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Discussion and Decision
1      Introduction
In RAN#71, work item “Further mobility enhancements in LTE” [1] was approved. The objective of this work item is to study solutions to minimize service interruption in mobility events for both ideal and non-ideal backhaul scenarios. One of the aspect is to potentially down select between solution 1 (RACH-less handover) and solution 2 (Maintaining source eNB connection during handover) in [2]. In this contribution, we discuss details of solution 1 and in a separate contribution [8], we discuss details of solution 2. 
2      Discussion
During latency reduction study item, two solutions to reduce handover interruption time have been discussed [2]. They are: Solution 1: RACH-less handover; and Solution 2: Maintaining source eNB connection during handover. In this contribution, we would like to discuss in detail of solution 1: RACH-less handover so that we can have the same understanding of the solution and the impact to the specification.
Current handover:

In current handover, the UE will send measurement report to the source eNB once the event is triggered and TTT is expired. Then the source eNB will send handover request. Once source eNB receives the handover acknowledgement from target eNB, it sends an RRCConnectionReconfiguration message to the UE including the mobility control information (containing RACH preamble information generated by the target eNB). The UE then performs RACH procedure toward target eNB. When the UE receives RAR from the target eNB, it sends the RRCConnectionReconfigurationComplete message indicating the handover is completed.
In solution 1 in [2], it is suggested to remove the RACH procedure. In order to remove RACH procedure, the UE will need to have the following: 
a. Timing advance

b. Power control

c. Uplink grant for RRCConnectionReconfigurationComplete

Observation 1: RACH-less solution required the UE to obtain the timing advance, power control and uplink grant of the target eNB. 

In the following, we discuss these criteria in details. 

Timing advance and power control:
In order for the UE to derive the timing advance value of the target eNB, the UE will need to measure the timing difference between the source eNB and the target eNB while connecting to the source eNB. 

UE measures source eNB and target eNB as proposed in [5] to derive the timing advance of the target eNB. However, as described by the NOTE in sub-clause 8.3.1 in [2], the accuracy of the target cell TA obtained by this method needs to be further checked by RAN4

In case of asynchronized network, the UE measures the subframe boundary as proposed in [9] to derive the timing advance of the target eNB. However, we need to confirm with RAN3 and RAN4 on whether the network can provide the timing difference and the feasibility and accuracy of the measurement. 

In this option, power control is still an open issue. Current RACH has a power ramping mechanism. For both RACH and RRCConnectionReconfigurationComplete, there is a tradeoff between the latency and the interference generated.
Observation 2: RACH-less solution can be applied for asynchronized network depending on the feasibility and accuracy of the TA measurement. 

Proposal 1: RAN2 sends an LS to RAN3 and RAN4 to ask the feasibility and accuracy of the TA measurement in both synchronized and asynchronized network for RACH-less solution.

Proposal 2: RAN2 sends an LS to RAN1 to discuss how the UE obtains power control.
Uplink grant for RRCConnectionReconfigurationComplete message:
· Option 1: Target eNB decides a “handover subframe” when the UE should start listening to target eNB for uplink grant.
When the target eNB sends the handover acknowledgement to the source eNB, it includes the “handover” sub-frame information. Source eNB stops downlink transmission and the UE stops reception from the source eNB at the handover sub-frame. The UE then starts listening to target eNB for UL grant.
· Option 2: Target eNB pre-allocated UL grant. 
In this option, the eNB pre-allocated a periodic UL grant to the UE and send the related information (such as periodicity) in the container and send it to the UE via mobility control information. When the UE is ready to switch to the target eNB, it can use the earliest pre-allocated UL grant to send the RRCConnectionReconfigurationComplete message to complete the handover. The source eNB will stop downlink transmission when it thinks the UE handover to target eNB.
· Option 3: UE stop source eNB reception upon receiving HO command.
In this option, the source eNB and UE will follow current LTE procedure. The source eNB will stop transmitting data to the UE and the UE will stop its reception. Then the UE will listen UL grant from target eNB and complete the handover.

Observation 3: Both option 1 and option 2 are related to solution 2. Option 1 allows the source eNB to stop downlink transmission without wasting resources at the handover sub-frame while option 2 requires the source eNB to guess when the UE handover to target eNB.

Observation 4: Option 2 pre-allocated a periodic UL grant reduce the interruption time in trade off of multiple UL resources allocation.

Proposal 3: RAN2 to send an LS to RAN 4 on the feasibility of the UE simultaneously monitoring target eNB RAR window while receiving downlink data from source eNB.

3      Conclusion
In this contribution, we discuss detail and requirements for solution 2. The advantages of RACH-less handover are reduce interruption time and signalling overhead reduction. But Power control still FFS.

Based on this contribution, we conclude the following observations and suggest RAN2 to agree on proposal 1-3.
Observation 1: RACH-less solution required the UE to obtain the timing advance, power control and uplink grant of the target eNB. 
Observation 2: RACH-less solution can be applied for asynchronized network depending on the feasibility and accuracy of the TA measurement. 

Observation 3: Both option 1 and option 2 are related to solution 2. Option 1 allows the source eNB to stop downlink transmission without wasting resources at the handover sub-frame while option 2 requires the source eNB to guess when the UE handover to target eNB.

Observation 4: Option 2 pre-allocated a periodic UL grant reduce the interruption time in trade off of multiple UL resources allocation.

Proposal 1: RAN2 sends an LS to RAN3 and RAN4 to ask the feasibility and accuracy of the TA measurement in asynchronized network for RACH-less solution.

Proposal 2: RAN2 to discuss how the UE obtain power control.

Proposal 3: RAN2 to send an LS to RAN 4 on the feasibility of the UE simultaneously monitoring target eNB RAR window while receiving downlink data from source eNB.
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