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1
Introduction
In the context of the Rel-13 Study Item “Study on Latency reduction techniques for LTE”, RAN2#91 discussed the latency reduction during handover [1, 2], and the following agreement was made and further evaluations were required:
	=>
Can further evaluate latency caused by handover (which steps cost most time?) and investigate possible enhancements. 


In this contribution, we will first analyze which of the handover steps take the biggest latency, and then propose solutions to minimize the data interruption during handover.
2
Latency analysis during handover
As illustrated in section 10.1.2.1.1 of TS 36.300 (which is also attached in the Annex for convenience), the handover procedure comprises of handover preparation phase, handover execution phase and handover completion phase. Given that data interruption may only happen during the handover execution phase, in the contribution, the latency analysis as well as the proposed solutions will focus on the handover execution procedures.
Table 2-1 provides a latency analysis for the handover execution phase, based on the latency analysis provided in TR 36.912 [3], assuming the FDD frame structure.
Table 2-1: Handover latency analysis (with RACH procedure)
	Component
(Step)
	Description
	Minimum

[ms]
	Average

[ms]

	7
	DL allocation, RRC Connection Reconfiguration Incl. 

MobilityControlInformation
	16
	16

	7.1
	Transmission of RRC Connection Reconfiguration
	1
	1

	7.2
	UE processing delay (as per section 11.2 of TS36.331)
	15
	15

	8
	SN Status transfer
	-
	-

	9
	Synchronization
	2
	4

	9.1
	RF re-tuning
	0.5
	0.5

	9.2
	Average delay due to RACH scheduling period
	0.5
	2.5

	9.3
	RACH preamble
	1
	1

	10
	UL allocation + TA for UE
	3
	5

	10.1
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	5

	11
	UE sends RRC Connection Reconfiguration Complete 
	6
	6

	11.1
	UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data)
	5
	5

	11.2
	Transmission of RRC Connection Reconfiguration Complete
	1
	1

	
	Total delay
	27
	31

	
	Total delay excluding UE processing delay on handover command
	12
	16


It is shown in Table 2-1 that the data interruption time during handover (i.e. from the reception of handover command to the transmission of RRC Connection Reconfiguration Complete) is 27ms in minimum (i.e. with 3ms msg2 window and 1ms PRACH cycle) and 31ms in average (i.e. with 5ms msg2 window and 5ms PRACH cycle), among which “UE processing of handover command” and “RACH procedure” (step 9.2 to 11.2) take the biggest part. The “UE processing of handover command” takes 15ms (about 50%), and the “RACH procedure” takes about 10.5ms in minimum and 14.5ms in average (about 40%).

With faster processors today, reduction of the latency caused by “UE processing of handover command” is possible, nevertheless it is still subject to UE implementation. Solutions could be considered to minimize even avoid the latency caused by the RACH procedure.
Observation 1: “UE processing of handover command” and “RACH procedure” take the biggest latency during handover, which are about 50% and 40% respectively.
3
Potential solutions

3.1
Solution to obtain the target cell TA without performing RACH procedure
Since the main purpose of the RACH procedure is to obtain the TA in the target cell, solutions could be considered so that the UE can obtain the target cell TA without performing the RACH procedure. Here, we will propose one possible solution when the source cell and the target cell are time synchronized. 
As illustrated in Figure 3.1, the UE first obtains the DL propagation delay difference between the source cell and the target cell (i.e. T1-T2). Assuming the UL propagation delay is the same as the DL propagation delay, and then the UE can derive the target cell TA from the source cell TA as below:
TAtarget = TAsource – 2 (T1-T2)

[image: image1.png]T

Synchronized Network

UE

T




Figure 3-1: Obtain of target cell TA 

The accuracy of the target cell TA obtained by this solution needs to be further checked by RAN4.
Proposal 1: UE derives the target cell TA from the source cell TA without performing the RACH procedure in synchronized network, and ask RAN4 to check the accuracy of such a method.
3.2
Solution to minimize the data interruption time in RACH-less handover
Even if the UE can ignore the RACH procedure during handover, the UE still needs to obtain the UL grant for data transmission, i.e. to transmit the RRC Connection Reconfiguration Complete message.  
Table 3-1 provides a latency analysis during the handover execution phase, in case the UE requests the UL grant to transmit the RRC Connection Reconfiguration Complete message by the SR procedure. It is shown that the total data interruption time is 26ms in minimum (i.e. with 1ms PUCCH cycle) and 28ms in average (i.e. with 5ms PUCCH cycle), which are basically the same as that for the handover with RACH procedure. 
Table 3-1: Handover latency analysis (with SR procedure)

	Component
	Description
	Minimum

[ms]
	Average

[ms]

	7
	DL allocation, RRC Connection Reconfiguration Incl. 

MobilityControlInformation
	16
	16

	7.1
	Transmission of RRC Connection Reconfiguration 
	1
	1

	7.2
	UE processing delay (as per section 11.2 of TS36.331)
	15
	15

	8
	SN Status transfer
	-
	-

	9
	Synchronization and Uplink grant request
	2
	4

	9.1
	RF re-tuning
	0.5
	0.5

	9.2
	Average delay to next SR opportunity
	0.5
	2.5

	9.3
	UE sends Scheduling Request
	1
	1

	10
	UL allocation for UE
	4
	4

	10.1
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3
	3

	10.2
	Transmission of Scheduling Grant
	1
	1

	11
	UE sends RRC Connection Reconfiguration Complete
	4
	4

	11.1
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3
	3

	11.2
	Transmission of RRC Connection Reconfiguration Complete
	1
	1

	
	Total delay
	26
	28


Observation 2: Even if the UE can ignore the RACH procedure during handover, the data interruption time still cannot be reduced if the UE requests the UL grant to transmit the RRC Connection Reconfiguration Complete message by the SR procedure.
To avoid the latency caused the SR procedure for the UL grant request for the transmission of the RRC Connection Reconfiguration Complete message, one straightforward solution is to pre-allocate the UL grant, and the following two solutions could be considered:

· Solution 1: Pre-allocation of UL grant in handover command. The pre-allocated UL grant will be kept valid within a period of time, from the time e.g. when the network expects the UE achieves synchronization with the target cell.
· Solution 2: Pre-allocation of UL grant by dynamic scheduling in the target cell. The target cell will periodically pre-allocate the UL grant to the UE by dynamic scheduling, from the time e.g. when it expects the UE achieves synchronization with it. 
For Solution 1, the handover latency will be shorter compared to Solution 2, as the UE can directly use the UL grant provided in handover command to transmit the RRC Connection Reconfiguration Complete message rather than receiving and decoding the UL grant on PDCCH. Table 3-2 provides the handover latency analysis with Solution 1, which shows that the handover latency could be significantly reduced (i.e. 27ms->19ms). 
Table 3-2: Handover latency analysis (with Solution 1)

	Component
	Description
	Time

[ms]

	7
	DL allocation, RRC Connection Reconfiguration Incl. 

MobilityControlInformation
	16

	7.1
	Transmission of RRC Connection Reconfiguration
	1

	7.2
	UE processing delay (as per section 11.2 of TS36.331)
	15

	8
	SN Status transfer
	-

	9
	Synchronization
	0.5

	9.1
	RF re-tuning
	0.5

	10
	UE sends RRC Connection Reconfiguration Complete
	2.5

	10.1
	Average delay due to TTI border
	0.5

	10.2
	UE Processing Delay (L1 encoding of UL data)
	1

	10.3
	Transmission of RRC Connection Reconfiguration Complete
	1

	
	Total delay
	19

	
	Total delay excluding UE processing delay on handover command
	4


It is expected that the handover latency will be further reduced if the UE could process the handover command faster, for which the existing value of 15ms is quite conservative.
Proposal 2: Network pre-allocates the UL grant for the RRC Connection Reconfiguration Complete message in handover command.

Proposal 3: Discuss whether a realistic UE processing delay on RRC messages could be assumed for the current study.
4
Conclusion

In this contribution, we first analyzed which of the handover steps take the biggest latency, and then proposed solutions to minimize the data interruption during handover. We have the following observations:
Observation 1: “UE processing of handover command” and “RACH procedure” take the biggest latency during handover, which are about 50% and 40% respectively.
Observation 2: Even if the UE can ignore the RACH procedure during handover, the data interruption time still cannot be reduced if the UE requests the UL grant to transmit the RRC Connection Reconfiguration Complete message by the SR procedure.

We have the following proposals:
Proposal 1: UE derives the target cell TA from the source cell TA without performing the RACH procedure in synchronized network, and ask RAN4 to check the accuracy of such a method.

Proposal 2: Network pre-allocates the UL grant for the RRC Connection Reconfiguration Complete message in handover command.
Proposal 3: Discuss whether a realistic UE processing delay on RRC messages could be assumed for the current study.
5
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Figure A-1: Intra-MME/Serving Gateway HO (copy from TS 36.300, section 10.1.2.1.1)
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