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1. Introduction
Many features in LTE (e.g. eICIC, CoMP, MBMS, TDD etc.) rely on networks being synchronized to operate correctly. As per the RAN working procedures [1], for the proposed study of improved mobility in synchronous LTE networks, [2], this paper discusses the motivation behind the WI proposed in [2]. 
2. Background of the Work Item
During the Hetnet mobility WI [3], various mechanisms for improving mobility performance in heterogeneous deployments were considered, with some eventually being adopted for standardization. During the course of the studies, it was identified that while the LTE mobility as such is working well, there are several issues where optimizations can achieve good performance benefits.

Current LTE mobility in RRC_CONNECTED relies on handover procedure where RACH is always done the target cell at every cell change. This is done both to ensure the UE can access the target cell as well as to allow the target cell detect the UE transmission via the random access procedure. Consequently, this procedure incurs a temporary interruption in the data transmission to the UE as well as some RACH overhead at every handover.
To better illustrate the cost to the data transmission due to handover, the Figure 1 shows the interruption time per handover measured from a live LTE network. As is visible, a non-negligible portion of the handovers are experiencing >50ms data interruption delay, which can have a negative effect to the user experience. Hence, it would be worthwhile to consider specifying a mechanism to benefit from the gains achievable by reducing this delay.
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Figure 1. Data interruption time due to handover
The reason why the random access was originally required in LTE release 8 was that the handover procedure should support both synchronous and asynchronous networks. Therefore, the design of handover procedure was done primarily the asynchronous case in mind. 

However, in the recent LTE releases, many features introduced require that the network is synchronized. For example: TDD operation, (e)MBMS, (f)eICIC, (e)CoMP and Rel-12 Small Cell Enhancements all require synchronized networks. Hence, for these cases the network has to be synchronized, so this opens up possibilities for improving the network performance for the synchronous handovers: Handovers where the data transmission gaps are minimized by utilizing the networks synchronization. This can also allow for skipping the random access procedure, similarly as is already done for HSPA with the possibility for synchronous HS-DSCH serving cell change.
The benefits (as seen already in HSPA) from such a synchronous handover procedure without random access are two-fold:

· Shorter interruption times to data transmission (due to possibility for detaching from previous cell at a later time), and
· Avoiding random access overhead in the target cell at every handover (i.e. reducing RA resource usage and UL interference due to RA attempt)
Considering these, it would be beneficial to specify a procedure that provides similar benefits in synchronized LTE deployments as well. Further, such a procedure need not be exclusive to the synchronized systems: Asynchronous deployments could benefit from the same mechanism, even though the benefits might lesser. While we think the WI does not need to be restricted to only synchronous deployments, the design for the mechanism should be, first and foremost, done for synchronous networks in mind.
3. Motivation for the work item to reduce handover latency 

During the latency reduction study item in RAN2, the latency of handovers was evaluated, as captured in TR36.881. In protocol evaluations, the potential gains in terms of increased download throughput and reduction of download time for reduced latency in LTE were performed and evaluated. 

For TCP, and TCP slow start specifically, results showed that reduced UL latency, shorter RTT and HARQ RTT can have a positive impact on TCP performance depending on cell load and L1/L2 overhead. This is due to the fact that the receiver may acknowledge TCP packets faster which enables a faster increase in the TCP window size. Latency reduction has shown a positive impact on both TCP congestion avoidance mode and in TCP slow start phase. 

As the initial window size for each TCP connection is very small and the increase is steeper for each size increment, the effect of latency reductions for both RTT and HARQ RTT are more considerable for the slow start phase. This impact is large for small file sizes, especially where the slow start period lasts for the entire duration of the file transfer (how long the phase lasts depends on TCP congestion control algorithm and parameters). For larger file sizes, the proportion of the slow start phase of the whole file is smaller if packet losses can be avoided. 

Furthermore, the following high-level observations have been obtained for handover latency reduction:
	-
The following steps contribute to a major portion of total handover delay and can be addressed for possible latency reduction:

· RACH procedure including delay to acquire first available PRACH in target cell, PRACH preamble transmission and UL allocation + TA,
· UE processing time after RA procedure including decoding of scheduling grant and timing alignment + L1 encoding of UL data, and transmission of RRCConnectionReconfigurationComplete.
- 
Two potential solution directions which may be beneficial were identified during the study. The feasibility of these solutions has not been studied by other WGs. No further work is expected in this study.


As per 36.881 observations above, one of the agreed solution for minimizing user data interruption time, was the support of RACH-less handover and that specifying the solution towards having a synchronous RACH-less handover mechanisms with shorter data interruption time would be beneficial. 
Observation 1: The TR36.881 proposes that a new WI would be created to specify the RACH-less handover solution.

In this context, it is worth noticing that HSPA already include the possibility for synchronous HS-DSCH serving cell change. Additionally, the solution for reducing handover interruption time in unsynchronized network like FDD deployment should not be excluded.

4. Proposal
Considering the possible benefits achievable for optimizing the handover procedures for the synchronous networks, we propose to specify a solution for synchronized handovers without random access in Rel-14. That is, we propose to set up a new WI [2] on improved mobility via synchronous handovers in LTE networks, starting on February 2015, i.e. after RAN#70.
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