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Introduction
In this contribution we present a concept for msgB transmission based on new msgB MAC PDU formats to enable multiplexing of the different MsgB or RAR 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.
[bookmark: _Ref525832169]Discussion
In the 2-step random access (RA) procedure, the UL messages (Msg1 and Msg3 in legacy 4-step procedure) are combined into MsgA and sent simultaneously (or consecutive in time without the need for a LBT between) and similarly the two DL messages (Msg2 and Msg4, combined to MsgB) are sent as a simultaneous (or consecutive in time without the need for a LBT between) response in the DL. The procedure is illustrated from a high level in Figure 1.
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[bookmark: _Ref461452130][bookmark: _Ref536083064]Figure 1 – Illustration of two-step procedure.
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]It will be necessary to enable configurations of the MsgB windows which are longer than the maximum allowable RAR window in legacy NR and NR-U.
MsgB window properties
The possible 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 (RA-RNTI to support 20ms is under discussion for NR-U). Furthermore, the legacy RA-RNTI formula is ambiguous for longer windows than 10ms. This means that if the msgB window is longer than this, the RARs scrambled by RA-RNTI cannot be supported throughout a long msgB window.  One option to enable longer msgB windows is to extend the RA-RNTI formula by e.g. including an SFN term or using a scrambling of msgB based on individual UE. 
[bookmark: _Toc7467413][bookmark: _Toc7504872][bookmark: _Toc7603681][bookmark: _Toc13060990][bookmark: _Toc13651190][bookmark: _Toc13661421][bookmark: _Toc15906420][bookmark: _Toc16537572][bookmark: _Toc16682236]RA-RNTI can only be used unambiguously during the RAR window.
Both these options have drawbacks. Making the RA-RNTI unique over longer periods through e.g. an SFN term would increase the (used) RA-RNTI space and using a UE specific RNTI would not allow multiplexing of different UEs, which has been agreed in RAN2#106.
It should also be noted that multiplexing of the different RAR types would require that the length of the RARs are known, requiring more information in the RAR message. Also, for NR-U, more information in the RAR will be advantageous since it has been agreed to include information of COT sharing in the RAR.
[bookmark: _Toc7467414][bookmark: _Toc7504873][bookmark: _Toc7603682][bookmark: _Toc13060991][bookmark: _Toc13651191][bookmark: _Toc13661422][bookmark: _Toc15906421][bookmark: _Toc16537573][bookmark: _Toc16682237]RNTIs based on individual UE identities (e.g. C-RNTI) do not have any dependence on time and can be used over long time periods.
Since both 2-step and NR-U will require longer RAR or msgB windows a common solution could be achieved by indicating the SFN where the preamble was transmitted in the RAR subheader. The RA-RNTI in combination with the SFN would then indicate the RO. For 2-step, the length of the new msgB/RAR may be variable so length information to enable multiplexing would be useful to have in the RAR subheader. For NR-U, proposals to indicate COT sharing information in the RAR grant are discussed. An alternative would be to put this information in the RAR subheader.  Hence, SFN, RAR length and COT sharing information would all be useful to have in a new RAR subheader. 
[bookmark: _Toc13060992][bookmark: _Toc13651192][bookmark: _Toc13661423][bookmark: _Toc15906422][bookmark: _Toc16537574][bookmark: _Toc16682238]SFN, RAR length and COT sharing information would all be useful to have in a new RAR subheader.
To avoid unnecessary processing the legacy UEs should also be prevented from parsing the new msgB/RARs. This can be achieved by coding the legacy E/T/R/R/BI mac subheader. 
The need for new length of the msgB window may vary depending on factors such as deployment and implementation. Its relation to the legacy RAR window cannot be determined universally. It should therefore be configurable by the network for flexibility. 
[bookmark: _Toc7467416][bookmark: _Toc7504947][bookmark: _Toc7504973][bookmark: _Toc7505002][bookmark: _Toc7505045][bookmark: _Toc7603683][bookmark: _Toc13060993][bookmark: _Toc13651185][bookmark: _Toc13661425][bookmark: _Toc15904839][bookmark: _Toc15906424][bookmark: _Toc15906669][bookmark: _Toc15908427][bookmark: _Toc16537576][bookmark: _Toc16682076][bookmark: _Toc16682098][bookmark: _Toc16774384]The length of the msgB window is configurable.
By designing a new RAR the needs given in the above observations can be handled.
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 legacy 4-step UEs from parsing 2-step msgBs. This can be achieved by coding the legacy back off subheader in a way that will make the legacy UEs to stop parsing the message. The coding used in Figure 2 will achieve this.
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[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 UEs to act as follows:
· E=0 makes legacy think padding follows this subheader
· T=0 indicates format for back off subheader.
· U=1 (R=1 for legacy). Ignored by legacy.
· U=1 takes the role of E bit for new 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]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]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 msgB or NR-U RAR
To enable the 2-step or NR-U UEs to identify the msgB the following subheader is used for the msgB.
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Figure 3 Subheader for 2-step RAR with RAPID
The 2-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.
· SFN together with RAPID in subheader determines which UE(s) should parse the RAR
· SFN shall be the same for all RARs (i.e. we do not expect to reply to preambles transmitted in different SFNs in the same message)
· 2-step 
· indicate which RAR format this is (fallbackRAR/SuccessRAR/complete MsgB possibly including RRC). 
· NR-U
· Ignored by 2-step on licenced
· Could be e.g. LBT type for 4-step
· Also applicable for 2-step in case of fallback to 4-step.
· F=1 indicates length field present. Used when RRC is included in 2-step. F=0 indicates no length field.
· X indicates if last byte contains RAPID (X=0) or back off (X=1).
[bookmark: _Toc13661429][bookmark: _Toc15904842][bookmark: _Toc15906427][bookmark: _Toc15906672][bookmark: _Toc15908429][bookmark: _Toc16537578][bookmark: _Toc16682078][bookmark: _Toc16682100][bookmark: _Toc16774386]Adopt the subheader for msgB and NR-U RAR as shown in Figure 3.

Subheader for Back off
Back off can be signalled for 2-step UEs by using the subheader for SFN/2-step/NR-U/F/X combined with the legacy E/R/R/R/BI subheader as illustrated in Figure 4.
[image: ]
[bookmark: _Ref13656920]Figure 4 Subheader for 2-step RAR with back off
The fields in the first byte are as described in the above section for msgB subheader. As mentioned above, the X bit could instead be an R bit and the format of the last byte could be indicated by a T bit in the second byte (as in legacy back off).
The fields in the last byte are
· E bit to indicate if another subheader and RAR/MsgB follows
· R bits. Set to zero.
· New BI indicates back off for 2-step UEs. A similar table as Table 7.2-1 in 38.321.
The R bits could further be used to indicate more detailed back off, e.g. back off and continue with 4-step RA as described in [1]. 
[bookmark: _Toc13661430][bookmark: _Toc15904843][bookmark: _Toc15906428][bookmark: _Toc15906673][bookmark: _Toc15908430][bookmark: _Toc16537579][bookmark: _Toc16682079][bookmark: _Toc16682101][bookmark: _Toc16774387]Adopt the subheader for back off of 2-step UEs as shown in Figure 4.
MsgB multiplexing
With the proposed scheme it is possible to multiplex msgBs from different UEs in the same MAC PDU. It is also possible to ensure that the 2-step msgBs are not multiplexed with legacy 4-step RARs as has been agreed by RAN2. 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 two msgBs to different UEs is shown in Figure 5.
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[bookmark: _Ref13659263]Figure 5 Example of multiplexing two msgBs.
[bookmark: _GoBack]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. 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 [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]A UE specific RNTI based on the CR identity may be used as alternative to the RA-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 and NR-U.
Observation 2	RA-RNTI can only be used unambiguously during the RAR window.
Observation 3	RNTIs based on individual UE identities (e.g. C-RNTI) do not have any dependence on time and can be used over long time periods.
Observation 4	SFN, RAR length and COT sharing information would all be useful to have in a new RAR subheader.
Observation 5	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	The length of the msgB window is configurable.
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 msgB and NR-U RAR as shown in Figure 3.
Proposal 4	Adopt the subheader for back off of 2-step UEs as shown in Figure 4.
Proposal 5	A UE specific RNTI based on the CR identity may be used as alternative to the RA-RNTI.
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