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1 Introduction
During the joint RRM session in February Scottsdale meeting, discussion took place on which interference measurement is suitable for Node B’s reporting to assist RRM for E-DCH. Possible candidates are Received Total Wide band Power (RTWP) and Rise over Thermal (RoT). To control the resource allocation in the Node B, CRNC informs some limitations to the Node B. Naturally, the limits would be linked to Node B measurement report. 
In this contribution, we further discusses about RoT vs RTWP. We also propose RoT definition for inclusion into TS 25.215. The corresponding CR is contained in the companion contribution [2].
2 Requirement for Measurement Accuracy
Based on the reported interference status (either absolute value or relative value), RNC would allocate the resource which Node B scheduler can utilize. Thus, if Node B reports the lower value than the actual value due to measurement error, RNC might reduce the target operating point to avoid too much fluctuation of interference level. Naturally, the smaller operating point will results in the smaller available cell throughput. According to system level simulation results in [1], 4dB difference in the target RoT brings 40% difference in a cell throughput performance and 0.5dB difference brings 5~10% difference in a cell throughput performance. 

· Recommendation: If we want to be able to restrain the degradation of the cell throughput due to the measurement error, tight measurement accuracy e.g. ( 0.5 dB or ( 1 dB is recommended.

In Rel-99, the RTWP is specified to measure the total interference level of a cell and the accuracy is defined in the TS 25.133 section 9.2.1 as following.

· Absolute accuracy: ( 4 dB 
· Relative accuracy: ( 0.5 dB

· Measurement period: 100 ms
Comparing the accuracy requirement of the RTWP and the recommendation above, we believe that a kind of relative measurement based on RTWP, e.g. RoT should be studied for E-DCH RRM. 

3 RoT measurement

3.1 RoT definition

The following is the proposed definition of Received Total RoT:
Received Total RoT = Received Total Wide Band Power / Background Noise Power.
There are two parts of RoT:
· Numerator: this is same as the RTWP measurement of current specifications, which includes intra-cell, inter-cell interference, external interference, and Node B receiver thermal noise.
· Denominator: the background noise power perceived by the Node B. This includes Node B receiver thermal noise and the static component of external interference.
Figure 1 illustrates different interference components of RTWP. External interference mainly consists of adjacent channel power leakage from UEs of WCDMA systems or other RATs. The denominator part of RoT includes both Node B receiver thermal noise and static component of the external interference.
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Figure 1 RTWP Components
3.2 RoT measurement method

The denominator part of RoT could be measured during the time with low or no UE activities, e.g. in the midnight. Since the intra- and inter-cell interference are almost negligible during the measurement, and the external interference e.g. adjacent channel leakage, are also minimized due to small radio traffic, the only dominant part of the measurement is the Node B receiver thermal noise and the static part of the external interference.
Regarding how to find out the measurement timing for RoT denominator, there could be three possible ways:
1) Left to the manufacturer. 
With this approach, the Node B manufacturer should do their best to find out appropriate measurement timing when there is no traffic and no abnormal peak due to e.g. unusual traffic or dynamic component of external interference. Furthermore, the Node B should be able to measure the thermal noise + static interference several times per day for better accuracy. 
2) Exact measurement timing indicated by the RNC via signaling on Iub. 
In this case, the operator should pay more attention to figure out an appropriate timing to perform the measurement considering the environment around the Node B.
3) Combination of 1) + 2). 
This would be a practical solution as the RNC will not be able to find out a most appropriate exact timing. RNC gives information to the Node B about possible time period when no call is expected and hence the measurement can be done. The Node B performs as 1) during that time period.
3.3 RoT measurement accuracy

There might be some variations of the components of RTWP as the measurement time of the denominator and numerator of RoT is different. Two major parts are:
1) Node B receiver thermal noise: 
Node B receiver thermal noise Prt can be calculated as Prt =  NF ( Pn,
where
· NF is the Node B receiver noise figure which is implementation dependent
· Pn is thermal noise power which can be calculated theoretically by Pn = kTB, where k is the Boltzmann constant (1.380662 ( 10-23 JK-1), T is the absolute temperature in Kelvin, and B is bandwidth.
Noise figure can be affected by the temperature variation. However, even 20 degree difference only results in less than 0.5 dB differences. Thermal noise power change is about 10(log10(303/283)=0.30 dB if we assume the temperature is changed from 10(C to 30(C. Hence, the Node B receiver thermal noise would vary less than 0.8 dB. This number should not be problem compared to the absolute measurement accuracy of ( 4 dB. The 20 degree difference is quite worst case in usual environments. In typical urban area where the capacity is an issue, the Node B would be placed inside the building with air-conditioning systems. So, there should not be such big change in temperature or humidity. 

2) Dynamic interference: 
HSDPA traffic or the external interference may cause non-negligible dynamic interference especially in busy period e.g. day time. We think that the Node B should be able to exclude these interferences in measuring the RoT denominator as described in 1) of section 3.2. Even though certain amount of the dynamic interferences is not excluded, trying measurements multiple times during long period (as described in 1) of section 3.2) could average out the error in measurement of the RoT denominator. Furthermore, the dynamic interference should be considered as a component of the numerator part of RoT. Namely, it should be understood as reduction of the RoT resource that can be utilized by the Node B scheduler for E-DCH transmission. 
From the above observations, we think that the temperature/humidity and the dynamic interference would not have significant impact on the RoT measurement accuracy. 
4 RTWP vs. RoT

The advantages of RoT over RTWP are listed as follows:
· RoT can provide better accuracy with keeping the current Node B measurement capability. 

· Since the RoT is a relative measurement, it could achieve much better measurement accuracy (( 0.5 dB) than that of the RTWP (( 4 dB) with keeping the current Node B measurement capability (see section 2). However, if the RTWP is used as the measurement for RRM, the absolute accuracy of the RTWP measurement should be significantly improved. 

· RoT is more directly related to the cell load than the RTWP.

· At the Node B receiver, the total received interference consists of the intra-cell interference, the inter-cell interference, the external interference and the Node B receiver thermal noise. Among them, the Node B receiver thermal noise is unavoidable and uncontrollable and could be dependent on implementation. If the RRM is performed in terms of the RTWP, there would be unavoidable inaccuracy due to the noise factor especially in multi-vendor scenario. Therefore, it would be better to represent the uplink resource as the ratio over the background noise power, i.e. RoT. 

· RoT can provide more information to RNC
· If RTWP is used, the CRNC can just estimate the pure thermal noise ONLY if it can take into account the temperature and the noise figure of the Node B. But, this is unrealistic. Even with this ideal assumption, there will be error due to static interference + dynamic interference + error due to temperature variation. On the other hand, if RoT is used, the static interference would be excluded from the error components. I.e., the error will be only due to dynamic interference + error due to temperature variation. Therefore, we think that the RoT will help to provide better RRM. For normal deployment, CRNC cannot know the Node B noise figure and temperature situations; therefore the RoT measurement would be even better than the RTWP measurement.
5 Proposed UTRAN measurements

Received Total RoT
	Definition
	Received total RoT is the ratio between the received total wideband power and the background noise power perceived by the receiver, within the bandwidth defined by the receiver pulse shaping filter. The background noise power should include the thermal noise and the other static signals. The reference point for the measurement shall be the Rx antenna connector. In case of receiver diversity the reported value shall be linear average of the received total RoT in the diversity branches. When cell portions are defined in the cell, the received total RoT shall be measured for each cell portion.


6 Conclusion

In this contribution, the RoT measurement is introduced and compared with the existing RTWP measurement. 
To implement the definition of the “Received total RoT” proposed in section 5 into TS 25.215, we propose to agree on the CR contained in [2].
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