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1
Introduction

This discussion paper describes an issue that can occur during the execution Enhanced SRNS Relocation procedure in UTRAN, discusses the impact on the mentioned procedure and introduces a possible solution.
Subclause 2.1 describes the UTRAN Enhanced Relocation procedure as reported in TR 25.931 [1], while the problem related with Core Network failures is described in subclause 2.2. Subclause 2.3 introduces a possible solution based on the anchoring of bearers at the Source RNC and describes how it can work both in the case of UE not involved (subclause 2.3.1) and UE involved relocation (subclause 2.3.2). Section 3 summarizes and concludes the paper.
2
Discussion

2.1
UTRAN Enhanced Relocation
The Enhanced Relocation procedure was introduced in UTRAN in Rel-8 and it allows relocating the Serving Radio Network Subsystem (SRNS) from Source RNC to Target RNC in case they are connected to the same Core Network (CN) node. The Enhanced Relocation procedure, if compared to the classical relocation procedure:
(1) Reduces the traffic load toward the CN, and

(2) Speeds up the relocation process.
As an example of how the Enhanced Relocation works, Figure 1 below (taken from subclause 7.12.3.2 of 3GPP TR 25.931 [1]) shows the message flow during the Enhanced SRNS Relocation procedure when the UE is not involved and the UE is connected to both Packet Switched (PS) and the Circuit Switched (CS) CN domains.

[image: image1.emf]UE

RNC

Source

RNC

Target

MSC SGSN

1. Enhanced 

Relocation Request

2. Enhanced 

Relocation Response

RNSAP RNSAP

RNSAP RNSAP

RRC

RRC 5. UTRAN Mobility Information Confirm

RANAP RANAP

6. Enhanced Relocation 

Complete Request

RANAP

RANAP

7. 

E

nhanced 

R

elocation 

C

o

m

plete 

R

eque

st

RANAP RANAP

8. Enhanced Relocation 

Complete Response

RANAP

RANAP

9. Enhanced R

elocation Complete Response

RANAP RANAP

11. Iu Release Command

RANAP RANAP

12. Iu Release Command

Start Data Forwarding

3. Relocation Commit

RNSAP RNSAP

RANAP RANAP

10. Enhanced Relocation 

Complete Confirm

RRC RRC

4. UTRAN Mobility

Information

RANAP RANAP

13. Iu Release Complete

RANAP

RANAP

14. Iu Release Complete


Figure 1: Message flow for Enhanced SRNS Relocation (UE not involved – Two CN domains).
2.2 
Problem description: what happens in case of Core Network failure
As you might have noticed from Figure 1 above, during the overall Enhanced Relocation procedure, the CN is involved only after the Handover to the new/target cell from the old/source cell has been completed in the RAN. Even in case the UE is not involved, the CN is notified only after the RRC Mobility procedure of the UE is complete. 
This implies that, in case of Core Network failure, it is mandatory to release the RRC resources between UE and Target RNC. See as an example the message flow reported in Figure 2 below. For sake of simplicity, the figure reports the failure scenario (i) in case of UE not involved relocation and (ii) the UE is connected to one CN domain only (CS in this case). However, similar considerations as the above apply even in case of UE involved relocation and in case the UE is connected to both CN domains.
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Figure 2: Enhanced SRNS Relocation (UE not involved – CS domain only) – Failure Scenario.
Notice that every time a failure occurs in the CN node, an RANAP: ENHANCED RELOCATION COMPLETE FAILURE is sent to the target RNC and the ongoing voice call is dropped, even though all RAN resources are available and no failure occurred in the RAN.

2.3
A possible solution: keeping original Iu and Iur resources and reuse them if needed.
Having seen the impact of Core Network failures to the Enhanced Relocation, it is beneficial to provide a solution to the problem described above. 
To describe the solution in the proper way, we need to distinguish the two cases of (i) UE not involved and (ii) UE involved relocation: the former is described in subclause 2.3.1, while the latter in subclause 2.3.2. 
The case of UE not involved relocation is, from a signaling point of view, simpler than the UE involved relocation, since the former is usually executed after a Soft Handover has completed, the latter is combined with (therefore, executed during) a Hard Handover.
Notice that, for the sake of simplicity, the solution is going to be described for the scenario in which only one CN domain is involved. However, it can be easily extended also to the two CN domains scenario.

2.3.1 UE not involved relocation (starting from a Drift RNC configuration)
Figure 3 below describes the IuCS-UP, Iur-UP and Iub-UP resources used after the UE moved from a cell under the control of the Serving RNC to a cell under the control of the Drift RNC at the stage when the Radio Resources for the UE are controlled by Drift RNC only. Notice that the RANAP signaling connection as well as the Iu bearer terminate at the Serving RNC.
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Figure 3: IuCS-UP, Iur-UP and Iub-UP resources usage when the Radio Resources for the UE are controlled by the Drift RNC only.
In order to optimize resources,  the Serving RNC (now acting as Source RNC) might decide to relocate the SRNS role to the Drift RNC (now Target RNC). 
At this point a possible solution could work as follows:
1. While trying to establish the new IuCS interface between CN and Target RNC, the old IuCS-UP and Iur-UP resources between CN and Source RNC and between Source RNC and Target RNC should be preserved, as depicted in Figure 4 below. 
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Figure 4: IuCS-UP and Iur-UP resources preserved while a new IuCS interface instance is being established.
2. After the tentative establishment of the new IuCS interface instance,
a. If  Core Network failures did not occur, the new IuCS interface instance between Target RNC and CN is in place, and the old IuCS and Iur interface instances can be now released. As reported in Figure 5-A, now the Target RNC behaves as the Serving RNC.
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Figure 5-A: IuCS-UP, Iur-UP and Iub-UP resources after Enhanced Relocation successfully completed.
b. If, on the contrary, a Core Network failure occurred, the new IuCS interface instance could not be properly established. However, it is now possible to reuse the anchored IuCS-UP and Iur-UP resources between CN and Source RNC and between Source RNC and Target RNC in order to continue the voice call. As reported in Figure 5-B, the roles of the two RNCs remain as they were at the beginning of the relocation phase.
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Figure 5-B: IuCS-UP, Iur-UP and Iub-UP resources after the Enhanced Relocation failed.
By implementing the steps described in the figures above, it is possible to keep the voice call active, even in case a failure was signalled from the CN preventing the establishment of the IuCS interface between CN and the Target RNC.
2.3.2
UE involved relocation (Hard Handover)
Before the procedure begins, the IuCS-UP, Iur-UP and Iub-UP resources are allocated as described in Figure 6. At this stage the Iur interface is present, but not used yet.
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Figure 6: IuCS-UP, Iur-UP and Iub-UP resources usage before the execution of Hard Handover combined with Enhanced Relocation

When then procedure starts, the Iur interface is used to forward the IuUP data while the Radio Link and Iub interface are established between the UE and the Target RNC. See Figure 7.
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Figure 7: IuCS-UP, Iur-UP and Iub-UP resources usage during the execution of a Hard Handover combined with Enhanced SRNS Relocation

At this point, the new IuCS interface between CN and Target RNC is being established. If the old IuCS-UP and Iur-UP resources are preserved (see Figure 8), they can be reused in case of failure.


[image: image9.emf]UE

Source

RNC

(Serving)

Target

RNC

(Drift)

MSC

Keep old IuCS

resources

Keep forwarding

IuUP data

Try establishing 

new IuCS

Iub + Radio

Connectivity

NEW

NEW

IubUP

IuUP

IuUP

IuUP IuUP


Figure 8: IuCS-UP, Iur-UP preserved during the execution of Hard Handover combined with Enhanced Relocation

If the new IuCS interface instance cannot be established, then the IuCS and Iur preserved resources can be reused to carry the UP traffic. Notice that at this stage, the Iur interface is extending the Iub UP towards the old Source RNC (similarly to the status after Soft Handover). See Figure 9. On the contrary, if the new IuCS is successfully established, the Enhanced Relocation can terminate successfully and the preserved IuCS and Iur resources can be released.
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Figure 9: IuCS-UP, Iur-UP and Iub-UP resources after Enhanced Relocation failed
As Figures 6-9 showed, by preserving the IuCS-UP and Iur-UP resources between CN and Source RNC and between Source RNC and Target RNC, it is possible to re-establish the proper UP paths and keep a voice call active even in case of CN failures.
3
Summary
This discussion paper presented an issue that may occur during the Enhanced Relocation procedure in UTRAN:

· In case of CN failure, the CN node might send a RANAP: ENHANCED RELOCATION COMPLETE FAILURE message to the Target RNC and the (new) Iu interface instances needed to terminate the relocation procedure might not be established.

· This would imply that the entire relocation procedure would fail, even though all necessary RAN resources are available. Therefore, e.g., an ongoing voice call would need to be dropped. 

A possible solution, consisting in anchoring the necessary Iu-UP and Iur-UP resources has been described in subclause 2.3, both for the UE not involved (subclause 2.3.1) and the UE not involved case (subclause 2.3.2).
It is proposed to address the above mentioned issue and introduce the described solution in the relevant 3GPP specifications.
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