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1 Introduction
Except this line, this document is same as R2-093109 but with change-marks accepted (mistake in the submission process).
The contribution gives the U-plane interruption time during handover in LTE-Advanced for ITU submission. The prior analysis on R8 in TR25.912 shows that LTE can satisfy the handover interruption time requirement in ITU. The recognized physical-layer key techniques in LTE-A include MIMO enhancement, Carrier aggregation (CA), Coordinated multi-point transmission/reception (CoMP) and relay. The handover behavior of MIMO enhancement in LTE-Advanced is the same as LTE. Type 1 relay can either follow the LTE handover procedure or that in CoMP. In the contribution, we mainly analyze the impact of CA and CoMP on handover interruption time assessment, which shows that CA and CoMP might reach a lower handover interruption time, thus all key features in LTE-Advanced system should be able to satisfy the ITU requirement. 
2 ITU requirements
The ITU defined handover interruption time requirement for IMT-advanced [1] are listed as follows.

Table1 Handover interruption times

	Handover type
	Interruption time
 (ms)

	Intra-frequency
	27.5

	Inter-frequency

–
within a spectrum band

–
between spectrum bands
	40

60


Inter-system handovers between the candidate IMT-Advanced system and at least one IMT system shall be supported, but are not subject to the limits in Table 1.
3 Interruption time analysis in LTE system [2]
TR 25.912[2] has presented the estimated total average interruption time within E-UTRAN. In LTE system, interruption time is defined as the time during which a user terminal can not exchange user plane packets with any base station. The generic handover procedure assumed in E-UTRAN is shown in Fig. 1.
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Fig.1 U-Plane interruption involved in the intra-MME/UPE HO procedure in E-UTRAN[2]

Table2  U-Plane interruption components and estimates[2]
	
	Component
	Cause
	Estimate [ms]

(contention based)
	Estimate [ms]
(contention-free)

	(a)
	Radio layer process
	- DL synchronization time, including e.g., baseband and RF switching time
- UL resource request and timing advance acquisition

- UL resource granting
	12 ± 2.5
	12 ± 2.5

	(b)
	UL RRC signaling
	- RRC message encoding at the transmitter

- RRC transmission over the radio

- RRC processing time at the receiver
	6.5
	0

	(c)
	DL RRC signaling
	- RRC message encoding at the transmitter
- RRC transmission over the radio

- RRC processing time at the receiver
	6.5
	0

	(d)
	Forwarding delay
	- Source eNB processing
- Packet transmission over the X2 interface

	5
	5


The total average interruption time are estimated as below [2]:
Contention-based access:

-
UL interruption time =25 ms 

-
DL interruption time =18.5 ms.

Contention-free access:

-
UL interruption time = 12 ms

-
DL interruption time = 12 ms.

There is no difference between intra- and inter frequency handover. 
4 Interruption time analysis in CA
There are multiple component carriers aggregated together in LTE-Advanced system. There are two type of CA: contiguous CA and non-contiguous CA. For non-contiguous CA, it could be intra-band or inter-band. It should be reasonable to assume that different DL component carriers from the same eNB are capable to be synchronized for contiguous CA and the intra-band non-contiguous CA. Whether the multi-carrier synchronization can be kept in the inter-band non-contiguous CA is for future study. 
(1) Intra-eNB anchor carrier update

All aggregated carriers transmit from the same antenna and the UE related information is maintained by the identical eNB, so target anchor aggregated carrier is able to share the same UL synchronization procedure, e.g. timing advanced (TA) command, with the source anchor aggregated carrier, without need for additional RACH procedure during aggregated carriers update procedure[3]. Thus, for CA it is possible to make a component carrier usage reconfiguration procedure that is equivalent with inter-frequency mobility, The procedure may not need L2 reset and with zero or almost zero interruption (the scheduling delay to start transmission on new component carriers) .
(2) Inter-eNB handover

For the inter-eNB handover under CA scenario, the similar handover procedure and corresponding interruption time analysis may be alike as LTE. 

Note that although the definition of handover in CA is ambiguous in current stage and for further discussion, it can be concluded that the handover interruption time in CA is no more than LTE.
5 Interruption time analysis in CoMP
CoMP is considered for LTE-Advanced as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput. Taking the advantage that one UE can be served by the antennas at multiple points (sites), and one UE needs to monitor multiple cells for report, the handover procedure can be speeded up in CoMP. Based on some of the consensus on CoMP reached by RAN1, the interruption time during serving cell handover is analyzed. 

1) If the target serving cell is within CoMP reporting cell set in UL[4],
It is assumed that there may be a L2 relocation involved when the target serving cell and source target serving cell is inter-eNB. The similar performance analysis as [2] is shown below.
(a) Radio layer process
UE have already synchronized with the target serving cell, thus there is no need to attempt RACH access during serving cell update procedure and the handover delay can be reduced by less RACH access.

- DL synchronization time. It is thought that baseband and RF alignments may take some time, and the delay should be less than 1ms[2].

- Scheduling UL grant processing time, the time between UE receive the UL grant scheduling and UL transmission, about 3ms.

(b), (c) RRC signalling 

-  Resuming of DL U-plane transmission is triggered by HO complete (b),since the UE and its arri val is identified to the network. According to [2] the delay is about 6.5ms.
-  UL U-plane transmission can possibly be resumed before RRC signalling (b) is complete, 
-  NO DL RRC signaling as shown in Fig.1 is required.
(d) Data forward delay

What is essential is the delay for the first forwarded packet to arrive at the target serving cell.

So the interruption time is estimated as follows

Table 4  U-Plane interruption components and estimates in CoMP
	
	Component
	Cause
	Estimate [ms]



	(a)
	Radio layer process
	· DL synchronization time, including e.g., baseband and RF switching time 

· Scheduling UL grant
	1+3

	(b)
	UL RRC signaling
	- RRC message encoding at the transmitter

- RRC transmission over the radio

- RRC processing time at the receiver
	6.5

	(c)
	DL RRC signaling
	- RRC message encoding at the transmitter
- RRC transmission over the radio

- RRC processing time at the receiver
	0

	(d)
	Forwarding delay
	- Source eNB processing
- Packet transmission over the X2 interface
	5*


*NOTE: may be less than 5ms due to enhanced X2 interface or dedicated inter-eNB connection in CoMP.

The total average interruption time are roughly estimated as below:

-UL interruption time = 4ms

-DL interruption time = 10.5ms

2)   If the target serving cell is not within CoMP UL reporting cell set, the interruption time is listed as LTE shown in Table2.
6 Conclusion

In the contribution, new mobility cases for CA and COMP are added in LTE-A. Based on the analysis in this contribution, the interruption time during handover for CA and CoMP is roughly assessed shown as Table 5.  It is good to show that CA and CoMP might reach a lower handover interruption time than LTE system. Taking into account that the prior analysis on R8 in TR25.912 shows that LTE can satisfy the handover interruption time requirement in ITU, and all the other LTE-Advanced key features follows the LTE handover behavior, it can be concluded that LTE-Advanced system should be able to satisfy the ITU requirement. 

Table 5 U-Plane interruption components and estimates in LTE-A
	Parameter
	Interruption time

	LTE-A (CA) 
	Intra-eNB anchor carrier update
- interruption time same magnitude as scheduling delay = 4ms. 
Inter-eNB handover

-  Interruption time is the same as LTE

	LTE-A (CoMP)
	The target serving cell is within CoMP reporting cell set.
-UL interruption time = 4ms
-DL interruption time = 10.5ms
The target serving cell is not within CoMP reporting cell set.
-  Interruption time is the same as LTE


7 Text Proposal
-------------------------------Text proposal for ITU-submission TDT --------------------
	4.2.3.2.5.2
	What are the handover interruption times for:

    Within the RIT (intra- and inter-frequency)

    Between various  RITs within a SRIT

    Between the RIT and another IMT system.

In LTE, for intra-LTE handover, the estimated total average interruption time is about 12 ms under typical configuration. 

There is no difference between intra- and inter frequency handover (FDD to FDD, TDD to TDD and FDD to/from TDD). (For more details see [25.912] clause 13.6.2.) 

For handover between LTE and UTRAN/GERAN, the requirement is <300ms for real-time services and <500ms for non-real-time services. (For more details see in [25.913] clause 8.4.)

Similar performance is expected for handover between LTE and cdma2000
For LTE-Advanced, similar performance is expected.
Carrier aggregation might reach lower handover interruption time;
CoMP is capable to switch the serving cells with a quicker handover procedure, assuming the synchronization among multiple coordinated cells.


----------------------------------------------------------End proposal---------------------------------------------
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