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1. Discussion

Starting Point

The registration area and paging concepts in mobile networks are used to minimise the mobility management traffic for inactive UEs. It is the sum of the UE’s tracking area registrations with the network and the number of paging messages to all cells of the tracking area. UMTS employs two levels of registration and paging:  

· two registration area concepts/mechanisms (URA and RA)

· two levels of “idle mode” and paging (URA_PCH and GMM-IDLE)

· two visited nodes with temporary subscriber data (RNC and SGSN)

The evolved system should reduce complexity compared to UMTS. In the following two approaches are discussed, which allocate mobility management functions to RAN or CN. The two approaches are compared and an allocation of these functions to RAN or CN is proposed.
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Two main approaches exist for allocating mobility management functions:

a) LTE_IDLE status kept in RAN

b) LTE_IDLE status kept in CN

Approach a) LTE_IDLE status kept in RAN

As soon as the UE attaches the network contexts are created in RAN and CN, which is to certain extent redundant for the user plane and for mobility functions. From mobility point of view there is no need for a CN user plane entity (mobility anchor) as RAN and CN entities may cover similar service areas and can manage the user plane mobility. The user pane is handled by RAN as RAN keeps the idle state and has to trigger paging when downlink user data arrive. However, an additional CN user plane entity would be needed to provide charging and legal intercept for roaming users with a gateway (GW) in the HPLMN. For the majority of users, which are in HPLMN, the additional CN user plane entity (e.g.) is not needed. Charging, legal intercept and policing may be provided by the gateway (GW). The resulting architecture is already known as one-tunnel-approach. Only subscriber management and inter system mobility management functions remain on a CN control entity (CN-C), e.g. handling subscriptions or roaming.
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The UE performs tracking area registrations with the CN-C. This keeps the administrative control for local, national and international roaming together with authentication and authorisation functions out of the RAN. The roaming and registration area concepts of GSM/UMTS are maintained and enable interoperation on that level.

Idle state mobility between eUTRA and UTRA without re-registering with the network, i.e. reselection between systems in phases of no data transfer, seems to require the same approach for the UTRAN. Even more, the same RAN entity (RNC) needs to serve UTRA and eUTRA of the same area so that a change between both is not visible outside the RAN. This is comparable to combined RAs for GERAN/UTRAN. If the RAN does not always handle UTRA-eUTRA mobility internally the CN has to keep user plane functions at least for mobility with the UTRAN. When UTRA and eUTRA are not served by the same RAN entity (RNC) any idle mode change between both causes signalling transactions up to the CN.

Any idle state mobility between eUTRA and GERAN requires signalling up to the CN as it is rather unlikely that the RAN will implement eUTRA-GERAN mobility internally.

This approach has a fast transfer from idle to active state compared to UTRAN as the RAN keeps always the UE context (security association).

Redundancy of RAN entities (RNC) is difficult to achieve as a specific radio resource (e.g. cell) is preferentially managed by one RRM entity only and not distributed to multiple RAN entities to avoid complexity. At least the RRM may need to be separated from redundant RAN entities to avoid multiple RRM for the same radio resource.

The CN entity (CN-C) is a controller with a temporary subscriber database. A similar data base on RAN entity stores contexts for all UEs (idle and active) in eUTRAN. Both entities/databases have to have high availability to provide services reliably. Both entities could be combined to avoid redundant subscriber data bases with idle state handling. However, this would create a complex RAN entity with reliable subscriber database, authentication/authorisation, roaming control, handover functions to UTRAN/GERAN.

The recovery procedures are different compared to UMTS procedures. After RAN entity restart the CN entity (CN-C, which keeps tracking area information) cannot page as it has no user plane that would trigger paging. RAN needs to implement recovery procedures like the CN for UMTS.

Approach b) LTE_IDLE status kept in CN

The CN entity user plane connects directly with the NodeBs. The RAN entity has no user plane. It is a controller (RAN-C), which performs RRM for radio resources of an area and manages active state UEs. This RAN-C has a UE context when the UE is in active state. Charging, legal intercept and policing are performed by the GW. Charging and legal intercept in case for roamers with GW in HPLMN may be performed by CN. When the UE changes to idle state any UE contexts may be removed from the RAN entities.
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The UE performs tracking area registrations with the CN-C. This maintains the roaming and registration area concepts of GSM/UMTS and thereby interoperation on that level.

Idle state mobility between eUTRA and UTRA without re-registering with the network, i.e. reselection between systems in phases of no data transfer, is possible without any signalling between UE and network and without any specific RAN support (same as combined RA).

Idle state mobility between eUTRA and GERAN is also possible without any signalling between UE and network (combined RA).

This approach has a fast transfer from idle to active state compared to UTRAN as security association is stored on the CN entity. When the UE changes to active state this information is transferred to RAN.

Redundancy of CN entities is enabled by RAN-C (like Iuflex). The RAN-C is a control node, which uniquely manages radio resources of an area. Required availability can be provided by the RAN-C itself. 

The RAN-C is a controller with a temporary subscriber database, which stores contexts for active state UEs. Combining RAN-C and CN to one entity would create the same complex entity as describe above for combining RAN and CN-C. And it complicates redundant user plane entities as RRM for the same radio resource would be distributed to multiple entities (as above). 
The recovery procedures of this approach are the same as in UMTS. After RNC restart the SGSN pages UEs when downlink data arrive or performs network search independent from the existence of any UE context in the RAN-C.

Comparison

Both approaches can provide a single tracking area concept that observes roaming restrictions of UEs that are not in active state. Approach a) registers tracking area changes simultaneously with RAN (to allow for paging) and with CN (roaming restrictions). Approach b) registers with CN only.

Bth approaches allow for combining RAN and CN user plane functions into one entity (encryption, compression, anchoring, …). Approach a) may need a third user plane entity for roamers with GW in HPLMN. Or, the RAN needs to provide charging and legal intercept.

Approach a) has in average a slightly faster transfer from idle to active as all contexts are kept in RAN. Approach b) has one additional signalling transaction compared to approach a) to send the security context from CN to RAN at transition from idle to active. However this state transition is expected mainly after longer periods of inactivity. Both approaches should be able to fulfil the requirements on transition time from idle to active.

The interoperation with other 3GPP RATs is different. Approach b), which handles idle state and paging by CN, has advantages. It enables combined tracking areas (for multiple RATs) to avoid any signalling between UE and network when an inactive UE re-selects a cell of another RAT within the tracking area. To some extent this is possible with approach a) for re-selection between UTRA and eUTRA. However, this requires that the same RNC serves both RATs, which causes dependencies for deployment and further evolution of the two RATs. Furthermore, handovers to other 3GPP RATs cause less impact for the legacy system when performed on CN level, which supports approach b). CN level 3GPP inter RAT handover mechanisms are already available.

Redundancy of the user plane entities: a) with user plane function in RAN is difficult; b) with user plane function in CN pssible (as with Iuflex). Approach a) would need to separate RRM from RAN user plane entities to enable redundant RAN entities with unique RRM per radio area.

For idle state UEs approach a) has two temporary registers for subscriber/UE information (RAN and CN-C) compared to one in approach b) (CN). The same availability requires more effort and there are more error cases to handle in recovery situations when the information in both registers is not consistent. The number of UE contexts to be stored in RAN is higher in approach a).

2. Proposal

Following this comparison it is proposed that UEs that are not in active state register their location (tracking area) with the CN. And the Idle state is kept in CN to avoid contexts for inactive users in RAN, for less complex interoperation with other 3GPP RATs and for recovery reasons. Approach b) is proposed to be adopted and a function allocation to RAN or CN is proposed below for intra access system mobility in idle state. From the function allocation for the idle mode the function allocation for active state is derived, namely the allocation of functions belonging to subscriber specific information (roaming restrictions). The other functions are proposed to be allocated according to the model used in UMTS.

The same function allocation is proposed for inter access system mobility between 3GPP RATs. This assumes that inter access system mobility requires the same sub-functions.

Function list Version 06 (Includes the updates agreed in SA2 SAE drafting)

	Location:

High-level Function:
	RAN
	CN
	Comments

	Radio resource management
	X
	
	

	Policy Decision
	
	X
	

	Signalling between UE and NW for QoS Negotiation
	FFS 
	 FFS
	Depends on the selected mechanism. A single entity in the NW should terminate the signalling.

	Admission/commitment of requested or downgrade to available radio resources
	X
	
	Includes appropriate RAN capabilities and RAN transport resources

	Admission/commitment of network resources
	
	X
	Transport network resources outside RAN

	Authorisation of QoS based on subscription/service
	
	X
	

	Uplink packet Classification
	
	
	Done by UE.

	Uplink packet re-classification based on operator administered subscriber policies
	FFS
	FFS
	

	Uplink packet re-classification based on operator policies
	X
	
	If needed and visible. e.g. Mapped from radio bearer. 

	Uplink Qos policy enforcement of negotiated QoS 
	X
	
	E.g. by scheduling. (does not include packet marking, QoS Authorisation).

	Downlink packet classification
	
	X
	Does not include radio QoS (by definition done in RAN).

	Downlink QoS policy enforcement of negotiated QoS 
	FFS
	X
	

	Attach, Subscriber & Key Management, Authentication and Authorisation
	
	X
	

	Location management, Paging, Intra-radio access mobility in LTE_IDLE
	
	
	

	· Indicate cell information (PLMN-ID, tracking area-ID, radio parameters) to UE for cell/PLMN selection in LTE_IDLE
	X
	
	

	· Accept/deny and store UE’s location (tracking area) in LTE_IDLE
	
	X
	For paging inactive UEs and for recovery

	· Initiation of Paging of LTE_IDLE UEs within tracking area
	
	X
	Initiated by downlink user data

	· Local Storage of subscriber information about allowed PLMNs and location restrictions within PLMN 
	
	X
	To decide on tracking areas allowed for UE/user

	Handling of terminals in power saving mode, 
	X
	FFS
	Further definition needed

	Radio channel coding
	X
	
	

	Integrity protection protection terminating in UE 
	
	
	

	          - For user plane data
	-
	-
	As yet, not required to be provided by the “access system”.

	          - For CN signalling
	Note A
	Note A
	

	          - For RAN signalling
	X
	
	

	Ciphering terminating in UE
	
	
	

	          - For user plane data
	Note A
	Note A
	

	          - For CN signalling
	Note A
	Note A
	

	          - For RAN signalling
	If needed
	
	The requirements for RAN signalling encryption need to be clarified.

	IP Header compression between UE and network
	FFS
	FFS
	It is agreed that, within the network, IP Header Compression is performed in between the User Plane Encryption functionality and the Flow Based Charging functionality.

	Intra-radio access mobility in LTE_ACTIVE
	
	
	

	· Determine tracking areas and PLMNs allowed for handover in LTE_ACTIVE
	
	X
	Derived from subscription, sent to RAN for guiding UE measurements to allowed tracking areas

	· Guiding the measurement process within UE for handovers in LTE_ACTIVE
	X
	
	

	· Decision for intra access system handover in LTE_ACTIVE
	X
	
	Based on measurements and resource availability, blind handover could also be possible

	· Path switch/mobility anchor for intra access system handover in LTE_ACTIVE
	X
	X
	

	· Transfer of UE specific contexts for handover of LTE_ACTIVE UEs
	X
	X
	RAN and CN contexts may need to be transferred

	Radio protocols (ARQ, scheduling etc.)
	X
	
	

	Charging
	
	X
	

	Volume reporting of unsent data
	FFS
	
	

	IP Address Allocation
	
	X
	

	Roaming 
	
	X
	

	Local breakout
	
	X
	

	Inter-Radio Access mobility, Connected mode
	X
	X
	

	Inter-Radio Access mobility, Idle mode
	X
	X
	

	Access system selection
	FFS
	X
	

	Load sharing among RATs
	X
	
	

	Lawful intercept
	
	X
	

	Positioning
	X
	X
	

	Frame selection (if MDC is needed)
	FFS
	FFS
	If needed

	Downlink Duplication for HO support
	FFS
	FFS
	If needed

	Flow Control and buffering
	FFS
	FFS
	If Needed

	MBMS
	X
	X
	


Note A: the location of this function is FFS. However, there are expected to be some dependencies between the locations of the ciphering and integrity protection functions.
Note: Packet Re-classification and QoS Enforcement at operator interconnect are done in CN if needed.

Note: transcoding has been considered and the conclusion is that it is handled on the Application level (IMS), and hence not in RAN or CN.
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