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1 Introduction

Two main schemes have been proposed for RACH preamble assignment during handover. The first consists of the target eNB reserving a preamble and is described in [1]. The second consists of the source assigning a preamble and is described in [2]. We show a detailed performance comparison of the two schemes.
2 Overview of Target based and Source based Preamble assignment
In the target based preamble assignment scheme [1], the source eNB sends a HO request to the target eNB, the target eNB reserves a RACH preamble for 5 RACH opportunities and this reservation is transmitted to the source eNB. The source eNB sends the assigned preamble to the UE. The UE transmits the RACH preamble to the target eNB.
In the source based preamble assignment scheme [2], the source eNB autonomously assigns a RACH preamble to the UE in response to a measurement report. There is no real-time co-ordination between source and target eNBs. Source eNBs assign preambles from a global sequence of preambles to be used for handovers. Different source eNBs start assigning preambles at different preambles in the sequence to avoid UEs handing over from two different source eNBs. 
3 Performance Comparison

3.1 Comparison of number of preambles required
We compare the performance of the source based preamble assignment to the target based preamble assignment. The following are compared:

A. Target based preamble reservation and assignment as described in [1]. Upon receiving a measurement report indicating need for a handover to a target eNB, the source eNB sends a handover request to the target eNB. The target eNB responds to the source eNB with a preamble assignment. The preamble is reserved for 5 RACH opportunities (not assigned to another UE during that period) to allow for the time for message transfer between eNBs and time for delivery to the UE. If no more preambles are available to allocate, the handover request is blocked. The number of preambles required to keep the blocking probability below 0.5% is calculated for each load.

B. Source based preamble assignment as described in [2]. Source eNBs assign preambles to UE (no reservation of preamble by target eNB). Different source eNBs start assigning preambles at different preambles. For example, if there are 4 source eNBs and 8 preambles (P1...P8), source eNB 1 starts assigning preambles at P1, source eNB 2 starts assigning preambles at P3, and so on. The UE uses the preamble at the next RACH opportunity. In cases of high load, collisions with preambles of another source eNB are allowed to occur; that is: if there are 3 measurement reports requiring handover within a 10 ms frame at source eNB 1, the first is assigned preamble P1, the second is assigned preamble P2 and the third is assigned preamble P3. If in the same frame, there is a measurement report requiring handover at source eNB 2, it uses preamble P3 and there is a collision (counted as two collisions because it impacts two handovers). The number of preambles required to keep the collision probability below 0.5% is calculated for each load.

C. Source based preamble assignment as described in [2] with up to 10 ms delay. Same as B above with the following difference. In the above example with 4 source eNBs and 8 preambles, if there are 3 measurement reports requiring handover within a 10 ms frame at source eNB 1, the first is assigned preamble P1, the second is assigned preamble P2. For the 3rd, the source eNB 1 is allowed to wait until the next frame to assign the RACH preamble P1.
The comparison for 4 source eNBs is shown in Figure 1. The handover load is equally divided between the source eNBs.
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Figure 1: Comparison of Source based and Target based Preamble assignment (4 source eNBs)

3.2 Comparison of Delay
We compare the delays from the time a UE sends a measurement report requiring a handover to the time a RACH is sent to a target eNB for the source based preamble assignment scheme and the target based preamble assignment scheme. Specifically, the following are compared:

A. Target based preamble reservation and assignment as described in [1]. Upon receiving a measurement report indicating need for a handover to a target eNB, the source eNB sends a handover request to the target eNB. The target eNB responds to the source eNB with a preamble assignment. The preamble is reserved for 5 RACH opportunities (not assigned to another UE during that period) to allow for the time for message transfer between eNBs and time for delivery to the UE. If no more preambles are available to allocate, the handover request is blocked. The number of preambles required to keep the blocking probability below 0.5% is calculated for each load and the corresponding 90th percentile delay is noted. The following delay assumptions are made:
a. DL transmission time (of message assigning preamble) = 2 ms
b. Processing time at target eNB (of HO request) = 5 ms

c. Mean X2 delay = 10 ms; Maximum X2 delay = 20 ms as indicated in [3]. 
d. The probability that the X2 delay is the maximum is assumed to be 0.2 and the probability that the X2 delay is equal to the mean is assumed to be 0.8.
B. Source based preamble assignment as described in [2]. Source eNBs assign preambles to UE (no reservation of preamble by target eNB). Different source eNBs start assigning preambles at different preambles. For example, if there are 4 source eNBs and 8 preambles (P1...P8), source eNB 1 starts assigning preambles at P1, source eNB 2 starts assigning preambles at P3, and so on. The UE uses the preamble at the next RACH opportunity. In cases of high load, if a source eNB is exhausts all its preambles (i.e., is about to use the starting preamble of another source eNB), the handover is blocked. For example, if there are 3 measurement reports requiring handover within a 10 ms frame at source eNB 1, the first is assigned preamble P1, the second is assigned preamble P2 and the third is blocked. The number of preambles required to keep the blocking probability below 0.5% is calculated for each load and the corresponding 90th percentile delay is noted. The following delay assumptions are made:
a. DL transmission time (of message assigning preamble) = 2 ms

b. Processing time at source eNB (of measurement report) = 5 ms

C. Source based preamble assignment as described in [2] with up to 10 ms queuing delay. Same as B above with the following difference. Instead of blocking, the handover can be queued for up to 10 ms. In the above example with 4 source eNBs and 8 preambles, if there are 3 measurement reports requiring handover within a 10 ms frame at source eNB 1, the first is assigned preamble P1, the second is assigned preamble P2. For the 3rd, the source eNB 1 is allowed to wait until the next frame to assign an available RACH preamble.
The comparison for 4 source eNBs is shown in Figure 2. The handover load is equally divided between the source eNBs.
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Figure 2: Comparison of Delay for Source and Target based Preamble Assignment
4 Conclusions
The Target eNB based preamble reservation scheme requires the assigned preamble to be reserved for a substantial amount of time (at least 50 ms based on [1] and [3]). This results in very inefficient resource utilization. Since the number of preambles available is small (32), this will have significant impact on handover performance (handover success rate, handover duration and interruption time). 
Preamble assignment at the source eNB allows much easier and more efficient management of the preamble resources and eliminates real-time messaging between source and target eNBs to reserve/schedule preamble use. This improves the handover success rate and with the proposed procedures in [4] reduces handover duration and interruption time. 
We request RAN2 to take this into account in the handover design activity.
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� Results shown here are slightly different from those shown in � REF _Ref169414965 \r \h ��[2]�. This is due to the slightly different simulation methodologies. � REF _Ref169414965 \r \h ��[2]� was based on an infinite server model; i.e., random handover events were generated, preambles were assigned and the highest number of preambles required was noted. The same methodology is used in � REF _Ref162352375 \r \h ��[1]�. The results shown here are based on a finite server model; i.e., the number of preambles is fixed, random handover events are generated and the number of blockings or collisions are counted. It should be noted that the results presented here are more accurate than the previously reported results in � REF _Ref162352375 \r \h ��[1]� and � REF _Ref169414965 \r \h ��[2]�.
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