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1 Introduction
The objectives of the New WID “NR mobility enhancements” (RP-181433) states:
	· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 

· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 

· RACH-less handover 
RAN2 should avoid increasing signalling overhead. 

Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 


This paper is revision of R2-1905089 which proposed the RACH-less procedure specified for LTE to be adopted in NR for FR1 operation. The revision is presented in section 2.3. 
2 Discussion
Based on the RAN2 TU allocations agreed at RAN#83 plenary (RP-190750) there are 11 TUs available to complete NR mobility enhancements in Rel-16. There are several enhancements proposed for NR mobility improvements for robustness such as CHO, fast RLF recovery and for interruption time reduction such as DC-based/non-DC based enhancements, MBB and RACHless HO. In RAN2#105 meeting following agreements were reached for progressing the work on NR mobility enhancements [1]:

Agreements

1
Solution proposals should consider at least the following evaluation criteria: 


- Mobility robustness 


- Interruption time

2
Other criteria to be considered are: 


- Applicable deployment scenarios 


- Signalling overhead 


- Specification effort 


- UE/network complexity

Since RAN2#105 meeting was first meeting there was no discussion on RACH-less. There were several contributions proposing adopting LTE RACH-less procedure in NR [2], [3], [4], [5], [6]. However, some of these contributions also analyzed the applicable deployments scenarios and raised some issues on RACH-less support for FR2 involving beam operations. 
2.1
RACH-less Overview
One of the simplest and the most straightforward solutions that RAN2 considered for LTE Rel-14 was so-called RACH-less handover. As follows from its name, its premise idea is that the RACH phase is skipped and a UE immediately proceeds with transmission of the handover complete message in the UL grant (which is either pre-allocated or dynamically signalled to the UE). As a basic principle, this solution can be viewed as technology agnostic in a sense that RACH phase can be also skipped for NR achieving the same performance gain. Specification wise, RACH-less functional impact was mostly constrained to RAN2, with some minor clarifications in RAN WG1.

As also heavily discussed during the LTE Rel-14 phase, one of the obvious RACH-less disadvantages is that a UE cannot calibrate its transmission power and time adjustment, which can be a big issue for a mixed deployment case with large and small cells. And even though RACH-less handover as a feature is not limited to a particular handover type, it has been assumed that it would be mostly applied to the intra-frequency handover cases.

Observation 1a: RACH-less handover is a simple feature with relatively marginal specification impact mostly constrained to RAN2.

Observation 1b: Due to absence of the RACH phase, RACH-less handover has limited scenarios. 

2.2
RACH-less Support in NR
The initial NR deployments are expected to be in FR1 bands (e.g. 3.5 GHz) and FR2 bands (e.g. 26/28 GHz). These FR1 and FR2 bands are typically TDD bands and small cell deployments. TDD deployments are typically based on synchronized network which is basic premise for RACH-less support. These deployments also fulfill the condition on timing advance (TA) i.e. the target and source cells have the same TA or target TA is zero. 
Observation 2: Initial NR deployments are expected to be in FR1 bands (e.g. 3.5 GHz) and FR2 bands (e.g. 26/28 GHz). These FR1 and FR2 bands are typically TDD bands and small cell deployments.
Observation 3: TDD deployments are typically based on synchronized network which is basic premise for RACH-less support.
Observation 4: Initial NR deployments in FR1 and FR2 bands fulfill the condition on timing advance (TA) for RACH-less support i.e. the target and source cells have the same TA or target TA is zero. 

Based on the above observations, we propose the following: 

Proposal 1: RACH-less HO in NR for FR1 to be adopted based on the Rel-14 LTE RACH-less framework. 

Supporting RACH-less HO for FR2, there are some open issues as follows. Some of these issues are addressed in our companion paper [7], [8].
· Signalling the association between SSB/CSI RS(s) and Pre-allocated UL grant
· Specifying fallback to CBRA when none of the SSBs/CSI RSs associated with configured UL grant are suitable
· Specifying some kind of rule for UL grants for re-transmission of Reconfiguration Complete
· Specifying activation of TCI state  
Observation 5: Some further work is needed in RAN2 for the support of RACH-less in NR for FR2.

Proposal 2: RAN2 to progress on the open issues related to support of RACH-less in NR for FR2 based on contributions.

2.3
2-step RACH vs RACH-less Support in NR
At RAN2#105Bis meeting, there was discussion on 2-step RACH Vs RACH-less HO based on [9]. Some companies considered 2-step RACH as replacement for RACH-less which we disagree. 2-step RACH for CBRA is currently been discussed in a separate WI. We think in general creating dependency between two WIs is not really nice. If we replace RACH-less HO with 2 step RACH, it would mean that the operator who like to have RACH-less functionality in its NW has to deploy 2-step RACH feature. We assume 2-step RACH is intended to be applied to limited UE types/scenarios and RACH-less HO is intended to be applied to limited scenarios as well. Then the valid deployment circumstances for 2-step RACH and the valid deployment circumstances for RACH-less HO wouldn’t be overlapped with each other. Further from performance point of view 2-step RACH and RACH-less is claimed to be equivalent in [9] which we disagree. Since 2-step RACH is considered for CBRA, as a result of contention there will be always more delay compared to RACH-less solution.
Observation#6: Using 2-step RACH in HO procedure is not a replacement for RACH-less HO.

3 Conclusion

We conclude the paper with following observations and proposals:
Observation 1a: RACH-less handover is a simple feature with relatively marginal specification impact mostly constrained to RAN WG2.

Observation 1b: Due to absence of the RACH phase, RACH-less handover has limited scenarios. 

Observation 2: Initial NR deployments are expected to be in FR1 bands (e.g. 3.5 GHz) and FR2 bands (e.g. 26/28 GHz). These FR1 and FR2 bands are typically TDD bands and small cell deployments.
Observation 3: TDD deployments are typically based on synchronized network which is basic premise for RACH-less support.
Observation 4: Initial NR deployments in FR1 and FR2 bands fulfill the condition on timing advance (TA) for RACH-less support i.e. the target and source cells have the same TA or target TA is zero. 

Observation 5: Some further work is needed in RAN2 for the support of RACH-less in NR for FR2.

Observation#6: Using 2-step RACH in HO procedure is not a replacement for RACH-less HO.

Proposal 1: RACH-less HO in NR for FR1 to be adopted based on the Rel-14 LTE RACH-less framework. 

Proposal 2: RAN2 to progress on the open issues related to support of RACH-less in NR for FR2 based on contributions.
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