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Introduction
In this contribution we discuss what RNTIs that can be used for 2-step Random Access. In this contribution we express our views on this topic. 
[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.  

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.
In the 4-step Random Access procedure there are basically two cases which differ with respect on which RNTIs are used and how contention resolution is done. The cases are for connected UEs and for Idle/Inactive UEs.
For connected UEs, the UE has a C-RNTI which is unique (within the cell). Also, the gNB knows the C-RNTIs of the UEs connected to the cell. The 4-step contention based procedure is then as follows with regard to used RNTIs.
1. The DCI for the DL assignment of the Random Access Response is scrambled by the RA-RNTI. The RA-RNTI is available for both UE and gNB and determined by the PRACH resource where the preamble was transmitted. This means that all UEs which transmitted a preamble on the particular resource will decode the PDSCH containing the RAR(s). Which RAR that is for a particular UE is determined by the combination of the RA-RNTI and RAPID. The RAR contains a TC-RNTI. 
2. Msg3 is scrambled by TC-RNTI and contains a C-RNTI MAC CE
3. Msg4 is scrambled by C-RNTI (TC-RNTI is not needed since C-RNTI already available). Contention resolution since Msg4 is scrambled by the C-RNTI in the C-RNTI MAC CE.
In case of Idle/Inactive UEs do a 4-step Random access procedure, the corresponding steps are as follows
1. The DCI for the DL assignment of the Random Access Response is scrambled by the RA-RNTI. The RA-RNTI is available for both UE and gNB and determined by the PRACH resource where the preamble was transmitted. This means that all UEs which transmitted a preamble on the particular resource will decode the PDSCH containing the RAR(s). Which RAR that is for a particular UE is determined by the combination of the RA-RNTI and RAPID. The RAR contains a TC-RNTI. (Same as above)
2. Msg3 is scrambled by TC-RNTI. In this case the Contention Resolution is done for the CCCH logical channel and the first 48 bits of the RRC message the UE identifier used for contention resolution.
3. Msg4 is scrambled by TC-RNTI (TC-RNTI will be updated to C-RNTI if CR succeeds). Msg4 contains a CR MAC CE which is compared to the first 48 bits of the RRC message in Msg3. If it matches, contention is resolved.
As seen, in both cases, the RAR is scrambled by RA-RNTI, Msg3 is scrambled by TC-RNTI and Msg4 either by C-RNTI (connected UEs) or TC-RNTI (Idle/Inactive UEs). As can be seen, both the UE and gNB will know what the message they are expecting will be scrambled by.
Discussion 
Scrambling of MsgA
In previous RAN2 meetings there has not been much discussion of how scrambling of MsgA should be done. In the 2-step Random Access procedure, the main issue of how to assign RNTIs to MsgA is that there is no TC-RNTI given to the UE prior to MsgA transmission since the MsgA is the first message of the procedure. 
In the 4-step procedure, the TC-RNTI is selected by the gNB to be different from C-RNTIs currently used by connected UEs (so that they can be used as C-RNTIs when contention is resolved). Also, different preambles (transmitted on the same PRACH resource) will be allocated different TC-RNTIs (for Msg3 and Msg4). For the 2-step procedure, this will not be possible. Instead we need to select an RNTI which can uniquely define the preamble id and PRACH occasion (equivalent to specific UE if no preamble collision) which is linked to the PUSCH transmission in MsgA. 
Since the PUSCH resource is directly linked to the PRACH occasion, there would be no need to base the RNTI on the actual PRACH resource if there is a 1-n mapping between PRACH occasion and PUSCH resource. When the gNB receives the PUSCH, it will know the time and frequency resource of the PRACH where the preamble was transmitted.

[bookmark: _Toc4164073][bookmark: _Toc4438170][bookmark: _Toc4567735][bookmark: _Toc4574573][bookmark: _Toc7625536][bookmark: _Toc16080421][bookmark: _Toc16170999]For MsgA scrambling purposes, it is sufficient to base the RNTI on preamble id if there is a 1-n mapping between PRACH occasion and PUSCH resource.

[bookmark: _GoBack]This simplifies the RNTI construction since it can be defined by a simple mapping between preamble id and RNTI. In the simplest case the RNTI can be the preamble id so that the PUSCH is scrambled by the preamble id. This case is shown in Figure 1, where the preamble ids 0-63 can be used in any PRACH occasion and every PRACH occasion corresponds to four possible PUSCH resources. Note that this does not preclude the case where there is an additional mapping among the preamble ids to the different PUSCH resources. A special case is when there is a 1-1 mapping between preamble ids and PUSCH resource. For example, in Figure 1, there would only need to be four preambles allocated to map preamble id to PUSCH occasion.
[image: ]
[bookmark: _Ref3969816]Figure 1. All PUSCH transmissions are scrambled by an RNTI given by preamble id 0-63.
If the RNTI is not based on the PRACH occasion, this excludes the case where several PRACH occasions map to the same PUSCH resource if the uniqueness shall be maintained. An example of this could be if PRACH occasions are frequency multiplexed and these occasions map to the same PUSCH resources. However, this does not seem as a very useful configuration since it is the number of PUSCH resources which determine the systems MsgA capacity. Since the PRACH and PUSCH must be transmitted back-to-back to avoid extra LBT in case of NR-U, we do not consider cases where PRACH occasions multiplexed in time are mapped to the same PUSCH occasion.
However, for completeness the RNTI should be valid also for an n-1 mapping between PRACH occasion and PUSCH resource. In this case the RNTI can be defined by a numbering first in increasing order of preamble indexes within a single PRACH occasion and secondly, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions. Extending the example above with two frequency multiplexed PRACH occasions, the RNTIs would be equal to the preamble ids 0-63 in the first PRACH occasion (lower frequency) and 64-127 in the second PRACH occasion (higher frequency). This is illustrated in Figure 2 where the 64 preambles can be used in either PRACH occasion.
[image: ]
[bookmark: _Ref4437153]Figure 2. PUSCH transmissions scrambled by RNTI determined first in increasing order of preamble indexes within a single PRACH occasion and secondly, in increasing order of frequency resource index. 
In case there is an additional preamble and PRACH occasion to PUSCH occasion mapping, this can be easily included. Continuing the example, assume that the first PRACH occasion use the first two PUSCH occasions and the second PRACH occasion use the third and fourth PUSCH occasion. For the preambles, the first 32 preamble ids in each PRACH occasion is mapped to the lower frequency PUSCH (0 or 2) for each of the PRACH occasions. In this case, PUSCH occasion 0 would use preamble 0-31 in the first PRACH occasion, PUSCH occasion 1 would use preamble 32-63 in the first PRACH occasion. Further PUSCH occasion 2 would use preamble 0-31 in the second PRACH occasion and scramble by 64-95 (depending on preamble) and PUSCH occasion 3 would use preamble 32-63 in the second PRACH occasion and scramble by 96-127(depending on preamble). This is illustrated in Figure 3
[image: ]
[bookmark: _Ref4161512]Figure 3 PUSCH transmissions scrambled by RNTI 0-63 in first PRACH occasion and by 64-127 in second PRACH occasion
Based on the above discussion we find that the RNTI used for scrambling of PUSCH of MsgA should be based on the preamble id and frequency location of the PRACH occasion.

1. [bookmark: _Toc3883642][bookmark: _Toc3883992][bookmark: _Toc3905081][bookmark: _Toc4164079][bookmark: _Toc4165354][bookmark: _Toc4438177][bookmark: _Toc4567740][bookmark: _Toc4574577][bookmark: _Toc7625538][bookmark: _Toc16080428][bookmark: _Toc16171004][bookmark: _Toc16752296][bookmark: _Toc16752344]The RNTI used for scrambling of MsgA PUSCH should be based on the preamble id and frequency resource index of the PRACH occasion.
Scrambling of MsgB
For the connected case, it has been agreed in Ran2#106 that the UE should monitor PDCCH for both C-RNTI (successful case) and msgB-RNTI (e.g. RA-RNTI or new RNTI). 
For the Idle or inactive UEs, it has been agreed that multiplexing of msgB should be supported which implies that the same scrambling must be used for the multiplexed responses similar as for the case of RAR in the 4-step procedure where that RA-RNTI is used. The legacy RA-RNTI alone is not sufficient since the msgB window must be configurable to higher values than 10ms which is the maximum for RA-RNTI. In our companying contribution [1]] we propose a new subheader common also with NR-U which can be used for multiplexed msgBs.
In the case of Idle or inactive UEs, there are situations when multiplexing is not wanted for some UEs to ensure coverage for large msgB sizes or to allow HARQ operation for MsgB. That is, the network may want to multiplex the msgB for some UEs (e.g. UE1, UE2 and UE3) while sending individual responses to other UEs (UE4 and UE5). To be able to do this within the same slot, scrambling based also on a UE specific identifier is needed. This can be derived from the RRC message (CCCH SDU) contained in MsgA which is also used for contention resolution. Since the C-RNTI is two bytes, it may be sufficient to also use the first two bytes of the RRC message for scrambling. This would mean that in both RRC connected and RRC Idle/Inactive, the UE would need to monitor for two RNTIs. In RRC connected the UE would monitor for C-RNTI and a new MsgB RNTI which allows multiplexing. In RRC Idle/Inactive, the UE would monitor for a UE specific RNTI based on the contention resolution id and a new MsgB RNTI which allows multiplexing. We propose:

1. [bookmark: _Toc4164080][bookmark: _Toc4165355][bookmark: _Toc4438178][bookmark: _Toc4567741][bookmark: _Toc4574578][bookmark: _Toc7625539][bookmark: _Toc16080429][bookmark: _Toc16171005][bookmark: _Toc16752297][bookmark: _Toc16752345]Similar as for connected UEs, MsgB scrambling for Idle and Inactive UEs can be done by a msgB-RNTI which allows multiplexing.
1. [bookmark: _Toc4165356][bookmark: _Toc4438179][bookmark: _Toc4567742][bookmark: _Toc4574579][bookmark: _Toc7625540][bookmark: _Toc16080430][bookmark: _Toc16171006][bookmark: _Toc16752298][bookmark: _Toc16752346]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.

For determination of whether a response to a MsgA is a MsgB (implying that MsgA was received correctly by gNB) or a Msg2 (implying fallback to 4-step procedure) it is advantageous for UE processing if the RNTI used for MsgB cannot collide with the RA-RNTI used for Msg2. The current definition of RA-RNTI in NR gives a maximum value of slightly less than 18000. If 16 bits are used for the scrambling of MsgB, using MSB = 1 gives values above or equal to 32 768. 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. This would ensure that the UE can distinguish MsgB from Msg2 based already on the scrambling. Therefore, we propose:

1. [bookmark: _Toc4438180][bookmark: _Toc4567743][bookmark: _Toc4574580][bookmark: _Toc7625541][bookmark: _Toc16080431][bookmark: _Toc16171007][bookmark: _Toc16752299][bookmark: _Toc16752347]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.
Conclusions
In section 2 we made the following observations:
Observation 1	For MsgA scrambling purposes, it is sufficient to base the RNTI on preamble id if there is a 1-n mapping between PRACH occasion and PUSCH resource.

Based on the discussion in section 2 we propose the following:
Proposal 1	The RNTI used for scrambling of MsgA PUSCH should be based on the preamble id and frequency resource index of the PRACH occasion.
Proposal 2	Similar as for connected UEs, 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	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.
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