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1. Introduction
Based on [1], UL time synchronization would not be required in some HO scenarios, e.g. intra-eNB HO. In this contribution, we (1) propose to omit RA preamble and RA response and (2) see how UE informs Handover Confirm in UL time synchronized HO. 
2. Discussion

In UL time non-synchronized HO, 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 time synchronized HO, 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 time synchronized HO.
Proposal 1: RA preamble and RA response should be omitted for UL time synchronized handover HO. 
However, in UL time non-synchronized HO, UL radio resource to send Handover Confirm to the target cell is allocated in RA response [2]. Therefore, in the UL time synchronized HO, how an eNB allocates UL radio resource for Handover Confirm should be addressed. In the following sections, we would like to discuss possible options of how to allocate UL radio resource for Handover Confirm in UL time synchronized HO. 
2.1. OPT 1: Time and UL radio resource reservation for HO Confirm 
Main principle: 

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
2.2. OPT 2: Time reservation for HO Confirm 
Main principle:
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
2.3. OPT 3: Use of dedicated UL control to request UL radio resource for HO Confirm
Main principle:
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
2.4. OPT 4: Use of dedicated UL control replacing HO Confirm
Main principle:
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
3. Analysis
With the following assumptions;

· 5 HARQ processes

· 4 Maximum HARQ transmissions

3.1 HO interruption time (with 1 UL radio resource allocation in time): 
Since the eNB cannot know when the UE will successfully receive Handover Command, an eNB should consider maximum Handover Command transmission delay, i.e. maximum number of HARQ transmissions, before allocation of the corresponding UL radio resource. 
The table1 shows each expected HO interruption time with 1 UL radio resource allocation mainly based on [3]. Maximum Handover Command transmission delay would be 16ms as a result from Max(1-16). 
	
	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

	OPT1
	Max(1-16)
	3
	
	
	
	
	(1-16)
	4
	1
	1
	(26-41)

	OPT2
	Max(1-16)
	3
	
	
	1
	1
	(1-16)
	4
	1
	1
	(28-43)

	OPT3
	Max(1-16)
	3
	1
	2
	1
	1
	(1-16)
	4
	1
	1
	(31-46)

	OPT4
	Max(1-16)
	3
	1
	2
	1
	1
	
	
	1
	1
	(26)


Table1. HO interruption time (with 1 UL radio resource allocation in time)
Note1: HO interruption time is from the reception of Handover Command to the first data transmission in the target cell. However, figures in the section 2 illustrate signals until the transmission of Handover Confirm in the target cell. 

Note2: in OPT4, additional delay might require for BSR since SR/CQI cannot give any information of buffer status.
As seen in the table1, HO interruption time is upto around 40ms except OPT4. 
With the following considerations;
· Delay of VoIP over the radio is 20ms

· Some gaming services have more strict delay requirement [4]

Point-1: More than 1 UL radio resource allocations in time would be desirable to decrease HO interruption time for certain services. 
3.2 Radio resource overhead:
Handover Confirm (overhead in UL):  
· Message type (8)
· RRC transaction identifier (4)

· Integrity check info (48)

· C-RNTI (16)

· CRC (24)

L1/L2 control info [5] (overhead in DL):

· Resource assignment (12)

· TF (8)

· Duration (2)

· MIMO (2)
· UE specific CRC (16)

SR/CQI (overhead in UL): 

· 1/6~1/12 PRB (6~12 UEs can be supported by 1 PRB [6])

With QPSK and 1/3 code rate, Handover Confirm would require 2 PRBs and L1/L2 control info would require around 1/2 PRB. As a result, the following radio resource overhead would be required for each radio resource allocation in time. 
· OPT1: 2 PRBs in UL
· OPT2: 2 PRBs in UL and 0.5 PRBs in DL
· OPT3: 1/6~1/12 PRB in UL
· OPT4: 1/6~1/12 PRB in UL
Point-2: OPT3 and OPT4 requres limited radio resource for each allocation in time while OPT1 and OPT2 require much more radio resource for each allocation in time. The required radio resources with OPT3 and OPT4 are still limited even when multiple allocations in time are assigned based on Point-1. 
3.3 Complexity in the eNB scheduler:
Due to allocation of radio resource in the target cell in advance, it can cause complexity in the eNB scheduler since the eNB scheduler should care that all other UEs are scheduled avoiding the allocated radio resource. In this sense, we believe allocation of both time and UL radio resource in the target cell in advance could cause more complexity in the eNB scheduler. 

Point-3: OPT1 could cause more complexity in the eNB scheduler. 
3.4 Security:
Without Handover Confirm, integrity check is not possible. 

Point-4: OPT4 could have security problem. 

3.5 Reliability:

With consideration that SR/CQI transmission is not reliable, relying only on SR/CQI without L3 message can cause mis-understanding inbetween the eNB and the UE. 

Point-5: OPT4 would not be reliable
3.6 Optimization of Handover Confirm transmission: 
With CQI, power control or MCS adaptation for DL control/data transmission followed by Handover Confirm is possible. 
Point-6: OPT3 would enable power control or MCS adaptation for transmissions followed by Handover Confirm (in case the dedicated UL control that is used is CQI).  
Proposal 2: With all points above, OPT3 would be the best candidate of UL time synchronized HO. 
4. Proposal
In the document, proposed to omit RA preamble and RA response and see possible UL time synchronized HO options in the section 2. Based on the analysis in the section 3, we would like to propose OPT3 as UL time synchronized HO. If agreeable, we also would like to reflect it into TS36.300. 
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