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1. Introduction
Discussion on UL synchronized handover was initiated at RAN2#58bis. 
In this contribution, we would like to see issues and to analyze different proposals. 
2. Discussion

In UL non-synchronized handover, UE transmits a RA preamble after moving to the target cell and the target cell responds with a RA response including the Timing Alignment information. In this way, UL timing is adjusted to that of the target cell during handover. However, for UL synchronized handover, the steps of RA preamble and RA response can be omitted since UL timing is already guaranteed at the target cell. In order to reduce RACH load, we think these steps should be omitted for UL synchronized handover. 
Proposal 1: RA preamble and RA response should be omitted for UL synchronized handover. 

During the discussion at RAN2#58bis, it was issued which of following scenarios to be supported as UL synchronized handover. 
1) Intra-eNB handover

2) Inter-eNB UL synchronized handover, e.g. synchronized network, small cell. 

Since decision on detailed UL synchronized handover mechanism would be dependent on this decision, we would like RAN2 to decide whether intra-eNB handover is only considered or inter-eNB UL synchronized handover should be also considered. 
Proposal 2: RAN2 should first decide whether intra-eNB handover is only considered or inter-eNB UL synchronized handover should be also considered.
3. Sumary of UL synchronized handover mechanism
In UL non-synchronized handover, UL radio resource for Handover Confirm to the target cell is allocated in RA response. 
However, in UL synchronized handover, there is no RA response based on the proposal 1. It should be addressed how a target eNB allocates UL radio resource for Handover Confirm. 

3.1 Intra-eNB handover

Since a target eNB can know when the UE successfully receives Handover Command, i.e. ACK sent by the UE, there is nothing to be specified on how to allocate UL radio resource for Handover Confirm. An eNB will assign UL radio resource for Handover Confirm by L1/L2 control after the reception of ACK to Handover Command. 
Proposal 3: In intra-eNB handover, there is no need to be specified on how to allocate UL radio resource for Handover Confirm.
3.2 Inter-eNB handover

Since a target eNB cannot know when the UE successfully receives Handover Command, to minimize handover delay and overhead, it should be addressed how a target eNB allocates UL radio resource for Handover Confirm.  

There would be several proposals:
1) Option 1: Time and UL radio resource reservation for Handover Confirm

2) Option 2: Time reservation for Handover Confirm

3) Option 3: Use of dedicated UL control to request UL radio resource for Handover Confirm [1]
4) Option 4: Use of dedicated UL control replacing Handover Confirm

5) Option 5: Use of scheduling request sent by source eNB over X2 interface [2]
Option 1: Time and UL radio resource reservation for Handover Confirm:
Time and UL radio resource to send Handover Confirm would be allocated in advance. 

Information of both time and UL radio resource for Handover Confirm is included in Handover Command.
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Figure1. Time and UL radio resource reservation for Handover Confirm
Option 2: Time reservation for Handover Confirm:
Only time to send Handover Confirm would be allocated in advance. 

Time information is included in Handover Command. Meanwhile UL radio resource for Handover Confirm is indicated by L1/L2 control channel at the indicated time.
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Figure2. Time reservation for Handover Confirm
Option 3: Use of dedicated UL control to request UL radio resource for Handover Confirm:
Rather reserving time and UL radio resource to send Handover Confirm, dedicated UL control, e.g. CQI, SR, Sounding, etc, would be used as to request UL radio resource for Handover Confirm.
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Figure3. Use of SR/CQI to request UL radio resource for Handover Confirm
Option 4: Use of dedicated UL control replacing Handover Confirm:
Dedicated UL control, e.g. CQI, SR, Sounding, etc, would be used as to be Handover Confirm, i.e. no RRC message.
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Figure4. Use of SR/CQI replacing Handover Confirm
Option 5: Use of indication over X2 interface:
The source eNB sends a message over X2 interface to trigger target eNB to assign UL radio resource for Handover Confirm.  
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Figure5. Use of scheduling request sent by source eNB over X2 interface
4. Analysis in HO interruption time, HO delay and overhead

With the following assumptions:
· 5 HARQ processes

· 4 Maximum HARQ transmissions

HO interruption & delay with 1 UL radio resource allocation in time:
Table 1 lists the HO interruption time for option 1 to option 4. 

	
	UE proc for HOcmd.
	SR/CQI
	eNB proc.(L1/L2)
	L1/L2 control
	UE proc. (L1)
	HO Confirm
	eNB proc. (L3)
	L1/L2 control
	UE proc. (L1)
	Total

	OPT1
	3
	
	
	
	
	(1-16)
	4
	1
	1
	(10-25) 

	OPT2
	3
	
	
	1
	1
	(1-16)
	4
	1
	1
	(12-27)

	OPT3
	3
	1
	2
	1
	1
	(1-16)
	4
	1
	1
	(15-30)

	OPT4
	3
	1
	2
	1
	1
	
	
	1
	1
	(10)


Table 1. HO interruption time in option 1 - 4 (with 1 UL radio resource allocation in time)
In option 5, the target eNB can know when the UE has received Handover Command by explicit signaling sent by the source eNB. Therefore the target eNB does not need to consider transmission time of Handover Command and maximum number of HARQ transmissions of Handover Command. However, in option 5, signaling transfer delay from the source eNB to the target eNB would be main driver in HO interruption time. Table 2 shows HO interruption time in option 5. 
	

	Source eNB proc. (L3)
	S1 
	MME proc. 
	S1
	Target eNB proc. (L3)
	L1/L2 control
	UE proc. (L1)
	HO Confirm
	Target eNB proc. (L3)
	L1/L2 control
	UE proc. (L1)
	Total

	OPT5
	4
	(2-15)
	5
	(2-15)
	4
	1
	1
	(1-16)
	4
	1
	1
	(22-37) + 2*S1 (4-30)


Table 2. HO interruption time in option 5
Note:. X2 interface is logical interface. We assume that normally signaling transfer from the source eNB to the target eNB would be sent via MME. 
From table 2 we can see that most likely the HO interruption time figures are even higher for option 5.
In addition to HO interruption, also HO delay is important to consider. 

With 1 UL radio resource allocation for Handover Confirm, the target eNB would have the following difficulties in scheduling for Handover Confirm:

· Target eNB cannot know when the source ENB will start transmission of Handover Command (X2 transport delay variance, source eNB processing variance)
· Target eNB cannot know how many HARQ transmissions will be needed for the reception of Handover Command

As a result, the Target eNB should estimate the maximum X2 transport delay, source eNB processing delay and maximum number of HARQ transmissions for the Handover Command to determine when to allocate the UL resource in the target cell. 
Assuming e.g. max 10ms delay variation for X2, 2ms delay variation for Source-eNB processing, and 16ms delay variation for HARQ retransmissions, when only 1 UL radio resource is allocated for the Handover Confirm, the handover will be delayed (in most cases unnecessarily) with something like 28ms.

Based on the above, it seems interesting to enable a solution in which multiple occasions would exist for the UL access in the target cell (e.g. 10ms apart). Such a solution would replace the increase in handover delay caused by (X2-delay-jitter, Source-eNB processing jitter and HANDOVER COMMAND HARQ delay) with an average of half the UL resource periodicity.

Proposal 4:  In order to limit the handover delay, it seems preferable to have a solution which allows the UE multiple opportunities for UL access in the target cell. 
Overhead to decrease HO delay:
From option 1 to option 4, by assigning the corresponding resource more than once, the HO delay can be decreased. 

For example;

· Option 1: by assigning multiple times UL radio resource for Handover Confirm multiple times
· Option 2: by assigning L1/L2 control and UL radio resource for Handover Confirm multiple times

· Option 3: by assigning UL control channel multiple times

· Option 4: by assigning UL control channel multiple times

The additional overhead should be kept as small as possible: 

Handover Confirm (overhead in UL): 2 PRBs (with QPSK and 1/3 code rate)
· Message type (8)

· RRC transaction identifier (4)

· Integrity check info (48)

· C-RNTI (16)

· CRC (24)

L1/L2 control info [3] (overhead in DL): 2 PRB
· Resource assignment (12)

· TF (8)

· Duration (2)

· MIMO (2)

· UE specific CRC (16)
SR (overhead in UL): 1/36 PRB [4]
· 1/36 PRB (12 cycle shift ZC code in 1 PRB, 3 UEs can be supported in 1 cycle shift ZC code with assumption SR transmission would be similar to ACK/NACK)

With the estimation above, overhead in addition to assign corresponding resource one more time would be as follow:

· Option 1: 2 PRBs in UL

· Option 2: 2 PRBs in UL and 1/2 PRB in DL

· Option 3: 1/36 PRB in UL

· Option 4: 1/36 PRB in UL 

As above, option 3 and option 4 can decrease HO delay with minimum overhead.  However, we believe option 4 could have a security problem since integrity check is not possible. Therefore, we believe option 3 could be applied to UL synchronized handover with acceptable HO delay and overhead. 

Proposal 5: Option 3 is UL synchronized handover with acceptable HO delay and overhead.  
3. Proposal
We would like RAN2 to discuss and decide the following proposals: 

1) RA preamble and RA response should be omitted for UL synchronized handover. 
2) RAN2 should first decide whether intra-eNB handover is only considered or inter-eNB UL synchronized handover should be also considered.  

3) In intra-eNB handover, there is no need to be specified on how to allocate UL radio resource for Handover Confirm.-

4) In order to limit the handover delay, it seems preferable to have a solution which allows the UE multiple opportunities for UL access in the target cell. 
5) Option 3 (Use of dedicated UL control to request UL radio resource for Handover Confirm) is UL synchronized handover with acceptable HO delay and overhead.
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