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Introduction  
In the current 2-step RACH WID, only contention based 2-step RACH (CBRA) is included in the scope [1]. Both CBRA and CFRA options have been studied in RAN1 and RAN2 (as part of the NR-U study item). The 2-step CFRA however is excluded in the current 2-step RACH WID.
In RAN2 #107 meeting, a number of RAN2 contributions related to contention-free random access (CFRA) for 2-step RACH were submitted in 2-step RACH and NR mobility enhancement agenda items [2][3][4][5][6]. After online and offline discussions, the following agreements have been made [7].

=>	From RAN2 point of view, there is benefits to support 2-step CFRA for HO (dedicated preamble and dedicated PUSCH).   
=>	2-step CFRA (dedicated preamble and dedicated PUSCH) can be an alternative RACH-less HO.  It is up to the plenary to decide how to handle this and whether we chose to do anything at all.  

In addition, in the NR mobility enhancement session of the same RAN2 meeting, where RAN2 discussed the support for RACH-less HO in NR, the following agreements have been made [8].

Agreements
1	We will not work on RACH-less HO any further in Rel16 (Can be revisited if CFRA is not agreed to be part of 2-Step RACH in Rel-16)

It was observed that several companies do see the benefits of supporting CFRA for 2-step RACH at least for handover scenario in Rel-16. In this contribution, we analyze the CFRA aspect for 2-step RACH and propose to support CFRA for 2-step RACH in release-16.
Discussion
The WI on 2-step RACH was supposed to accommodate the needs from different enhancements to be worked on in the same release. It should be noted that 2-step CFRA was excluded in spite of RAN2 conclusion that CFRA should be supported for 2-step RACH, from the study phase of NR-U. This was captured in the NR-U TR [9].
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.

Observation 1:	RAN2 had agreed to support CFRA for 2-step RACH in the study on NR-U.
Subsequently, RAN2 has agreed that 2-step RACH is applicable for additional RA triggers including BFR and SI request [10]. Further, as mentioned above, many RAN2 contributions pointed out that CFRA for 2-step RACH has benefits for the handover and beam failure recovery.
(1) Handover
According to the analysis in [5][11], the CFRA for 2-step RACH can reduce the handover interruption time by avoiding the RACH collision compared to the contention-based RACH procedure. The overall handover interruption time can be further reduced by 2-step CFRA with the inclusion of the handover complete message and DRB data in the payload of msgA. It can support more scenarios (i.e. regardless of the TA value), reduce the interruption time to the same level as RACH-less handover and can even be introduced with less standardization effort compared to RACH-less handover [5]. One contribution [6] also illustrated that the benefit can be observed if 2-step RACH is applied for handover case. Hence, it is sensible to introduce the configuration of dedicated preamble on top of 2-step RACH as supported in the current handover procedure.
(2) Beam Failure Recovery
The beam failure recovery (BFR) is another use case where the benefit of 2-step CFRA is demonstrated [3]. The simplest solution is that UE includes extra information in msgA payload. For example, in the payload of the msgA, it can include the index of the selected target beam. This enables UE to choose any suitable beam for RACH which can be available as opposed to waiting for the RACH occasion tied to the target beam, which largely reduces the latency for the RACH procedure. Since the dedicated preamble is configured for 2-step CFRA, it can avoid delays caused by contention and can provide higher possibility of successful procedure. The similar approach can also be applied for the BFR for SCell case [3].
It should be noted that RAN2 has already agreed that BFR using 2-step RACH will be supported. The CFRA aspect of BFR is left FFS – pending RAN plenary discussions [10].
It should be noted that RAN2 #107 meeting has concluded that RAN2 observes the benefits to support 2-step CFRA for handover case, then we have the following observation.
Observation 2:	CFRA for 2-step RACH is beneficial at least for handover case.
RAN2 impact
As indicated in the agreement in RAN2#107, the assumption for 2-step CFRA is that the UE is configured with dedicated preamble and dedicated PUSCH.
In our view, whether the resources are UE-specific or shared by multiple UEs is left to the network configuration. For example, the network can choose to configure UE-specific PUSCH resource in those cases where higher reliability for random access procedure is desired. Another alternative that works for HO is to explicitly indicate the (dedicated) PUSCH resource in the HO command (along with the dedicated preamble). 
The configuration for 2-step RACH will anyway be standardized for CBRA case (i.e. mapping relationship between preamble and PUSCH resource). Additional work is to specify configurations for the dedicated PRACH and PUSCH resource for the RRC connected UE for 2-step CFRA case.
During the RAN2 #107 meeting, RAN2 also had the offline discussion on various potential open issues from RAN2 perspective if CFRA is defined for 2-step RACH [12]. It can be seen from the discussion that all these issues can be resolved by leveraging designs that are anyway necessary for 2-step CBRA or developing a common solution for CBRA and CFRA. i.e. there are no showstoppers for supporting CFRA in Rel-16 from RAN2 perspective. 
In summary, we believe additional design work for CFRA on top of CBRA is not much and is manageable.
Furthermore, restricting the usage of 2-step RACH only to CBRA may require some restrictions to be specified in the MAC and RRC specifications and this may indeed result in some additional standardization effort and complexity in the standard. 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.
Observation 3:	From RAN2 perspective, support of CFRA for 2-step RACH would not cause much additional work.
RAN1 impact
[bookmark: _GoBack]If we reuse the mapping between RACH occasion and PUSCH occasion also for CFRA case in 2-step RACH, some minor work on the dedicated preamble space partition and dedicated PUSCH resource configuration may have to be looked at in RAN1, but in general it should be noted that the actual configuration of preamble space and the PUSCH occasion configuration eventually needs to be signalled in the RRC and hence the work has to be done in RAN2 in the end. Hence, we have not identified a need of major design work in RAN1.
Most of the procedures (if designed by RAN1) for 2-step CBRA for RRC connected UE, for example beam selection, fallback mechanism and msgA retransmission mechanism, can be reused for 2-step CFRA. In the case of handover, it is also possible that the UL grant for PUSCH source can be signalled directly in handover command. This approach is totally transparent to RAN1.
Observation 4:	The RAN1 impact on supporting CFRA for 2-step RACH is minor and if deemed necessary the work can be done in a way that it is totally transparent to RAN1 in case of HO (by including the UL grant along with CFRA preamble in the HO command).
Taking above observations into account, we propose that CFRA is supported for 2-step RACH in release-16.
Proposal:	Support CFRA for 2-step RACH in release-16.
Conclusions
In this contribution, we make the following observations related to contention-free random access for 2-step RACH.
Observation 1:	RAN2 had agreed to support CFRA for 2-step RACH in the study on NR-U.
Observation 2:	CFRA for 2-step RACH is beneficial at least for handover case.
Observation 3:	From RAN2 perspective, support of CFRA for 2-step RACH would not cause much additional work.
Observation 4:	The RAN1 impact on supporting CFRA for 2-step RACH is minor and if deemed necessary the work can be done in a way that it is totally transparent to RAN1 in case of HO (by including the UL grant along with CFRA preamble in the HO command).

We’d recommend RAN plenary to discuss and adopt the following proposal:
Proposal:	Support CFRA for 2-step RACH in release-16.
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