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1. Introduction

This paper discusses the RRC functionality and architectural aspects of these related to their placement in the scope of LTE and SAE. The current RRC functions are discussed related to the fact of being placed at the Node-B site or in a central node. In this document there is no distinction made if this central node is a RAN or CN node.

A text proposal is also made to25.813 [3].

2. Discussion

2.1. Current status in Rel-6

Current Rel-6 lists a large number of functions currently residing within the RRC protocol currently located in the RNC. Below is an extract of these functions taken from TS 25.301 [1], and grouped on high level. The grouping is only done to ease the discussion in the remainder of the documents and since these functions share similar properties related to architectural impact.

- RRC functions -

· Assignment of temporary radio identity and radio resources 

· Establishment, re-establishment, maintenance and release of an RRC connection between the UE and UTRAN.

· Establishment, reconfiguration and release of Radio Bearers. 

· Assignment, reconfiguration and release of radio resources for the RRC connection. 

· Mobility handling

· RRC connection mobility functions.

· Initial cell selection and re-selection in idle mode.

· Paging/notification.

· QoS control

· Control of requested QoS.

· Outer loop power control.

· Slow DCA. Applicable only in TDD mode.

· Measurement handling

· UE measurement reporting and control of the reporting.

· Security functions

· Control of ciphering.

· Integrity protection.

· Broadcast

· Broadcast of information provided by the non-access stratum (Core Network).

· Broadcast of information related to the access stratum. 

· MBMS

· MBMS control.

· Other functions

· Routing of higher layer PDUs.

· Timing advance control. It is applicable only in 3.84 Mcps TDD.

· Arbitration of radio resources on uplink DCH. This function is implemented in the CRNC.
· CBS functions

· Initial Configuration for CBS

· Allocation of radio resources for CBS

· Configuration for CBS discontinuous reception

At this point it is not clear that all the above listed Rel-6 RRC functions in the end also will be required for LTE. However, these functions serve as an indicator on what is needed, and some functions are crucial for a radio network and will definitely also be part of LTE. 

Further one could note that it has already been concluded not to have CBS in LTE so CBS is not discussed any further.

2.2. Architectural aspects from functional requirements

Based on the SA3 LS response on security functionality [2], it can be concluded that RRC functions that could reveal UE identity and UE location should be possible to protect. In addition SA3 recommended that security functions should not be terminated at the edge of the “fixed” part of the network, i.e. Node-B site.

Out of the functions in section 2.1, this means that Assignment of temporary radio identity and radio resources, Mobility handling and Security functions should be placed in a node that is not the Node-B site.

It could be questioned whether all the functions listed in section 2.1 related to assignment of radio resources are required to be ciphered based on the SA3 response. On the other hand it is assumed that one should avoid a situation where assignment of temporary radio identity and radio resources are done in several steps (messages or procedures), since this would increase the delay in call setup procedures.

I.e. it is assumed that the first message from the NW towards the UE will include both assignment of temporary id and radio resources, to avoid parallel or sequential procedures, and also that this message then is ciphered.
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Figure 1. Message 1 will be non-ciphered and message 2 should be possible to cipher.

Further it could be mentioned that it is likely that some sort of fast radio resource assignment will be present also at MAC level in the Node-B site. This fast radio resource management will handle fast scheduling etc. similar as for HSDPA and Enhanced UL in Rel-6.

The QoS control and Measurement handling can from a functional and requirement point of view be located either at the Node-B site or in a central node. Both these possibilities could at this point be envisioned. It is even so that QoS control could be shared responsibility between the Node-B site and a central node. 

The Broadcast functions are done on a cell-per-cell or group-of-cell basis. From this fact only it could be seen that this function benefits from being placed at the Node-B site. Since this information is usually slow changing and cell configuration like information, even though there is no benefit of placing this function in a central node, there is no big drawback seen either.

MBMS functions could also in principle be placed either at the Node-B site or in a central node. However, based on the fact that some form of macro diversity is assumed for MBMS in LTE, requiring synchronized transmission from several Node-Bs in a large portion of the network, and the fact that at least the user plane traffic will origin via a central node. This also means that all the MBMS control traffic also need to be synchronized with this user plane data. I.e. MBMS functions will benefit from being placed in a central node instead of in the Node-B site.

It could should note that at this point it is not really clear that RRC will be the protocol layer handling MBMS control signaling. Again though, since this is the case in Rel-6, it is a fair assumption that this will also be the case for LTE.

2.3. Call setup sequence

In this section a call setup signaling sequence with the distribution of RRC functions as outlined in section 2.2 is shown.

It is assumed that the normal scenario for a call setup sequence is done from a “connected” state and not from LTE_DETACHED (with states according to [4]). This would give a call setup sequence where a context is already available at a central node and that no security procedures are required, as discussed in [5].
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Figure 2. Call setup sequence with RRC functions in a central node

This sequence should be seen as an example in the context of this document. However, it could be seen that only 3 messages are needed on the radio interface to complete the call setup.

3. Conclusions

Below in Table 1 shows a summary of where to place different functions. Several functions in RRC can be placed in the Node-B site or in a central node without any major obstacle. However, Assignment of radio resources/identity, mobility and security functions are required to be placed at a central node. In addition MBMS functions are better placed in a central node for information distribution purposes.

	Function
	Node-B site placement
	Central Node Placement/Above Node-B

	Assignment of temporary radio identity and radio resources
	--
	++

	Mobility handling
	--
	++

	QoS control
	0
	0

	Measurement handling
	0
	0

	Security functions
	--
	++

	Broadcast
	+
	0

	MBMS
	-
	+

	Other functions
	0
	0


Table 1: Summary of RRC function placement

Ericsson therefore proposes to have as a working assumption that RRC functions reside in a central node not being the Node-B site.

It is proposed to capture the following text in section 5.4 of TR 25.813 [3]:

Termination of the RRC protocol is performed in a central node above the Node-B site.
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