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1. Introduction
This contribution proposes that there are clear justifications for supporting dedicated preamble in 2-step RACH  as justified by previous agreements in RAN2, supported use cases, and lack of RAN1 impact and limited RAN2 impact. Therefore, it is proposed that dedicated preamble is supported in 2-step RACH. Note that it is called “2-step CF RACH” in this contribution but the exact intention is to support dedicated preamble on top of existing RAN2 agreements.
2. Discussion
2.1. Justifications
[Previous Agreements]
When the work item for 2-step RACH was agreed, it was captured in the WID that only CBRA (Contention-Based Random Access) is supported for 2-step RACH. However, the technical justification for exclusion of 2-step RACH in work item is unclear. It should be noted that exclusion of CFRA was done in spite of RAN2 explicitly concluding that CFRA should be supported for 2-step RACH at least for the case of NR-U. This was captured in the NR-U TR [1]:

	NR-U will support contention-free RACH (CFRA) and CBRA for both 2-step and 4-step RACH. On SCells, CFRA is supported as a baseline while both CBRA and CFRA are supported on SpCells.


It will be more expensive to always use contention-based RACH due to LBT (one RACH attempt can block the whole sub-band) and it would be a lot more efficient if the gNB can reserve the channel time and give dedicated resources (at least preamble) during this time.

Observation 1: RAN2 has agreed to support CFRA for 2-step RACH (when this was discussed for NR-U).
[Use Cases]
Subsequently, RAN2 has agreed that 2-step RACH is applicable for additional RA triggers including BFR and SI request [2]. Further, several contributions in RAN2 pointed out that CFRA for 2-step RACH is beneficial for the following use cases:

(1) Handover

In case of handover, the overall handover interruption time can be reduced by including the handover complete message (i.e. RRCReconfigurationComplete) and DRB data (depending on the configured MSGA payload size). This can reduce the overall latency for the HO procedure as discussed under the mobility enhancements WID for NR in RAN2 [3,4]. 

(2) Beam Failure Recovery

Similarly, in case of beam failure recovery (BFR), the latency for the recovery procedure can be reduced both in case of BFR for PCell and SCell (e.g. by carrying the explicit cell and/or preferred beam index in the MSGA payload) [5]. Note that RAN2 has already agreed that BFR using 2-step RACH will be supported (although the CFRA aspects of BFR were left FFS – pending RAN plenary discussions - [2]).
Observation 2: CFRA 2-step RACH will benefit both BFR and HO procedures.

[RAN1 impact]
(1) Spaces and Partitioning for Dedicated Preambles
In order to support CFRA, a set of preambles will need to be reserved for CFRA for 2-step RACH, but this is a configuration issue and the signalling of the reserved preamble set can be done in RAN2. The mapping between the preamble (RO: RACH Occasion) and the PUSCH resource (PO: PUSCH Occasion) developed for CBRA can be reused for CFRA. Thus, there is no additional work in RAN1 to support CFRA for 2-step RACH. Although there is some additional work in RAN2 (as highlighted below), this is limited in scope and is manageable within the time scales of the work item.
Observation 3: Supporting dedicated preamble for 2-step RACH will have no impact on RAN1.
[RAN2 impact]
(1) Procedural Restrictions
On the other hand, restricting the usage of 2-step RACH only to CBRA may also require some unnecessary restrictions to be specified in the MAC and RRC specs and this may also result in some additional complexity in excluding these explicitly. More importantly, given that such a restriction also comes at the cost of not supporting valid use cases for 2-step RACH for BFR and HO as highlighted above, it is logical to remove this restriction from the WID in the first place. As noted above, there may be some aspects of dedicated preamble which may need some more discussion in RAN2 and these are highlighted below:
(2) Necessity of C-RNTI in MSGA
Currently, MSGA carries C-RNTI in 3 bytes (1-byte MAC subheader and 2-bytes MAC CE) in connected mode. If dedicated preamble is used, then it seems C-RNTI is not needed. Therefore, if dedicated preamble is supported in the 2-step RACH, the starting point should be that no inclusion of C-RNTI in the MSGA. This may have impact to the MSGA size discussions as in the following.
In the case of the handover, the HO complete message (RRCReconfigurationComplete) is included instead of C-RNTI. The size of the MSGA in this case is at least 6 bytes (2-byte MAC subheader, 2-bytes AM RLC header and 2-bytes RRC payload: transaction identity (2 bits), COHICE (1 bit), and lateNonCriticalExtension (8 bits)). The MSGA size may be a bit larger than the current MSGA size.
In the case of the BFR, it is proposed in [5] that target beam identity would be carried in MSGA, instead of linkage between DL RS of the candidate beam and RO. Then the size of the MSGA payload can be 2 bytes according to maxNrofCandidateBeams. RAN2 needs to take some working time to discuss how to carry the 16-bit beam identity in MSGA, but it will be rather constructive compared to spend working time to discuss the restriction for excluding dedicated preamble support in the 2-step RACH, so that it can be concluded within the time scales of the work item.
Finally, although it seems that C-RNTI is not needed in MSGA, the inclusion of C-RNTI still works if companies want to have the same behaviour with 2-step CBRA. Whether or not C-RNTI would be included in MSGA can be discussed within the time scales of the work item.
(3) Necessity of supporting fallback
If preamble is contention free, even if the network correctly receives preamble and the payload is lost, it seems there is no need to support fallback operation because the network can continue scheduling based on the knowledge of the UE’s C-RNTI (associated with the dedicated preamble) and perform PUSCH retransmissions. The UE listens to the PDCCH for UL grants and performs the PUSCH retransmission, which is normal UE behaviour, so seems no impact to UE procedure specification apart from the fact that in this case there is no need for fallback operation.
(4) Necessity of supporting backoff
Currently, the UE has to listen to both C-RNTI search space as well as RA-RNTI search space for the backoff operation. If dedicated preamble is used, then it seems backoff operation is not needed (like legacy CFRA, where backoff is also not supported). The network can still trigger the 2-step RACH with dedicated preambles, and accordingly, the UE can try to perform the 2-step RACH. If we need not support backoff, then the UE can simply listen to C-RNTI search space.
Finally, although it seems that backoff operation is not needed in MSGA, applying the backoff still works if companies want to have the same behaviour with 2-step CBRA. Whether or not C-RNTI would be included in MSGA can be discussed within the time scales of the work item.
Observation 4: Support of CFRA for 2-step RACH is trivial and would not result in any noticeable additional work for RAN2 but can be manageable within the time scales of the work item.
2.2. Example Procedure
Example procedure is depicted in the following Fig.1. The essential points are described here.
· There is no problem with the UE to reuse MSGA, which is designed to 2-step RACH for CBRA, for 2-step RACH in case of CFRA. Specifically, CFRA MSGA is composed of dedicated preamble plus PUSCH. The PUSCH can be the HO complete message in the case of handover or the candidate beam identity in the case of BFR.
· There is no problem with the UE to reuse MSGB, which is designed to 2-step RACH for CBRA, for 2-step RACH in case of CFRA. Specifically, CFRA MSGB is composed of at least 12 bits TA command as agreed in the RAN2#106 meeting.
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Fig.1: 2-step CFRA
Proposal 1:
Dedicated preamble should be supported in the 2-step RACH.
3. Summary of Proposals
Observation 1: RAN2 has agreed to support CFRA for 2-step RACH (when this was discussed for NR-U).
Observation 2: CFRA 2-step RACH will benefit both BFR and HO procedures.

Observation 3: Supporting dedicated preamble for 2-step RACH will have no impact on RAN1.
Observation 4: Support of CFRA for 2-step RACH is trivial and would not result in any noticeable additional work for RAN2 but can be manageable within the time scales of the work item.
Proposal 1:
Dedicated preamble should be supported in the 2-step RACH.
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