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Introduction
In RAN#80 in June 2018, a new WI was approved [1] to further enhance NR mobility, targeting 0 ms interruption time during handover as well as improved mobility robustness. One of the objectives of the Work Item is to study solution(s) to reduce interruption time during HO/SCG change with a focus on the following solutions:
· Handover/SCG change with simultaneous connectivity with source cell and target cell;
· Make-before-break;
· RACH-less handover.
[bookmark: _GoBack]RACH-less handover was introduced as part of the mobility enhancements in LTE Rel-14 and consists of that Msg1 and Msg2 are skipped in the target cell. It is not possible to achieve a 0 ms interruption time through a RACH-less handover on its own, but it can decrease the interruption time to some extent. Since the Timing Advance value cannot be determined through the RACH procedure in a RACH-less handover, the scenarios where RACH-less handover can be supported in LTE Rel-14 are limited to target cells where the TA value is already known or where the TA is always 0.
[bookmark: _Hlk7695572]In [2] we discuss whether it is useful to introduce RACH-less handover in NR compared to other possible alternatives. In this contribution we discuss in what scenarios RACH-less handover can be supported in NR, in case it is introduced.
[bookmark: _Ref528173454][bookmark: _Ref525647665]Discussion
RACH-less HO/SCG change in LTE Rel-14
RACH-less handover and SCG change was introduced as part of the mobility enhancements in LTE Rel-14. The feature consists of that Msg1 and Msg2 are skipped when the UE accesses the target cell and the first transmission is instead the message confirming the completion of the handover, RRCConnectionReconfigurationComplete in LTE and RRCReconfigurationComplete in NR (i.e. the RRC message which is normally included in Msg3 in a regular RACH-based handover).
A UE is configured with a RACH-less handover through the inclusion of rach-Skip-r14 in the MobilityControlInfo IE in the RRCConnectionReconfiguration message. rach-Skip-r14 has the contents as seen below, i.e. a Timing Advance (TA) value and optionally configured (pre-allocated) UL grants for the UE’s first transmission in the target cell.
RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		mcg-PTAG-r14						NULL,
		scg-PTAG-r14						NULL,
		mcg-STAG-r14					STAG-Id-r11,
		scg-STAG-r14					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16))
	}																OPTIONAL	-- Need OR
}

Pre-allocated UL grants can be configured with ul-SchedInterval-r14. Once the UE has entered the target cell it will thus be able to transmit the Msg3 (RRCConnectionReconfigurationComplete message) in the first available pre-allocated UL grant, where the typical interruption thus will depend on the periodicity of the UL grants. The more frequent the allocations, the shorter interruption times will thus typically be achieved.
If pre-allocated UL grants for Msg3 transmission (RRCConnectionReconfigurationComplete message) are not configured in the RRCConnectionReconfiguration message, the UE is instead provided with UL grants through PDCCH scheduling in the target cell without preceding scheduling request.
Since the Timing Advance (TA) value to use in the target cell cannot be determined through the RACH procedure, the UE is provided with the TA value through the targetTA-r14 in the RRCConnectionReconfiguration message. The support for RACH-less handover (and RACH-less SCG change) is thus limited to cells where the TA value is known, i.e. to cells that have the same TA value as a current PCell, PSCell or SCell, or to target cells that are small enough for TA to always be 0.
1. [bookmark: _Toc16684159]In LTE Rel-14 RACH-less HO/SCG change is supported to target cells where the TA is the same as a current cell (PCell, PSCell or SCell) or target cells where the TA is known to be 0.
[bookmark: _Ref180715]Supported scenarios for RACH-less HO in NR
If RACH-less handover is introduced in NR, it will also there be a need to provide a TA value prior to the transmission of Msg3, since it can not be acquired through the RACH procedure (Msg1 and Msg2). As for LTE Rel-14, the cases where the target cell has the same TA value as a current cell, i.e. as the PCell, the PSCell or an SCell, or where it is a small cell so that TA always can be assumed to be 0, can be supported.
In R2-1902745, RAN2 sent a question whether the feedback from RAN4 in R2-166016 (as for the LTE-eMob WI) is applicable also for NR. In R4-1904826 RAN4 has included a reply that:
· RACH-less handover for NR with zero or equal TA on FR1 is feasible for intra and inter frequency in synchronous and asynchronous scenarios. 
· FFS if RACH-less handover in FR2 is feasible
· FFS if RACH-less handover with different TA is feasible.
In the later LS from RAN4 in R2-1908641/R4-1907730 it is then indicated that RACH-less handover is feasible in FR2 (with 0 or equal TA) if the cells are well synchronized and that the feasibility of RACH-less handover with non-zero and non-equal TA is still being discussed by RAN4.
RAN4 have been working on the concept of adapting the uplink timing in case of beam switch, where the timing is adjusted based on a new downlink reference timing. The adjustment in uplink timing is then limited in size (where the limit is still FFS). Whether a similar mechanism can be used for a UE calculation of the target cell TA value at a RACH-less handover is thus part of the RAN4 discussions.
RAN2 should therefore await further progress in RAN4 regarding the possibility to use a calculated target cell TA value, and in that case in what scenarios. In case RAN4 determines that it is possible to use a UE calculated TA value in some scenarios, the procedure for the UE to acquire the specific TA value to use needs to be decided. Should e.g. the UE report the detected DL time difference to the network, which then configures the UE with a TA value, or should the network configure the UE to determine the TA value on its own? RAN2 should then define the corresponding signalling procedure.
[bookmark: _Toc7262379][bookmark: _Toc7262792][bookmark: _Toc7263171][bookmark: _Toc7536328][bookmark: _Toc7537802][bookmark: _Toc7698422][bookmark: _Toc7705084][bookmark: _Toc16065113][bookmark: _Toc16078509][bookmark: _Toc16522462][bookmark: _Toc16522800][bookmark: _Toc16679451][bookmark: _Toc16683379][bookmark: _Toc16683602][bookmark: _Toc16684162]RAN2 to await further progress in RAN4 regarding the possibility to use a UE calculated TA value for the target cell at RACH-less HO. If it is possible to use a calculated TA value in some scenarios, RAN2 should then decide how the UE is configured with the TA value to use and define the corresponding signalling procedure.

Even for some scenarios where the target cell TA value cannot always be assumed to be 0, and where the target cell is not the same as or co-located with a current cell, the network can also determine a TA value for the target cell. This can e.g. be based on information about the UE position and/or characteristics of the measurements for the target cell. The supported scenarios for RACH-less HO can therefore also be extended by allowing the network to configure a specific TA value, which is different from 0. In case RACH-less HO is introduced it should therefore be possible for the network to set a specific TA value different from 0, at least if RAN4 does not conclude that a UE calculated TA value is supported.
[bookmark: _Toc16679452][bookmark: _Toc16683380][bookmark: _Toc16683603][bookmark: _Toc16684163]If RACH-less handover is introduced in NR even without support for a UE calculated TA value, it should be possible for the network to (in the HO Command) configure a specific TA value, which is different from 0.

Conclusion
In the previous sections we have made the following observations:
Observation 1	In LTE Rel-14 RACH-less HO/SCG change is supported to target cells where the TA is the same as a current cell (PCell, PSCell or SCell) or target cells where the TA is known to be 0.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to await further progress in RAN4 regarding the possibility to use a UE calculated TA value for the target cell at RACH-less HO. If it is possible to use a calculated TA value in some scenarios, RAN2 should then decide how the UE is configured with the TA value to use and define the corresponding signalling procedure.
Proposal 2	If RACH-less handover is introduced in NR even without support for a UE calculated TA value, it should be possible for the network to (in the HO Command) configure a specific TA value, which is different from 0.
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