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1. Introduction
In the last couple of meetings, discussions on measurement and signalling for E-DCH have been initiated in RAN1 and RAN3 [1-5]. Based on this discussion, Samsung’s assumption on the resource allocation and measurement report is explained in this paper. What is proposed is as follows:
- Resource allocation from CRNC to Node B: 

- Target total RoT

- Overshoot threshold (optional)

- Measurement report from Node B to CRNC: 


- Received total RoT


- Received total E-DCH RoT


- Provided bit rate per priority class

- Required RoT per priority class (For GBR support)

2. Resource Allocation from CRNC to Node B
2.1 Target total RoT
Unlike the received power based methods, RoT is beneficial because it can be a direct measure for the UL resources. The RoT is a metric for increase in received power for a channel with respect to the thermal noise. The definition of RoT is as follows:

RoT (rise over thermal) = Received total wideband power (RTWP) / Background noise power (NoW).
Within a cell, total RoT is limited and this entity includes all the UL resources including interferences and noise as shown in Figure 1. 
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Figure 1. RoT budget for a cell

Because Node B does not have control over legacy channels, Node B cannot fully control its UL resource usage by itself. Thus CRNC is requested to guide the UL resource usage in the Node B. There are two options for this as follows:

· Approach 1: CRNC sets a threshold for total E-DCH RoT (target total E-DCH RoT)

· Approach 2: CRNC sets a threshold for total RoT (target total RoT)

We prefer Approach 2 mainly because of following two reasons:
· UL resource usage: With Approach 2, the Node B can fully utilize the remaining resource for E-DCH UEs depending on the amount of resource occupied by the legacy channels and inter-cell interference. Therefore, the resource utilization efficiency can be maximized. In addition, with Approach 1, if legacy channels request more resource, this target may have to be changed in order to make sure that the total allocated resource does not exceed total allowable UL resource. It is well known that adaptive resource allocation is more beneficial than static one. 

· Impact on legacy channels: One of requirements is that introduction of the E-DCH should not give an impact on legacy channels. With Approach 1, the Node B scheduler concerns only on the E-DCH portion. Hence, the fluctuation of inter-cell interference could directly affect the legacy channels. For example, if the E-DCH interference is around at the upper limit, the increase in total interference caused by increase in the inter-cell interference could easily degrade the performance of the legacy channels as well as the E-DCH. In worst case, if the total interference exceeds the maximum capability, the system could become unstable. Note that this situation would be more severe with introduction of E-DCH, since the burst characteristic of E-DCH traffic would cause large variation in inter-cell interference. This situation might be avoided if the CRNC could control the E-DCH target resource in a very tight and fast manner. However, this would not be feasible because it naturally requires very fast and frequent Iub signalling. On the other hand, with Approach 2, the aforementioned problem can be avoided easily, since the NodeB scheduler concerns on the total interference resource.

Figure 2 shows an example of the resource usage in a cell. CRNC sets a target total RoT and Node B can schedule E-DCH channels to within this value. Note that it is not the maximum allowable RoT of a cell. In a lightly loaded situation such as T1 in the figure, actual RoT in a cell will be well below the target total RoT, but sometimes in a heavy loaded situation, the Node B can allocate its resource near the target total RoT and the actual RoT may exceed the target (as shown in T2 in Figure 2) due to the uncontrollable factor such as interference from other cells. Thus, it is better to set the target RoT to leave some margin for maximum allowable RoT. 
To make sure that the margin is kept most of the time, a second threshold “overshoot threshold” can be set by CRNC. The “overshoot threshold” can be defined such that the actual RoT does not exceed this value most of the time, e.g. 99% of time. Then it can be set based on a statistical measurement. This threshold can be a safe protection for the unexpected fluctuation of the actual RoT. 
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Figure 2. Resource usage in a cell

In this part, it is proposed that CRNC sets

 - Target total RoT and

 - Overshoot threshold (optional).

The target total RoT as well as overshoot threshold can be set at cell setup and whenever a RL is set or reconfigured.
3. Measurement Report from Node B to CRNC
3.1 Received total RoT

This is the current total RoT in a cell. It will include RoT due to legacy channels, i.e, DCHs, common channels, RoT due to E-DCH channels, and interferences and noise.
This value is a good indication of overall UL resource usage of the current cell. It can be used for admission control and setting target total RoT in the CRNC. It is reported periodically or when certain events happen.
3.2 Received total E-DCH RoT

This will include all the RoT due to every E-DCH channels. Because a specific E-DCH channel is on and off, this RoT measurement should not be performed at one specific time and filtering mechanism such as moving average may be needed.
With received total RoT alone, it is difficult for a CRNC to have an overall picture of a resource status in a cell. It can also be used for admission control and other purposes.
As received total RoT, the report is periodical or event-driven.

3.3 Provided bit rate

This is actual UL E-DCH bit rate measured per priority class. For each priority class the MAC-e entity measures the total number of MAC-d PDU bits whose transmission over the radio interface has been successfully decoded by MAC-e in Node-B during the last measurement period, divided by the duration of the measurement period. 
The report can be periodical. Note that for HSDPA, HS-DSCH provided bit rate is reported every 100ms.

3.4 Required RoT per priority class
For HSDPA, HS-DSCH power level is defined to support GBR (guaranteed bit rate). In 25.433, it is stated that “The HS-DSCH Required Power Value IE indicates the minimum necessary power for a given priority class to meet the Guaranteed Bit Rate for all the established HS-DSCH connections belonging to this priority class.”
Same mechanism can be adopted for E-DCH and it would be the “required RoT per priority”. It will indicate the minimum necessary RoT for a given priority class to provide the GBR for all established E-DCH connection belonging to a priority class. 
In HSDPA case, required power for each UE that has GBR connection of a given priority can also be reported because required power to achieve a certain data rate can vary from UE to UE depending on UE’s location. Unlike HSDPA, E-DCH has a power control mechanism and received RoT for a certain data rate should be almost the same for all UEs. Thus, the UE contribution seems not necessary for E-DCH.
With required RoT value, CRNC can reserve RoT for each priority class and target total RoT can be set above this value. Periodical reporting can be used for this measurement. 
4. RRM functionalities
In this Section, it is discussed how various radio resource management functionalities can be performed using aforementioned control and measurements.
4.1 Admission Control

When a new E-DCH is to be setup, CRNC must determine if the call can be accepted in the cell. If the remaining resources are so limited that the call cannot be accepted, CRNC should reject the request. Otherwise the call is accepted and E-DCH channel is setup. 

The decision will probably be based on required bit rate and current resource budget reported from Node B. The overall procedure for admission control of a dedicated channel (DCH/E-DCH) is proposed as shown in Figure 3.
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Figure 3. Example of admission control procedure
4.2 Cell Specific Radio Resource Control (RoT Management)

In order to keep the radio resource (RoT) stable in a cell, the CRNC should control RoT of a cell in Node B. An example signal flow for RoT management is shown in Figure 4. 

[image: image4]
Figure 4. Proposed RoT management procedure for E-DCH
In the figure, Node B informs cell specific current RoT status to CRNC as proposed in section 2. Based on this information CRNC sets the target total RoT for the cell and informs this back to the Node B. Finally, Node B schedules each E-DCH so that total RoT does not exceed this target. Note that same measurements can be used for RoT management and CAC.

5. Conculsion

In this paper, the measurement requirements and signalling of E-DCH are presented. In addition it is briefly shown how these are used for RRM procedures. Samsung would like to propose that following measurement requirements and signalling be agreed upon.
Node B ( CRNC:

1) Received total RoT 
2) Received total E-DCH RoT
3) Provided bit rate per priority class
4) Required RoT per priority class
CRNC ( Node B:

1) Total Target RoT
2) Overshoot threshold (optional)
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