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1 Introduction

RAN2 has been discussing handover schemes and has in principle agreed on having contention-free access during handover [1]. It has been proposed [2]

 REF _Ref165177456 \r  \* MERGEFORMAT [3] that this contention-free behaviour be obtained by assigning RACH preambles by the target eNB during handover. We compare this to the other option of assigning RACH preambles by the source eNB.
2 RACH preamble assignment
Much attention has been focused in RAN2 on minimizing the handover delay and interruption time. It has been stated that one of the mechanisms for minimizing the delay and interruption is to provide the UE a RACH preamble for its “exclusive” use. Below we consider a couple of techniques to achieve this contention-free behaviour on the RACH of the target eNB and compare them.
2.1 RACH preamble assignment by target eNB
The handover procedure in [3] requires the target eNB to reserve a RACH preamble for the UE and send the reserved RACH preamble to the source eNB in the context confirm message. The source eNB sends the reserved RACH preamble to the UE in the HO command. The UE then sends RACH to the target eNB using the reserved preamble. 

[image: image1.emf]UE Target eNB Source eNB

Measurement Report

HO Decision

Context Data

Context Confirm (new C-RNTI, Dedicated

Preamble)

HO command (new C-RNTI,

Dedicated Preamble)

Synchronization (Dedicated preamble)

UL grant


Figure 1 : Handover scheme shown in [3]
First, it should be noted that the reservation of the RACH preamble at the target eNB does not make the procedure strictly contention-free. The target eNB reserves the preamble for some duration but it cannot know in exactly which RACH opportunity the RACH from the UE will be received. This is because: (a) the time to transmit the handover command from the target eNB to the source eNB and the source eNB to the UE is variable, (b) more than one RACH attempt might be needed for the target eNB to receive the RACH preamble from the UE. Thus the UE can miss the window for which the RACH preamble is reserved at the target eNB. In that case the UE needs to use the contention based scheme which can then cause a RACH collision with UEs performing access for purposes other than handover.
Second, the reservation of the RACH preamble at the target eNB requires a high degree of real-time co-ordination between the target eNB and the (multiple) source eNBs. The target eNB has to process handover requests from different source eNBs in real-time, and reserve RACH preambles for each request. This reserved preamble has to be communicated to the respective source eNBs which then assign them to the respective UEs. As noted above, the target eNB has to reserve the RACH preamble for multiple RACH opportunities. The target eNB also needs to maintain a timer associated with each assigned preamble and release the preamble into the available pool if the preamble is not used within a certain time limit. This procedure requires its own scheduling task at each (target) eNB, with continuous co-ordination with multiple source eNBs and operates on a 10 ms time scale (assuming RACH opportunities every 10 ms).

Third, in some cases of very tight delay constraints it might be necessary to assign a dedicated preamble ID to the UE in a very short period of time. This would not be possible if the message needs to be sent to eNB, eNB needs to process it and return the RACH preamble ID.
It is also necessary to take into account the likelihood of having a large number of UEs attempting handover within a 10 ms interval. For practical vehicle speeds this probability tends to be very low. 

2.2 RACH preamble assignment by source eNB
A pool of RACH preambles can be reserved for handover at each target eNB, and the source eNB can assign preambles from this pool to UEs that are to perform handover. This eliminates the need for co-ordination between eNBs (source and target) thus eliminating complexity from the time-critical path. Additionally, by avoiding the source-target roundtrip-time the RACH resource can be reserved for a shorter time interval. It is of course necessary to ensure that two UEs attempting handover to a target eNB do not get assigned the same RACH preamble, both when the UEs are from the same source eNB and when the UEs are from different source eNBs. Suppose a sequence of RACH preambles P1..Pn are reserved for handovers. The following rules are used to ensure no RACH collisions:

· For every RACH opportunity, the source eNB starts assigning preambles at Pi. So the first UE requiring handover is assigned Pi, the second is assigned Pi+1 and so on. For the next RACH opportunity the source eNB starts at Pi again.
· The UE uses the RACH preamble at the RACH opportunity for which it was intended (the immediate next RACH opportunity). If the first RACH transmission is unsuccessful, the UE retransmits a RACH using preamble following the one that was assigned (that is, if Pk was assigned, the UE uses Pk+1 on the second attempt).
In order to ensure that UEs from different source eNBs are not assigned the same RACH preamble at the same RACH opportunity, different source eNBs start with different Pi, where the starting preambles at each neighbouring eNBs are sufficiently spaced apart. It will also be possible to limit the range of preambles that each eNB can assign thus preventing collisions between different source eNBs.  
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Figure 2 : Ensuring that UEs from different Source eNBs are not assigned same RACH preamble
This approach eliminates the need for any co-ordination between source and target eNBs and the need for managing the RACH preambles in real-time. The starting preambles for each source eNB can be statically assigned (for example using O&M). 
A quick calculation reveals that the likelihood of having more than one UE attempting handover in a 10 ms interval is low and the likelihood of having more than two UEs attempting handover in a 10 ms interval is extremely low. Consider the generally recognized extreme scenario of a fast train crossing a cell boundary. For a train car of length 80 ft, moving at 200 km/h, for there to be 2 handover attempts every 10 ms, there need to be 88 active UEs in the car. Given that a relatively small number of people in a large crowd are on an active voice call at any given time, this represents a much larger total number of passengers (majority with idle UEs).  Train cars do not have more than 200 people. The point of this calculation is to show that the probability of having more than 2 UEs attempting handover at the same RACH opportunity is extremely low and designing the handover scheme for such rare cases is superfluous. It should be sufficient to design for no more than 2 UEs attempting handover in 10 ms.

For typical deployment scenarios starting preambles at neighbouring eNBs can be separated by 1 (that is, if Pi and Pj are starting preambles at neighbouring eNBs, then |i-j| ≥1). For extreme scenarios (for example, if there is a high speed train line crossing the cell boundary) |i-j| can be 2 or more.

2.3 Comparison

We show a simple comparison of the two approaches considered above. The HO arrivals at the source eNB (i.e., the measurement reports that indicate that the UE requires handover) are assumed to be in a Poisson distribution with a certain mean duration between arrivals. For the first approach (preamble assignment by target eNB) we assume that a preamble is reserved for 5 RACH opportunities as proposed in [4]. For the latter approach (preamble assignment by source eNB) as indicated above, the assigned RACH is valid for one RACH opportunity. However, for this case we do assume a 20% probability of failure on the first RACH, which leads to another RACH transmission and usage of another resource. The required number of RACH preambles to ensure no collisions is plotted against the mean durations between HO arrivals (shown in Figure 3).
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Figure 3 : Comparison of Preamble assignment approaches
3 Conclusion
We considered the costs and benefits of handover schemes wherein the reserved preamble is assigned by the target eNB and by the source eNB. Both approaches provide protection against RACH collisions during handover access to target eNB. The first approach places significant real-time processing demands on the target eNB and requires substantial real-time co-ordination between eNBs to manage RACH preambles; this complexity is unwarranted. The latter approach does not require real-time co-ordination across eNBs and the management of the preambles is much simpler. Additionally, by avoiding the source-target roundtrip-time the RACH resource can be reserved for a shorter time interval and thus achieve higher resource efficiency. In both cases the total number of dedicated RACH resources is comparable. We have shown that the latter scheme which assigns RACH resources at the source eNB has advantage at higher loads. Therefore we prefer the latter approach. We request RAN2 to discuss the above and adopt the latter approach.
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