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1 Introduction
Data transmission with reduced power during ABS is proved to obtain some system gains compared to zero-power transmission by RAN1. However, the CRS will still have to be transmitted with full power to avoid time-variant CRS transmission power fluctuations. 
In current RAN4 RF specification, only -6dB RE power reduction for QPSK could be allowed considering the existing BS hardware capability. For 64QAM, no power reduction is allowed. In the way forward [1], the feasibility of -9dB power reduction is suggested to be studied in this meeting. In this contribution, some initial evaluations are given for reference.
2 Evaluation
In the way forward, some evaluation conditions are proposed as listed below:

· Single Carrier, Multi Carrier (2 LTE carriers, same bandwidths. LP-ABS is transmitted on 1 carrier, and no power reduction on another carrier.)

· Macro BS i.e. around 46dBm/PA

· Power reduction level on each modulation: QPSK(PDCCH)/QPSK(PDSCH)/16QAM/64QAM

· 2 types of power reduction case (for both single carrier and multi-carrier cases):

Case 1) OFDM symbol does not contain CRS or colliding PSS/SSS/PBCH/SIB1/Paging/PRS REs: 

All the REs’ power is equally reduced in this case. 

Case 2) OFDM symbol contains CRS or colliding PSS/SSS/PBCH/SIB1/Paging/PRS REs: 

CRS or colliding PSS/SSS/PBCH/SIB1/Paging/PRS REs remain their power and only other REs' power is reduced.
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Figure 1 Case 1 and Case 2 OSs in LP-ABS SF
2.1 Evaluation methods
The evaluation is based on BS capability which can meet the current minimum EVM requirement 8% for all transmit output power level. Though the EVM is just verified for maximum output power, it should be satisfied for other transmit output power to guarantee the transmit signal quality. The EVM measurement shall be performed for each E-UTRA carrier over all allocated resource blocks and downlink subframes within 10ms measurement periods, then averaged over all allocated downlink resource blocks and a minimum of 10 downlink subframes. Therefore, the SNR of a RE in neither case 1 nor case 2 in one OFDM symbol can reflect the EVM requirement. However, in order to ensure each RE’s signal quality we assume the SNR of each RE should meet the EVM minimum requirement in the specification, especially for the SNR of the reduced power RE. In Figure 2, SNRRE denotes the SNR of the reduced power RE, it should satisfy the values listed in the table below:
Table 1 Required SNRRE
	　
	QPSK
	16QAM
	64QAM

	EVM
	17.5%
	12.5%
	8.0%

	SNRRE (dB)
	15
	18
	22
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Figure 2 the methodology of the evaluation
In Figure 2, P0 denotes the power of each RE in normal subframes;
△PRE denotes the relative reduced power of RE in ABS compared to P0; 
N denotes the transmitter noise brought by CFR, non-linearity and etc;
P0 - △PRE - N= SNRRE
Paverage denotes the average RE power in one symbol. In single carrier case 2, the reduced power RE proportion is 5/6 in one OFDM symbol while in two carriers’ case this proportion should be modified;
Paverage=10log(5/6*10^( P0 -△PRE)+ 1/6*10^( P0) )
△Paverage denotes the relative reduced average RE power in one symbol compared to P0;
SNRaverage denotes the average RE power and the noise ratio, which is assumed to be the required SNR for BS hardware capability. It can be changed to the required EVM and calculated as:
SNRaverage= Paverage-N=(P0-△Paverage) – (P0 - △PRE - SNRRE)= SNRRE -△Paverage +△PRE
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If the required EVM is stricter than the current BS capability 8%, the reduced RE power is unacceptable unless the BS capability can be proved to meet the stricter requirements in all conditions.
2.2 Evaluation results

Figure 3 and Figure 4 give the evaluation results for both cases of single carrier and multi carriers. From the results, we can get some observations:
For single carrier case 1, -9dB reduced power is acceptable for all modulation schemes;
For single carrier case 2, -9dB reduced power is acceptable for QPSK and 16QAM, 0dB for 64QAM;

For two carriers with same bandwidth case 1, -9dB reduced power is acceptable for QPSK, -5 dB reduced power is acceptable for16QAM, 0dB for 64QAM;
For two carriers with same bandwidth case 2, -8dB reduced power is acceptable for QPSK, -5 dB reduced power is acceptable for16QAM, 0dB for 64QAM;
[image: image4.png]required EVM

20.0%

15.0%

10.0%

5.0%

0.0%

Single Carrier, Case 1

0 1

2 3 4 5 6 7 8
reduced power(dB)

——QPsK
——160AM
———640AM
= Capability




  [image: image5.png]required EVM

20.0%

15.0%

10.0%

5.0%

0.0%

Single Carrier, Case 2

reduced power(dB)

—
—
\\\ -
— a

—— ——160AM

64QAM

= Capability
1 2 3 4 5 6 7 8 9





Figure 3 power reduction level results for single carrier
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Figure 4 power reduction level results for multi carrier

For two antenna ports and CRS power boosting case, the reduced power RE proportion is 2/3 in one OFDM symbol. We also evaluate the reduced power in this situation:
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Figure 5 two antenna ports and CRS power boosting case
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Figure 6 power reduction level results for 2 antenna ports
For single carrier case 2, -9dB reduced power is acceptable for QPSK, -7 dB reduced power is acceptable for16QAM, 0dB for 64QAM;

For two carriers with same bandwidth case 2, -8dB reduced power is acceptable for QPSK, -4 dB reduced power is acceptable for16QAM, 0dB for 64QAM;
2.3 Summary and other concerns

In this section, we give a brief summary of our evaluation results and propose some other concerns:

1. For single carrier case, -9dB reduced power is acceptable for QPSK, -7 dB reduced power is acceptable for16QAM, 0dB for 64QAM in the worst case;
2. For two carriers with same bandwidth case, LP-ABS is transmitted on 1 carrier, and no power reduction on another carrier. -8dB reduced power is acceptable for QPSK, -4 dB reduced power is acceptable for16QAM, 0dB for 64QAM in the worst case;

3. For asymmetric contiguous CA, if LP-ABS is transmitted on smaller carrier, the acceptable reduced RE power is less than that for symmetric contiguous CA because of the less reduced total power;
4. For contiguous CA with more than two carriers, if LP-ABS is transmitted on 1 carrier, and no power reduction on other carriers, the acceptable reduced RE power is less than two carriers’ case.
5. Between the two symbols with CRS and without CRS, there is obvious power difference which needs transient time to adjust the PA to a stable output power considering the hardware response. In that period, the performance will degrade. 
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