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1  Introduction

This paper discusses the RAN/CN functional split for intra-radio access mobility both for UEs in LTE_IDLE and in LTE_ACTIVE states.

During London meeting, there were some discussions about the terminology related to “RAN” and “CN” concept. The guiding principle that we have used for this RAN/CN functional split exercise, is that CN should be completely radio agnostic, so as to split the 3GPP work efficiently between 3GPP/TSG RAN and 3GPP/TSG SA.

Today, one of the main drawbacks of current UMTS networks lies in the latency of its procedures. One of the main objectives of LTE/SAE definition process is to reduce this latency. In our opinion, this issue should be addressed with top priority within 3GPP, if we want to have a chance to be competitive compared to other emerging wireless access networks.

In order to reduce the latency of packet session initiation and of mobility procedures, the RAN needs to get much more autonomy than today. Especially all issues related to radio shall be fully handled within RAN

2 Signalling procedures in LTE_IDLE state

When in LTE_IDLE state, UE should be capable to

· Reselect cell / update location area, 

· Answer to paging indications in location area, 

· Transit quickly to LTE_ACTIVE state, so as to receive and send data

2.1 Handling transition between location areas

The size of location area has to be optimised depending on the speed of UE. While big areas limits the uplink signalling for location area updates, and can avoid to miss incoming call for fast moving UE, it also degrades the capacity of downlink paging channels, and produces downlink interference. Management of location areas is thus directly linked to the Radio Resource Management function.

Our later observations are based on the following high-level requirements:

· In order to minimise the size of location areas for fast moving UEs and the associated capacity and interference constraints of the radio interface, it is desirable that the signalling time for tracking UE location should be shortened.

· In order to minimise the session establishment latency, it is desirable that the signalling time for transiting from LTE_IDLE to LTE_ACTIVE states should be shortened.

One can shorten the signalling times of above procedures, by minimising the number of messages exchanged at those occasions between RAN and CN. In order to optimise the number of signalling messages between RAN and CN, we propose that management of UEs in LTE_IDLE state should be done in RAN :

· Location area tracking should be done in RAN. In that case, the only information to be stored in CN for each UE is an access port to a given RAN, RAN technology does not even need to be known by CN.

· Because location and packet session initiation procedures require a security framework, RAN should store a UE context including AAA parameters, so as to avoid establishing such framework with CN, and to fasten the procedure.

· For even faster packet session initiation, admission control of a given QoS request should be done autonomously in RAN. RAN would only need to store Subscriber QoS policy, in addition to AAA parameters in the context of UE in LTE_IDLE state. 

The proposal is thus that RAN should be responsible for storing a UE context (AAA, policy) of UE in idle mode, and for transferring this context when UE moves from one RAN to the other. 

Open issues

· It is FFS to determine if “subscriber information about allowed PLMNs” and “location restrictions within PLMN” are included in the UE context for LTE_IDLE. If this information is required for LTE, it shall also be present in RAN.

· When UE is moving from one RAN to another RAN, it is FFS if a new UE context shall be created in the new RAN or if UE context can be transferred across the two RANs.

2.2 Paging

Based on above assumptions, we propose a 2-step paging process. 

· Upon reception of incoming data for a UE in a given PLMN, CN will trigger paging procedure to a particular RAN. This paging can be either implicit (forward directly data to the CN) or explicit (paging specific message sent to the target RAN access point).

· RAN then triggers and initiates paging within RAN. RAN can send corresponding paging message to the UE based on its own knowledge of the tracking area for this particular UE. 

Note that for step 1, implicit paging has the benefit to suppress any paging specific message from CN to RAN. However, it implies that RAN stores temporarily incoming data. Depending on the storage capacity of RAN, specific signalling might be needed to control the incoming data flow from CN.

On the other hand, if using explicit paging, paging signalling messages is required on the RAN/CN interface but RAN does not need to control data flow. CN can do it autonomously.

This 2-step paging process has several benefits:

· Decrease UE context in CN for UE in idle mode

· Paging being a RAN function, RAN will be able to optimise its paging resources over the radio interface, and adjust size of tracking area depending on radio conditions, interference created by PCH and PRACH channels over the tracking area

· CN involvement is reduced to the simple routing of paging indication to the relevant RAN access point

Open issues

· In case tracking area contains cells from different RANs, it is FFS to determine if the RAN having the access point with CN for a particular UE can propagate paging information towards another RAN controlling cells of the same UE’s tracking area.
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We applied the same methodology to LTE_ACTIVE state, as we applied to LTE_IDLE state.

Similarly to UMTS, RAN should be responsible to most procedures involving mobility in connected mode. This is needed because latency in handover procedure cannot only cause to break call but can also harm system with undesired interference levels.

CN is only involved for path switching towards corresponding RAN access point, when UE moves handovers from one RAN to another RAN.

4 Proposal

In the RAN/CN functional split table agreed from last SA2 meeting in S2-052381, we added some extra rows in the annex to take into account the above discussion points.

It is proposed to:

· Get an agreement on the fact that CN shall not handle any radio-related functions

· Agree on the content of the table in annex and include it in TR 23.882 

5 References

[1] SRJ-05188, “Paging Study for SAE/LTE” from NEC

ANNEX: Function list Version 06r1 by Mitsubishi Electric from version 06 that includes the updates agreed in SA2 SAE drafting session S2-052381
	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
	
	

	· Trigger of Paging initiation of LTE_IDLE UEs within tracking area
	FFS
	X
	RAN-level paging could be triggered either by CN specific message (or message from another RAN), and/or upon reception by RAN of downlink data (from CN or another RAN)

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

Being radio unaware CN should also be unaware of details of tracking areas.

	· Transfer of UE specific contexts (AAA, policy) for cell reselection of LTE_IDLE UEs
	X
	
	

	· Path switch/mobility anchor for intra access system cell reselection in LTE_IDLE
	X
	X
	With the help of RAN, CN shall keep track of routing path to the UE context in the serving RAN, when UE moves from one cell in initial RAN to another cell in target RAN.

	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

Being radio unaware CN should also be unaware of details of 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
	With the help of RAN, CN shall keep track of routing path to the UE context in the serving RAN, when UE moves from one cell in initial RAN to another cell in target RAN.

	· Transfer of UE specific contexts for handover of LTE_ACTIVE UEs
	X
	
	

	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
	



