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Introduction
In LTE release 14, enhanced handover requirements were defined for RACHless handover under the assumption that timing advance of the source and target cells was zero, or at least equal. The UE will not attempt to compensate for time difference between source and target cell, and hence would transmit with unsuitable uplink timing in case the source and target cell TA is not equal. The consequence is that the LTE eNB should use RACHless handover only when it has knowledge prior to the handover that the procedure should result in proper uplink timing (e.g. from deployment knowledge).
Discussion
Background in LTE
In LTE mobility enhancements, UE calculated TA schemes were discussed, and liaison statement  exchange took place between RAN2 and RAN4. The decision not to support calculated TA was based on the response from RAN4 in [1]
	Questions related to the RACH-less solution(s) as described in the attachment:
Q1: Would the accuracy of the TA value calculated according to the schemes in the attachment be sufficient for transmitting PUSCH/PUCCH/SRS at the target cell in either synchronous or asynchronous network?  (RAN1/RAN4)

Reply to Q1: The legacy accuracy requirements for uplink timing alignment, i.e. the accuracy of TA for initial uplink transmission, cannot be met by UE calculated TA scheme in either synchronous or asynchronous network. The TA calculation error comes from TA error of source cell, UE reception time difference, BS transmission time alignment error, and uplink/downlink imbalance.



Further background can be found in [2]. In summary, two solutions were under discussion
[bookmark: _Hlk6912944]Solution 1 (for synchronous NW): UE calculates TA according to TAtarget = TAsource– 2 *ΔT where ΔT is the observed difference in downlink timing under the assumption that uplink propagation delay and downlink propagation delay are equal
Solution 2.1 (for async NW) UE calculates TA according to TAtarget = TAsource+Td – 2*Δt. where Δt is the observed difference in downlink timing and Td is the time difference between the downlink transmission time of the cells, which may be found eg by O&M and provided to the UE in the handover command.
Based on analysis, the worst case uplink timing error was calculated in [2] as



= ±(4 + 2*9 + 2*92 ) = ±206 (1)
where

 is the uncertainty of the source cell TA value. This uncertainty is the same as in 3GPP rel-8. The optimistic uncertainty is ±4TS based on the allowed UE error. (The TA step size is 16 TS).

is the uncertainty of the relative reception time in the UE of the source and target downlinks. 
This uncertainty is approximately ±5 Ts (90%) in good SNR and ±9 Ts (90%) in bad SNR [4]. 

is the uncertainty of the relative transmission timing of the source and the target cell. This is similar to time alignment uncertainty in carrier aggregation.
As can be seen from equation (1) the uncertainty budget is dominated by the term related to the BS timing error which assumes 2*3us=6us=184Ts. Such value was based on the TDD cell phase sync requirement. However, we would like to emphasize
· It is a network decision whether to use RACHless handover or not, and it is also the basestation which will bear the consequences of using RACHless HO in an unsuitable circumstance
· 3us is a worst case TDD requirement for cell phase sync, however this is intended to avoid unnecessary synchronization cost burden on the network (for instance in scenarios of indoor TDD cell without GPS time signal available). In many cases the network will have better than 3us synchronization and will be aware of certain cells which are accurately synchronized with each other. In addition, for various advanced features such as COMP, accurate network sync is beneficial.
The other parts of the  uncertainty budget account for ±(4 + 2*9)= ±22Ts. While this is larger than a single TA step, it is only 0.71us and would not be a showstopper for RACHless handover.
Observation 1: RACHless HO with UE calculated TA is feasible for scenarios where the network is well synchronized.
For example, GNSS sync would allow downlink synchronization to ±200ns, so the corresponding uplink error for the initial transmission of the target cell with RACH-less handover would be 0.71+0.8us or within approximately 1.5us of the ideal timing. Considering that a normal CP length is 4.7us, it may be feasible to use calculated TA in nodes that are GNSS synchronized with each other, given that the timing will be refined by the normal TA procedure after handover. If optical fibre connection exists between the nodes, then the situation is even better. 
NR considerations
In NR, on both FR1 and FR2, TX beamforming may be used. When the UE switches TX beam it cannot assume that the old and new TX beam are QCL, and it calculates an updated uplink timing. Similarly, when RX beamforming is used on FR2, the UE needs to adjust its uplink timing if it performs beam switch. In RAN4#90bis, a CR was introduced to introduce single shot adjustment by Te1 when 
When the transmission timing error between the UE and the reference timing exceeds ±T then the UE shall adjust its transmission timing in one adjustment to within Te1 provided the following conditions are met at the UE:
· SSB_RP and SSB Ês/Iot according to Annex B.2.6.1 for a corresponding operating Band,
· CSI-RS_RP and CSI-RS Ês/Iot according to Annex B.2.6.2 for a corresponding operating Band,
Editor’s note: The values of Te1 and T are FFS.
While the exact value of Te1 is still FFS, it is clear that the concept of adapting uplink timing due to a new downlink reference timing to account for propagation delay changes is the same solution as the proposed solution 2.1 for LTE handover, at least for the nominal timing. Te1 determines how far away from nominal timing the UE is required to be.
Observation 2: Calculated uplink timing adjustments are already applied in NR at RX and TX beam switch.
Observation 2 represents a key difference between NR and LTE, since the calculated TA procedure (single shot adjustment) is already part of the NR specification when the timing change occurs due to layer 1 switching (moving to a new beam of the same serving cell). Hence, there seems no reason to exclude the exactly analogous procedure when L3 switching (moving to a different serving cell) is used.
Without calculated TA, the use cases for RACHless handover are essentially limited to small cells. Indeed, even for small cells, if the small cells have worst case 3uS cell phase sync error, RACHless handover will fail from an uplink timing perspective anyway. In theory, RACHless handover can also be used with equal but non zero TA. In realistic propagation environments such propagation conditions are never guaranteed
Observation 3: Without calculated TA, the use cases for RACHless handover are limited to small cells.
Due to observations 1-3, we propose that calculated TA is specified for NR. Many of the requirements developed by RAN4 for TX beam switch uplink timing may be reused for the RACH-less handover case.
Proposal 1: RACH-less handover with calculated TA is supported for NR mobility enhancement in synchronous networks
Regarding RACHless handover in asynchronous networks, it seems unlikely that the network has good knowledge of Td such that it can signal a suitable value to the UE. If the network knew Td accurately, it would be better to use the information to align the downlink timing of the cells (i.e. synchronize the network) rather than to transmit the cells with a known time offset and signal it to the UE.
Proposal 2: RACH-less handover with calculated TA is not supported for NR mobility enhancement in asynchronous networks
Finally, the whole RACH-less procedure is still FFS for FR2. From RAN4’s perspective RACHless handover on FR2 could be feasible but the main issue is around which beam resource(s) to use for UL grants. We have a corresponding proposal in RAN2 that UL grants should not be beam specific, i.e. the UE should transmit in all available UL grants (until it gets a response). We also  propose that the RACH-less configuration should be limited to one or a few DL beams, and that the UE uses RACH procedure if it ends up on a different DL beam. This is similar to Contention Free Random Access, where dedicated preambles may only be provided for some beams and where the UE uses Contention Based Random Access on other beams.

Whether the signaling and physical layer procedures support FR2 RACH-less handover is more of a question for RAN1 and RAN2. RAN4 should develop the requirements for FR2 RACHless handover if the uplink grant mechanism supports such operation. In this case, proposals 1 and 2 may also apply to FR2.
Proposal 3: RAN4 should develop requirements for FR2 RACHless handover once the procedures are specified in other working groups

Conclusions
In this contribution we discuss RACHless handover for NR mobility enhancement. We observe
[bookmark: _Hlk6912710]Observation 1: RACHless HO with UE calculated TA is feasible for scenarios where the network is well synchronized.
Observation 2: Calculated uplink timing adjustments are already applied in NR at RX and TX beam switch.
Observation 3: Without calculated TA, the use cases for RACHless handover are limited to well synchronized  small cells.
For these reasons, we propose:
Proposal 1: RACH-less handover with calculated TA is supported for NR mobility enhancement in synchronous networks 
Proposal 2: RACH-less handover with calculated TA is not supported for NR mobility enhancement in asynchronous networks
Proposal 3: RAN4 should develop requirements for FR2 RACHless handover once the procedures are specified in other working groups
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