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Introduction
In this contribution we discuss what RNTIs that can be used for msgB transmission in the 2-step Random Access procedure. Since re-using the RA-RNTI is one option to enable msgB multiplexing we give our views on how to distinguish 4-step RAR and msgB in this case. We also discuss the need to also have a UE specific RNTI. When 2-step is used in NR-U, an important aspect is the ability to transmit PRACH and msgA PUSCH without a gap requiring an additional LBT. In this contribution we express our views on these topics. 
[bookmark: _Ref490149211]Background 
In RAN2#106 the use of RNTI for msgB was discussed. It was agreed that
· [bookmark: _Hlk16751501]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) 
· For CCCH, MsgB can include the SRB RRC message.  The format should be designed for both with and without RRC message.   
· 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.  
In RAN2#107 the following additional agreements were made:
Agreements:
1. Working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   
2. successRAR cannot be split into more than one message (i.e.Contention resolution ID will also be included in successRAR).   
3. SuccessRAR and fallbackRAR can be multiplexed
And 
Agreements
=>	HARQ feedback for msgB would be needed from RAN2 point of view
And
Agreements:
1. If the random access procedure is not successfully completed even after transmitting the msgA 'N' times, UE fallbacks to 4 step RACH procedure i.e. UE only transmits the PRACH preamble.  
2. Network can configure the number of times 'N', a UE can attempt to re-transmit msgA during the random access procedure.  
3. For MsgA with C-RNTI or CCCH SDU, upon receiving fallbackRAR corresponding to random access preamble transmitted by UE, UE may stop monitoring PDCCH addressed to msgB-RNTI.
4. For MsgA with CCCH SDU, if neither fallbackRAR or successRAR is received 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

Also for NR-U, agreements have been made in RAN2#107 which impact the 2-step Random Access procedure.
Will support extension of RAR window without modifying RA-RNTI. 
Include LSBs of SFN in MSG2

These agreements will impact the choice of RNTI used for MsgB. The choice of RNTI for MsgB will determine e.g. if multiplexing is possible.
Discussion 
Scrambling of MsgB
For the connected case, it has been agreed in RAN2 #106 meeting that the UE should monitor PDCCH for both C-RNTI (successful case) and msgB-RNTI (e.g. RA-RNTI or new RNTI for fallback or back off). Hence, the connected UE needs to monitor two different RNTIs for msgB reception.
In the CCCH case (and fallback/BO in connected) there are several objectives which needs or should be fulfilled for a well-functioning 2-step procedure. These objectives can only be achieved by certain properties of the msgB RNTI.
1. Allow longer msgB window.
2. Multiplex several msgB containing CR, fallback and back off in one MAC PDU.
3. Send several msgB containing RRC in the same slot.
4. Use HARQ feedback for msgB.
5. Send fallback and legacy msg2 in same slot.
Supporting a longer msgB window will require either a UE specific RNTI or if the RNTI is based on PRACH occasion, that the occasions are indexed for longer periods than one SFN. If the RA-RNTI is used, additions are needed to index ROs for more than the current SFN. Following the NR-U agreement to use the RA-RNTI and include the LSBs of SFN into MSG2 is one solution of how to do this.
Multiplexing case
Multiplexing several msgBs containing CR, fallback and back off in one MAC PDU implies that several UEs must use the same RNTI. Currently this is assumed to be a RA-RNTI or another new similarly determined RNTI, msgB RNTI. A new UE specific RNTI has not yet been discussed as this is limited to a per UE response in msgB. Using the RA-RNTI with the LSBs of SFN in the MsgB will allow to multiplex several UEs (UEs transmitting in the same RO) and to configure a sufficiently long msgB window.

[bookmark: _Toc20135757][bookmark: _Ref20923793][bookmark: _Toc20935889][bookmark: _Ref21029915][bookmark: _Ref21029922]Re-using the RA-RNTI and adding SFN in msgB would enable sufficiently long msgB windows and multiplexing.

In NR release 15, the search space ra-SearchSpace for RAR and contention resolution in the 4-step random access procedure can be configured by the RACH configuration in SIB1.
As can be seen, this search space definition is mandatory if RAR or contention resolution message is expected to be received in the BWP. This search space can be also used by 2-step RA, and similarly it should also be mandatory if msgB is expected to be received in a BWP.
Besides, this search space may also be used by UE to monitor C-RNTI if a type-3 CSS or a USS is not provided in the active BWP for this UE.
So at least this search space can be and is enough to be reused by UE to monitor msgB for which the PDCCH has CRC scrambled by msgB common RNTI or msgB UE-specific RNTI, or the C-RNTI if no type-3 CSS or USS is not provided.
It is not suitable to define a new search space for msgB to differentiate msg2 and msgB for the following reasons:
· In NR release 15, the different types of messages are differentiated by RNTI instead of by search space
· It is allowed to have some of the PDCCH monitoring occasions overlapping from different search spaces in release 15, in which case it’s not possible to differentiate 2 types of messages with same RNTI on different search spaces.
· New search space design has more specification impacts on RAN1 while new RNTI definition is a clean method
[bookmark: _Ref21029933]A new RNTI should be used instead of defining new search space to differentiate the messages for random access response.
Distinguishing 4-step RAR and 2-step msgB 
If the RA-RNTI is used also for msgB a method to ensure that 4-step RARs and 2-step msgBs can be distinguished is needed. 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: _Toc20935890][bookmark: _Ref21029954][bookmark: _Ref21029963]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.
1. [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: _Toc20935892]Adopt the coding of the E/T/R/R/BI subheader in Figure 2 to prevent legacy UEs to parse beyond the subheader and use it as identifier of NR-U RAR or msgB.
Non multiplexing case
Since the multiplexing case is designed for the relatively rare situation of high load, we believe that it is equally or even more important to design an efficient procedure for the most common situation when the load is limited and there is no need for multiplexing. 
Sending several msgBs containing RRC in the same slot or sending a msgB and a legacy RAR (if RA-RNTI is used for msgB) both imply that a different RNTIs must be used due to the agreement that multiplexing more than one RRC message in the same MAC PDU or multiplexing msgB and legacy RAR is not allowed. Since transmitting several msgBs including RRC in different MAC PDUs in the same slot does not impact coverage, this is important in order to have an efficient 2-step RAR procedure with low latency. For instance, form NR-U the ability to conclude the 2-step procedure including the RRC transmission with 2 LBTs is of great importance. An attractive choice for RNTI would in these cases be a UE specific RNTI.
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). On the other hand, 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. In case a common RNTI and multiplexing is used HARQ feedback will require development of new complex HARQ feedback schemes that allow acking/nacking of specific parts of a MAC PDU.
Additionally, a UE specific RNTI (e.g. based on contention resolution ID) that is monitored in addition to msgB RNTI, can be a complementary approach that also has some power saving benefit, since the UE will only look for the DCI addressed to it prior to decoding PDSCH. It is complementary in that the msgB here is only for one UE, and so it will cost more PDCCH overhead when an msgB-RNTI is addressed to multiple UEs, but on the other hand an RRC message can be sent to the UE in the msgB with minimum setup latency and for where the PDSCH overhead will be less than in the multiplexed case.

[bookmark: _Toc20135758][bookmark: _Toc20935891][bookmark: _Ref21029975][bookmark: _Ref21029979]Using a UE specific RNTI for msgB will simplify HARQ feedback and enable transmission of several msgB including SRB in the same slot.

[bookmark: _Toc20135760][bookmark: _Toc20827070][bookmark: _Toc20935893]Given the advantages of not limiting the msgB RNTI to be either of multiplexing type or UE specific type we believe that both options should be possible. It also results in very limited additional burden for the UE to monitor the PDCCH for two RNTIs as is done in connected mode. Hence, we give the two following proposals:

1. [bookmark: _Toc20135761][bookmark: _Toc20827071][bookmark: _Toc20935894][bookmark: _Toc20135762][bookmark: _Toc20827072][bookmark: _Toc20935895]MsgB scrambling for Idle and Inactive UEs can be done by a msgB-RNTI which allows multiplexing.
1. [bookmark: _Toc20135763][bookmark: _Toc20827073][bookmark: _Toc20935896]Parts of the UE identifier of the CCCH SDU carried in MsgA can be used for scrambling of MsgB for Idle and Inactive UEs when MsgB is not multiplexed.

Regarding the details of the two RNTIs, we believe that the RA-RNTI can be re-used for cases where multiplexing is needed if we follow the agreement in NR-U to include the SFN in the msgB MAC PDU.

1. [bookmark: _Toc20135764][bookmark: _Toc20827074][bookmark: _Toc20935897]Similar as for RAR in 4-step RA in NR-U, the RA-RNTI is re-used for msgB with the addition that the LSBs of the SFN are carried in msgB

[bookmark: _Toc20135766][bookmark: _Toc20827076][bookmark: _Toc20935898]Regarding the details of a UE specific RNTI we think that this can be based on the CR-id in msgB which in turn is based on the CCCH in msgA. For this case, it must be ensured that the new RNTI does not collide with C-RNTI or with RA-RNTI. From Table 7.1-1 in 38.321, the RA-RNTI and C-RNTI space from can be up to 65519. The current definition of RA-RNTI in NR gives a maximum value of slightly less than 18000. This means that by assigning C-RNTI values above 18000 ensures that no collisions between RA-RNTI and C-RNTIs do not occur. If 16 bits are used for the scrambling of MsgB, using MSB = 1 gives values in the range [32 768, 65535]. Hence, scrambling by 16 bits with MSB=1 and the following 15 bits from the UE id will give scrambling sequences which are different from the RA-RNTI. It also allows assigning C-RNTIs in the range [18000, 32 768] which ensures that no collisions between RA-RNTI, C-RNTI and new RNTI will occur. Therefore, we propose:

1. [bookmark: _Toc20135767][bookmark: _Toc20827077][bookmark: _Toc20935899][bookmark: _Toc20135768][bookmark: _Toc20827078][bookmark: _Toc20935900][bookmark: _Toc20135772][bookmark: _Toc20827082][bookmark: _Toc20935904][bookmark: _Toc20135773][bookmark: _Toc20827083][bookmark: _Toc20935905][bookmark: _Toc20135774][bookmark: _Toc20827084][bookmark: _Toc20935906][bookmark: _Toc4438180][bookmark: _Toc4567743][bookmark: _Toc4574580][bookmark: _Toc7625541][bookmark: _Toc16080431][bookmark: _Toc16171007][bookmark: _Toc16752299][bookmark: _Toc16752347][bookmark: _Toc20135775][bookmark: _Toc20827085][bookmark: _Toc20935907]A 16-bit scrambling sequence is used to scramble MsgB where the MSB is set to 1 and the first 15 bits of the CCCH SDU carried in MsgA is used as the 15 LSB bits for Idle and Inactive UEs.
Transmitting PRACH and MsgA PUSCH without gap
An additional aspect that should be considered is the benefits that 2-step RA provides for NR-U, if the preamble and msg3 (in the form of msgA) can be transmitted after a single successful Listen-Before-Talk (LBT) operation. To allow msgA PUSCH to be transmitted without a separate LBT operation, the gap between the preamble transmission and the msgA PUSCH transmission must be smaller than 16 µs (or smaller than 25 µs to allow msgA PUSCH transmission after a short 25 µs LBT operation). 
In the NR Rel. 15, PRACH configurations for short preamble formats can use RO in different places of a slot, i.e. beginning, middle or end of a slot. Should the preamble transmission be done at a RO not falling in the end of the slot, a new LBT would be needed for the PUSCH transmission in the next slot. Methods to avoid this should be defined in RAN2. One example of how to do this would be to mask certain RO (in the same way as is done for 4-step CFRA by the PRACH mask) to indicate which ROs in the PRACH configuration that could be used for 2-step. We therefore propose:
1. [bookmark: _Toc20935908]A PRACH mask should be defined to ensure that the preamble and PUSCH in msgA can be transmitted without a gap or with a small gap even if the PRACH configuration has ROs which do not fall immediately before the PUSCH resource of msgA.

The ROs which are not usable for 2-step according to the new PRACH mask can still be used for 4-step, in case the 2-step and 4-step are configured with shared or overlapping ROs.

1. [bookmark: _Toc20935909]The PRACH mask should also be defined to ensure that sharing of RO between 2-step and 4-step can be done at a sufficiently detailed level.

Possibilities to ensure there is no gap can be also be done by L1 methods, e.g. by prolonging the preamble transmission until the end of the slot, modifying the PRACH configuration tables. These methods should be considered by RAN1.
Conclusions
In section 2 we made the following observations:
Observation 1	Re-using the RA-RNTI and adding SFN in msgB would enable sufficiently long msgB windows and multiplexing.
Observation 2	Use new RNTI instead of defining new search space to differentiate the messages for random access response.
Observation 3	The legacy E/T/R/R/BI subheader can be coded to prevent legacy UEs to parse beyond the subheader.
Observation 4	Using a UE specific RNTI for msgB will simplify HARQ feedback and enable transmission of several msgB including SRB in the same slot.
Based on the discussion in section 2 we propose the following:
Proposal 1	Adopt the coding of the E/T/R/R/BI subheader in Figure 2 to prevent legacy UEs to parse beyond the subheader and use it as identifier of NR-U RAR or msgB.
Proposal 2	MsgB scrambling for Idle and Inactive UEs can be done by a msgB-RNTI which allows multiplexing.
Proposal 3	Parts of the UE identifier of the CCCH SDU carried in MsgA can be used for scrambling of MsgB for Idle and Inactive UEs when MsgB is not multiplexed.
Proposal 4	Similar as for RAR in 4-step RA in NR-U, the RA-RNTI is re-used for msgB with the addition that the LSBs of the SFN are carried in msgB
Proposal 5	A 16-bit scrambling sequence is used to scramble MsgB where the MSB is set to 1 and the first 15 bits of the CCCH SDU carried in MsgA is used as the 15 LSB bits for Idle and Inactive UEs.
Proposal 6	A PRACH mask should be defined to ensure that the preamble and PUSCH in msgA can be transmitted without a gap even if the PRACH configuration has ROs which do not fall immediately before the PUSCH resource of msgA.
Proposal 7	The PRACH mask should also be defined to ensure that sharing of RO between 2-step and 4-step can be done at a sufficiently detailed level.
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