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1
Introduction

This paper sketches mobility concepts for LTE / SAE. It contains the overall view, i.e. aspects specific for RAN2, RAN3 and SA2. Two network configuration are discussed, one optimised for E-UTRAN only deployment, one for efficient interworking with 2G/3G.
Note:
The acronym “MS” is used throughout this paper to align with TS 23.060 terminology, where no distinction is made between UE and MS.

2
Discussion

2.1
Main Principles / Assumptions followed within the proposed schemes
2.1.1
General

C-plane latency figures as currently defined in RAN Requiremnt TR 25.913 are based on 3 main states. “Active”, “dormant” and “camped”, whereas transitions between “dormant” and “active” should be possible with 50ms, between “camped” and “active” within 100ms, references to today’s RRC states CELL_DCH, CELL_PCH and RRC_IDLE are given for illustrative purposes.
In a next step, C-plane latency targets as defined in TR 25.913 need to be translated into targets for a more concrete evolved RAN - and overall System Architecture.
-
neglecting NAS and paging delay as it was done for defining latency figures in TR 25.913 is a valid way forward to concentrate on latency aspects which can be influenced by RAN means, however significant improvements for the overall C-plane latency are urgently needed.

-
So, how to reach acceptable (and competitive) latency for call/session-setup or services with infrequent data transmissions like web-browsing ?
The proposed concept assumes that an effective mean to reach acceptable overall C-plane delay figures is to handle MS mobility within E-UTRAN as far as possible, i.e. to keep UEs in PMM_CONNECTED state as long as possible. Fast availability of resources throughout the whole network  will ensure a significantly reduced C-plane latency.
2.1.1.1
Issue(s) with Interworking to 2G/3G (Combined Routing Areas)

Combined Routing areas as defined in Release 6

-
In Release 6 combined Routing Areas may consist of cells of GERAN and UTRAN access type. TS 23.060 describes the handling of mobility between cells of different access type within the same Routing Area by means of the selective Routing Area Update procedure. While acting according to the selective RAU procedure the MS is in STANDBY state for GERAN access and in PMM_IDLE for UTRAN access, i.e. the CN needs to maintain 2 GMM state machines, one for A/Gb mode, one for Iu mode. This mechanism allows the MS to move within a RA without any mobility signalling activity as long as no data/signalling needs to be exchanged.

-
In case of DL data or signalling, the CN pages in the RA where the MS is located. The MS answers either by sending of an LLC PDU in A/Gb mode or a Service Request in case of Iu mode. In case of UL data the sending of a RAU depends on the access type of the cell where the MS has sent data before.

Discussion for SAE/LTE aspects

-
Depending on operator’s network configuration, camping strategies etc. the specific conditions under which different 3G radio technologies and related Routing Areas are handled need to be discussed.

-
Firstly, it should be discussed whether the main issue why combined RAs have been defined was the expected amount of AS/NAS mobility signalling in case of inter-RAT changes (which can be managed by appropriate configuration of the radio network) or the exhaustive signalling between SGSNs and HLR (which can be managed by combined 2G/3G entities in the CN).

-
Secondly, it should be discussed, whether combined Routing Areas containing also cells of E-UTRAN access type (or in general: containing all combinations of access types) shall be supported.

2.1.1.2
General Principles

NAS security procedures are assumed to be kept unchanged (Identity Request, Authentication, IMEI Check, Key Exchange)
-
this avoids re-invention of already existing, stable NAS functionality

-
these procedures are typically performed only at attach or with operator defined periodicity.
AS security mode procedure

-
changes to this procedure might depend on the finally selected location of the ciphering engine.

-
these procedures are typically performed when changing between PMM_Idle and PMM_CONNECTED for the Service Request procedure.

-
time taken for the security mode procedure compared to the latency target figures seems to imply that this procedure needs to be improved or alternative approaches are necessary.
Default (signalling) PDP Context

-
It is proposed to always a (signalling) PDP Context per attached MS. This will improve as well C-plane latency for session/call setup.
In principle 2 different options are possible to enable an fast switching between a low-activity (camped) state and an active state in the UE:

Configuration 1: NAS controlled mobility procedures used and kept unchanged

-
make use of exisiting PMM/RRC_IDLE mode concepts where CN handles mobility 

-
however, keep users as long as possible in PMM Connected state
Configuration 2: mobility controlled by AS, NAS controlled mobility not used
-
keep users always in PMM Connected
-
mobility control basically performed on RAN level only. (no CN paging, context kept in RAN)
2.1.2
Configuration 1: NAS controlled mobility procedures used and kept unchanged
If support of efficient inter-working with GERAN/UTRAN access is required by certain network configurations it is proposed to base it on already existing principles for SAE/LTE as well - to the required extent. As a direct consequence, the requirement to support of PMM_IDLE state handling is assumed.
Translation of states defined in TR 25.913 into (today’s) RRC states, and with additional state information are given below for Configuration 1:

	E-UTRAN (RRC)
	CN (PMM)
	Description

	
	PMM Detached
	MS Detached

	IDLE
	PMM Idle
	RAN REQ TR: “Camped”
default PDP Context (preserved), no access to default RAN resources

CN known user ID (Authenticated user)

CN paging to reach user

CN mobility on RA level

no context in E-UTRAN 

	URA_PCH like
	PMM Connected
	RAN REQ TR: „Dormant”

default PDP Context/RAN resources

E-UTRAN and CN known user ID (context in E-UTRAN and CN)

MS mobility handled within E-UTRAN

-
on multi-cell (area) level

-
MS triggered

-
context transfer between E-UTRAN nodes might become necessary

-
RAN paging and Iu connection to reach user

cipher mode contexts established

	CELL_ACTIVE
	PMM Connected
	RAN REQ TR: “Active”

same statements as above except for mobility:

MS mobility handled within E-UTRAN 

-
on cell level

-
NW triggered.

-
context transfer between E-UTRAN nodes might become necessary.

might have RAN sub-states (handled on lower layers)


 Table 1. E-UTRAN and CN state models for Configuration 1.
2.1.3
Configuration 2: Mobility controlled by AS, NAS controlled mobility not used 
This concerns network configurations for E-UTRAN only deployment scenario. The MS is always PMM connected, i.e. there is always a signalling relation kept between the involved controlling CN and AN nodes. We assume that the signalling transport on “Iu” will utilise a connection-less signalling transport mechanism to overcome with possible limitations of SS7 based signalling networks.
In addition to the default PDP Context, the MS has always access to (a certain amount of) radio resources.
No NAS mobility functionality is needed at all, which puts the definition / use of RRC_IDLE state and PMM_IDLE state as known today under question. (This assumes that E-UTRAN provides a power-saving state equally efficient than in IDLE mode.)
Completely removing RRC_IDLE and PMM_IDLE state definition/handling would result in significantly reduced amount of protocol specification and the related topics like system complexity (less states to handle in both CN and RAN), testing effort etc. are affected as well. (Whether NAS mobility can be completely set out of operation in such configurations could be part of further investigations).
(
However, keeping the MS in PMM_CONNECTED raises the question to which extend impacts on interworking with 2G/3G is acceptable (see also discussion on the combined RAs).
(
Reliability of RAN nodes need to be comparable to that of CN nodes in case MM relies completely on RAN entities and databases, restart/recovery mechanisms need to be discussed.

Another option would be that the network operators decides to rely totally on E-UTRAN mobility for certain classes of services / subscriptions.
Keeping the contexts of all attached MSs seems to result mainly in memory-requirements, not in exhaustive processing load.

Translation of states defined in TR 25.913 into (today’s) RRC states, and with additional state information as given below for Configuration 2:

	E-UTRAN (RRC)
	CN (PMM)
	Description

	
	PMM Detached
	MS is detached

	IDLE
	PMM Idle
	not used

	URA_PCH - like
	PMM Connected
	RAN REQ TR: „Camped”

default PDP Context/RAN resources
E-UTRAN and CN known user ID (context in E-UTRAN and CN)

Iu signaling connection established

UE mobility handled within E-UTRAN (only) 
-
on cell or multi cell(area) level

-
UE triggered
-
context transfer between E-UTRAN nodes might become necessary.
-
RAN paging and Iu connection to reach user

cipher mode contexts established

	CELL_ACTIVE
	PMM Connected
	RAN REQ TR: “Active, Dormant”

same statements as above except:

MS mobility handled within E-UTRAN

Iu connection established (incl. U-plane)

-
on cell level

-
NW triggered

-
context transfer between E-UTRAN nodes might become necessary.

might have E-UTRAN sub-states (possibly handled on lower layers, e.g. MAC)


Table 2. E-UTRAN and CN state models for Configuration 2.

3
Conclusion
This document discussed mobility aspects for SAE/LTE. Two network configuration options have been highlighted, one optimised for E-UTRAN operation, one optimised for interworking with 2G/3G.

It is proposed to capture relevant agreeable parts of chapter 2 in the SA2 TR.






















