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1. Introduction

In the previous RAN4 meeting, the way forward to evaluate BS dynamic range performances of existing hardware was agreed for discussion of feasible power reduction on the reduced Tx power ABS in FeICIC[1]. In this paper, we show some experimental results of the performance evaluation. 

2. Evaluation results
As a initial evaluation, we evaluated single carrier transmission of actual eNBs with specific test signals, which are based on the existing E-TM 2, 3.1, 3.2 and 3.3 in TS36.141 (namely “modified E-TM2, 3.1, 3.2 and 3.3” in this document). In the test signals, each channel powers of PCFICH/PHICH/PDCCH/PDSCH were reduced by X dB from the original power setting without any power balancing between PDSCH REs, while the channel powers of CRS/PBCH were kept. Thus, the test signal contains the following 2 power reduction cases within a subframe, and the evaluation was performed on the averaged EVM for 10 subframes of the above test signals. 

· Case 1) OFDM symbol does not contain CRS 

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

· Case 2) OFDM symbol contains CRS

· CRS remain their power and only other REs' power is reduced.

The following points were not considered in this evaluation and may need to be studied in the future:

· Power deduction of DM-RS/CSI-RS

· Impact on dynamic range with PSS/SSS/SIB1/Paging/PRS signals (whose power is expected to be kept in the reduced Tx power ABS)

· Multi-carrier transmission

· Separate evaluation between the above Case 1 and Case 2

Table 1 shows the evaluation results of the possible X dB (X<= 9) power reduction in which eNB can fulfill the current EVM core requirement of each modulation, i.e. 17.5% for QPSK, 12.5% for 16QAM, 8% for 64QAM.

Table 1…Possible X dB power reduction in each test signals

	
	Modified E-TM2

(For evaluation of Total dynamic range)
	Modified E-TM3.1

(For evaluation of EVM of 64QAM)
	Modified E-TM3.2
(For evaluation of EVM of 16QAM)
	Modified E-TM3.3
(For evaluation of EVM of QPSK)

	eNB A
	9dB
	9dB
	9dB
	9dB

	eNB B
	4dB
	4dB
	4dB
	TBD


We would like to suggest taking into account the above results in the discussion about the realistic power reduction level in the reduced Tx power ABS which is expected to be informed to RAN1 from RAN4 in this meeting.
Reference
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<Annex>Power settings of “modified E-TM2, 3.1, 3.2, 3.3’”
Table 2…Power settings of modified E-TM2 (Modifications from the original E-TM2 are highlighted by red color)

	Parameter 
	1.4 MHz 
	3 MHz 
	5 MHz 
	10 MHz 
	15 MHz 
	20 MHz 

	Reference, Synchronisation Signals 
	
	
	
	
	
	

	RS boosting, PB = EB/EA 
	1 
	1 
	1 
	1 
	1 
	1 

	Synchronisation signal EPRE / ERS [dB] 
	0.000 
	0.000 
	0.000 
	0.000 
	0.000 
	0.000 

	Reserved EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PBCH 
	
	
	
	
	
	

	PBCH EPRE / ERS [dB] 
	0.000 
	0.000 
	0.000 
	0.000 
	0.000 
	0.000 

	Reserved EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PCFICH 
	
	
	
	
	
	

	# of symbols used for control channels 
	2 
	1 
	1 
	1 
	1 
	1 

	PCFICH EPRE / ERS [dB] 
	0 
	0 
	-X 
	-X 
	-X 
	-X 

	PHICH 
	
	
	
	
	
	

	# of PHICH groups 
	1 
	1 
	1 
	2 
	2 
	3 

	# of PHICH per group 
	2 
	2 
	2 
	2 
	2 
	2 

	PHICH BPSK symbol power / ERS [dB] 
	-3.010 
	-3.010 
	-X-3 
	-X-3 
	-X-3 
	-X-3 

	PHICH group EPRE / ERS [dB] 
	0 
	0 
	-X 
	-X 
	-X 
	-X 

	PDCCH 
	
	
	
	
	
	

	# of available REGs 
	23 
	23 
	43 
	90 
	140 
	187 

	# of PDCCH 
	1 
	1 
	1 
	1 
	1 
	1 

	# of CCEs per PDCCH 
	1 
	1 
	2 
	2 
	2 
	2 

	# of REGs per CCE 
	9 
	9 
	9 
	9 
	9 
	9 

	# of REGs allocated to PDCCH 
	9 
	9 
	18 
	18 
	18 
	18 

	# of <NIL> REGs added for padding 
	14 
	14 
	25 
	72 
	122 
	169 

	PDCCH REG EPRE / ERS [dB] 
	0 
	0 
	-X 
	-X 
	-X 
	-X 

	<NIL> REG EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PDSCH 
	
	
	
	
	
	

	# of 64QAM PDSCH PRBs within a slot for which EVM is measured 
	1 
	1 
	1 
	1 
	1 
	1 

	PRB PA = EA/ERS [dB] 
	0 
	0 
	-X 
	-X 
	-X 
	-X 

	# of PDSCH PRBs which are not allocated 
	5 
	14 
	24 
	49 
	74 
	99 

	PRB PA = EA/ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 


Table 3…Power settings of modified E-TM3.1’ (Modifications from the original E-TM3.1 are highlighted by red color)
	Parameter 
	1.4 MHz 
	3 MHz 
	5 MHz 
	10 MHz 
	15 MHz 
	20 MHz 

	Reference, Synchronisation Signals 
	
	
	
	
	
	

	RS boosting, PB = EB/EA 
	1 
	1 
	1 
	1 
	1 
	1 

	Synchronisation signal EPRE / ERS [dB] 
	0.000 
	0.000 
	0.000 
	0.000 
	0.000 
	0.000 

	Reserved EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PBCH 
	
	
	
	
	
	

	PBCH EPRE / ERS [dB] 
	0.000 
	0.000 
	0.000 
	0.000 
	0.000 
	0.000 

	Reserved EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PCFICH 
	
	
	
	
	
	

	# of symbols used for control channels 
	2 
	1 
	1 
	1 
	1 
	1 

	PCFICH EPRE / ERS [dB] 
	3.222 
	0 
	-X 
	-X 
	-X 
	-X 

	PHICH 
	
	
	
	
	
	

	# of PHICH groups 
	1 
	1 
	1 
	2 
	2 
	3 

	# of PHICH per group 
	2 
	2 
	2 
	2 
	2 
	2 

	PHICH BPSK symbol power / ERS [dB] 
	-3.010 
	-3.010 
	-X-3 
	-X-3 
	-X-3 
	-X-3 

	PHICH group EPRE / ERS [dB] 
	0 
	0 
	-X 
	-X 
	-X 
	-X 

	PDCCH 
	
	
	
	
	
	

	# of available REGs 
	23 
	23 
	43 
	90 
	140 
	187 

	# of PDCCH 
	2 
	2 
	2 
	5 
	7 
	10 

	# of CCEs per PDCCH 
	1 
	1 
	2 
	2 
	2 
	2 

	# of REGs per CCE 
	9 
	9 
	9 
	9 
	9 
	9 

	# of REGs allocated to PDCCH 
	18 
	18 
	36 
	90 
	126 
	180 

	# of <NIL> REGs added for padding 
	5 
	5 
	7 
	0 
	14 
	7 

	PDCCH REG EPRE / ERS [dB] 
	0.792 
	2.290 
	-X 
	-X 
	-X 
	-X 

	<NIL> REG EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PDSCH 
	
	
	
	
	
	

	# of 64QAM PDSCH PRBs within a slot for which EVM is measured 
	6 
	15 
	25 
	50 
	75 
	100 

	PRB PA = EA/ERS [dB] 
	0 
	0 
	-X 
	-X 
	-X 
	-X 

	# of PDSCH PRBs within a slot for which EVM is not measured (used for power balancing only) 
	0 
	0 
	0 
	0 
	0 
	0 

	PRB PA = EA/ERS [dB] 
	n.a. 
	n.a. 
	n.a. 
	n.a. 
	n.a. 
	n.a. 


Table 4…Power settings of modified E-TM3.2’ (Modifications from the original E-TM3.2 are highlighted by red color)
	Parameter 
	1.4 MHz 
	3 MHz 
	5 MHz 
	10 MHz 
	15 MHz 
	20 MHz 

	Reference, Synchronisation Signals 
	
	
	
	
	
	

	RS boosting, PB = EB/EA 
	1 
	1 
	1 
	1 
	1 
	1 

	Synchronisation signal EPRE / ERS [dB] 
	0.000 
	1.573 
	2.426 
	2.426 
	3.005 
	2.426 

	Reserved EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PBCH 
	
	
	
	
	
	

	PBCH EPRE / ERS [dB] 
	0.000 
	1.573 
	2.426 
	2.426 
	3.005 
	2.426 

	Reserved EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PCFICH 
	
	
	
	
	
	

	# of symbols used for control channels 
	2 
	1 
	1 
	1 
	1 
	1 

	PCFICH EPRE / ERS [dB] 
	3.222 
	0 
	-X 
	-X 
	-X 
	-X 

	PHICH 
	
	
	
	
	
	

	# of PHICH groups 
	1 
	1 
	1 
	2 
	2 
	3 

	# of PHICH per group 
	2 
	2 
	2 
	2 
	2 
	2 

	PHICH BPSK symbol power / ERS [dB] 
	-3.010 
	-3.010 
	-X-3 
	-X-3 
	-X-3 
	-X-3 

	PHICH group EPRE / ERS [dB] 
	0 
	0 
	-X 
	-X 
	-X 
	-X 

	PDCCH 
	
	
	
	
	
	

	# of available REGs 
	23 
	23 
	43 
	90 
	140 
	187 

	# of PDCCH 
	2 
	2 
	2 
	5 
	7 
	10 

	# of CCEs per PDCCH 
	1 
	1 
	2 
	2 
	2 
	2 

	# of REGs per CCE 
	9 
	9 
	9 
	9 
	9 
	9 

	# of REGs allocated to PDCCH 
	18 
	18 
	36 
	90 
	126 
	180 

	# of <NIL> REGs added for padding 
	5 
	5 
	7 
	0 
	14 
	7 

	PDCCH REG EPRE / ERS [dB] 
	0.792 
	2.290 
	-X 
	-X 
	-X 
	-X 

	<NIL> REG EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PDSCH 
	
	
	
	
	
	

	# of 16QAM PDSCH PRBs within a slot for which EVM is measured 
	4 
	7 
	25 
	50 
	75 
	100 

	PRB PA = EA/ERS [dB] 
	-3  (*) 
	-3 
	-X 
	-X 
	-X 
	-X 

	# of QPSK PDSCH PRBs within a slot for which EVM is not measured (used for power balancing only) 
	2 
	8 
	0 
	0 
	0 
	0 

	PRB PA = EA/ERS [dB] 
	3.005  (*) 
	1.573 
	n/a 
	n/a 
	n/a 
	n/a 


Table 5…Power settings of modified E-TM3.3 (Modifications from the original E-TM3.3 are highlighted by red color)
	Parameter 
	1.4 MHz 
	3 MHz 
	5 MHz 
	10 MHz 
	15 MHz 
	20 MHz 

	Reference, Synchronisation Signals 
	
	
	
	
	
	

	RS boosting, PB = EB/EA 
	1 
	1 
	1 
	1 
	1 
	1 

	Synchronisation signal EPRE / ERS [dB] 
	0.000 
	2.189 
	2.580 
	2.427 
	2.477 
	2.427 

	Reserved EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PBCH 
	
	
	
	
	
	

	PBCH EPRE / ERS [dB] 
	0.000 
	2.189 
	2.580 
	2.427 
	2.477 
	2.427 

	Reserved EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PCFICH 
	
	
	
	
	
	

	# of symbols used for control channels 
	2 
	1 
	1 
	1 
	1 
	1 

	PCFICH EPRE / ERS [dB] 
	3.222 
	0 
	-X 
	-X 
	-X 
	-X 

	PHICH 
	
	
	
	
	
	

	# of PHICH groups 
	1 
	1 
	1 
	2 
	2 
	3 

	# of PHICH per group 
	2 
	2 
	2 
	2 
	2 
	2 

	PHICH BPSK symbol power / ERS [dB] 
	-3.010 
	-3.010 
	-X-3 
	-X-3 
	-X-3 
	-X-3 

	PHICH group EPRE / ERS [dB] 
	0 
	0 
	-X 
	-X 
	-X 
	-X 

	PDCCH 
	
	
	
	
	
	

	# of available REGs 
	23 
	23 
	43 
	90 
	140 
	187 

	# of PDCCH 
	2 
	2 
	2 
	5 
	7 
	10 

	# of CCEs per PDCCH 
	1 
	1 
	2 
	2 
	2 
	2 

	# of REGs per CCE 
	9 
	9 
	9 
	9 
	9 
	9 

	# of REGs allocated to PDCCH 
	18 
	18 
	36 
	90 
	126 
	180 

	# of <NIL> REGs added for padding 
	5 
	5 
	7 
	0 
	14 
	7 

	PDCCH REG EPRE / ERS [dB] 
	0.792 
	2.290 
	-X 
	-X 
	-X 
	-X 

	<NIL> REG EPRE / ERS [dB] 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 
	-inf 

	PDSCH 
	
	
	
	
	
	

	# of QPSK PDSCH PRBs within a slot for which EVM is measured 
	3 
	7 
	25 
	50 
	75 
	100 

	PRB PA = EA/ERS [dB] 
	-6  (*) 
	-6 
	-X 
	-X 
	-X 
	-X 

	# of 16QAM PDSCH PRBs within a slot for which EVM is not measured (used for power balancing only) 
	3 
	8 
	0 
	0 
	0 
	0 

	PRB PA = EA/ERS [dB] 
	2.427  (*) 
	2.189 
	n/a 
	n/a 
	n/a 
	n/a 


