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1 Introduction
In the Study Item for UTRAN/E-UTRAN interworking improvements, one aspect considered is inter-rat mobility improvements. These will likely involve some methods to improve/reduce the amount of signalling involved in handover between UTRAN and E-UTRAN. To allow assessment of different options some baseline for the current methods is useful and from this it is possible to consider some of the proposed options.
2 Discussion
2.1
Existing Baseline for Mobility Enhancements
In considering the signalling load it consists of two aspects, number of messages, and size/complexity of messages. Clearly not all messages are equal, a short response message hasn’t the same impact on signal processing (sending or receiving) than a large request message. So these estimates are based on the number IEs to process. 
The analysis was presented in the [4] at RAN3#80, and a summary of the results is:

IEs:

HO E-UTRAN to UTRAN Prep phase 1202
Exec Phase 413

Total: 1615

HO UTRAN to E-UTRAN Prep phase  790
Exec Phase 498

Total: 1288

Msgs:

HO E-UTRAN to UTRAN Prep phase 11
Exec Phase 16

Total: 27

HO UTRAN to E-UTRAN Prep phase 11
Exec Phase 16

Total: 27

2.2
Proposed Solutions
The proposed solutions are not listed in the TR, so based on previous meeting contributions the following solutions appear to be proposed:

a) Mobility enhancement based on using a MSR base station [5] & [7]
b) Fast handover solution [6]

c) Direct interface [8]
2.2.1 MSR Base Station enhancement

This solution impacts the number and timing of NBAP messages. However these were not considered during the baseline assessment [4], as it was not expected that they would be impacted.

The proposed solution changes the timing of some NBAP messages to reduce latency and adds two new messages. Existing NBAP messages are likely to be unchanged, (nothing is proposed in [5]), so consideration has only to be given to additional messages. 
For E-UTRAN to UTRAN handover the additional new messages are:
· HO preparation request.  Based on X2 HO Request version this would be 319 IEs received by the target RNC.
· HO preparation response. Based on X2 HO Request Acknowledge version this would be 75 IEs sent by the target RNC.

In absence of details in [5][7] then a similar message was selected from X2. 
For UTRAN to E-UTRAN handover:

HO preparation Indication. This message is stated to contain RRC reconfiguration message in a Target to Source container. Based on RRC: RRC Connection Reconfiguration message this is 176 IEs and U-RNTI has 1. So 177 IEs received by the Source RNC.
Adding these figures we get a comparison to the baseline:

	
	Baseline
	MSR Enhancement

	
	Messages
	IEs
	Messages
	IEs

	E-UTRAN to UTRAN
	27
	1615
	29
	2009

	UTRAN to E-UTRAN
	27
	1288
	28
	1465


The additional messages impact the RNC and Node B, and this can be considered against the benefits of reduced latency. It is not clear if these benefits outweigh the increased signalling load.
2.2.2 Fast Handover Solution

This solution [6] impacts mainly the CN, by reducing the messages needed for change of serving GW. Additional IE is needed to indicate this in the Relocation Required message. As only an example of UTRAN to E-UTRAN HO preparation phase was included in [6], the impact will be assessed based on this.
It appears that 6 messages are removed, with 142 IEs, and 1 IE added, so net 141 removed.

	
	Baseline
	Fast Handover

	
	Messages
	IEs
	Messages
	IEs

	UTRAN to E-UTRAN
	27
	1288
	21
	1145


The benefits for this appear to be in reduced CN signalling load, with almost no impact (either way) on the signalling load in UTRAN. 

2.2.3 Direct Interface

This solution [8] introduces a new interface with new messages.

	
	Baseline
	Direct Interface

	
	Messages
	IEs
	Messages
	IEs

	E-UTRAN to UTRAN
	27
	1615
	15
	971

	UTRAN to E-UTRAN
	27
	1288
	Not defined
	Not defined


This appears to have significant benefits in the number of messages (and number of IEs) involved in E-UTRAN to UTRAN HO. However, it does involve new messages and a new interface. Based on [8] it appears that it needs:
1) 2 new RANAP messages

2) 2 new GTP messages

3) New interface RNC eNodeB which would have some additional messages not defined for its normal operation. 

There is some lack of clarity about the operation of this in the CN and how the final operations for clean up and release at source are handled.

Further issues to be resolve on security may result in more messages or bigger messages. 

3 Conclusions

All three proposed solutions still require more details to assess the complete impact of making changes. While the direct interface appears to give significant benefits in reducing signalling load, it may be that more detailed analysis and inclusion of all messages needed would offset the gains made in adding a new interface.
In order to make progress in evaluating competing solutions for mobility improvements, it is necessary that the proponents of the 3 solutions provide TPs for the TR with a more detailed solution description. From this the evaluations in this paper can easily be updated to provide information for the evaluation tables. 
4 Direct interface analysis

4.1
E-UTRAN to UTRAN
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Assumptions and estimates

It is assumed that a Retrieve Security Context procedure will be needed as described in [9], however only a rough estimate of the size is included.
The new interface message sizes are based on similar messages in S1AP. 

	Message
	From
	To
	IEs

	SxAP: Handover Request
	Source eNB
	Target RNC
	287 (1623)

	S1AP: new- security context request
	Source eNB
	Source MME
	70

	S1AP: new – security context response
	Source MME
	Source eNB
	70

	SxAP: Handover Request Acknowledge
	Target RNC
	Source eNB
	79 (796)


	Node
	Sent 
	Received

	
	IEs
	Msgs
	IEs
	Msgs

	Source eNB
	357
	2
	149
	2

	Target RNC
	79
	1
	287
	1

	Source MME
	70
	1
	70
	1

	Target  SGSN
	0
	0
	0
	0

	Target Serving GW
	0
	0
	0
	0

	Source Serving GW
	0
	0
	0
	0

	TOTAL
	
	
	506
	4


Execution


[image: image2.emf] 

UE  

Source   

eNodeB  

Target RNC   So urce MME   Target SGSN  

Serving GW  

1.  Measurement Reports  

PDN GW  

Uplink and Downlink    User Plane PDUs  

Target  

Serving GW  

Source   

3.  Handover Request  Acknowledge  

2 . Handover  Request  

MobilityFromEUTRACommand  

Handover To U TRA N  Com plete  

Path Switch Request  

UE Context   Request  

Modify Bearer Request  

Modify Bearer Response  

Modify Bearer Request  

Modify Bearer Response  

UE Context Response  

P ath Switch Request Acknowledge  

UE Context Release  

Retrieve   Security   Context  

  Handover   Preparation    

  Handover     Execution    


Assumptions and estimates

There is not a RANAP Path Switch Request or Path Switch Request Acknowledge, so these new messages are assumed to be same size as the S1AP messages.
New direct interface has a new message UE Context Release.

UE Context Request and UE Context Response are new GTP[2] messages, and a rough estimate of sizes is used.
Target Serving GW takes no part in the proposed sequence.

No messaging concerning indirect tunnel deletion or session deletion are needed.

	Message
	From
	To
	IEs

	RRC: Mobility from EUTRA Command
	Source eNB
	UE
	120(123)

	RRC: Handover to UTRAN complete
	UE
	Target RNC
	25(40)

	RANAP: new Path Switch Request
	Target RNC
	Target SGSN
	71(658)

	GTP: New Message UE Context Request
	Target SGSN
	Source MME
	10

	GTP: New Message UE Context Response
	Source MME
	Target SGSN
	10

	GTP-C: Modify Bearer Request
	Target SGSN
	Source Serving GW
	30

	GTP-C: Modify Bearer Response
	Source Serving GW
	Target SGSN
	29

	GTP-C: Modify Bearer Request
	Source Serving GW
	PDN GW
	30

	GTP-C: Modify Bearer Response
	PDN GW
	Source Serving GW
	29

	RANAP: new Path Switch Request Acknowledge
	Target SGSN
	Target RNC
	73(678)

	SxAP: UE Context Release
	Target RNC
	Source eNB
	38


	Node
	Sent 
	Received

	
	IEs
	Msgs
	IEs
	Msgs

	Source eNB
	120
	1
	38
	1

	Target RNC
	109
	2
	98
	2

	UE
	25
	1
	120
	1

	Source MME
	10
	1
	10
	1

	Target  SGSN
	113
	3
	110
	3

	Target Serving GW
	0
	0
	0
	0

	Source Serving GW
	59
	2
	59
	2

	PDN GW
	29
	1
	30
	1

	TOTAL
	
	
	465
	11


4.2
UTRAN to E-UTRAN

This is not defined in [8], so no evaluation is performed.
5 Baseline Assessment
This is from [4] and provided for reference.
The baseline is the signalling sequences in 23.401 [1]. These are shown below, with the message numbers and approximate size/complexity estimated.

The number of IEs for ASN.1 based protocols is based on the number of nodes in a tree of the ASN.1, and for GTP [2][3] on the number of IEs in the listed messages, as they have no hierarchical structure. 

4.1
E-UTRAN to UTRAN
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	Message
	From
	To
	IEs

	S1AP: Handover Required
	Source eNB
	Source MME
	97 (485)

	GTP: Forward Relocation Request
	Source MME
	Target SGSN
	43

	GTP-C: Create Session Request
	Target SGSN
	Target Serving-GW
	47

	GTP-C: Create Session Response
	Target Serving-GW
	Target SGSN
	33

	RANAP: Relocation Request
	Target SGSN
	Target RNC
	668(2879)

	RANAP: Relocation Request Acknowledge
	Target RNC
	Target SGSN
	233 (896)

	GTP-C: Create Indirect Data Forwarding Tunnel Request
	Target SGSN
	Target Serving GW
	16

	GTP-C: Create Indirect Data Forwarding Tunnel Response
	Target Serving GW
	Target SGSN`
	15

	GTP: Forward Relocation Response
	Target SGSN
	Source MME
	19

	GTP-C: Create Indirect Data Forwarding Tunnel Request
	Source MME
	Source Serving GW
	16

	GTP-C: Create Indirect Data Forwarding Tunnel Response
	Source Serving GW
	Source MME`
	15


	Node
	Sent 
	Received

	
	IEs
	Msgs
	IEs
	Msgs

	Source eNB
	97
	1
	
	

	Target RNC
	233
	1
	668
	1

	Source MME
	59
	2
	131
	3

	Target  SGSN
	750
	4
	324
	4

	Target Serving GW
	48
	2
	63
	2

	Source Serving GW
	15
	1
	16
	1

	TOTAL
	
	
	1202
	11


Execution
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	Message
	From
	To
	IEs

	S1AP: Handover Command
	Source MME
	Source eNB
	77 (607)

	RRC: Mobility from EUTRA Command
	Source eNB
	UE
	120(123)

	RRC: Handover to UTRAN complete
	UE
	Target RNC
	25(40)

	RANAP: Relocation Complete
	Target RNC
	Target SGSN
	7(7)

	Forward Relocation Complete Notification
	Target SGSN
	Source MME
	4

	Forward Relocation Complete Acknowledge
	Source MME
	Target SGSN
	5

	GTP-C: Modify Bearer Request
	Target SGSN
	Target Serving GW
	30

	GTP-C: Modify Bearer Response
	Target Serving GW
	Target SGSN
	29

	GTP-C: Delete Session Request
	Source MME
	Source Serving GW
	8

	GTP-C: Delete Session Response
	Source Serving GW
	Source MME
	3

	S1AP: E-RAB Release Command
	Source MME
	Source eNB
	38(182)

	S1AP: E-RAB Release Response
	Source eNB
	Source MME
	61(163)

	GTP-C: Delete Indirect Data Forwarding Tunnel Request
	Source MME
	Source Serving GW
	1

	GTP-C: Delete Indirect Data Forwarding Tunnel Response
	Source Serving GW
	Source MME
	2

	GTP-C: Delete Indirect Data Forwarding Tunnel Request
	Target SGSN
	Target Serving GW
	1

	GTP-C: Delete Indirect Data Forwarding Tunnel Response
	Target Serving GW
	Target SGSN
	2


	Node
	Sent 
	Received

	
	IEs
	Msgs
	IEs
	Msgs

	Source eNB
	181
	2
	115
	2

	Target RNC
	7
	1
	25
	1

	UE
	25
	1
	120
	1

	Source MME
	129
	5
	70
	4

	Target  SGSN
	35
	3
	43
	4

	Target Serving GW
	31
	2
	31
	2

	Source Serving GW
	5
	2
	9
	2

	TOTAL
	
	
	413
	16


4.2
UTRAN to E-UTRAN

Preparation
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	Message
	From
	To
	IEs

	RANAP: Relocation Required
	Source RNC
	Source SGSN
	220 (536)

	Forward Relocation Request
	Source SGSN
	Target MME
	43

	GTP-C: Create Session Request
	Target MME
	Target Serving GW
	47

	GTP-C: Create Session Response
	Target Serving GW
	Target MME
	33

	S1AP: Handover Request
	Target MME
	Target eNB
	287 (1623)

	S1AP: Handover Request Acknowledge
	Target eNB
	Target MME
	79 (796)

	GTP-C: Create Indirect Data Forwarding Tunnel Request
	Target MME
	Target Serving GW
	16

	GTP-C: Create Indirect Data Forwarding Tunnel Response
	Target Serving GW
	Target MME
	15

	Forward Relocation Response
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	Source SGSN
	19

	GTP-C: Create Indirect Data Forwarding Tunnel Request
	Source SGSN
	Serving GW
	16

	GTP-C: Create Indirect Data Forwarding Tunnel Response
	Serving GW
	Source SGSN
	15


	Node
	Sent 
	Received

	
	IEs
	Msgs
	IEs
	Msgs

	Source RNC
	220
	1
	
	

	Target  eNB
	79
	1
	287
	1

	Source SGSN
	59
	2
	254
	3

	Target MME
	369
	4
	170
	4

	Serving GW
	15
	1
	16
	1

	Target Serving GW
	48
	2
	63
	2

	TOTAL
	
	
	790
	11


Execution
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	Message
	From
	To
	IEs(bits)

	RANAP: Relocation Command
	Source SGSN
	Source RNC
	114(818)

	RRC: HO from UTRAN Command
	Source RNC
	UE
	55 (211)

	RRC: RRC Connection Reconfiguration Complete
	UE
	Target eNB
	16(8)

	S1AP:Handover Notify
	Target eNB
	Target MME
	33 (339)

	Forward Relocation Complete
	Target MME
	Source SGSN
	4

	Forward Relocation Complete Acknowledge
	Source SGSN
	Target MME
	5

	GTP-C: Modify Bearer Request
	Target MME
	Target Serving GW
	30

	GTP-C: Modify Bearer Response
	Target Serving GW
	Target MME
	29

	GTP-C: Delete Session Request
	Source SGSN
	Source Serving GW
	8

	GTP-C: Delete Session Response
	Source Serving GW
	Source SGSN
	3

	RANAP:Iu Release Command
	Source SGSN
	Source RNC
	124(68)

	RANAP:Iu Release Complete
	Source RNC
	Source SGSN
	71(203)

	GTP-C: Delete Indirect Data Forwarding Tunnel Request
	Source SGSN
	Source Serving GW
	1

	GTP-C: Delete Indirect Data Forwarding Tunnel Response
	Source Serving GW
	Source SGSN
	2

	GTP-C: Delete Indirect Data Forwarding Tunnel Request
	Target MME
	Target Serving GW
	1

	GTP-C: Delete Indirect Data Forwarding Tunnel Response
	Target Serving GW
	Target MME
	2


	Node
	Sent 
	Received

	
	IEs
	Msgs
	IEs
	Msgs

	Source RNC
	126
	2
	238
	2

	Target eNB
	33
	1
	16
	1

	UE
	16
	1
	55
	1

	Source SGSN
	252
	5
	80
	4

	Target  MME
	35
	3
	69
	4

	Target Serving GW
	31
	2
	31
	2

	Source Serving GW
	5
	2
	9
	2

	TOTAL
	
	
	498
	16


Brief summary is
IEs:

HO E-UTRAN to UTRAN Prep phase 1202
Exec Phase 413

Total: 1615
HO UTRAN to E-UTRAN Prep phase  790
Exec Phase 498

Total: 1288
Msgs:
HO E-UTRAN to UTRAN Prep phase 11
Exec Phase 16

Total: 27

HO UTRAN to E-UTRAN Prep phase 11
Exec Phase 16

Total: 27
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