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1. Introduction

During the RAN3#55 meeting in St. Louis, the trigger of inter eNode B handover for inter MME/SAE-GW change when S1 connectivity is not available between the target eNode B and the source MME/SAE-GW was discussed. As there have been several proposals, the solution was left FFS.
This paper studies the pros and cons of those proposed solutions. We would like to assist RAN3 to take a final conclusion base on this analysis.
2. Several Alternatives
The scope of this study is the scenario where the UE changes the pool areas that are overlapping. That is, an UE move from source eNode B whose pool area is overlapping with the pool area of the target eNode B. It is also assumed that there is no S1 connectivity between the target eNode B and the MME/SAE-GW.

So far, several solutions have been identified. 
Alternative 1) X2 Handover [7]

This alternative is based on the normal intra-LTE handover procedure. The only specific thing is that the target eNode B sends the Handover Complete message to  MME/SAE-GW that is different from the one connected to source eNode B.

Alternative 2) S1 Relocation

This alternative is a based on the normal inter 3GPP RAT Relocation procedure. The only specific think is that the source eNode B triggers the S1 Relocation even though there is a X2 connectivity between source and target eNode Bs.

Alternative 3) Try and See [8]

This alternative is a pre-stage of alternative 2, i.e. upon reception of Handover Request from source eNode B, the target eNode B inform the source eNode B that there is no S1 connectivity between the target eNode B and the serving MME/SAE-GW. The source eNode B will then trigger the S1 Relocation.

Alternative 4) Temporary S1 Connectivity [3]

This alternative is similar to alternative 1 for the X2 interface as the source eNode B needs to trigger only the X2 handover. The handover does not result in a change of MME/SAE-GW, instead the target eNode B will initiate a temporary connection towards the MME/SAE-GW (i.e. where the source eNode B was connected to).
3. Pros and Cons 

We have identified some items for the evaluation of each solution. The following table summarizes those pros and cons.
	
	Alt. 1
	Alt.2
	Alt.3
	Alt.4

	Buffering of UL message during HO (Note1)
	Need
	In some case, need
	In some case, need
	Need

	OAM configuration info in source eNode B
	No need
	Need
	No need
	No need

	Number of signalling message (Note2)
	Normal 
	Big
	Even Big
	Small

	MME/SAE-GW behaviour for HO
	Different from any of other handover
	Same as Inter PLMN handover
	Same as Inter PLMN handover
	Same as intra LTE handover

	eNode B behaviour for HO
	Same as intra LTE handover
	Same as Inter PLMN handover
	Same as Inter PLMN handover
	Same as intra LTE handover

	Handling of handover failure (return to the source cell)
	Simple
	Complicated
	Complicated
	Simple

	Data loss for DL during HO (Note3)
	Low for NRT
High for RT
	Low for NRT
Medium for RT
	Low for NRT
Medium for RT
	Low for NRT
Low for RT

	Additional establishment of S1 association during HO
	No need
	No need
	No need
	Need


Note 1: the buffering of UL message during HO is needed for the case of when the UE sends UL message after the HO completion on the radio interface while the preparation is still on going in network side. Alternative 2 and 3 need to buffer if the preparation phase take long e.g. the update to the IASA is done after the HO Complete from target eNode B.
Note 2: the number of signalling message means the total number of signalling message for the handover. Alternative 3 (Try and see) need further X2 handover messages.

Note 3: data loss on the DL during HO occurs during the period when the UE cannot receive any packets yet. Since for NRT data forwarding is applied, it can be considered as low for all alternatives. However, for RT the change of MME/SAE-GW will contribute to the data loss as no data forwarding is applied. 
4. Evaluation

As can be seen from the evaluation table in chapter 3, non of the solution is totally perfect. 

If alternative 1 is taken, the concern of the performance of the UL during handover can be solved. However the concern of the different MME/SAE-GW behaviour for the different handover procedures still exists. It should be noted that there is no need for a specific procedure, i.e. procedures that are needed for other purpose can be reused. For example, the context request from target MME/SAE-GW to source MME/SAE-GW, will be needed anyway for TA Update and can be used for this purpose too. In fact, from MME/SAE-GW point of view, it should be exactly the same; only the trigger of the procedure is different.

If alternative 2 is taken, the performance of the UL during handover is better. However, the large number of signalling messages and the complexity in case of a handover failure remains. 

If alternative 3 is taken, the specification of the procedure is simplified. However, the one extra return message on X2 interface will take longer than the whole the handover procedure. 

If alternative 4 is taken, the most important concern is the additional establishment of S1 association during the handover phase.

We think that the complexity in case of a handover failure is critical. During the discussion of the intra LTE handover, an early path switch idea has been proposed but RAN3 considered the handover failure is too complicated, and hence the idea was dismissed. It can be argued that if alternative 2 is taken, a cancellation procedure for the resource preparation due to a handover failure is unavoidable. On the contrary, if alternative 1 is taken, such a procedure can be avoided.   Also the number of signalling messages can lead to significant load on the MME/SAE-GW. This rationale is also taken from past discussions of today’s intra LTE handover procedure, which considers reducing the signalling load in MME/SAE-GW (i.e., only one Handover Complete message on the S1 interface). One can argue that the signalling load is not really such an important issue, as the change of MME/SAE-GW is rare. While this would be a valid argument if only a single solution exists, in this case, where other alternatives with a lower signalling load are available, it is not.
Based on the above evaluation, it is suggested that RAN3 takes the alternative 1 as the solution to apply the handover procedure in case of overlapping pool area.

5. Conclusion and proposal
Based on the analysis in the table in chapter 3 and 4, we propose RAN3 to take alternative 1 i.e. the X2 handover alternative as the solution  for the overlapping pool area scenario.
Ref:

[1] R3.018 v0.7.0

[2] 23.882 v1.8.1

[3] R3-061664 Inter Pool Area mobility source NTT DoCoMo

[4] S2-060611 Triggers in evolved RAN for changing CN entities (LS from SA2)

[5] 25.912
[6] R3-061617 LS on Definition of Pool Area for LTE
[7] R3-070077 Inter MME/UPE change when no S1 connectivity source NEC
[8] R3-070157 Consideration on MME/UPE pool area relations source Panasonic
[9] R3-070248 Promote handover without MME/UPE involvement in presence of X2 source Nortel
[10] R3-070249 Clarify whether MME-UPE is informed of eNodeB HO completion source Nortel
[11] R3-070250 Clarify whether MME-UPE is informed of eNodeB HO within MME Change source Nortel
[12] R3-070251 Clarify whether MME-UPE is informed of eNodeB HO without X2 source Nortel
Annex A: The signalling messages sequence for S1 Relocation and X2 Handover.

[image: image1.emf] 

S ource eNB   S ource    MME/ SAE - GW   Target   MME/ SAE - GW   Target eNB  

UE  

Measurement Report  

S1 :  HO Required  

Sx :  HO Required  

HO Command  

SYNC  

S1:  HO Complete  

Route Update/Bearer REQ  

Sx:  HO Co mplete  

Sx:  HO  Response  

PDN  SAE - GW  

S1: HO Request  

S1: HO Request ACK  

Route Update/Bearer ACK   S1: Release  

S1: HO Command  

HO Complete  

ACK  

Data  forward  


The interruption period (as shown in red arrow) is following the 25.912.
Figure A1.Signalling message sequence for S1 Relocation (with combined MME/SAE-GW)
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S ource eNB  

S ource  MME  

Target  MME   Target eNB  

UE  

Measurement Report  

S1 :  HO Required  

Sx :  HO Required  

HO Command  

SYNC  

S1:  HO Complete  

Route Update/Bearer REQ  

Sx:  HO Complete  

Sx:  HO Response  

PDN - SAE - GW  

S1: HO Request  

S1: HO Request ACK  

Route Update/Bearer ACK  

S1: Release  

S1: HO Command  

HO Complete  

ACK  

Data  forward  

S ource  SAE - GW   Target  SAE - GW  

S10: GTP Update  

Sx: Context Request  

Sx: Context Response  

S10: GTP Update Res  


Figure A2 Signalling message sequence for S1 Relocation (with Split MME/SAE-GW)
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S ource eNB   S ource    MME/ SAE - GW   Target    MME/ SAE - GW   Target eNB  

UE  

Measurement Report  

X2: Context Data  

X2: Context Confirm  

HO Command  

SYNC  

X2: HO Complete  

S1: UE Update  

Data  forward  

Route Update/Bearer RE Q  

Sx: Transfer UE Context  

Sx: Send Temporary ID  

PDN - SAE - GW  

Route Update/Bearer ACK  

HO Complete  

ACK  


Figure A3. Signalling message sequence for X2 Handover (with Combined MME/SAE-GW)
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S ource eNB   S ource  SAE - GW   Target  SAE - GW   Target eNB  

UE  

Measurement Report  

X2: Context Data  

X2: Context Confirm  

HO Command  

SYNC  

X2: HO Complete  

S1: U P E Update  

Data  forward  

Route Update/Bearer R EQ  

Sx: Transfer UE Context  

Sx: Send Temporary ID  

PDN - SAE - GW  

Route Update/Bearer ACK  

HO Complete  

ACK  

Target  MME  

S1: MME Update  

Source MME  

Context Request  

Context Response  


The interruption period (as shown in red arrow) is following the 25.912.
Figure A4. Signalling message sequence for X2 Handover (with Split MME/SAE-GW)
Annex B: The pool area scenarios 
The identified pool area scenarios as shown in the LS from RAN3 to SA2 in R3-061617.
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Figure B1: Possible Deployment Scenarios with Pools of UPEs
(as shown in the LS from RAN3 to SA2 in R3-061617)

Scenario 1: a pool of MMEs constitutes a service area that corresponds to the service area of a pool of UPEs

Scenario 2: a pool of UPEs has full connectivity to all RAN nodes and can be selected by all MMEs in a PLMN
Scenario 3: the UPE pool configuration is de-coupled from the pool area definition (i.e. MME pool) at all
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