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1.
Introduction

In the document [1] we raised some concerns about the impact of the BS TX power control dynamic range on the UE receiver.

The BS TX power control dynamic range has been defined in [2]:

Power control dynamic range: The difference between the maximum and the minimum transmit output power of a resource element for a specified reference condition.

The current version of TS 36.104 does not yet contain any text requirement on the BS TX dynamic range.

The scope of our analysis is to discuss the impact of the BS Tx dynamic range on the UE Rx dynamic range performance.
2.
Discussion
2.1
Power control dynamic range definitions
We use the same definitions relating to power control dynamic range as indicated in [3]:

· X is defined as the power offset DOWN expressed in dB

· Y is defined as the power offset UP expressed in dB

For information please find in the following the figure showing the definitions and in the tables the proposed maximum values for limiting X and Y.
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Figure 1 Definition of Power control dynamic range
Table 1 Power control dynamic range

	Modulation scheme
	Power control dynamic range (dB)

	
	X (down)
	Y (up)

	QPSK
	[6]
	[3 – 4]

	16QAM
	[4]
	[3]

	64QAM
	[0]
	[0]


2.2
Power control dynamic range simulation assumptions
The following simulation assumptions are considered:

· 2 users only (UE1, UE2) are sharing the entire BW

· Y-X is defined as the relative power offset expressed in dB between UE1 and UE2

· UE1 occupies a fraction N1of the BW while UE2 occupies a fraction N2 of the BW: N1/N2 indicates has the occupation ratio of UE1

The simulation circuit is shown in the following:
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Figure 2 Definition of Power control dynamic range
Main parameters considered:

· Modulation: QPSK

· Number of bits used for the ADC conversion: 8, 10

· AGC: perfect, OFDM symbol rated

2.3
Simulation results
The performance are provided in terms of equivalent SNR relative to the floating point signal of UE1 in function of the power offset = Y-X applied to the UE2.

Performance results are shown in the following figure:
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Figure 3 UE1 performance results
3.  Conclusions

In this contribution, it has been shown that the BS Power control dynamic range is impacting the UE Rx dynamic range performance. Such degradation increases proportionally with the offset Y-X.

NXP recommendation is to define reasonable requirements for the BS power control dynamic range in order to prevent performance degradation or additional costs (increasing number of bits in the ADC) at the UE receiver side.

NXP supports the proposal [3] to limit the BS power control dynamic range. On the top of this proposal NXP wants to make sure that the agreed requirements will take into account the performance and complexity impact on the UE receiver.

References

[1] R4-072073 “Implications of DL power control for UE Rx dynamic range”, NXP, Philips
[2] R4-072138 “TP for 36.804, BS TX Dynamic range”, NSN
[3] R4-080038 “TP for 36.104, BS TX Dynamic range”, NTTDoCoMo, NXP
Annex A, Text proposal for TS 36.104

---------------------------------- Next changed section ------------------------------------

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Channel bandwidth: The RF bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.

DL RS power: The resource element power of Downlink Reference Signal.

Maximum output Power: The mean power level per carrier of the base station measured at the antenna connector in a specified reference condition.

Mean power: When applied to E-UTRA transmission this is the power measured in the channel bandwidth of the carrier. The period of measurement shall be at least one subframe (1ms) for frame structure type 1 and one subframe (0.675ms) for frame structure type 2 excluding the guard interval, unless otherwise stated.

Occupied bandwidth: The width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage β/2 of the total mean power of a given emission.
Output power: The mean power of one carrier of the base station, delivered to a load with resistance equal to the nominal load impedance of the transmitter.

Power control dynamic range: The difference between the maximum and the minimum transmit output power of a resource element for a specified reference condition.

Rated output power: Rated output power of the base station is the mean power level per carrier that the manufacturer has declared to be available at the antenna connector.
Reference bandwidth: The bandwidth in which an emission level is specified.

Total power dynamic range: The difference between the maximum and the minimum total transmit output power for a specified reference condition.

Transmission bandwidth: Bandwidth of an instantaneous transmission from a UE or BS, measured in Resource Block units.

Transmission bandwidth configuration: The highest transmission bandwidth allowed for uplink or downlink in a given channel bandwidth, measured in Resource Block units.

---------------------------------- Next changed section ------------------------------------

6.3
Output power dynamics

Power control is used to limit the interference level.
6.3.1
Power control dynamic range
The power control dynamic range is the difference between the maximum and the minimum transmit output power of a resource element for a specified reference condition. Unwanted emissions (as specified in subclause 6.6) and Transmit modulation quality (as specified in subclause 6.8) shall be maintained within the whole dynamic range.
6.3.1.1
Minimum requirements

Downlink (DL) power control dynamic range:

Maximum transmit output power of a resource element:
Z + X dB or greater

Minimum transmit output power of a resource element:
Z – Y dB or less

Table X.X-X E-UTRA BS power control dynamic range, paired spectrum
	Modulation scheme
	Power control dynamic range (dB)

	
	X (down)
	Y (up)

	QPSK
	[6]
	[3 – 4]

	16QAM
	[4]
	[3]

	64QAM
	[0]
	[0]


NOTE 1: Z = Maximum output power – 10*log10 (NRB * 
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NOTE 2: Total TX power shall always be less or equal to maximum BS TX power.

NOTE 3: The test requirements could be defined as transmit output power of a resource block or a control channel resource element
6.3.2
Total power dynamic range
The total power dynamic range is the difference between the maximum and the minimum output power for a specified reference condition.

NOTE:
The upper limit of the dynamic range is the BS maximum output power. The lower limit of the dynamic range is the lowest minimum power from the BS when one resource block is transmitted.
6.3.2.1
Minimum requirements

The downlink (DL) total power dynamic range shall be ≥ the level in Table X.X-Y. X is the value used in Table X.X-X.
Table X.X-Y E-UTRA BS total power dynamic range, paired spectrum

	E-UTRA

channel bandwidth (MHz)
	Total power dynamic range (dB)

	1.4
	[8] + X

	3
	[12] + X

	5
	[14] + X

	10
	[17] + X

	15
	[19] + min(X, 4)

	20
	[20] + min(X, 3)


 6.3.3
DL RS power
DL RS power is the resource element power of Downlink Reference Signal. 

The absolute DL RS power is indicated on the BCH. The absolute accuracy is defined as the maximum deviation between the DL RS power indicated on the BCH and the DL RS power measured at the BS antenna connector. 

The offset between PDSCH and RS EPRE is indicated on the dedicated signalling (RRC). The relative accuracy is defined as the maximum deviation between the measured offset and the offset between PDSCH and RS EPRE indicated on the dedicated signalling. The measured offset is defined as the deviation between the PDSCH and RS EPRE measured at the BS antenna connector.
6.3.3.1
Minimum requirements

DL RS power shall be within [( 2.1] dB of the DL RS power indicated on the BCH.
Difference between PDSCH and RS EPRE shall be within [( TBD] dB of the offset indicated on the higher layer signalling.
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