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1 Introduction
The contribution is to include the details of the RACH-less solutions for both synchronous and asynchronous networks.
2 Discussion
2.1 Solution 1: Synchronous RACH-less solution2.1.1 Solution 1.1: UE based TA calculation

The TA calculation method is illustrated in Figure-1[1][2]. 
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Figure-1 Obtain the TA in network

In the figure, T1 and T2 denote the propagation delay from source eNB and target eNB to UE, respectively. Assuming the UL propagation delay is the same as the DL propagation delay, the relationship between the TAsource and T1 is:

TAsource =2*T1
Similarly, the relationship between the TAtarget and T2 is:

TAtarget = 2*T2
Then one UE can derive the target cell TA from the source cell TA by:
TAtarget = TAsource– 2 *ΔT
Where, ΔT =  T1 - T2. The formula is applied for both synchronous network and asynchronous network.
	


For synchronous network, one UE can obtain the DL propagation delay difference between the source cell and the target cell (i.e., ΔT) according to the reception timing of DL signal transmitted at the same time from source eNB and target eNB. UE is capable of measuring RSRP so it is a valid assumption the UE is able to measure the time difference of the signals received from the source and the target cell. A similar approach has been presented in [2]
It is assumed that the UE will apply the calculated TA directly, i.e. it will be self TA command. 

Note, the accuracy of this method needs to be further checked by RAN4. One issue is if/how the downlink/uplink imbalance can affect the accuracy of the estimation. This investigation can also provide recommendation on the timing of TA estimation, especially for the inter-frequency case if the UE needs measurement gaps.
.
2.1.2 Solution 1.2: eNB based TA calculation

eNB based TA calculation is based on estimating TA using uplink control signal transmissions by the UE which are configured during the handover.
The source eNB will configure the UE to transmit signals on the uplink and inform target eNB of this configuration. The considered options for these signals are PRACH and SRS. The configuration of the resources should be coordinated between the eNBs to prevent or reduce the collision probability. 
The configuration and transmission for these uplink signals can happen before or during the handover procedure. For example, the source eNB can trigger this based on the measurement reports (e.g. A3). The latency between TA calculation by the target eNB and application at the UE during handover completion can impact the accuracy of TA in high mobility scenarios, which should be studied by RAN4.
The target eNB calculates the TA which is signalled to the UE in the HO command. The HO command will also include scheduling information for PUSCH which the UE uses to transmit handover completion message (similar to UE based TA calculation).
This method is applicable to both intra and inter-frequency handover cases as the UE will be transmitting on the target eNB cell frequency. However, RAN4 should investigate the options for a UE with a single tx to transmit on the target frequency during handover preparation.
It should be noted that the considered method of using uplink transmissions was discussed in RAN3 during Release-12 for “Study on energy saving enhancement for E-UTRAN” [4] for proximity detection and opportunistic on/off for small cells. The main difference here is using these transmission for TA calculation instead of energy savings decisions.
2.2 Solution 2: Asynchronous RACH-less solution2.2.1 Solution 2.1: UE based TA calculation

As mentioned above, the formula TAtarget = TAsource– 2 *ΔT is also applicable for asynchronous network.
For asynchronous network, it’s, however, more complex to obtain theΔT - compared to the synchronous network case. UE should calculate the ΔT according to not only the reception timing of DL signal from the two eNBs, but also the inherent timing offset between the two eNBs. The inherent timing offset between target eNB and source eNB is denoted by Td. 
The ΔT calculation can be illustrated by the example in Figure-2. Source eNB transmits DL signal at subframe 0 (i.e. t1) and UE receives the signal at t2. The propagation delay from eNB to UE in source cell is T1 = t2-t1. Similarly, in the target cell, the propagation delay from eNB to UE is T2 = t4-t3.
Then, ΔT =  T1 - T2 = (t2-t1) – (t4-t3) = (t3-t1) - (t4-t2) = Td - Δt. In that formula, Δt, which equals to t4-t2, can be calculated by the UE as a result of receiving DL signals from two eNBs. The target eNB can obtain the value of Td e.g. by means of OAM and provide it to the UE in handover command.
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Figure-2 Obtain theΔT in asynchronous network
The accuracy of this method needs to be further checked by RAN4.
2.2.2 Solution 2.2: eNB based TA calculation

eNB based TA calculation is same for both synchronous and asynchronous cases as it is based on estimation by the target eNB and independent of the timing difference between source and target eNBs.

3 Conclusion
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