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Introduction
In RAN4 #91 meeting, the feasibility of RACH-less handover in NR were discussed and it has been agreed in [1] that RACH-less handover can be applied at the scenarios with 0 or equal TA. In this contribution, we provide the further discussion on the conditional handover requirements in NR.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]For the scenario with non-zero and non-equal TA, the feasibility of RACH-less handover is still under discussion. In this section, we will investigate whether it is feasible to calculate the TA of target cell from UE side or from network side.
· Feasibility of TA calculation from UE side
As we known, the TA value shall equal to two times of propagation delay. If the UE needs to calculate the TA of the target cell, then the UE shall be able to estimate the propagation delay of target cell.
In last meeting, companies discussed how to estimate the propagation delay of target cell. In [2], it was proposed that the UE could calculate the TA of target cell in NR by detecting the downlink reception timing difference between source cell and target cell, which is considered as similar with calculating the timing drift of UE beam switching.
For UE beam switching, the UE detected timing drift includes the propagation delay difference and UE implementation error. However, for RACH-less handover, the UE detected downlink reception timing difference includes cell synchronization error, the propagation delay difference and UE implementation error.
For asynchronized network, the propagation delay difference can be very large and random. So, it is not feasible for UE to estimate the TA of target cell. Then, we will further investigate the feasibility in synchronized network.
For non-equal TA case, the source cell and the target cell are assumed as not co-located. The cell synchronization error requirement for TDD network are defined as 3us. For NR inter-band CA, the aggregated serving cells are not co-located and the BS TAE is defined as 3us. Hence, the achievable cell synchronization error for none co-located case can be considered as 3us.
For UE implementation error, both initial timing accuracy and TA adjustment accuracy shall be considered.
The TA estimation error of target cell can be expressed as TAerror:
TAerror = Tsync + 2* Te + TAadjust
Where, Tsync is cell synchronization error, Te is initial timing error, and TAadjust is TA adjustment error.
Then, the TA calculation error for target cell can be shown in Table 1.
Table 1: TA calculation error for target cell
	Frequency range
	Uplink SCS
	Te
	Tsync
	TAadjust
	TAerror 
	CP length

	FR1
	15kHz
	0.39us (12Ts)
	3us
(93Ts)
	0.13us (4Ts)
	3.91us
(121Ts)
	4.68us
(144Ts)

	
	30kHz
	0.32us (10Ts)
	3us
(93Ts)
	0.13us (4Ts)
	3.77us
(117Ts)
	2.34us
(72Ts)

	
	60kHz
	0.26us (8Ts)
	3us
(93Ts)
	0.065us (2Ts)
	3.585us
(111Ts)
	1.17us
(36Ts)

	FR2
	60kHz
	0.113us (3.5Ts)
	3us
(93Ts)
	0.065us (2Ts)
	3.291us
(102Ts)
	1.17us
(36Ts)

	
	120kHz
	0.097us (3Ts)
	3us
(93Ts)
	0.016us (0.5Ts)
	3.21us
(101Ts)
	0.59us
(18Ts)


It can be observed that the cell synchronization error contributes most part of the TA calculation error and the TA calculation error will be longer than CP length especially for larger SCS.
Observation 1: For non-equal TA scenario, the TA estimation error from UE side includes cell synchronization error and UE timing error and could be longer than CP length, even in synchronized network.
· Feasibility of TA calculation from network side
The network based solution of TA calculation was also discussed in previous RAN4 meeting. The UE transmits uplink reference signals to target cell, and target cell estimates the uplink reception timing of the UE. Target cell could inform source cell the detected timing information from the UE. If source cell knows the timing offset between source cell and target cell, then the source cell could calculate the TA for target cell and send the TA to the UE for handover. However, as we discuss above, even in synchronized network, there still exists cell synchronization error which is unknown to source cell. The cell synchronization error could be up to 3us, which will count into the TA estimation error. Besides, the gNB timing detecting error will also count into the TA estimation error. How to inform the UE with the TA of target cell is also an issue. Mostly the target cell TA will be informed to UE by HO command, which means UE shall send uplink reference signals to target cell before receiving HO command. Then, network needs to inform the UE the candidate cell(s) for handover, which will cause RAN’2 impacts.
Observation 2: For non-equal TA scenario, the TA estimation error from network side includes cell synchronization error and gNB timing detection error, and network based TA calculation will impact RAN2’s specification.
Observation 3: RACH-less handover is not feasible for non-equal TA scenario.
Hence, the RACH-less handover requirements only need to consider 0 or equal TA scenarios. In previous RAN4 meeting, the feasibility of RACH-less handover with 0 or equal TA has been confirmed in both FR1 and FR2.
For legacy handover procedure, the handover delay is defined from the time when UE receives the HO command, which include RRC processing delay, UE processing time, cell search time for known target cell, the time for fine time tracking and the uncertainty time for acquiring the first available PRACH occasion. 
For RACH-less handover, compared with legacy handover, the difference is that the UE will start PUSCH transmission after UE obtain the fine timing and full timing information without RACH procedure.
Hence, the following is proposed for RACH-less handover requirements
Proposal 1: For RACH-less HO, the handover delay DCHO and interruption time Tinterrupt can be defined as: 
DCHO = TRRC_process + Tinterrupt
Tinterrupt = TUE_process + Tsearch + TIU + T∆
Where,
TRRC_process is RRC processing delay based on RAN2’s definition.
TUE_process equals to 20ms for same FR handover, and equals to 40ms for inter-FR handover
Tsearch is the time required to search the target cell.
TIU is the uncertainty time in acquiring the first PUSCH transmission occasion of the target cell
T∆ is the time for fine time tracking and acquiring full timing information of the target cell

Conclusions
This contribution provides further discussion on the feasibilities of RACH-less handover for non-equal TA scenarios and investigate the RACH-less handover requirements. The followings are provided:
Observation 1: For non-equal TA scenario, the TA estimation error from UE side includes cell synchronization error and UE timing error and could be longer than CP length, even in synchronized network.
Observation 2: For non-equal TA scenario, the TA estimation error from network side includes cell synchronization error and gNB timing detection error, and network based TA calculation will impact RAN2’s specification.
Observation 3: RACH-less handover is not feasible for non-equal TA scenario.
Proposal 1: For RACH-less HO, the handover delay DCHO and interruption time Tinterrupt can be defined as: 
DCHO = TRRC_process + Tinterrupt
Tinterrupt = TUE_process + Tsearch + TIU + T∆
Where,
TRRC_process is RRC processing delay based on RAN2’s definition.
TUE_process equals to 20ms for same FR handover, and equals to 40ms for inter-FR handover
Tsearch is the time required to search the target cell.
TIU is the uncertainty time in acquiring the first PUSCH transmission occasion of the target cell
T∆ is the time for fine time tracking and acquiring full timing information of the target cell
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