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1. Introduction

Location of RRC&RRM is fundamental topics which impact to RAN architecture.  
This document studies location of RRC&RRM for EUTRAN and proposes DoCoMo’s LTE RAN architecture concept for RRC&RRM aspects.

2. Discussion

2.1 RRC&RRM in UTRAN
RRC and RRM are crucial functions which decide radio related behaviour of UE and radio access NW. Especially, call admission control, rate control and priority handling is a very important function to accommodate the maximum number of users according to assigned system resources, e.g. maximum Tx power, band width and hardware resource etc.   
In UTRAN, RRC&RRM functionalities are located in central node, i.e. RNC. 
· 
SHO is a key technique to enhance the system capacity in WCDMA. To handle RRC connection over plural Node Bs, RRC&RRM located in central node is a quite reasonable. In addition, there are some radio resources to be managed in central node such as code resource and hardware resources related to RLC and selective combining. This is another reason of RRC termination in central node. 

In Rel. 6 UTRAN, AMCS and scheduler need information on available radio resources, e.g. code and power, in a cell and RRM in central node needs measurement reports of resource consumption from Node B to decide the available radio resources for HSxPA dynamically. This means more frequent signalling is needed for efficient RRM. On the other hand, 
frequent signalling between Node B and central node increases  backhaul traffic and signalling processing load in nodes.
In terms of C-Plane latency, RRC&RRM in the central node is not suitable. RRC&RRM should be located in Node B to minimize latency for RRC signalling and exclude time for negotiation between Node B and the central Node.
In order to avoid above problems, it is desired that RRC and RRM are located in Node B.

2.2 RRC&RRM in EUTRAN
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 RRC&RRM functionalities which should be located in the central node.
Taking into account this assumption in LTE and problems stated in 2.1, RRC&RRM should be located in Node B. Advantages of RRC&RRM in Node B are:
1. Efficient radio resource use
RRC&RRM can follow fluctuation of radio resource consumption without any impact to backhaul and signalling processing load.
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 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.
· 
· 



2.3 
It is also needed to pay attention to drawbacks of RRC&RRM in Node B as followings:
1. 
2. 
3. 
4. 
5. Relocation of RRC related context in inter-Node B HO
Context transfer procedure between Node Bs (via core NW or direct connection) is required. Generally, relocation procedure raises a little bit complexity and takes additional time.
6. Security
Compared to central node termination, potential security risk to RRC procedure is higher.
7. Multi-cell RRM
As the techniques for enhancement of the system performance and services, multi-cell RRM can be use radio resources efficiently. If this functionality is located in Node B, Node B needs to negotiate with many other cells by itself and this control might be complicated and backhaul traffic might increase.
Above two advantages are very attractive both for operators and users, so we have to study more how to minimize drawbacks. 

In terms of relocation, the key is a designing simple relocation procedure.
Some security consideration will be needed. However, compared U-plane and NAS signalling, security level might be able to loosen since RRC doesn’t have direct information that we can identify user. (This is SA2 and SA3 topic.)
Multi-cell RRM is studied in the next section.
Multi-cell 
2.4 RRM located in central node
In general, RRM functionalities should be located in Node B as stated above. However, multi-cell RRM functionalities should be located in the central node as followings.


· Load sharing between cells
Basically camped cell is supposed to the best cell in point of radio condition and users start communication on that cell. In the basic case like this, multi-cell concept is unnecessary. 
However 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 is useful to support this situation.
As a more sophisticated one, the dynamic resource allocation between plural Node Bs is also potential function. In this case, the central node would be necessary. 

· 
· Inter-3GPP RAT load sharing
In section 10.3 of TR25.913, there is a requirements on the load sharing that:
”The E-UTRAN shall provide mechanisms to support load sharing and policy management between E-UTRA and other RATs (GERAN, UTRA).”
This functionality can be seen as one of the multi-cell RRM and might be better to be located in the central node similar to load sharing between cells.
· Sophisticated MBMS
If we require very efficient and flexible MBMS scheme like R6 MBMS, the central node would be necessary. For example, to support high data rate multicast service, the central node should handle UE existence in RRC level and judge to send multicast data to NodeB in order to avoid unnecessary traffic on backhaul.
However the central node would be not required only to support low data rate multicast service.  

We think these functions above are not essential for system operation and service, but useful to have higher system performance and service quality.   
3. DoCoMo’s proposal
As mentioned in section 2.2, DoCoMo thinks RRC&RRM should be located in NodeB for efficient radio resource use and short C-plane latency. However it seems difficult to have Multi-cell RRM functionalities in Node B as mentioned in section 2.3. 
So we propose to take into account optional central node in LTE RAN architecture. Optional central node handles functions listed in section 2.3. The points we want to stress are following.

· RRC is terminated in NodeB
· Intra-cell RRM functionalities are located in Node B
· Multi-cell RRM functionalities are located in the central node

· The central node containing multi-cell RRM functionalities can be included in EUTRAN optionally if operator needs system enhancement, e.g. higher system performance and service quality.

· Interface between Node B and optional central functions (like NBAP) needs to be specified.

For example (fig.1), in case of system enhancement is required in city area to maximize system capacity, we will add the central node containing multi-cell RRM functionalities. In case of no requirement for system enhancement such as rural area and home use, we don’t need central node.
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Fig.1 RAN architecture image 
4. Conclusion 
In this document, we studied location of RRC and RRM functional aspect and proposed RRC and intra-cell RRM located in NodeB. We also proposed optional central node containing multi-cell RRM for EUTRAN architecture.
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