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1
Introduction

Operators have strongly suggested standardized eNodeB measurements covering radio aspects as well as performance [1] with the purpose to enable 

a.) An effective and reliable self-organising network functionality;
b.) RRM harmonization;
c.) Simple network maintenance, equipment validation and tests;
It has been decided that the necessity of standardization has to be discussed based on the analyis of so-called “use-cases”, cf. [2]. RAN WGs are responsible for discussing radio interface measurements, even if only the OAM system makes use of these measurements, as well as performance measurements with impacts on the radio interface [2].

A suggestion on some of the actual measurements to be provided is given in [3]. This contribution discusses the definitions, the usefulness and possible alternatives to the physical layer measurements described in [3]. 

2
Scope of Measurements

The objective is to achieve unified measurement definitions at the interfaces, rather than reporting quantities that are used internally to the eNodeB. In particular, many measurements provided for the RRM and MAC scheduler may be used internally to the eNodeB in very different and proprietary ways and, hence, may not be helpful to operators in a multi-vendor deployment. Therefore, we focus in this contributions on measurements that are useful to OAM and some measurements that support RRM functions across multiple eNodeBs, e.g. for interference coordination or handover. It may be noted that OAM related measurements are usually made available offline for extracting statistics or for tracing certain network behavior. The measurements supporting RRM functions across multiple eNodeBs are typically exchanged over the X2 interface at a low rate.
While the measurements given in [3] are meant only as an example, they provide a good starting point for the discussions.




3
Measurements related to the Downlink

For convenience, the downlink physical layer measurements are copied from [3] in the following table:

	Measurement Item
	Description
	Usage of the measurement
	Measurement period
	Measurement bandwidth
	Measurement unit

	
	
	MAC (Scheduler)
	RRM
(CAC, etc)
	OAM
	
	
	

	Transmitted carrier power

	This is the ratio between the total transmitted power and the maximum transmission power. 
	-
	-
	X
	100 - X ms
	-
	Cell

	Used RB ratio
	Usage of RBs
	　
	x
	X
	100 - X ms
	1 RB
	Cell

	Average transmitted power per RB
	　
	　
	x
	X
	100 - X ms
	1 RB
	Cell


In the following, we discuss some DL related measurements including the ones in the above table. Measurements that are newly introduced are marked in italic.

3.1
“Transmitted Carrier Power”

The transmitted carrier power is a useful measurement with respect to the actual resource consumption. As a ratio between the total transmitted power and the maximum possible transmission power, this measurement is independent of the allocated bandwidth, which is a desirable property.

3.2
“Used RB Ratio” and “Average Transmitted Power per RB”

The used RB ratio together with the average transmitted power per RB are valuable measurements for inter-cell interference coordination and should be provided jointly. In particular, any cell could be configured for transmitting to UEs with higher power in those PRBs where the adjacent cell is transmitting with less or no power and vice-versa, thus creating less mutual interference. It may be noted that these measurement correspond to PDSCH transmission and, hence, only PDSCH power should be considered in the averaging operation. The term “Average Transmitted PDSCH Power per RB” is suggested. Since the measurement is RB specific, the number of measurement values may be rather large. To reduce the number of measurements, a possibly larger granularity of the measurement could be chosen.

3.3
“Average Transmitted PDCCH Power”
PDCCH power may be time-varying, the size may be varying with the Control Channel Format Indicator (CCFI) and the actual number of Control Channel Elements (CCEs) transmitted. Hence, average PDCCH power could be a meaningful measurement complementing the Average transmitted PDSCH power per RB measurement. However, when providing the transmitted carrier power and the average transmitted PDSCH power per RB, a measurement of the average transmitted PDCCH power may be redundant. 



4
Measurements related to the Uplink

For convenience, the uplink physical layer measurements are copied from [3] in the following table:

	Measurement Item
	Description
	Usage of the measurement
	Measurement period
	Measurement bandwidth
	Measurement unit

	
	
	MAC (Scheduler)
	RRM
(CAC, etc)
	OAM
	
	
	

	Received total power

	Received total power in the system bandwidth including thermal noise 
	-
	-
	x
	100 - X ms
	System bandwidth
	Cell

	Interference over Thermal(IoT)
	(Interference+Thermal noise)/Thermal
	x
	X
	x
	100 - X ms
	1 RB - System bandwidth
	Cell

	Sounding Reference Signal(RS) SIR
	Received signal power of the Sounding RS over Interference power
	x
	-
	-
	1 - X ms (for Signal power)
	1 RB - System bandwidth
	UE

	Received total RB power for RACH
	Received total power in the RBs for RACH preamble
	x
	X
	x
	100 - X ms
	RBs for RACH preamble
	Cell

	Fading frequency
	This can be used for radio resource allocation, e.g. localised or distributed 
	x
	X
	-
	100 - X ms
	-
	UE

	Used RB ratio
	Usage of RBs
	　
	X
	x
	100 - X ms
	1 RB
	Cell


In the following, we discuss some UL related measurements from the above table in more detail. Measurements that are newly introduced are marked in italic.

4.1
“Received Total Power”

Received total power is easily measured and available in the eNodeB. However, it is not obvious what this measurement could be used for at OAM. It may be noted that this measurement is not characteristic for the interference caused to other cells, and it is not characteristic for the load scenario.

4.2
“Interference over Thermal” (IoT)

IoT is a good quantity to describe the interference encountered in a particular cell, and IoT is widely used to describe some simulation scenarios. However, in practice it is notoriously difficult to separate interference power from thermal noise power in any measurement. In fact, accurate thermal noise power measurement may be possible only when the network is completely unloaded. However, the useful signal power can be separated in the demodulating receiver from interference and noise power. To avoid errors due to receiver signal scaling, it is advantageous to introduce relative measurements. Therefore, useful signal power divided by the interference and noise power is suggested as alternative measurement for PUCCH and PUSCH.


 

4.3
“PUSCH useful signal power divided by interference and noise power per RB”

PUSCH useful signal power divided by interference and noise power is suggested as a measurement alternative to IoT and “Received Total Power”.  In particular, this measurement describes a quantity that is characteristic for the achievable throughput in a cell. It may be noted that UL interference coordination can have a significant impact on the measurement value. Hence, the measurement value can vary significantly over various parts of the allocated spectrum. Therefore, it is suggested to have this measurement frequency specific with a certain granularity.  

4.4
“PUCCH useful signal power divided by interference and noise power”

PUSCH useful signal power divided by interference and noise power is suggested as a measurement alternative to IoT and “Received Total Power”.  In particular, this measurement describes a quantity that is characteristic for the reliability of the UL control information. 

4.5
“Sounding Reference Signal (RS) SIR”
The received sounding signal SIR is not a useful measurement for the channel quality since the sounding reference signals are power controlled. It is not clear what this measurement could be used for. Alternatively, some average CQI for the UL channel could be reported.

4.6
“Received total RB power for RACH”
The RACH power setting in the UE is based on open loop power control, based on parameters signalled in SU-1. To determine the offset, it may be useful to have a measurement of the average total power for the RACH resources. This parameter can be used in the eNodeB internally and may not need to be standardized.
4.7
“Fading Frequency”
The Fading Frequency, Doppler Spread, or UE Velocity can be used internally to the eNodeB for resource allocations. However, this measurement is also relevant to judge handover scenarios and delays. Hence, this is considered a useful measurement to have at the OAM. To reduce the number of measurement values corresponding to the number of UEs, a simple statistics (histogram) of the UE velocities encountered in a cell may be preferable.

4.8
“Used RB Ratio”

Similar to the used RB ratio in the DL, the used RB ratio in the UL may be used for inter-cell interference coordination. The measurement should be provided jointly with the PUSCH useful signal power divided by interference and noise power per RB. In particular, UEs in one cell could be configured for having less transmitted power in those PRBs where UEs in the adjacent cell are particularly active and vice versa, thus creating less mutual interference. 
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