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1. Introduction
In RAN2#58bis mainly 3 proposals for synchronous handover are discussed:
· UE rcvs HOcmd, moves to target cell, sends SR/CQI, and waits for UL allocation

· UE rcvs HOcmd, moves to target cell and listens for UL allocation by target

· UE rcvs HOcmd with resource indicated for the target cell.

Proposal 3 maybe the simplest way for synchronous handover. This contribution intend to figure out how to assign uplink resource in the Handover Command for sending Handover Confirm message.
2. Discussion
Normally one activation time is estimated first by the target cell. Target cell will reserve one dedicated uplink resource according to the estimated activation time and assign it to the UE in the Handover Command message. The duration to sending the Handover Command message is variant due to complex radio condition. So in order to guarantee UE not to miss the access opportunity activation time has to be estimated in pessimistic way. And thus will introduce more handover interruption time. Another way is reserve more radio resource e.g. between a optimistic activation time and pessimistic one. UE can access the target cell once it receives Handover Command. but thus can only work at high cost of radio resource.

For synchronous handover the duration between UE receiving a Handover Command and tune to target cell is almost negligible. So there is a tight relation between the time UE finish receiving Handover Command and an access opportunity for UE to access target cell. Since the time UE receiving Handover Command is discrete target can also reserve several access opportunities as well as related radio resource for UE.
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Figure 1

In Figure 1, 3 access opportunities and related radio resource are reserved which are contained in the Handover Command message. If for example UE get access to target cell in second opportunity then both UE and target cell will release 3rd opportunities and related radio resource. In the following table 1 handover interruption time and used radio resource are listed assuming HARQ initial error rate is 70% and 4 HARQ transmission: 
	probability
	HO Command
	UE proc. (L3) 
	SR/CQI
	eNB proc.(L1/L2)
	L1/L2 control
	UE proc. (L1)
	HO Confirm 
	eNB proc. (L3)
	L1/L2 control
	UE proc. (L1)
	Total
	used PRB

	70%
	1
	3
	　-
	　-
	　-
	-　
	(1-16)
	4
	1
	1
	(11-27)
	2    

	21%
	6
	3
	　-
	　-
	　-
	-　
	(1-16)
	4
	1
	1
	(16-31)
	4    

	6.3%
	11
	3
	　-
	　-
	　-
	-　
	(1-16)
	4
	1
	1
	(21-36)
	6    

	1.89%
	16
	3
	　-
	　-
	　-
	-　
	(1-16)
	4
	1
	1
	(26-41)
	8    


Table 1

Note1: figures in table 1 is cited from [1] except for probability

the difference between proposed procedure and option 3 in [1] is :

· the reserved radio resource in Handover Command is for Handover Confirm but not for Scheduling Request
· no scheduling request procedure is needed which save 5 ms
	the performance and cost i.e. interruption time and consumed PRB is compared in table 2:

　
	Min PBR 
	Min HO interruption time (ms)

	This proposal
	2.77
	12.87

	option 3 in [1]
	2.23
	17.87

	Pain vs gain
	24.14%↑
	38.84%↓


Table 2

From table 2 we can see in average the proposal may save 38.84% interruption time at the cost of 24.14% more radio resource. Detail comparison is listed in table 3:
	probability
	This proposal
	option 3 in [1]

	　
	min HO interruption time
	min PBR
	min HO interruption time
	min PBR

	70%
	11
	2
	16
	2 1/6

	21%
	16
	4
	21
	2 1/3

	6.3%
	21
	6
	26
	2 1/2

	1.89%
	26
	8
	31
	2 2/3


Table 3
From table 3 we can see in 70% case 5ms is saved even at less cost. And then more PBRs are consumed with less probability. 
And further optimization could be introduced in practice. For example target cell may give up 1st access opportunity if considering cell throughput or in rush hour then about 91% minimum handover interruption time will be 16ms at cost of 2 PBRs which is still less than option 3 in [1]. And if radio resource is not the bottleneck anymore then target cell can reserve 1st access opportunity once again. It is really a trade-off between handover interruption and radio resource. Btw this proposal is less complex because no coordination between UEs is needed since all reserved radio resource is UE specific. 
3. Conclusion 
This document propose to reserve several access opportunities and related radio resource in the Handover Command message for sending Handover Confirm directly. the proposal will save 38.84% in average in terms of minimum handover interruption time at cost of about 24.14% PBRs in average compared to option 3 in [1]. 
4. reference
[1] R2-072799 UL time synchronized handover RAN2#58bis , Samsung
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