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1.0 Introduction

In connection with the 3GPP work item on Enhanced Uplink (EDCH) it is currently being discussed how the Radio Resource Management (RRM) for uplink (UL) resources and the corresponding scheduling of EDCH resources in the network can be enabled through network measurement.

In order to effectively manage overall RRM, it is necessary for the RNC to be able to set targets for its Node Bs and for the UEs that they manage. It can subsequently monitor the loading of these Node B’s cells.

Currently the only suitable measurement in this area is RTWP which is the received total wideband power at the BS receiver; RTWP measures uplink interference and hence can be used to determine the overall noise rise if the noise level at the Node B is known.
However this measurement gives no indication on the share of interference / noise rise resulting from EDCH transmissions compared to that used for other transmissions such as legacy DCH, FACH etc.
The RNC can control the E-DCH portion of the noise rise by sending a target to the Node B scheduler, however the Node B has no means to inform the RNC about its actual status, i.e. the noise rise in its cell  caused by serving or non-serving E-DCH UEs. Therefore the RRM control mechanism available to the RNC is at best open loop, which is unlikely to be sufficient in a real network.

2.0 Potential Solutions and Issues

Discussions are currently ongoing within the 3GPP working groups as to how to report the serving and non-serving load.

RAN1 has agreed that the RTWP should be reported to the RNC and the RNC sends the Node B an RTWP target that it is to use in its scheduler. It is FFS whether on not an RTWP measurement representing the measured noise floor in the cell is sent by the Node B to the RNC. Discussions are ongoing as to whether these measurements should be relative or absolute

An absolute value for his purpose (e.g. absolute interference at the Node B receiver) is not suitable, as 
· EDCH caused RTWP does not exist as such and hence an absolute value would be of no use
· An absolute value would not indicate noise rise to the RNC

· The value would be determined in the baseband and needs to be referenced to the antenna connector, thus containing the inaccuracy due to the receiver gain in the receive chain.
The current total RTWP power measurement has an error of +/-4dB absolute accuracy (see TS 25.133 [3]) and it is worth noting that an error of 0.5dB in the UL noise rise estimation will cause a significant reduction in EDCH throughput 
There is also a relative accuracy defined for RTWP: +/-0.5dB (see 25.133 [3]).

If the RTWP measurement is required to measure the noise floor in the receiver a new dynamic range for the current RTWP measurement will have to be defined. 
Thus the problem to be solved is to formulate a practical Node B measurement that is useful for RRM, has reasonable accuracy and reflects the proportion of uplink resources used for E-DCH.

2.1 Relative Measurements and Timing

The RTWP received from cell (cell X) can be considered as a sum of

1. receiver noise caused by receiver in Node B for cell X

2. inter cell interference from other cells close to cell X (as long as not covered below)

3. UL dedicated channels (UL DPCH) of cell X

4. sum of all Enhanced UL (EDCH) channels for which cell X is the serving cell

5. sum of all Enhanced UL (EDCH) channels from other cells (for which cell X is called non-serving cell)

6. other intra cell interference in cell X (e.g. RACH or HS-DPCCH in cell X)

So for a relative measurement where RTWP_1 is measured at time instant t1 relative to RTWP_0 at t0 (where t1 is the time instant at which the UL noise should be controlled in an active network and t0 is a phase of low traffic activity in the network) it is possible to get an indication of how 3, 4, 5 and 6 contribute to the UL noise rise (RTWP_1/RTWP_0).


In such a case RTWP_0 could either be stored in the Node B or provided by the RNC via Iub signaling indicating this to be used as a basis for the control of the total noise rise.

The relative RTWP measurement has the advantage of higher accuracy as systematic errors (e.g. for RF gain variations when referring to the antenna connector) for both RTWP parts cancel each other for the quotient.

The drawbacks of the “quiet period” measurement must be overcome. Receiver characteristics may change between the ‘quite period’ (where only parts 1 and 2 are relevant) when RTWP_0 is measured and when RTWP_1 is measured. 
Having a correction table either in the Node B or in the RNC could overcome these problems. If the correction value is in the RNC this could be sent when requesting a cell load from the Node B.

Such an improved measurement would give a more accurate idea of the noise rise level, but not the share of the noise rise occupied by the E-DCH users.

2.2 Serving and Non-Serving E-DCH noise calculation
To determine the noise rise share of the EDCH users it is proposed to determine a sum of RSCPs (Received Signal Code Power) of all UEs using EDCH.

Note: RSCP in the Node B is not defined as a measurement in TS 25.215 but such a determination of the code power could be easily done in the digital domain Node B as SIR measurement also requires such functionality. It is necessary is to know the corresponding scrambling and spreading code that is used.

In order to compensate for errors when referencing such an RSCP value to the antenna connector (e.g. due to RF gain variations) it is proposed to have this as a relative measurement:

percentage of EDCH to total UL noise = sum of all EDCH RSCP in cell X / RTWP in cell X

Note: This is a linear description; in dB it would be a difference.

Such a measurement reported from Node B to RNC would make it simple to determine the share of 5 + 6 to the total UL noise. As 4 and 5 are controlled by cell X in a different way (serving cell 4: by Absolute Grant (AG) or Relative Grant (RG) up/hold/down commands, non-serving cell 5.: only by RG down/hold command) they can also be further distinguished into:

percentage of served EDCH to total UL noise  =
sum of all EDCH RSCP where cell X is the serving cell  /   RTWP in cell X

percentage of non-served EDCH to total UL noise  =


sum of all EDCH RSCP where cell X is NOT the serving cell /
RTWP in cell X

This would allow an even more detailed control of the UL interference caused by EDCH and such information could be used in the Node B scheduler as well as in the admission control be the RNC.

2.3 Further Developments

The control of UL noise rise is based on the assumption that the RNC provides a target value and the Node B measures corresponding quantities and the Node B reports them back to the RNC (in a filtered way) and/or uses them for its own scheduler.

Using the RSCP based measurement improvements above, a finer control of the UL noise rise is possible which improves the cell capacity, the interference control and the performance at the cell edge.

Overview of the scenario of an EDCH UL transmission of one UE (note: there are several UEs per cell and each Node B controls some cells).


[image: image1]
The patterns of low traffic activity within one day can be determined by analyzing the cell traffic off cell X and the other cells close to cell X for the previous days. This can be done by the RNC. This analysis provides a time dependent probability for low traffic activity on a cell basis in terms of a time window where the probability for low traffic activity is the lowest for cell X and the surrounding cells. The optimal time t0 within this time window is either when there is no traffic in cell X, by setting a threshold or at the time when the traffic is predicted to be lowest based on the statistics. The time t0 can be signaled from the RNC to the Node B, alternatively the RNC is signaling only the time window and the Node B decides t0 within this time window autonomously. 

2.4 Additional Issues

In the LS R1-050557 there is the following statement: 

RAN1 also discussed how to handle the E-AGCH, E-RGCH, and  E-HICH when measuring the downlink power usage for  admission/congestion control purposes. The RAN1 preference is to extend the current non-HS-power measurement, "Transmitted carrier power of all codes not used for HS-PDSCH or HS-SCCH transmission", in 25.215 to include all downlink power not used by HSDPA or enhanced uplink related downlink signalling. 

Therefore, RAN1 intends to redefine the non-HS-power measurement to 


"Transmitted carrier power of all codes not used for HS-PDSCH, HS-SCCH, E-AGCH, E-RGCH, or E-HICH transmission".

The usage of the original measurement should be investigated to ensure that this redefinition does not affect the current operation of the network in any way.
3.0 Recommendations 

To summarize, the following are suggested in this paper

· Improvement of the overall noise rise report using RTWP by means of a correction value to counteract the effect of RTWP measurements being made at different times

· An improvement of the dynamic range of the RTWP measurement (The effect of this new dynamic range is for further RAN4 investigation)

· Indication of noise rise share using relative measurements

· An investigation into the effect of extending the current ‘Non-HS Transmitted Carrier Power’ measurement to include E-DCH as well as HSDPA. 
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