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1
Introduction

At the last SA 2 meeting in Athens, two “high level architectures” were sketched and added to annex B of TR 23.882.

Since then, RAN plenary has approved the ‘Requirements for Evolved UTRA and UTRAN, TR25.913, v2.1.0” RP-050384 and placed it under change control as v7.0.0.

Within the RAN TR there are some requirements that can, hopefully, be used to reduce and/or clarify the differences between the architectures in figures B-1 and B-2 of TR 23.882.

This document looks at some of the requirements in 25.913; some of SA 2’s existing specifications (23.060 and R’99 23.121) and proposes some updates to TR 23.882 to enable architecture B.2 to meet the requirements. It also raises some further questions on “how does B.2 work?” and requests its supporters to answer the questions.

2
Requirements for inter-RAT mobility

Section 8.3 of TR25.913 now contains the following approved text:

“8.3
Co-existence and Inter-working with 3GPP RAT

The following requirements are applicable to inter-working between E-UTRA and other 3GPP systems:

a) E-UTRAN Terminals supporting also UTRAN and/or GERAN operation should be able to support measurement of, and handover from and to, both 3GPP UTRA and 3GPP GERAN systems correspondingly with acceptable impact on terminal complexity and network performance.

b) E-UTRAN is required to efficiently support inter-RAT measurements with acceptable impact on terminal complexity and network performance, by e.g. providing UE's with measurement opportunities through downlink and uplink scheduling.

c) The interruption time during a handover of real-time services between E-UTRAN and UTRAN is less than 300 msec
d) The interruption time during a handover of non real-time services between E-UTRAN and UTRAN should be less than 500 msec

e) The interruption time during a handover of real-time services between E-UTRAN and GERAN is less than 300 msec
f) The interruption time during a handover of non real-time services between E-UTRAN and GERAN should be less than 500 msec
g) Non-active terminals (such as one being in Release 6 idle mode or CELL_PCH) which support UTRAN and/or GERAN in addition to E-UTRAN shall not need to monitor paging messages only from one of GERAN, UTRA or E-UTRA
Reduction in network and terminal complexity and cost by not mandating support for the measurements and handovers to/from GERAN/UTRAN should be considered.

Note: The interruption times above are to be considered as maximum values. These values may be revisited when the overall architecture and the E-UTRA physical layer has been defined in more detail.”
In summary, there is a requirement to move real time traffic from E-UTRA to UMTS with less than 300 ms interruption. 

The terminal complexity and cost issues also lead to the terminals being unable to transmit on both E-UTRA and UMTS at the same time.

Overall, these requirements impose some fairly strong requirements on the architecture.

3
Initial analysis of ‘mobile IP’ based mobility between E-UTRA and UMTS.

In SA 2 #46 in Athens, Vodafone asked some proponents of Mobile-IP based architectures “how they avoid loss of radio efficiency caused by encapsulating IPv4 packets within IP packets on the radio interface?” 

Although no answers were given, it appears that their intention is to place Foreign Agent functionality in the UMTS GGSN. This methodology is currently described in section 5.7 of 23.060 with its reference to the R’99 TS 23.121, in which section 4.10 gives more description. By placing the FA function in the GGSN, the GGSN will “de-tunnel” the data and hence radio efficiency is maintained. A separate transport protocol (e.g. GTP) is still needed to move the packets between GGSN and Base Station Site.

However, this leads to some subsequent questions:

a) how does mobility between a 3GPP system (with FA in the GGSN) and a public WLAN hotspot work if the WLAN network provider does not provide a FA function within its infrastructure? (The anticipation is that most WLAN providers provide minimal functionality).

b) can the interruption time targets met?

c) how does the client in the terminal work if an Enterprise is using mobile IP, but, at the same time the network operator is using mobile-IP in the manner implied by figure B2?

This paper provides some further analysis of question (b), while questions (a) and (c) are left for “mobile-IP proponents” to answer.

4
Interruption time for ‘pure Mobile-IP’ based ‘handover’ using architecture B2

Currently, very little detail has been provided about either the concepts within figure B-2 or the nature of the Gi+ interface. However it seems that one scenario is that Gi+ is only mobile IP and that the FA functions are available in the GGSN and somewhere in the ‘evolved packet core’.

Figure B-2 from 23.882 is copied below:
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In this case some additions to the message flow in Figure 4.47 of TS 23.121 can be imagined (Fig 4.47 is copied below).
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Figure 4.47: PDP Context activation with Mobile IP registration
(the PPP setup and UMTS/GPRS attach procedures not included)

Owing to the inability for the mobile to transmit on UMTS and E-UTRA radio interfaces at the same time it CANNOT be assumed that the mobile has performed its GMM (GPRS Mobility Management) tasks with the SGSN before movement into the UMTS cell. This could be due to many factors, including physical movement into another SGSN area, or Periodic Routeing area Update timer expiry.

Hence when the mobile leaves E-UTRA and arrives in a UMTS cell, the mobile has to:

a)
stop transmitting on E-UTRA and change to a UMTS cell at a well timed moment (estimated radio gap > 10 ms); 

b) 
establish an RRC connection with the RNC (estimate 100ms ?);
c)
perform an RA update (or Attach) with the SGSN, including activation of the security functions and possible interaction with the HLR (two round trips UE to SGSN – estimate >200ms ?);
d) 
activate the primary PDP context (estimate 100ms ?);
e)
the GGSN/FA has to wait an appropriate time after sending the PDP Context Accept message before sending the Agent Advertisement to ensure that it does not ‘overtake’ the C plane message and get ignored by the mobile (estimate 50ms delay in UE due to lack of C and U plane synchronisation ?);

f)
initiate a MIP registration request/response (steps 7-10) (estimate 100ms ?) (it is assumed that the HA and GGSN are in the same network – otherwise authentication is probably needed); and

g)
for real time services, activate a secondary PDP context (estimate 100ms ?) .

The above estimates for time delays are for UTRAN when enhanced with some of the likely concepts to be developed for E-UTRA (non-enhanced, R’99 networks are likely to be significantly slower).  

Even assuming that no steps have been left out, and, that radio transmission errors (and other aspects) 
do not cause extra delays, then the above delay estimate of 660 ms is too large for a real time service needing less than 300ms gap.

Additionally, the above signalling sequence ignores the significant  problems that can/will occur when the target cell is congested.

Hence it seems unlikely that a “pure mobile-IP” based solution would provide adequate quality and hence some enhancements to it are needed.

An obvious way to improve the situation is for the ‘serving’ network to request that the ‘target’ network prepares some of the resources before the mobile arrives on the new cell. 

5
Mobile-IP handover “with preparation” 

There are several categories of resources that could be prepared:

a) the GMM context in the target SGSN

b) the radio resources

c) the connection between RAN and the core network

d) the primary PDP context

e) secondary PDP contexts

Whether or not all these resources need to be prepared prior to a handover in order to meet the 300ms interruption RT requirement is for further study, however, it seems necessary that some resources are prepared.

One alternative is to use an Iur like interface between the evolved RAN and UTRAN/GERAN. However, neither B-1 nor B-2 proposes this, and, addition of Iur to GSM would be problematic. The Iur approach would also tend to force the CN protocols to be “common” on both UMTS/GSM and on E-UTRAN – and at least some companies have indicated in “last weeks” RAN 2 meeting that this is not their preferred approach.

A second alternative is that the ‘evolved packet core’ exchanges information with the ‘GPRS core’. While this information could be encapsulated across the Gi+, this would require the “inter-AS MM” to perform extra routeing tasks while adding no value to the information flow. Hence it seems more logical that a direct interface is shown between the ‘evolved packet core’ and the ‘GPRS core’ in figure B-2. 

An initial name for such an interface/reference point is “Gh” (given that most letters have been used up, ‘h’ can be imagined as ‘handover’). Functionally Gh might have similarities to the Gn interface between SGSNs, however, “Gn” is a bad name to use because ETSI used it to refer to two totally different interfaces (SGSN to GGSN, and, SGSN to SGSN).

Typically Gh would provide the some, or all, of the functionality provided at inter-RNC, inter SGSN hard handover. 

6
Proposals

6.1
It is proposed that figure B2 is updated to show an interface/reference point called Gh between the ‘evolved packet core’ and the ‘GPRS core’. This is because, without such an interface, architecture B2 seems unable to achieve the performance requirements approved by TSG RAN. 

A proposed update to figure B.2 is attached below.

6.2
It is requested that supporters of architecture B2 explain how mobility between a 3GPP system (with FA in the GGSN) and a public WLAN hotspot works when the WLAN network provider does not provide a FA function within its infrastructure? 

6.3
It is requested that supporters of architecture B2 explain how the client in the terminal works if an Enterprise is using mobile IP, but, at the same time the network operator is using mobile-IP in the manner implied by figure B2?

7
Update to figure B.2

Changes are :

- the new red “Gh” line

- the new blue text

If/when incorporated into 23.882, the blue text will get changed to black text. The Gh line will remain red.
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