAN2#107, the following agreements were made for NR-U

Will support extension of RAR window without modifying RA-RNTI. 
Include LSBs of SFN in MSG2
[bookmark: _Toc20310478][bookmark: _Toc20745174][bookmark: _Toc20904696][bookmark: _Toc20940252][bookmark: _Toc20940280][bookmark: _Toc20986468]
Since a method to allow longer RAR windows have been agreed for NR-U, we believe that there are benefits if RAN2 would choose the same method to enable msgB windows which allow longer configurations than 10ms. Using the same approach also for 2-step RA would give a unified approach for NR-U and 2-step RA. We therefore propose
[bookmark: _Toc20310482][bookmark: _Toc20745186][bookmark: _Toc20904699][bookmark: _Toc20940283][bookmark: _Toc20986570]msgB should include the LSBs of SFN.

Other information in msgB
From the email discussion, it seems to be consensus that the msgB for fallback will have the same content as the legacy RAR. For the SuccessRAR, there is also consensus to include the CR-id. Discussions seem also to indicate that most companies see the need for resources to transmit HARQ acks in cases where the SuccessRAR includes RRC. How PUCCH resources are conveyed for Ack and/or Nack should be left for RAN1 to decide. Regarding the preamble the situation is less clear judging from the companies answers. We see no reason to include it in the SuccessRAR and do not include it in the sub-headers proposed in this contribution. Another point raised in the email discussion is that a SuccessRAR to a UE may contain more than one RRC message, this is accounted for in our proposals. 
In the following, we discuss the need and design for various subheaders for msgB. Multiplexing of the different msgB types in 2-step would require that the length of the msgBs are known, requiring more information in msgB subheaders. 
[bookmark: _Toc13060992][bookmark: _Toc13651192][bookmark: _Toc13661423][bookmark: _Toc15906422][bookmark: _Toc16537574][bookmark: _Toc16682238][bookmark: _Toc20310479][bookmark: _Toc20745175][bookmark: _Toc20904697][bookmark: _Toc20940253][bookmark: _Toc20940281][bookmark: _Toc20986469][bookmark: _Toc20986567]SFN, msgB length, indication of RRC and E bit would be useful to have in a new msgB/RAR subheader.

Preventing legacy from parsing msgB
If the RA-RNTI is used for both 2-step and legacy 4-step, a mechanism is needed to prevent 4-step UEs from parsing 2-step msgBs. [something about search spaces, reference to RNTI paper]?This may happen both in licensed and unlicensed deployments. This can be achieved by coding the legacy back off subheader in a way that will make the legacy/4-step Ues to stop parsing the message. The coding used in Figure 2 will achieve this.

[image: ]
[bookmark: _Ref7465354]Figure 2 Illustration of subheader based on legacy E/T/R/R/BI subheader to stop legacy and indicate msgB.
The coding will make the legacy/4-step Ues to act as follows:
· E=0 makes legacy/4-step think padding follows this subheader
· T=0 indicates format for back off subheader.
· U=1 is interpreted as R=1 by legacy/4-step. Will be ignored by legacy/4-step.
· U=1 takes the role of E bit for 2-step UEs, i.e. Sub PDU follows. 
· Use one of two reserved values for BI to indicate backoff = 0. Legacy will interpret this as Back off = 0. Any other BI value may also be used given that the U=1 is set. 
Therefore, the legacy UEs will not try to parse msgB for 2-step Ues. 
[bookmark: _Toc13661424][bookmark: _Toc15906423][bookmark: _Toc16537575][bookmark: _Toc16682239][bookmark: _Toc20310480][bookmark: _Toc20745176][bookmark: _Toc20904698][bookmark: _Toc20940254][bookmark: _Toc20940282][bookmark: _Toc20986470][bookmark: _Toc20986568]The legacy E/T/R/R/BI subheader can be coded to prevent legacy Ues to parse beyond the subheader.
We give the following proposal.
[bookmark: _Toc13661428][bookmark: _Toc15904841][bookmark: _Toc15906426][bookmark: _Toc15906671][bookmark: _Toc15908428][bookmark: _Toc16537577][bookmark: _Toc16682077][bookmark: _Toc16682099][bookmark: _Toc16774385][bookmark: _Toc20310484][bookmark: _Toc20745188][bookmark: _Toc20904701][bookmark: _Toc20940284][bookmark: _Toc20986571]Adopt the coding of the E/T/R/R/BI subheader to prevent legacy Ues to parse beyond the subheader and use it as identifier of NR-U RAR or msgB
Subheader for NR-U RAR
For NR-U, it has been agreed that SFN is placed in the RAR. The natural way to do this is by using the sub-header placed before the legacy RAR as depicted in Figure 3.
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[bookmark: _Ref20216143]Figure 3 New subheader for 4-step RAR in NR-U.
The NR-U 4-step Ues will interpret the fields as follows:
· SFN field contains e.g mod(SFN,4) which makes it able to indicate 4 different SFNs which gives a maximum length for msgB/RAR window of 40ms.
· Bit 3-8 are reserved and put to zero.

[bookmark: _Toc20986572]Adopt the subheader for NR-U RAR as shown in Figure 3.

Subheader for 2-step
For 2-step UEs (both NR-U and licensed), the subheaders two first bits can be used to indicate SFN. The 2-step field indicates which msgB format that follows (successRAR, Fallback or Back off). Further an F bit is added to indicate if RRC is present and an E bit to indicate if this is the last msgB in the MAC PDU. This subheader is depicted in Figure 4.
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[bookmark: _Ref20216604]Figure 4 Subheader for 2-step msgB
The 2-step UE will interpret the fields as follows
· SFN field contains e.g mod(SFN,4) which makes it able to indicate 4 different SFNs which gives a maximum length for msgB/RAR window of 40ms.
· 2-step 
· indicate which RAR format this is (fallbackRAR/SuccessRAR/Back off). 
· Bit 5-6 are reserved and put to zero.
· Ignored by 2-step
· F=0 indicates no RRC is appended to the SuccessRAR. Used when RRC is not included in the msgB. F=1 indicates that an RRC message is appended to the SuccessRAR. The RRC message will use the legacy subheader for DL-SCH
· E=0 indicates that this msgB is the last in the MAC PDU. E=1 indicates that a new msgB follows.
We believe that these subheaders would be the best option for a unified approach to handle NR-U 4-step and 2 step (licensed and NR-U) UEs. We therefore propose:
[bookmark: _Toc13661429][bookmark: _Toc15904842][bookmark: _Toc15906427][bookmark: _Toc15906672][bookmark: _Toc15908429][bookmark: _Toc16537578][bookmark: _Toc16682078][bookmark: _Toc16682100][bookmark: _Toc16774386][bookmark: _Toc20310486][bookmark: _Toc20745190][bookmark: _Toc20904703][bookmark: _Toc20940286][bookmark: _Toc20986574]Adopt the subheader for msgB as shown in Figure 4.
The complete msgB for the successful case without RRC will be as in Figure 5 
[image: ]
[bookmark: _Ref20744390]Figure 5 MsgB for successful case without RRC
In case RRC is included, msgB will look like in Figure 6. The F field in the first byte is set to one to indicate that a DL-SCH MAC SDU is appended to the SuccessRAR. The mac subheader for the RRC message uses legacy Rel. 15 format. Note that no LCID would really be needed since the content (CCCH) could be derived from the first byte which indicates a SuccessRAR with RRC. Hence, it could be removed to further optimize the size. Since there can be several RRC messages for one msgB, an indication if this is the last RRC or if more RRC follows is needed. This can be done by adding the R/R/LCID subheader for padding after the RRC (in case no more RRC follows) or a new R/F/LCID subheader if an RRC message follows.
[image: ]

[bookmark: _Ref20744484]Figure 6 MsgB for successful case with RRC

[bookmark: _Toc20986575]Adopt the subheader for msgB with RRC as shown in Figure 4.

Subheader for Back off
The complete msgB for Back off consists of the subheader in the previous section combined with a back off subheader.
Back off is signalled for 2-step UEs as illustrated in Figure 6.
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[bookmark: _Ref13656920]Figure 6 MsgB for 2-step back off
The fields in the first byte are as described in the above section. The fields in the last byte are
· R bits. Used to further differentiate the back off. 
· T bit to differentiate between back off and E/T/R/RAPID subheader.
· New BI indicates back off for 2-step UEs. A similar table as Table 7.2-1 in 38.321.
The R bits could be used to indicate more detailed back off, e.g. back off and continue with 4-step RA. 

[bookmark: _Toc20940287][bookmark: _Toc20986576]Adopt the msgB for 2-step back off as shown in Figure 7.

Subheader for Fallback msgB
For a msgB indicating fallback the complete subheader will be as in Figure 8. The first byte is the same as for the above examples and the second byte is the subheader for the msgB for fallback. The rest of the fallback msgB will follow after this byte.
[image: ]
[bookmark: _Ref20222117]Figure 8. MsgB subheader for fallback

[bookmark: _Toc13661430][bookmark: _Toc15904843][bookmark: _Toc15906428][bookmark: _Toc15906673][bookmark: _Toc15908430][bookmark: _Toc16537579][bookmark: _Toc16682079][bookmark: _Toc16682101][bookmark: _Toc16774387][bookmark: _Toc20310487][bookmark: _Toc20745191][bookmark: _Toc20904704][bookmark: _Toc20940288][bookmark: _Toc20986577]Adopt the subheader for fallback as shown in Figure 8.
MsgB multiplexing
With the proposed scheme it is possible to multiplex msgBs from different UEs in the same MAC PDU. In case gNB wants to respond to both 2-step and 4-step UEs transmitting preambles in the same RO (giving same RA-RNTI), the gNB needs to send the responses in different slots due to the agreement to not multiplex 2-step msgB and 4-step RARs.
An example of multiplexing of Back off and two msgBs (one including RRC) to different UEs is shown in Figure 8. In this example, the first byte will stop legacy 4-step UEs to continue parsing the MAC PDU. The 2nd and 3rd bytes instructs UEs attempting 2-step RA on this RO to do back off (unless UE ids are found in the rest of the message). The 4th byte indicates msgB type (either SuccessRAR or Fallback) and that another msgB will follow. Finally, a msgB including RRC is in the end of the MAC PDU.
[image: ]
[bookmark: _Ref13659263]Figure 8 Example of multiplexing Back off and two msgBs, one containing RRC.
The ability to multiplex responses to different UEs into the same MAC PDU is very useful. But there are also drawbacks with this approach. Since 2-step MsgBs and 4-step RARs cannot be multiplexed in the same slot, this approach will bring extra latency in case responses to both 2-step and 4-step UEs are needed. The same problem occurs in case the multiplexed 2-step response becomes too large to meet coverage requirements. In this case some of the responses need to be delayed. 
An even more important issue is the possibility to do efficient HARQ feedback for msgB. To enable HARQ feedback with both ack and nack for msgB, the procedure is greatly simplified in case a UE specific RNTI is used. If a common RNTI (such as the RA-RNTI) is used, the UE will only know when it has received something correctly (matching CR-id in msgB). If a UE specific RNTI is used, the UE will know from the PDCCH that a transmission is on its way and can reply also with a nack if it has not received the PDSCH correctly. Therefore we think that the possibility to use a UE specific RNTI for msgB is important. 
To handle these cases and allow transmissions in the same slot it is beneficial to also allow the use of a UE specific RNTI based on the CR identity. If this is allowed it would be possible to both multiplex several 2-step msgBs and send separate responses to other 2-step UEs. Also, it would be possible to respond with RARs to 4-step UEs and individually to 2-step UEs in the same slot. A UE specific RNTI for this purpose is described in [1][2]. We therefore propose
[bookmark: _Toc7467417][bookmark: _Toc7504948][bookmark: _Toc7504974][bookmark: _Toc7505003][bookmark: _Toc7505046][bookmark: _Toc7603684][bookmark: _Toc13060994][bookmark: _Toc13651186][bookmark: _Toc13661431][bookmark: _Toc15904844][bookmark: _Toc15906429][bookmark: _Toc15906674][bookmark: _Toc15908431][bookmark: _Toc16537580][bookmark: _Toc16682080][bookmark: _Toc16682102][bookmark: _Toc16774388][bookmark: _Toc20310488][bookmark: _Toc20745192][bookmark: _Toc20904705][bookmark: _Toc20940289][bookmark: _Toc20986578]A UE specific RNTI based on the CR identity may be used additionally to the RA-RNTI/msgB-RNTI. 
[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
In section 2 we made the following observations:
Observation 1	It will be necessary to enable configurations of the MsgB windows which are longer than the maximum allowable RAR window in legacy NR.
Observation 2	RA-RNTI can only be used unambiguously during the RAR window.
Observation 3	SFN, msgB length, indication of RRC and E bit would be useful to have in a new msgB/RAR subheader.
Observation 4	The legacy E/T/R/R/BI subheader can be coded to prevent legacy Ues to parse beyond the subheader.

Based on the discussion in section 2 we propose the following:
Proposal 1	msgB should include the LSBs of SFN.
Proposal 2	Adopt the coding of the E/T/R/R/BI subheader to prevent legacy Ues to parse beyond the subheader and use it as identifier of NR-U RAR or msgB
Proposal 3	Adopt the subheader for NR-U RAR as shown in Figure 3.
Proposal 4	Adopt the subheader for msgB as shown in Figure 4.
Proposal 5	Adopt the subheader for msgB with RRC as shown in Figure 4.
Proposal 6	Adopt the msgB for 2-step back off as shown in Figure 7.
Proposal 7	Adopt the subheader for fallback as shown in Figure 8.
Proposal 8	A UE specific RNTI based on the CR identity may be used additionally to the RA-RNTI/msgB-RNTI.
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