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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. At RAN2#107bis it was agreed that RAN2 will work on specifying a new RA-RNTI design for msgB. In this contribution we express our views on how the new RNTI should be defined 
[bookmark: _Ref490149211]Background 
In RAN2#107bis a number of agreements were made which affect the msgB RNTI design:
· No UE specific RNTI will be designed for 2-step RACH in case CCCH SDU was included in MsgA.
and 
· Legacy UEs are not required to decode msgB.
Furthermore, in RAN1 LS R1-1911656 states that 
· For 2-step RACH, no new CORESET for MsgB is defined. 

This means that both using the legacy RA-RNTI as msgB RNTI or using a UE specific RNTI for msgB are off the table. For NR-U, RAN2 sent an LS R2-1914064 to RAN1 asking about the feasibility to signal the SFN in DCI for the RAR. Depending on the outcome, this may also impact the design of msgB RNTI.
Some objectives of the new RNTI for msgB are:
1. Should allow longer than 10ms msgB windows (in order to allow longer RRC processing time and to handle LBT failure for NR-U), either by carrying the SFN ID in DCI or RAR, or by identifying the SFN directly in msgB RNTI. 
2. Should identify the RO where the preamble was sent (msgB corresponding to preambles transmitted in the same RO can be multiplexed)
3. Should not extend the RNTI space above what is already used for RA-RNTI (which was the major argument against UE specific RNTI)
These agreements together with the objectives of a new msgB RNTI will impact the design of RNTI used for MsgB.
Discussion 
If the SFN can be signaled in DCI as RAN2 is targeting for NR-U, this solution could also be applied for 2-step to support a longer msgB window. If this solution is not chosen, 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, or that the SFN is part of msgB payload.
[bookmark: _Toc20135757][bookmark: _Ref20923793][bookmark: _Toc20935889][bookmark: _Ref21029915][bookmark: _Ref21029922][bookmark: _Toc24058344]A msgB RNTI based on RO needs to be indexed for longer periods to enable sufficiently long msgB window if SFN is not signaled in DCI or msgB payload.

Having a msgB RNTI based on RO will enable multiplexing of UEs transmitting preambles in the same RO. This would follow legacy 4-step behavior and we believe this is the preferable approach.  However, as discussed in more detail below, having only one msgB RNTI correspond to one RO can significantly increase latency, so designs should support mapping more than one msgB RNTI to an RO.
From our viewpoint, there are two main approaches to avoid increasing the RNTI space beyond what is already used for RA-RNTI. Both approaches will utilize the fact that some RA-RNTI values will not be used by the 4-step PRACH configuration.
[bookmark: _Ref23931096][bookmark: _Hlk23879792]MsgB RNTI based on RA-RNTI and offset
The first approach relies on the fact that any preamble transmission will occupy at least two symbols.
[bookmark: _Toc24058345]Any RO is at least two symbols long.
This implies that if a 4-step configuration has an RO with e.g symbol s_id = k, there is no RO in this configuration with s_id=k+1 (given the same t_id). This observation could be utilized to define a msgB RNTI as
MsgB RNTI= 1 + (s_id+1) mod 14 + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id = RA-RNTI+1
This approach would be simple and distinguish msgB RNTIs from RA-RNTIs in most cases. However, there are some limitations:
· If separate ROs are configured for 2-step and 4-step, there cannot be any ROs overlapping in time between the different configurations. 
· It will not be forward compatible in case that shorter PRACH transmissions (i.e. 1 symbol) are enabled in future releases. 
· To enable longer a msgB window, this approach would require that SFN is signaled in DCI, something which still is under discussion in NR-U, or be part of msgB payload. 
· The most significant limitation is the inability to support multiple RNTIs for an RO, as this effectively precludes ‘true’ 2 step operation when multiple UEs transmit in one RO. We elaborate on this limitation and potential solutions in Section 3.1.3.
MsgB RNTI based on consecutive numbering of ROs
A second approach can be based on a consecutive numbering of the ROs of the configured 2-step configuration (as given by a prach-ConfigurationIndex and msg1-FDM for 2-step RA). The numbering starts from 1 and contains all integers up to the maximum number of ROs to give msgB RNTIs. This sequence will be the msgB RNTIs for the ROs after removing values colliding with the possible RA-RNTI values in the cell.
[bookmark: _Hlk23838400]The numbering can be done per SFN, per a number of SFNs (allowing uniqueness over the number of SFNs where the numbering is done to enable longer msgB windows), or per PRACH configuration period or any other configured length. The numbering of ROs for the msgB RNTI can for example be done in the similar way as SSB are mapped to ROs, i.e. according to
-	First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Second, in increasing order time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Third, in increasing order of indexes for PRACH slots
An example with of RO numbering for msgB RNTI generation shown in Figure 1.
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[bookmark: _Ref23835579]Figure 1. Illustration of RO numbering for msgB RNTI.
If any of the numbers in this sequence collides with the RA-RNTIs generated by the used prach-ConfigurationIndex and msg1-FDM that is configured for 4-step RA in the cell, these numbers are removed from the set of msgB RNTIs and replaced by other non-colliding numbers. The replacement of colliding numbers can be done by
· Shifting the msgB RNTI values so that if msgB=k collides with a used RA-RNTI, this colliding msgB RNTI takes the value k+1. The shift (adding 1) is done to all subsequent msgB RNTIs > k.
· Replacement can also be done by using numbers larger than the maximum number of ROs in the 2-step RA configuration. I.e. If the sequence of msgB RNTIs is 1,2,3,..,N, and k1, k2, k3 collide with used RA-RNTIs, k1 is replaced by N+1, k2 by N+2 and k3 by N+3 (assuming these do not collide)
[bookmark: _Hlk23414255][bookmark: _Hlk23414273]Even the tightest possible 4-step configuration would only use half of the possible RA-RNTI-values (given that a RO is at least two symbols long). It should also be noted that in a worst case (tightest possible RO configurations and long msgB window), the msgB RNTI would only give a minimum extension to the RA-RNTI space, since the ROs are numbered sequentially. This approach would also allow sufficiently long msgB window configurations.
[bookmark: _Ref21029933][bookmark: _Toc24058346]Using a consecutive numbering of ROs as msgB RNTI allows sufficiently long msgB window configurations with minimal extension to RA-RNTI space.
Given the limitations and drawbacks of the first approach with msgB RNTI based on RA-RNTI and offset, we give the following proposal.
1. [bookmark: _Toc20935892][bookmark: _Toc23414637][bookmark: _Toc23939776][bookmark: _Toc24058339][bookmark: _Toc23840180]Consecutive numbering of ROs and replacing numbers colliding with the configured RA-RNTIs is used as basis for msgB RNTI calculation.
[bookmark: _Ref23938865][bookmark: _Toc23414638]Mapping multiple msgB RNTIs to an RO 
As has been discussed at RAN2#107bis, basing the msgB RNTI only on the RO time/frequency location will have the drawback that several SuccessRARs with RRC cannot be transmitted in the same slot. The reason for this is that all preamble transmissions in the same RO will generate the same msgB RNTI. Multiplexing of SuccessRARs with RRC is precluded since it may result in message sizes which would jeopardize coverage, while if MsgBs with RRC are transmitted separately, each PDSCH can be adapted independently for good coverage. In the last RAN2 meeting, discussions of a UE specific RNTI resulted in that UE specific msgB RNTIs was not pursued due to the relatively large extension of the used RNTI space (as the msgB RNTI space was suggested to be above the RA-RNTI space). However, increasing the msgB RNTI granularity per RO to allow transmission of several SuccessRARs with RRC in the same slot could be done also without increasing the RNTI space if preamble id is included in the msgB RNTI calculation.
One simple approach is to add the index of the preamble used for transmission to the numbering sequence used for the msgB RNTI. However, since up to 64 different preambles can be associated with an RO and used for contention based operation, this would essentially multiply the number of ROs used by 64, which may leave few RNTIs available for other purposes. Therefore an offset can be added to the RO numbering, where a modulo division is first performed on the index of the preamble used for transmission in the RACH occasion, where the modulo division is by a configured number (which indicates the number of preamble sets that can be indicated for a given RO). This could be expressed as:
	p_offset = preamble_id mod N_offset 
where
· preamble_id is the index identifying the random access preamble
· N_offset is the number of preamble sets that can be indicated

If the first approach in section 3.1.1 is used, then the MsgB calculation can be according to:
MsgB RNTI = RA-RNTI + p_offset
It should be noted that the maximum value of p_offset should be more than 1 so that more than one MsgB RNTI map to one RO. Adding a p_offset greater than one to the msgB RNTI based on RA-RNTI will not work in cases where the RO is 2 symbols long, since it would cause msgB RNTI ambiguities.  This can be avoided if we instead use RNTIs above the RA-RNTI range, for example by adding a shift of 2^15 or equivalently setting the high order bit of RNTI to 1.  This would result in the following calculation for MsgB 
RNTI:MsgB RNTI = RA-RNTI + p_offset + 2^15
However, this has the disadvantage of increasing the used RNTI space significantly.
For the second approach using consecutive numbering of ROs, the shift by p_offset can again be used. For a given RO, the p_offset = (preamble_mod id,N_offset) is added to the msgB RNTI numbering. The numbering of preambles and ROs for the msgB RNTI can as above be done in the similar way as SSB are mapped to ROs according to
-	First, in increasing order of p_offset = (preamble_mod id,N_offset) indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Fourth, in increasing order of indexes for PRACH slots
An example of msgB RNTIs where N_offset = 2 is shown in Figure 2. As in Figure 1, the msgB RNTI numbering starts in the RO in the first frequency, first symbol and first slot. If the UE transmits a preamble where (preamble_id mod 2) = 0, the resulting msgB RNTI is 1 in the first RO, while if the UE transmits a preamble where (preamble_id mod 2) = 1, the resulting msgB RNTI is 2 in the first RO. This is repeated for the other ROs to generate msgB RNTIs for all ROs and preamble ids.

[image: ]
[bookmark: _Ref23838507]Figure 2 Example of msgB RNTI generation.
Since increasing the granularity by indicating also a set of preambles will have advantages for msgB transmissions we give the following proposal.
1. [bookmark: _Toc23840181][bookmark: _Toc23939777][bookmark: _Toc24058340]Multiple msgB RNTIs are associated with each RO.
1. [bookmark: _Toc24058341]A modulo division of the preamble index is added to the lowest value of the MsgB RNTI that is associated with a given RO.
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 ROs 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 ROs (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][bookmark: _Toc23414639][bookmark: _Toc23840182][bookmark: _Toc23939778][bookmark: _Toc24058342]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: _Toc23939779][bookmark: _Toc20935909][bookmark: _Toc23414640][bookmark: _Toc23840183][bookmark: _Toc23939780][bookmark: _Toc24058343]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 extending the PUSCH cyclic prefix into the RACH slot immediately prior to the PUSCH and/or modifying the PRACH configuration tables to have configurations with ROs at the end of a slot. While these methods should be considered by RAN1, since there are few Rel-15 PRACH configurations with ROs only near the end of the RACH slot, if CP extension is used, the PRACH mask or modified PRACH configuration tables are needed as well.
Conclusions
In section 2 we made the following observations:
Observation 1	A msgB RNTI based on RO needs to be indexed for longer periods to enable sufficiently long msgB window if SFN is not signaled in DCI or msgB payload.
Observation 2	Any RO is at least two symbols long.
Observation 3	Using a consecutive numbering of ROs as msgB RNTI allows sufficiently long msgB window configurations with minimal extension to RA-RNTI space.
[bookmark: _GoBack]
Based on the discussion in section 2 we propose the following:
Proposal 1	Consecutive numbering of ROs and replacing numbers colliding with the configured RA-RNTIs is used as basis for msgB RNTI calculation.
Proposal 2	Multiple msgB RNTIs are associated with each RO.
Proposal 3	A modulo division of the preamble index is added to the lowest value of the MsgB RNTI that is associated with a given RO.
Proposal 4	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.
Proposal 5	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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