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1. Introduction
The RACH-less handover was discussed in RAN#93bis as part of the Work Item “Further mobility enhancements in LTE” at a high level an LS was sent to other RAN groups to request feedback on its feasibility [1]. 
In this contribution, we discuss some further details and aspects of RACH-less handover.

2. Discussion
RACH-less handover refers to skipping RACH at the target eNB during handover. This requires two main elements: UE should obtain the Timing Advance (TA) and should be provided an uplink grant for the target eNB. This optimization can reduce the data interruption during handover since RACH is a substantial part of the handover delay as discussed during the SI. The solution is also applicable to SCG change.

As it was noted in RAN2#93bis, RACH-less handover is independent and can be used simultaneously with the other mobility enhancement, so called “make-before-break”. 
The fundamental issue for RACH-less handover is calculation of TA for the target eNB. In current networks, TA is calculated by the eNB based on uplink transmissions (initially RACH and later PUSCH), dynamically adjusted and signalled to the UE. There are two main options for this calculation by the target eNB during handover:

1. eNB based calculation using uplink signals

2. UE based calculation using downlink signals

The above options were also captured in the RAN2 LS to other groups [2]. In this contribution, we provide more details for Option 1.
Option 1:
eNB based TA calculation is based on estimating TA using uplink control signal transmissions by the UE which are configured during the handover. This is same as the current LTE systems except that the calculation needs to be done by a different eNB than the one the UE is currently connected to.
The main idea is that the source eNB will configure the UE to transmit signals on the uplink and inform target eNB of this configuration. The feasible options for such signals are PRACH and SRS as PUCCH and PUSCH are related to data transmissions. 
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).
A call flow for this is shown in Figure 1 below:
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Figure 1 Call Flow for RACH-less Handover using eNB calculated Timing Advance
The changes to the legacy LTE Handover is as follows:

· Step 2: The source eNB configures the UE with uplink transmission. If PRACH is used, this is signaled via PDCCH for non-contention based RACH. If SRS is used, the configuration is done via RRC. 

· Step 3: The source eNB signals the uplink signal configuration to the target eNB in the Handover Request message.
· Step 4: The UE transmits the configured uplink signals (PRACH or SRS) which is used by the eNB for TA calculation.

· Step 5: The target eNB signals the Timing Advance to the source eNB in addition to the PUSCH resources needed for uplink access. This can either be sent in the transparent RRC container or in X2-AP.

· Step 6: The source eNB signals the Timing Advance and PUSCH resources in RRC Reconfiguration.
· Step 7: The UE transmits RRC Configuration Complete on the signaled PUSCH resources.
· Step 8-10 are same as legacy LTE handover.
Either PRACH preamble or SRS can be used for TA calculation on the uplink. The main advantage of PRACH is that it can work for both synchronous and asynchronous systems while SRS will require very tight time synchronization between source and target eNBs. Both options can be allowed by the standard with the choice left to eNB implementation. However, this can be revisited if RAN4 reply points in favour of one of the signals. In addition, the configuration of the PRACH preamble and SRS resources can be coordinated between the eNBs to prevent or reduce the collision probability, which can also be left to eNB implementation.
Proposal 1: Either PRACH preamble or SRS transmissions can be used for uplink TA estimation. The choice of the signal and its configuration is left to eNB implementation.

It is important to note that the source eNB can trigger the UE transmissions for TA calculation earlier than a regular handover, for example based on different thresholds for the A3 event. This is similar to multiple target eNB preparation which is used in current LTE deployments where the source eNB sends multiple Handover Requests to its neighbors to prepare them for the handover. 

Uplink based TA calculation is applicable to both intra and inter-frequency handover cases as the UE will be transmitting on the target eNB cell frequency and the impact to the UE and eNB is same in both cases.
One issue for this method is the validity of TA estimation due to the elapsed time between calculation at the target eNB and usage by the UE, especially under high mobility scenarios. Further feedback from other groups (RAN1 and RAN4) can provide guidance on this aspect. This can also be left to eNB implementation which can decide when to use this method, for example depending on the UE speed and cell size.
As a side note, the above method of detection of uplik transmissions by another eNB was already discussed in RAN3 during Release-12 for “Study on energy saving enhancement for E-UTRAN” [2] for proximity detection and opportunistic on/off for small cells. This solution was not standardized as no follow-up Work Item was approved.

The advantage of uplink based TA calculation is that it will be more accurate and the impact on the eNB and the UE is minimal as it uses the existing transmissions and procedures. The main impact is additional X2 signalling to inform target eNB(s) for uplink configuration but this is a relatively minor addition to the X2 specifications.
For RACH-less handover, the second important issue is the provisioning of UL grant for direct access on PUSCH at the target eNB. It is reasonable that this grant should be provided in the HO command as shown in Figure 1. Several alternatives for the timing were discussed during the SI such as mutually agreed time, or sometime later after the handover preparation procedure subject to eNB implementation. Considering that RAN2 will specify skipping SPS transmissions when there is no data, a simpler alternative is to provide SPS resources with sufficiently low periodicity. This can be deactivated immediately after handover completion.

Proposal 2: The target eNB provides SPS configuration which is used by the UE to complete handover (i.e. transmit RRC Reconfiguration Complete).

Step-3 in Figure 1 requires that X2-AP signaling should be enhanced to transmit configuration of uplink signal. The simplest option, which can allow also future extensibility by RAN2, is to define this as a transparent container (OCTET STRING) and define the content of this container in 36.331, similar to the RRC Context in Handover Request. The same approach can also be used for signaling of uplink PUSCH resources and TA command; since the current container in Handover Request Acknowledge can be used for this purpose, this can be accomplished without any impact to X2 specification.
Proposal 3: RAN2 to send an LS to RAN3 to introduce a transparent container in X2-AP Handover Request for the configuration of uplink signalling used for TA estimation by the target eNB.
3. Conclusion
In this contribution, we discussed the RACH-less handover and in particular using uplink signals for TA calculation and propose the following:
Proposal 1: Either PRACH preamble or SRS transmissions can be used for uplink TA estimation. The choice of the signal and its configuration is left to eNB implementation.

Proposal 2: The target eNB provides SPS configuration which is used by the UE to complete handover (i.e. transmit RRC Reconfiguration Complete).

Proposal 3: RAN2 to send an LS to RAN3 to introduce a transparent container in X2-AP Handover Request for the configuration of uplink signalling used for TA estimation by the target eNB.
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