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1 Introduction

In this contribution we investigate the potential use of non-contention based and pre-synchronized access during LTE handover. Although non-contention based access and pre-synchronized access are typically treated together, these schemes can be employed independently, i.e., employing one of them does not necessarily require employing the other as well. This means that there are four possible options for the access scheme in LTE handover depending on the use or not use of non-contention based access and pre-synchronized access. We investigate which of these four access scheme options would need to be supported in LTE considering performance and complexity aspects.
2 Discussion
The four possible access scheme options are summarized in Table 1 and analyzed in more details below.

	
	Pre-synch
access
	Non-cont. access
	Performance aspects
	Complexity aspects
	Comments

	Option A.
	No
	No
	Performance may be good enough in most cases.  (~30 ms HO delay)

Collisions on RACH would not be that high, collisions due to HOs is approximately ~1%
	It uses normal random access (adds no extra complexity neither on the network nor on the UE).
	It needs to be supported as a default (fallback) solution.

	Option B.
	No
	Yes
	It saves extra delays due to potential collisions on RACH.
It can be effective only if combined with synchronized cell switch, otherwise delay may be higher than Opt. A.

On average the delay saving would be ~5 ms.
	Synch-ed HO requires some frame level synchronization between eNodeBs.
Some more complexity on the UE.
	Little benefits, more complexity. eNodeBs might be synch-ed anyway due to MBMS and TDD mode

	Option C.
	Yes
	Yes
	It gives the highest gains, avoids delay due to collisions, and due to getting TA.
On average delay saving is 
~10-15 ms
	Pre-synch requires UL measurements in neighbor eNodeBs.
Some more complexity on the UE.
	It could be used as an optimization. E.g., for intra-eNodeB HOs and for already synched eNodeBs it is easy to apply.

	Option D.
	Yes
	No
	Synch-ed RA does not give much benefits compared to unsynch-ed RA, i.e., little/no gains
	Pre-synch gives much of the complexity
Some more complexity on the UE.
	Not a feasible option, once pre-synch is used, non-contention is easy to add


Table 1: Handover access scheme options
· Option A: This option is considered as the basic scheme, where the UE needs to perform a non-synchronized random access in the target cell. This means that after switching to the target eNodeB the UE will have to wait for the next random access slot, then send the random access request and get the UL resources and time alignment assigned before it can start transmission. This means a delay of at least 10-15 ms, assuming a RACH slot at every 10 ms. According to the handover delay estimates in [4] the total handover delay with this scheme would be approximately 25-30 ms. If a collision occurs on RACH this delay will increase further according to the number of required re-attempts, the potential back-off time and the RACH slot intensity, which may result in an extra delay of a couple of 10 ms.
However, we can expect that the collision probability on the RACH will be kept low anyway, otherwise the efficiency of the RACH would degrade significantly. To estimate the load due to active handovers we assume a 5 MHz cell with 1.25 Mhz RACH bandwidth with RA slots occurring once in every 10 ms, 16 signatures and 200 active UEs in the cell with each UE performing a handover at every 15 sec. This means that there are 1600 RA opportunities per second and ~ 13 handovers per second per cell (i.e., 13 RA attempts per second), which means a RA attempt load of ~ 0.8 %, which gives approximately 0.8% collision probability [2,3].

The RACH will be used for other purposes as well, such as UEs making initial access or idle UEs performing a service request or UEs sending measurement reports. However, the RACH load due to these procedures is expected to be lower compared to the load due to handovers. The RACH may also be used for requesting UL resources during an ongoing communication. The load on the RACH due to UL resource requests is hard to estimate since it very much depends on the scheduling principle and on the traffic characteristics as well. However, as a general principle we can assume that during an ongoing data transmission synchronized UEs use other means than the RACH to send requests for UL resources. For example, resource requests may be sent as in-band signaling in the traffic stream or via L1 control channels, which are some of the options currently being discussed in RAN1/RAN2. 
By adding up the above RA load components we get as a rough estimate that the overall collision probability on the RACH is expected to be a few percent (1-5%), from which the load due to handovers is approximately 1%. This means that employing contention based access during LTE handover would result in acceptable HO delays in most of the cases, since the probability of a collision would be rather low.
From a complexity point of view this scheme is the simplest and does not require extra functionality in the UE and in the network as it uses the unsynchronized random access procedure, which is supported anyway. We also argue that this handover access scheme needs to be always supported as a baseline or fallback solution, even if more advanced access schemes would be introduced as well. Note that it may not be possible in all cases to use the optimized schemes (options B, C, D), i.e., option A is needed at least as a fallback solution.
· Option B: In this case the target eNodeB allocates reserved resources for the UE to be used to access the target cell after handover execution. However, no time alignment is obtained in advance. In case of this solution there is no extra delay due to potential collisions. However, there is a problem of potential timing mismatch between the switching time and the timing of the pre-allocated resource, which means that the UE may either miss the reserved slot or it may have to wait extra time after making the switch to the target cell. This results either in waste of resources or extra handover delay. That is, the delay may even be higher than in case of option A. 
One possible solution to avoid the above problems is to employ a synchronized handover scheme, where the cell switching time and the timing of the reserved resource is aligned, as it has been proposed in [1]. This would require some type of frame level synchronization between eNodeBs, which would increase complexity. However, if the synchronization of eNodeBs is already available e.g., for the support of MBMS or TDD mode, then it can be easily exploited also for the support of synchronized handover. 

However, even in the optimal case, assuming a non-contention based and synchronized handover the delay saving of this solution would be rather moderate, approximately 5 ms on average compared to option A.
· Option C: In this solution the UE receives both reserved resources and time alignment assigned prior to the handover via the source eNodeB and it can perform a synchronized and non-contention based access in the target cell. This solution requires that candidate eNodeBs make measurements on the UE prior to the handover decision to estimate time alignment. By using pre-synchronization we can avoid potential extra delays due to the target eNodeB not being able to synchronize to the UL transmission of the UE at the first transmission attempt. Note that uplink measurements in neighbor eNodeBs may be useful due to other reasons as well, e.g., to effectively handle situations with UL/DL path loss unbalance. 
Obtaining pre-synchronization could be done easily for intra-eNodeB handovers. For inter-eNodeB handovers the source eNodeB would need to provide information to the candidate eNodeBs where they can find the UL transmission of the UE in order they can perform UL measurements. This may require some frame level synchronization between eNodeBs. However, as it has been said above, in some scenarios the synchronization of eNodeBs might be supported due to other reasons as well, e.g., due to MBMS or due to TDD mode.
The pre-synchronization based access could be efficiently combined with a synchronized resource request scheme where the UE has a dedicated L1 control channel to request UL resources. In this case, the target cell would need to pre-allocate only a L1 control channel to the UE during handover preparation and the UE would perform a synchronized resource request via the L1 control channel after it has switched to the target cell.

· Option D: In this option the access in the target cell is synchronized but contention based. We think that this combination would most probably not be a reasonable alternative, since it would not give any significant benefits. The UE might still suffer collision and extra delays during its access attempt in the target cell, similarly to Option A. Moreover, once pre-synchronization has been solved, it would not require much of an extra effort to add also non-contention based access. 
3 Conclusion

Based on the discussion above we conclude that the contention based and unsynchronized access scheme (Option A above) always needs to be supported as the default (fallback) procedure for the UE to access the target cell during LTE handover. Then it could be left FFS to define optimizations for the basic procedure to allow synchronized and non-contention based access. 
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