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1. Introduction

RAN3 has asked RAN1, RAN2, RAN4 and SA5 to work on eNodeB measurements and to present use cases that motivate the eNodeB measurements in RAN3, cf. the LS in R1-073897.  

On RAN1#51bis in Sevilla it was decided on the “Relative narrowband (per n PRB) TX power” to have a “proactive indicator allowing for interference aware scheduling and downlink ICIC “ 

This contribution provides the motivation for a modified “Downlink Transmitted Power per RB” indicator in the context of inter-cell interference coordination and load balancing. It proposes a definition for the physical quantity and fills in the template as requested by RAN3 in the LS in R1-073897.

2. Use case for eNodeB power indicator standardization
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Name of the intended indicator:

Description of the underlying scenario:
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Essence of knowledge that needs to be gathered by this indicator/purpose:
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Reference to the use case:
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Classify relevant group for standardizing the definition of the indicator:
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Indicate interface on which indicator is visible:
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Type of reporting:
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Definition of the indicator (owner as indicated in 4):
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Accuracy and granularity and definition period (for physical measurements to be decided by RAN4):
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Justification for the particular eNodeB indicator:

Agreed motivations for standardizing eNB measurements as given by TR 25.913 [2] and in the LTE WIDs which read as follows:

1. “All the interfaces specified shall be open for multi-vendor equipment interoperability.”

2. “The evolved UTRAN standard shall enable that the performance in a multi vendor environment is comparable to single vendor environment, and the performance in a multi vendor environment shall at least, be able to meet the system performance demonstrated at the end of the Work Item.” 

3. “RAN3 shall ensure multi-vendor inter-operability on E-UTRAN interface.” 

4. “RAN3 shall consider aspects of self-optimisation and self-configuration of the E-UTRAN nodes and possible impacts on E-UTRAN interfaces.” 

3. Conclusion

It is suggested to send the filled template above as part of a reply LS to RAN3.

4. Appendix

Calculation of Max Tx power per PRB from cell specific information on Reference Signal power boosting, NodeB power, Data power setting and Control power setting.

4.1. Background

Different definitions for the underlying indicators have been suggested for the Max Tx power per PRB X2 report. This referred to a power threshold that has to be defined. 
Is there a quantitative relationship between the Indicators? That is the corresponding thresholds?

5. Basic definitions for the Energy per Resource element for the different type of resource elements

· EA: EPRE of PDSCH REs type A i.e. REs in the OFDM symbols that do not include reference symbols

· EB: EPRE of PDSCH REs type B i.e REs in the OFDM symbols that include reference symbols

· EC: EPRE of PDSCH REs type C i.e REs in the OFDM symbols that include ”holes” in the place of reference symbols. This is only applicable in the 4 antenna case.

It was agreed 
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If the maximum transmit power per antenna is multiplied with the symbol duration and divided by the number of subcarriers a maximum nominal energy per resource element
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for antenna 
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can be defined. If full power is transmitted on one antenna and distributed equally over all subcarriers the energy per resource element is given by this:
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In the OFDM symbols that include reference symbols the reference symbols can have higher energy than
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. Here the relation to the maximum transmit power per Antenna port 
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For the two Tx antenna case:
If the data power is made as high as possible so that 
[image: image9.wmf]B

E

is maximum, the maximum energy of six subcarriers can be spend
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 (e.g. in the second OFDM symbol). From that it follows:
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Thus it follows that 
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 defines the reference symbol power boosting. With the agreed values 
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So now for 
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 the following table can be made: 
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Calculating average power over one subframe in one PRB

To get the average power all energies inside one subframe have to be added for one PRB and divided by 14 
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 are the number of grid postitions inside each set. It makes sense to further split 
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It is: 
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 is the number of transmit antennas. 
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 is the number of subcarriers.
The formulas have to be set up for each number of antennas 
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Case Two Tx antennas:
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. The factor 
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 here reflects summing up the interference energies over all transmit antennas. Thus:
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For two Tx-antenna case 
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is the number of OFDM symbols used for the Control channel
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Hence
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 Equation 1 

Realizing that the normalization power used in R1-081551 
[image: image57.wmf]DL

RB

norm

N

P

P

/

max

=

 can be expressed as 
[image: image58.wmf]Symb

SC

i

nom

TX

DL

RB

norm

T

N

E

N

N

P

P

×

×

=

=

)

(

max,

max

/

  the indicator definition proposed in R1-081551 is given by 
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So it follows:
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Equation 2
The first two summands (shown by the red circle) represent the total energy in the OFDM symbols carrying the control channel. If in order to reduce interference the power for the data is reduced so that 
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 is small in the worst case (n=3) the first part corresponding to the first OFDM symbols can be bounded by 
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 because more transmit energy is not available on average. Then 
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 can be given by:
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Equation 3
So in case of signaling only 
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 this would not be sufficient for the receiving side. The receiving side has to know either 
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Further in case that the control energy 
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 is also reduced this is only reflected in 
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 and not in the value of 
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6. Conclusion

Power restrictions below a threshold value on signaled PRBs will be signaled for application of ICIC. The definition of the transmit power per PRB is derived in the appendix based on other values. The relation to the data power 
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 has been shown and it has been shown that this is only one part, but not the only relevant part of the information. 











































Accuracy is within the possible accuracy of the power setting per PRB of the eNodeB �                  (FFS by RAN4)





Measurement unit: dB





The basic quantity for the indicator is the average power P for PRBk at subframe “s“ and for antenna “a”, i.e.  P(PRBk, s, a). The power is averaged over a subframe and over all antennas in a cell and normalized with a normalisation value depending on the  output power of the cell.


� EMBED Equation.3  ���


In order not to trigger exceeding of the power level by infrequent and thus irrelevant power peaks caused by occurring control channels the time/frequency locations of the control channels below are excluded in the power calculation.


P-BCH, P-SCH, S-SCH (OFDM symbols in center PRBs 6-7 in subframes s=0, s=5)


D-BCH locations if occurring very infrequent


Further for synchronized NWs E-MBMS subframes are also excluded, since they never interfere with neighbor cell data transmission. That is the limit is not applicable in these locations.


The power value thus obtained is guaranteed to be below the reported indicator value� EMBED Equation.3  ���.


In mathematical notation, the reported value � EMBED Equation.3  ��� for a particular PRBk can be characterized as follows for all applicable subframes s:





� EMBED Equation.3  ���


where:





� EMBED Equation.3  ���       power for PRBk in subframe “s” and at antenna connector “a”


� EMBED Equation.3  ��� 	normalization value dependent on basestation output power. A possible normalization value is � EMBED Equation.3  ���, where � EMBED Equation.3  ���is the sum of the max power levels per carrier for all antenna connectors. 


s                   subframe index


a                   antenna index


k                   PRB frequency index 


s                   the number of subframes in the measurement period


PRB             physical resource block pair (180 kHz, 1 ms)





The obtained quantity is then a relative quantity without dimension.





If the Accuracy of the normalization value is found not sufficient  by RAN4 the  normalization with � EMBED Equation.3  ��� may be improved if a replacement with higher accuracy will be defined, which is FFS. 


The defined value is the value relevant for asynchronous networks interference. In case of synchronous networks the neighbour base station would know about the configuration and could adjust the interference power by taking into account the power of the RS in the PRBs.


Obviously, the measurement value has to be obtained for all available PRBs as indicated with the PRB frequency index k. It is dependent on the specific implementation how tight the upper limit � EMBED Equation.3  ��� is attained with the particular power settings chosen by scheduling and link adaptation.





















































Trigger based reporting whereby the trigger event is given when the upper limits of the Tx powers per PRB are adjusted.





X2 interface, �visible at least to a cluster of neighboring cells as described by a neighboring cell list.





RAN WG1				





DL scheduling in the presence of intercell interference coordination schemes





The upper limits of the Tx power per PRB is subject to adaptation in a particular eNodeB and, hence,  it is suggested to report this value as an indicator. It may be noted that the upper limit of the Tx power per PRB is a certain parameter setting and constraint for the eNodeB scheduler. The reported value is an upper limit for the power summed over all Tx antennas and, hence, no side information about the MIMO mode and Tx antenna configuration is required. The indicator value is also an upper limit for the power summed over all resource elements per subframe and, hence, no side information about RS power boosting is required. It may be noted that no side information about UL/DL allocations for TDD or unicast/multicast subframe allocations is required either.


The information obtained by this indicator can be described as follows:


The reported value provides an indication of the usage and maximum power setting per PRB. 


By comparing these indicators for neighboring cells, the mutual interference generated by these cells can be judged.


By comparing these indicators for neighboring cells, interference coordination schemes can be (re-)adjusted by modifying the maximum allowed Tx power per PRB.


By comparing these indicators for neighboring cells, the fairness of interference coordination schemes can be judged in a multi-vendor environment.





The indicator can have the following applications in the network:


Scheduling decisions can take into account the indicator reports from the neighboring eNodeBs and allow interference aware scheduling.


Based on the indicators from neighboring eNodeBs and the indicator from one particular eNodeB considered, an ICIC scheme in the considered eNodeB can be adjusted. One possible adjustment of an ICIC scheme is the setting of different maximum Tx powers per PRB.


The indicatorss support SON functionality in terms of controlling and adjusting interference that is caused by a particular cell and perceived by the neighboring cells.








Interference of one cell to a neighboring cell is characterized by the Tx power. It is assumed that the Tx power is increased or decreased on certain PRBs. The intention is to increase coverage for large cells or to coordinate interference among cells in the frequency domain to increase throughput at the cell edges. In particular, neighboring cells may preferably schedule users in distinct sets of PRBs to avoid mutual interference. When it is not possible to schedule users in entirely distinct sets of PRBs, interference cannot be avoided. The level of interference that is caused by a cell needs to be quantified, which is the purpose of this indicator. 


Transmissions to users located at the cell edge require larger Tx power settings than transmissions to users at the cell center. Transmissions to users at the cell edge also cause the largest interference to the neighboring cells and are prone to interference from the neighboring cells, while transmissions to users at the cell center often cause less interference. Hence, the maximum Tx power rather than the average Tx power encountered is useful in describing the impact of interference from one cell to another cell. 


Cells with a larger maximum output power correspond to a larger cell size, but will create as much interference at the cell edge as cells with a smaller maximum output power that correspond to smaller cell sizes. Hence, it is reasonable to normalize for the indicator the Tx power per antenna with the maximum output power of a basestation or cell. The maximum output power, Pmax of the cell is the maximum power level per carrier to be available at the antenna connector. In case of multiple antennas per cell, the maximum output power Pmax corresponds to the sum of the maximum power levels per carrier at the antenna connectors.


The maximum tolerable interference caused to the neighboring cells in certain PRBs is a common quantity to be controlled by any inter-cell interference coordination scheme. This quantity is also relevant to judge the fairness of handling users attached to different eNodeBs in a multi-vendor environment. Usually, a intercell-interference coordination scheme will also set limits on the maximum tolerable Tx power per PRB in a certain cell.  

















Maximum Tx Power per PRB normalized
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