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Introduction

During RAN2 #53 the need to standardize forward handover was discussed at length.  Forward handover is the handover that is initiated by the target cell.  In this document we analyze the pros and cons of forward handover standardization for LTE. We also discuss impacts to the protocol architecture of not having forward handover.
Discussion

Loss of data

Forward handover is already used in UMTS to recover the loss of a radio link, or a failed reconfiguration procedure.  In particular, the UE can initiate a cell update procedure with the target Node B when a regular handover failed and when the UE is not able to go back to the source Node B.  Both cell update procedure and reconfiguration procedures are terminated in the S-RNC, where also the RLC (U-Plane and C-Plane) and PDCP (U-Plane) are terminated.  This allows a relatively straightforward execution of the forward handover in UMTS:  The S-RNC will include in the CELL UPDATE CONFIRM message all the information needed to resume the existing call/session on the target Node b.  During this procedure some data may be lost (RLC reset/re-establishment), including messages on SRB2, SRB3 and SRB4, but RRC in the S-RNC will know which RRC messages have not been acknowledged by RLC and it could take corrective actions, e.g. release the RRC connection and Iu connections only if critical messages have been lost on SRB2, SRB3 and SRB4.
In LTE, since PDCP for the U-Plane is in the UPE and RLC and RRC are in the eNode B, the loss of the RRC session in the source cell would lead to the loss of RRC and NAS messages.  The MME would not be aware of which NAS messages may have been lost and in most cases it would be forced to start from scratch.  However, if forward handover is performed, the loss of data (U-Plane and C-Plane) could be minimized, and in most cases avoided, since the target eNode B could fetch the RRC context and the not yet acknowledged AM RLC SDUs from the source eNode B.
Frequency of handover

The need for forward handover was also questioned on the basis that it would only be used in failure cases, such as the cell update procedure today, and since the handover itself would be a relatively infrequent procedure occurring on average every 30s to 180s.  In our opinion, the average time between handover is going to be lower than 30s, as our experience with cell repointing in existing system can easily demonstrate.

	Location, 
Antenna Configuration, 
Log number
	Statistics
	Average time between server switch [s]
	Length of captured logs [h:mm:ss]

	US_SU IA 01
	Average
	15.4
	0:19:43

	
	Stdev
	22.3
	

	US_SU IA 02
	Average
	11.4
	0:06:16

	
	Stdev
	14.4
	

	US_SU IA 03
	Average
	7.3
	0:06:12

	
	Stdev
	6.9
	

	IT_U IA 01
	Average
	36.2
	0:15:41

	
	Stdev
	43.3
	

	US_SU IA 04
	Average
	29.3
	03:54

	
	Stdev
	34.7
	

	US_SU IA 05
	Average
	40.9
	27:56

	
	Stdev
	77.4
	

	US_U IA 01
	Average
	49.8
	12:27

	
	Stdev
	36.5
	

	HK IA 01
	Average
	18.2
	19:46

	
	Stdev
	19.5
	


Table 1.  Statistics for the change of serving cell in HSDPA Rel-5
Legend:
US_SU

US city, semi-urban area, no drive on freeways




US_U


US city, urban area




IT_U


Italy, urban area



HK_DU

Hong Kong, dense urban area
IA



Logs taken with terminal attached antenna

In Tables 1 we show the statistics for the change of serving cell in HSDPA Rel-5.  
	Location, 
Antenna Configuration, 
Log number
	Statistics
	Average time between server switch [s]
	Length of captured logs [h:mm:ss]

	OP EA 01
	Average
	9.007631
	0:30:19

	
	Stdev
	23.92105
	

	OP EA 02
	Average
	7.056803
	0:27:43

	
	Stdev
	18.39172
	

	OP IA 01
	Average
	10.58103
	0:30:53

	
	Stdev
	25.64909
	

	OP IA 02
	Average
	7.847655
	0:27:50

	
	Stdev
	19.97355
	

	MD EA 01
	Average
	7.629393
	0:31:15

	
	Stdev
	15.43063
	

	MD EA 02
	Average
	7.43816
	0:30:44

	
	Stdev
	19.08917
	

	MD IA 01
	Average
	10.20007
	0:30:34

	
	Stdev
	19.41469
	

	MD IA 02
	Average
	9.318175
	0:30:37

	
	Stdev
	20.59928
	

	OS EA 01
	Average
	8.802243
	0:28:50

	
	Stdev
	18.59629
	

	OS EA 02
	Average
	8.822476
	0:23:09

	
	Stdev
	17.56059
	

	OS IA 01
	Average
	8.430012
	0:29:09

	
	Stdev
	17.17786
	

	OS IA 02
	Average
	7.963432
	0:23:04

	
	Stdev
	15.10793
	


Table 2.  Statistics for the change of serving cell in 1x-EV DO rev 0

Legend:
MD
Miong Dong (Downtown Seoul), very congested area


OS

Olympic Stadium, high rising building areas with fast transition to open spaces

OP

Olympic Park, fairly open space (not many high rising buildings)

IA

Logs taken with terminal attached antenna

EA

Logs taken with magnetic external antenna

In Table 2 we show similar field data for 1x0EV DO rev 0.  The logs were collected in Seoul, Korea, and cover almost 6 hours of driving in different areas of Seoul.  The average time between changes of serving cell is less than 10 s or less.  While the average time between changes of serving cell for HSDPA Rel-5 are higher than for the case of 1x-EV DO rev 0, the difference could be accounted by two main factors:
1. The HSDPA logs were mostly collected in suburban areas.  Smaller values for the average time between changes of serving cell have to be expected in downtown areas;

2. Repointing in HSDPA is performed via RRC signalling, while the repointing in 1x-EV DO is performed via L1/L2 signalling, which typically require less execution time, therefore the HSDPA repointing algorithms have to be more conservatives.

In summary, if the frequency of serving cell change in LTE is going to be similar to what we can measure in the field on existing technologies, then the probability that the cell change could fail during an existing call/session is not trivial, unless we design the cell change procedure with extremely high reliability requirements, which are not typical of existing designs.  See the next section for the discussion on one aspect that could lead to higher failure rates in the cell change procedure of LTE.
Use of forward handover as typical handover scheme
So far the forward handover has been considered only to recover a call/session after the regular handover scheme (i.e. initiated in the source cell) has failed.  However, the forward handover technique becomes more attractive when the aggressive use of DRX/DTX in the RRC connected state is considered.  For example, if the UE spends 90% of the time without receiving and transmitting and most of this time the UE switches off the receiver in order to save battery power, it is conceivable that the accuracy of measurements of neighbour cells will be degraded with respect to the case in which the receiver is constantly on.
Less accurate measurements lead to higher failure rates in the cell change procedure because the measurement report that should trigger the regular handover is going to be delayed.  Since the procedure is started at a later time, the probability that the serving cell will fade away before the reception of the handover command is higher.  See step 2 in  Figure 1, where the typical handover procedure is described, as currently captured in TR 25.912 [1].
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Figure 1. Information flow for Intra-LTE-Access Mobility Support

If step 2 is delayed, the probability that step 7 (HO command) would fail is increased.
The forward handover would provide a viable alternative to the regular handover described in Figure 1, since over the air signalling with the source eNode B would not be required.  See Figure 2, which is derived from [2, 3].
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Figure 2.  UE autonomous mobility in LTE

If the execution time of the forward handover is very short, it is conceivable that it may be used as the only handover technique in some network configurations.
Impact on protocol architecture and behaviour
If the forward handover is not used in LTE, the UE enters LTE_IDLE state in case of handover failure or radio connection loss. In some cases the network cannot know immediately that the UE has entered LTE_IDLE state. There would be a timer employed in the network to check activity of the UE. This creates the out of synchronization in protocol states of the UE and the network. This will require the specification of re-synchronization procedure.
It may not be desirable that the call drop is made perceivable to the user (users in case of end-to-end application e.g. voice call) at every handover failure or loss of connection to the serving eNodeB. This means that the system needs to have a sub-state in LTE_IDLE where the call or session is kept alive and the re-establishment of new connection is performed. The application layer should not be aware of being in this sub-state, but it just experiences interruption or loss of data.
It is also important that the mapping of the same call or session before and after the connection re-establishment is possible so that the service continuity can be provided. This, together with the need of re-synchronization of protocol state, would make the re-establishment procedure distinct from the ordinary connection establishment procedure.
We believe the solution of having the UE enter LTE_IDLE state is not as simple as it sounds. We have to think carefully about state de-synchronization problem and implications to application layer from the viewpoint of user experience.
Drawbacks of the specification of the forward handover for LTE

As for any stage 2 decision that affects the design of LTE, the decision to standardize the forward handover has to be taken with careful considerations of its drawbacks.
The only drawbacks that we were able to identify are the following:

1. Need to specify multiple handover schemes

2. Testing issues if it is used as a backup scheme
a. If E-UTRAN vendors do not implement it since the beginning, it may be difficult to test in the UE

b. Similar to what happened for the call re-establishment following a cell update in UMTS
Conclusion

In this document with analyze the advantages and the drawbacks related to the specification of the forward handover procedure for LTE.

Pros

· No loss of data when the regular (backward) handover fails

· Possibility to use the forward handover as the default mechanism to perform handover

· Feasible if the interruption time requirements are met by the forward handover

· Communication with the target cell should require less resources on average

· It should be easier to close the link

· It can be used as a fall back solution in case the performance of regular handover is not good enough
· More useful if the probability of connection losses (radio link failure) in MAC DTX/DRX sub-state increases.
· Allows aggressive setting of DTX, DRX cycle length which maximise the benefit of having MAC sub-states
Cons

· Need to specify multiple handover mechanisms

· If E-UTRAN vendors do not implement it since the beginning, it may be difficult to test in the UE

· Similar to what happened for the call re-establishment following a cell update
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