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1. Introduction

During the last RAN2,3 meeting in Cannes, 3 candidates for C-plane architecture were presented and discussed. The three candidate architectures are as follows:
Architecture A: RRC Idle and Connected in Node-B

Architecture B: RRC Idle and Connected (in central node(s)) above Node-B

Architecture C: Idle state in central node and RRC Connected in Node-B
Through a detailed explanation of the functions comprised in Architecture C, this contribution shows why it is the most appropriate architecture for LTE and the one that should be selected.
2. Overview of Architecture C
C-plane architecture C involves Node-B and central node(s) above Node-B. With the purpose to realize effective radio related control, RRC protocol is terminated in Node-B. Therefore, mobility management in LTE_Active is handled in Node-B. Furthermore, in order to allow effective location management in a level of group of cells (Tracking Area), handling for mobility in LTE_Idle is done by the central node. The Figure 1 shows a very basic architecture C image with MM entities identified and agreed in the last RAN3 meeting in Cannes. 
NOTE: The number of physical central node is excluded in this discussion.
The following sections clarify the functions in Architecture C related to key topics, and highlight why it is the most appropriate architecture for LTE.
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Figure 1: Architecture C overview

3. Mobility procedure in LTE_Idle
3.1 Agreements in the last meetings
LTE_Idle state defined in TR 23.882 Annex C:
LTE_Idle:

· State in which the UE has a low power consumption and can thus be kept for many days;

· Fast state transition to LTE_Active shall be supported (<=100ms excluding DTX);

· Mobility: cell reselection by the UE and traffic area change registration to the network; 

It is also stated in TR 23.882 that the tracking area update of a UE is in a cell group level (TA granularity).  

In the last RAN3 meeting, it was agreed that in all architecture concepts no U-plane or Transport Network Layer resources for a dedicated UE is kept established. 

Furthermore, the following entities for mobility management functions for Architecture B and C were agreed, although the logical node in which these entities will reside is FFS. 

1. MME, which comprises of the following functions :

· Access to data from HSS

· Keeping UE’s attach, mobility and security status

· Keeping subscription data (allowed area, etc.)

· Accept/Deny UEs location in IDLE

· Store UEs location (TA) in Idle

· Handling of user identity confidentiality

· Support of load balancing / redundancy (similar to Iu-flex)

· Store security related data

2. UPE, which comprises of the following functions:

· termination of U-plane downlink data

· triggers/initiates the paging when downlink data arrives for the UE
3. Tracking Area Data Base: data base which keeps the mapping of Tracking Area and Cell (Node-B) 
3.2 UE context in LTE_Idle

In Architecture C, it is assumed that when UE is in LTE_Idle, no RRC connection is kept, thus there will be no UE context in Node-B. 
Basically UE contexts in LTE_Idle that are kept in central node are similar to the contexts kept in today’s 3G system, although some additional contexts may be added to improve performance of connection time.

Examples of context kept in the node above Node-B are UE identity, IP address, UE location (TA), UE capability, subscription information (allowed area, etc), bearer service configurations and possible security context.
3.3 Clarification on differences between architectures
In term of C-plane mobility functions, the difference between candidate architectures, especially between Architecture A and Architecture B&C, lies in the allocation of functions in MME. 
In Architecture A, mobility functions stated in MME mostly reside in Node-B, and the support for registration related function is in the node above Node-B.

1.  UE’s context storage function: Keeping UE’s attach, mobility and security status, Keeping subscription data (allowed area, etc.), Store UE’s location (TA) in LTE_Idle.
To perform location management in tracking area (TA) granularity, which consists of a group of cells (group of Node-Bs), it is favourable if UE’s context storage resides only in the node above Node-B. That is because there is no mirroring / registration duplication needed in Node-B and the node above it whenever access to HSS and/or whenever changes in UE’s mobility, i.e. UE moves to another TA, occurs. (See figure 2A and 2B)

In this document two solutions to perform TA change procedure. (Figure 2A and 2B) are presented, however the detailed solution needs to be further studied.
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Figure 2A: TA change procedure in Architecture C
with TA message carried transparently in RRC
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Figure 2B: TA change procedure in Architecture C
with TA message making use of evolved C-plane protocol

2. Accept/deny UE’s location function

This function depends on where the storage of UE subscription information (allowed area, etc) resides. 
As shown in the figure 2A and 2B, when this function is resided in central node, no additional signalling is needed.
3. Combined RA/TA

Another advantage from Architecture C is the ability to realize combined RA and TA. When UE moves between E-UTRA and UTRA in LTE_Idle state, no registration signalling is required. However, it is noted that combined RA and TA between the systems would have significant system level impact on LTE/SAE. Other ways of reducing the signalling in inter-RAT mobility are available.
Discussions in section 3 shows that allocation of function comprised in MME in central node gives advantages in term of realizing an effective location management handling. Therefore, in this term Architecture B and C are the preferable solutions.
4. Mobility procedure in LTE_Active

4.1 Agreements in the previous meetings
LTE_Active defined in TR 23.882:
LTE_Active

· UE is able to perform Uplink/Downlink transport with very limited access delay;

· Mobility: network directs the UE to serving cells;
In TR 23.882 LTE_Active state is defined as a state where the UE has context in E-UTRAN, and therefore UE’s location is known in a serving Node-B (cell) level, and Node-B shall handle UE’s mobility.

During the previous RAN3 meeting in Cannes, it was agreed that for roaming/area restriction handling CN has knowledge of UE location in TA granularity even in LTE_Active.
4.2 Clarification on mobility in LTE_Active in Architecture C
As mention above, Architecture C terminates RRC protocol in Node-B, thus handling of mobility in LTE_Active is performed in Node-B.
1. Guiding the measurement process in HO

Measurement process in HO involves procedure of giving RRC instruction to UE about all the necessary measurement needed for cell change. Since RRC is assumed to be terminated in Node-B and this function is a radio related function, it is favourable if it is allocated in the Node-B. 
2. Handover decision
The target cell is decided by the source Node-B based on the received quality of the candidate cells reported by the UE by Measurement Report and other RRM information e.g. the resources availability, processing load etc. in each cell.
3. Transfer of UE specific context in HO

In Architecture C, when UE is in LTE_Active state, UE context is stored in source Node-B. When handover to another Node-B occurs, UE specific RRC context will be transferred from old (source) Node-B to the new (target) Node-B. There exist different solutions on how to transfer the context: solution proposing a direct transfer between Node-Bs and solution similar to today’s SRNS relocation. The detailed solution and procedure are needed to be further studied. 
4.3 Handover procedure examples in LTE_Active
At this stage there are many solutions for handover solution from different companies. Examples of handover procedures from companies supporting Architecture C are listed in Annex A. (Other companies in Architecture C are welcome to add their HO solutions)
NOTE: Sequences/procedures shown in this section are only some examples of the solution for handover. Details on handover procedure as well as U-plane data transfer solutions, i.e. data forwarding, bi-casting or data buffering are needed to be further studied.

5. Idle-Active transition

To meet the requirements for LTE, optimizations of Idle-Active transition sequences should be studied. However, even with optimized sequences, Architecture B always requires both NBAP processing time in Node-B and central node and Node-B internal processing time for RRC messages. Moreover, possible TNL configuration will increase the delays even further. Therefore, Idle-Active transition time in Architecture B will undoubtedly be longer than Architecture A and C. Architecture A and C thus obviously are preferable from the viewpoint of Idle to Active transitions.

6. RRC function 

The current RRC functions are discussed related to 3 candidate architectures on condition that architecture A and C terminate RRC in Node-B and architecture B terminates RRC in central node.

The Radio Resource Control (RRC) layer will handle the control plane signalling of Layer 3 between the UEs and Node-B or central node. For the current RRC functions, Table.1 below shows the general comparison on where to place each RRC function. 
NOTE: Security functions are omitted for they are still under consideration in SA3.

Table 1:  Location study for each RRC function

	RRC functions
	Comparison
	Reasons

	
	Node-B
	Central
	

	Broadcast of system information
	+
	
	Information provided by the non-access stratum is semi-static.

Information provided by the access stratum (ex. UL interference) is almost measured in Node-B.

	Establishment, re-establishment, maintenance and release of an RRC connection
	+
	
	Node-B is free from establishment, re-establishment, maintenance and release of Iub connection.

	Establishment, reconfiguration and release of Radio Bearer
	+
	
	On request from higher layer, the RRC layer can directly perform admission control and selects L1 and L2 parameters describing the radio bearer processing inside Node-B. 

	Assignment, reconfiguration and release of radio resources for the RRC connection
	+
	
	It is possible to reconfigure radio bearer in response to traffic conditions in the cell.

	RRC connection mobility functions
	+
	+
	For intra Node-B HO, it is best to allocate this function in Node-B. On the other hand, for inter Node-B HO, RRC context transfer is needed. However it is feasible. 

	Paging / notification
	+
	
	Node-B can effectively configure paging messages aligned with paging period for each UE because Node-B knows frame timing.

	Control of requested QoS
	+
	
	Node-B can perform faster radio resource assignment.

	UE measurement reporting and control of the reporting
	+
	
	Node-B can perform faster radio resource assignment in response to measured results.

	Outer loop power control
	+
	
	Node-B can perform faster radio resource assignment.

	MBMS control
	
	(+)
	Central node facilitates synchronised transmission from several Node-Bs and efficient distribution of MBMS data. However, detailed solution is to be further studied.

	Slow DCA 
	+
	
	Node B can control slow DCA (for TDD) to adjust the resource.

	Timing Advance
	+
	
	Node B can control UL timing advance (for TDD)


From Table.1, most of RRC functions should be distributed in Node-B. Therefore, Architecture A and C are preferable from the view point of RRC functions distribution.
7. Handling of RRM (Admission control, measurement handling, HO decision, etc)

It is agreed that no macro diversity is used for DL and scheduler type access is adopted for both links. Also no FACH scheduler is in central node. If no UL MDC is assumed, we do not see essential RRM functionalities which should be located in the central node.

Taking into account this assumption in LTE, RRM should be located in Node-B. The main feature of architecture C is that RRM is located in Node-B. Advantages of RRM in Node-B are:

1. Efficient radio resource use
RRM can follow fluctuation of radio resource consumption without any impact to backhaul and signalling processing load. This also means admission control works more effectively.

2. Short C-plane latency
It is no doubt that RRC should be terminated in the nearest place from UE, i.e. Node-B, in terms of latency of RRC signalling, e.g. RRC connection control, radio bearer control and measurement handling etc. If RRC& RRM can be located in Node-B, time for negotiation between Node-B and the central node can be omitted. Obviously, the short RRC signalling latency contributes to shorten call establishment time. It also improves the radio performance and RRC connection stability in case UE is moving at fast speed.

However it is also needed to pay attention to drawbacks of RRM in Node-B in terms of multi-cell RRM.
 In general, camped cell is supposed to be the best cell in point of radio condition and users start communication on that cell. In the basic case like this, multi-cell RRM concept is unnecessary. If the resource in best cell is very limited (because of temporary high traffic load or hardware trouble), the second best peripheral cell or another overlaid cell should be selected. In case these peripheral cell and overlaid cell are handled by different Node-B, the central node may be useful to support this situation. However, the necessity of central node is to be further studied. 
In total, architecture C is preferable since above two advantages are very attractive both for operators and users, and therefore we have to study more on how to minimize the drawbacks. 
8. UE context location and contents

See section 3&4

9.  Support of roaming / area restriction

See section 3&4

10. Conclusion

Three candidates for C-plane architecture emerged from the last RAN2 and RAN3 meetings:

Architecture A: RRC Idle and Connected in Node-B;


Architecture B: RRC Idle and Connected (in central node(s)) above Node-B;


Architecture C: Idle state in central node and RRC Connected in Node-B.

Through a detailed explanation of the functions comprised in Architecture C, this contribution has shown:

· how in Architecture C mobility can be managed efficiently in LTE_Idle and LTE_Active states:

· that Architecture C is the best candidate for meeting the LTE requirements related to state transition:

· that Architecture C naturally allows the RRC functions to be placed in their optimal location: the Node-B;

· that Architecture C allows RRM to be collocated with RRC in the Node-B for the best radio resource usage and reduce latency.

From this analysis, it clearly appears that Architecture C is the preferable solution for the LTE C-plane architecture. It is therefore proposed to select Architecture C, and reflect that decision in the appropriate TRs.
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Annex A : Examples of Handover Procedures
A.1 Proposal from NEC, DoCoMo (R3-051106)
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Figure A.1: HO procedure (NEC, DoCoMo)

A.2 Proposal from NEC
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Figure A.2: HO procedure for the Reactive Handover case (NEC)

A.3 Proposal from Samsung (R3-051108) 
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Figure A.3: Handover procedure where the decision is made in the end node (Node-B) (Samsung)
A.4 Proposal from Alcatel (to be discussed in 3GPP TSG-RAN WG 3 Meeting #49)
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Figure A.4: Handover sequence (Alcatel)

The sequence chart shows a pro-active pre-configuration even before a handover trigger. Then a temporary forwarding of user plane data starts after the handover decision of source ENB. Finally, the path switching and release of resources complete the intra-access system handover. 

A.5 Proposal from Nokia (SRJ-050061)
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Figure A.5: Active mode Hand-over, make before break, no explicit UP bearer setup (Nokia)
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