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1 Introduction
The performance and RRM requirements require a definition of the common channel power. Since LTE allows flexible allocation of the power in the time-frequency grid, and the eNodeB allocates transmit energy per resource element (EPRE) it is proposed to retain the WCDMA type of notation but with the OFDM tone (subcarrier) now taking the role of the chip.
2 Downlink transmit energy per channel
We propose to set the output power of a signal in terms of the RE symbol energy of its subcarriers. First it is convenient to relate this to the spectral density of the total composite signal (similar to Ec/Ior for WCDMA). 
2.1 Relation to total power
First we define 
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with Ptot  the total output power of the transmitter over an OFDM symbol at the antenna port, S(f) the spectral density and Wconf  the maximum transmission bandwidth configuration of the cell. The integral is taken over the channel bandwidth, i.e. including roll-off in the spectral domain, see Figure 1.
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Figure 1 Definition of Channel Bandwidth and Transmission Bandwidth Configuration.
Ior may vary over the symbols within a sub-frame depending on the eNodeB allocation of data, and would therefore depend on the symbol considered. To arrive at a reasonable definition of the spectral density (not e.g. spectrogram over a limited time) one can assume that the test signal has a periodicity since tests are normally carried out over a large number of frames. S(f) for a specific OFDM symbol could therefore be measured over a number of frames. 
The energy per RE k (EPRE) at the antenna port is (neglecting the impact of any pulse shaping),
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where Pk is the mean power of the pulse
[image: image4.wmf]k

j

, T = Ts + Tcp the sum of the symbol time Ts and the cyclic prefix duration Tcp ,  = Tcp/T and B = 1/ Ts .

The sum of the subcarrier powers is less than the maximum
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and if the maximum transmission configuration supports N subcarriers, 
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all allocated subcarriers within a symbol can be related to the reference as
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For symbols that contain reference symbols we have, with ERS the energy of a RS


[image: image8.wmf]g

-

£

+

å

¹

1

1

6

1

1

or

RS

RS

k

or

sk

I

E

I

E

N


which limits the transmit energy allocated to data or common control. A slightly complicated fact in comparison to WCDMA is that the ratio 
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for a tone can be > 1.
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with equality when no data is transmitted.

Alternatively one uses the useful energy per RE and drops the  factor.
2.2 Relation to the reference symbols

Now, since Ior is varying over the symbols, it is probably easier to define the common signal power w r t the reference symbol energy that is kept constant in a cell on a semi-static basis, but it could nevertheless be useful to keep track on the relation to the total power per symbol. 
The eNodeB allocates the transmitted energy per RE, and for the test cases it is proposed to define the energy of a channel xCH w r t the RS
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where the factor on the right-hand side corresponds to the PDSCH-to-RS EPRE ratio P_A (see [1]) but applied to the a common channels in case boosting is discussed for these too. We assume that all RE of a channel are allocated the same energy within an OFDM symbol and therefore drop the subcarrier index k. In symbols not containing RS the xCH energy may be different:
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These quantities may change on a semi-static basis.
The energy can also be related to the total power of the composite signal within the symbol considered (for a certain Ior)
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If one assumes that for the test cases the eNodeB power is constant throughout the subframes, then Ior (and hence ERS / Ior) is constant and can be used as a fixed reference for all symbols, with or without RS. In case there is no boosting and all RE within a symbol are allocated the same energy then xCH_Es/Ior = -10log10(1-) dB. 
2.2.1 Reference measurement channels
For the performance requirements and RRM reference channels with control channels configured need to be defined. These could take the form suggested in Table 1.

If it is assumed that OCNS-like padding is applied then Ior could attain a constant value throughout subframes. Indeed, for the tests considered thus far it has been assumed that all RE (control and data) are allocated; uniformly and with data payloads adjusted accordingly per subframe. 
Table 1: Downlink Physical Channels transmitted during a connection

	Physical Channel
	Power ratio
	NOTE

	PBCH
	PBCH_PA = 0 dB
	Index A for symbols containing RS, index B for symbols not containing RS

	
	PBCH_PB = 0 dB
	

	PDCCH
	PDCCH_PA = 0 dB
	

	
	PDCCH_PB = 0 dB
	

	PCFICH
	PCFICH_PA = 0 dB
	Index B not applicable if always in symbol without RS

	etc
	 
	

	
	
	

	PDSCH
	PDSCH_PA and PDSCH_PB test dependent 
	 

	“OCNS”
	Necessary power so that total transmit power spectral density Ior is constant in all OFDM symbols
	FFS


Notice that e.g. 
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for the symbols containing BCH and RS, so parameters PBCH_PA can be used to determine the relation of a BCH RE to the total power. The metric above could also be used in relation to other channels in different symbols when Ior is constant.
3 Received spectral density and power

3.1 Total received power

In e.g. the RRM test we need to fix the absolute received power (in dBm). Similarly to WCDMA one can define
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with R the power spectral density of the received eNodeB signal within an OFDM symbol at the receiving antenna output connector. Here we also use the entire transmission configuration transmitted by the (test) eNodeB. The quantity above should be averaged over a number of symbols/frames (more complicated for fading channels). R(f) depends in the propagation channel. 
If Ioc is the spectral density of a band limited (one could pick Wconf) noise source at the antenna connector, then the absolute received total power can be specified in terms of 
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just as for WCDMA, and this will not vary over the received OFDM symbols if Ior is kept constant.

3.2 Received channel power and quality

The channel power and quality are needed in RRM tests for example in order to give the working point with regard to the reference sensitivity. 

For LTE it is slightly more complicated since one may like to measure the power of a specific signal of a bandwidth smaller than the maximum transmission configuration. One should then measure the signal after the FFT over the desired bandwidth. It may also be possible to just state the absolute power (like RSRP) in those cases. The control channels are sent over a pre-defined number of subcarriers so the should be little risk of confusion. For e.g. the synchronization channel SCH the received power could be denoted SCH-RP and would be integrated over the 62 subcarriers allocated in the relevant symbols. Alternatively, the SCH-RP can be given per RE. 
Turning to the quality, the following notation is proposed for denoting the received SNR per tone of a certain channel xCH:
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which is the average across the tones allocated for this channel. Here 
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is the useful energy (CP removed). If all RE are allocated the same power (no boosting) then
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4 References
[1]
TS 36.213 v8.1.0
Appendix: Excerpt from TS 36.213

The following is an excerpt from a draft update of TS 36.213 posted on the RAN WG1 reflector (February 2008).
5.2
Downlink power allocation 
The eNodeB determines the downlink transmit energy per resource element.
A UE shall assume downlink reference symbol EPRE is constant across the downlink system bandwidth and constant across all subframes until different RS power information is received.
For each UE, the PDSCH-to-RS EPRE ratio among REs in all the OFDM symbols containing RS is equal and is denoted by
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 is semi-statically configured by higher layers.
For each UE, the PDSCH-to-RS EPRE ratio among REs in all the OFDM symbols not containing RS is equal and is denoted by 
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The cell-specific ratio 
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 is given by Table 5.2-1 according to cell-specific parameter 
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 signalled by higher layers and the number of configured eNodeB antenna ports.
Table 5.2-1: Ratio of PDSCH-to-RS EPRE in symbols with and without reference symbols 
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A UE shall assume that the total power allocated to each CCE of a PDCCH is the same but that the total power allocated to the resource element groups (REGs) of a CCE in the 1st OFDM symbol can be offset to the total power allocated to its REGs in the 2nd OFDM control symbol (PCFICH=2) and/or 2nd and 3rd OFDM control symbol (PCFICH=3) by as much as -3dB.
 The UE shall assume that the EPRE for resource element groups (REG) of a CCE in a given OFDM control symbol are the same.






�This allows PHICH and PCFICH to borrow power from PDCCH in first OFDM symbol.  This still seems to adhere to the agreement in Riga that “eNB determines per CCH power which is constant within a TTI”








_1267888909.unknown

_1267901438.unknown

_1267905622.unknown

_1268158777.unknown

_1268158788.unknown

_1268161064.unknown

_1267907821.unknown

_1267908011.unknown

_1267901536.unknown

_1267903409.unknown

_1267901447.unknown

_1267894148.unknown

_1267901320.unknown

_1267890060.unknown

_1267388283.unknown

_1267887611.unknown

_1267888092.unknown

_1267879713.unknown

_1265131355.unknown

_1265267531.unknown

_1265267579.unknown

_1265267589.unknown

_1265267537.unknown

_1265267525.unknown

_1265131301.unknown

