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1 Introduction

In the last RAN4#71 meeting (Seoul), some discussions on SCE 256QAM test requirements had taken place [1][2]. The consensus seemed to head into the direction of using parameter declaration approach to test EVM, i.e. using the declared small cell output power per carrier. However, the issue of ensuring certain PA back-off to fulfil the EVM requirement remains.  

In this contribution, we provided some further considerations on the small cell BS test aspects for 256QAM based on [1], where side condition for EVM was not considered here due to concerns from proponents. 
2 Discussion

As discussed in RF requirement, only two requirements (RE Power control dynamic range and Error Vector Magnitude) are influenced by the introduction of 256QAM. In addition, the tested min power for total power dynamic range was used in EVM test, thus the total power dynamic range shall be re-tested for 256QAM. In addition, it was agreed that the EVM is tested at manufacturer’s declared rated output power for all modulation schemes.
2.1 Test model
In TS36.141, there are three test models defined for the transmitter RF requirements test, i.e. E-TM1, E-TM2 and E-TM3. These test models are explained below:
· E-TM1 (includes E-TM1.1 and E-TM1.2) is the general test model apply to the requirements such as OBW, ACLR, UEM, etc., which are not impacted by modulation scheme. 
· E-TM2 is used for testing Total power dynamic range, EVM (with one 64QAM modulated PRB) and Frequency error at minimum TX power.
· E-TM3 is used for testing Total power dynamic range with all 64QAM PRBs allocated (E-TM3.1), EVM and Frequency error for different modulation schemes (E-TM3.1/3.2/3.3) 
From the agreements in RAN4#70bis, the EVM is tested with rated output power for 256QAM and minimum power for single 256QAM PRB allocation. From the agreements, it seems that E-TM2 and E-TM3 can be re-considered for 256QAM. In [3], it can be seen that the physical control channels and reference signals design for E-TM2 and E-TM3 remain unchanged and can be re-used for 256QAM. Furthermore, based on RAN1’s 256QAM conclusions, the following physical layer aspects also remain unchanged:
· PRB numbering is according to TS36.211, clause 6.2.3

· Perform user specific scrambling according to TS36.211, clause 6.3.1. This makes use of [image: image1.wmf]RNTI
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· Perform modulation of the scrambled bits with the modulation scheme defined for each user according to TS36.211, clause 6.3.2

· Perform mapping of the complex-valued symbols to PRBs according to TS36.211, clause 6.3.5

In addition, having a new test model for 256QAM would increase the test specification complexity and testing efforts. So, taking into consideration all the above reasonings, we propose
Proposal 1: No new test model defined for 256QAM, i.e. E-TM2 and E-TM3.1 can be re-used for verifying EVM requirement for 256QAM.
Existing small cell 64QAM and 256QAM are all categorised as higher order modulation scheme. Therefore, the testing of both modulation schemes will be quite similar. It can be shown that existing test platform can be reused, inline with Proposal 1. The proposed RF test requirements change to TS 36.141 would be like in Annex 1. 
2.2 Manufacturer’s declaration
From the BS specifications, we can see that most of  requirements are agnostic to the modulation schemes, except EVM and output power dynamic range. Hence, those modulation scheme agnostic requirements do not need to be tested against 256QAM. This means that most of the manufacturer declaration parameters will be unchanged. 
However, due to some special testing for 256QAM, i.e. EVM test, it becomes more difficult to meet the requirements in the case of higher modulation order, especially for high power BS class. 
From SCE study, in order to achieve the low EVM limit for 256QAM to achieve good spectral efficiency gain, some side conditions such as power back-off, implementation margin and/or relaxed clipping level maybe assumed. PA power back-off is one of the more important parameter. Since it is not feasible to introduce power reduction side condition into the EVM core requirement table in TS 36.104, we think it is possible to declare the power back-off. The benefits of this approach is that the BS is not restricted by the implementation factors such as cost, size etc., and different vendors can still adopt different methods (includes PA power back-off) to achieve the low EVM value. Therefore, it is proposed:

Proposal 2:The information of power back-off is declared by manufacturer.
The proposed RF requirements change to TS 36.141, based on Proposal 2, would be like in Annex 2.
3 Conclusions 
In this contribution, we provided further proposals on test aspects (i.e. test model and manufacturer’s declaration) for SCE 256QAM. 
Proposal 1: No new test model defined for 256QAM, i.e. E-TM2 and E-TM3.1 can be re-used for verifying EVM requirement for 256QAM.

Proposal 2:The information of power back-off is declared by manufacturer.
In addition, the proposed RF requirements change to TS 36.141 are also provided in Annex 1 and 2.
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Annex 1: Test Model changes for SCE 256QAM
Changes are highlighted in yellow. 
************************************************************************************************
6.1.1.3
E-UTRA Test Model 2 (E-TM2)

This model shall be used for tests on:

· Total power dynamic range (lower OFDM symbol power limit at min power), 

· EVM of single 64QAM or 256QAM PRB allocation (at min power)

· Frequency error (at min power) 

Table 6.1.1.3-1: Physical channel parameters of E-TM2

	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
	0
	0
	0
	0

	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
	-3.010
	-3.010
	-3.010
	-3.010

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

	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
	0
	0
	0
	0

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

	PDSCH
	
	
	
	
	
	

	# of 64QAM or 256QAM PDSCH PRBs within a slot for which EVM is measured
	1
	1
	1
	1
	1
	1

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

	# 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 6.1.1.3-2: Numbers (
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) of the allocated PRB (64QAM or 256QAM) (FDD)

	
	Subframe 0
	Subframe 1
	Subframe 2
	Subframe 3
	Subframe 4
	Subframe 5
	Subframe 6
	Subframe 7
	Subframe 8
	Subframe 9

	1.4 MHz
	4
	1
	1
	2
	5
	3
	0
	0
	5
	4

	3 MHz
	13
	11
	13
	5
	9
	14
	6
	13
	0
	1

	5 MHz
	8
	17
	21
	8
	22
	2
	9
	14
	0
	13

	10 MHz
	16
	36
	19
	26
	42
	30
	17
	48
	9
	0

	15 MHz
	32
	46
	18
	72
	22
	4
	31
	58
	27
	3

	20 MHz
	63
	34
	44
	7
	94
	2
	97
	19
	56
	32


Table 6.1.1.3-3: Numbers (
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	Frame1
	Subframe 0
	Subframe 1
	Subframe 5
	Subframe 6
	Subframe 7
	Subframe 8
	Subframe 9

	1.4 MHz
	4
	5
	5
	2
	0
	0
	3

	3 MHz
	10
	14
	12
	5
	0
	1
	7

	5 MHz
	17
	24
	21
	8
	1
	2
	12

	10 MHz
	35
	49
	42
	17
	2
	4
	25

	15 MHz
	53
	74
	63
	26
	3
	6
	38

	20 MHz
	71
	99
	85
	35
	4
	8
	51


	Frame2
	Subframe 0
	Subframe 1
	Subframe 5
	Subframe 6
	Subframe 7
	Subframe 8
	Subframe 9

	1.4 MHz
	4
	5
	2
	1
	3
	1
	4

	3 MHz
	11
	14
	5
	3
	8
	3
	11

	5 MHz
	18
	23
	8
	5
	13
	5
	19

	10 MHz
	37
	46
	17
	10
	26
	11
	38

	15 MHz
	56
	70
	25
	15
	40
	17
	57

	20 MHz
	75
	93
	34
	20
	53
	23
	76


6.1.1.4
E-UTRA Test Model 3.1 (E-TM3.1)

This model shall be used for tests on:

· Output power dynamics

· Total power dynamic range (upper OFDM symbol power limit at max power with all 64QAM or 256QAM PRBs allocated) 

· Transmitted signal quality

· Frequency error

· EVM for 64QAM or 256QAM modulation (at max power)

Table 6.1.1.4-1: Physical channel parameters of E-TM3.1

	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
	0
	0
	0
	0

	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
	-3.010
	-3.010
	-3.010
	-3.010

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

	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
	1.880
	1.065
	1.488
	1.195

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

	PDSCH
	
	
	
	
	
	

	# of 64QAM or 256QAM PDSCH PRBs within a slot for which EVM is measured
	6
	15
	25
	50
	75
	100

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

	# 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.


************************************************************************************************
Annex 2: Manufacturer declaration parameter changes
One change highlighted in yellow. 

************************************************************************************************
4.6.8
Manufacturer's declarations of supported RF configurations

The manufacturer shall declare which operational configurations the BS supports by declaring the following parameters:

-
Support of the BS in non-contiguous spectrum operation. If the BS does not support non-contiguous spectrum operation the parameters for non-contiguous spectrum operation below shall not be declared.

-
The supported operating bands defined in subclause 5.5;

-
The frequency range within the above operating band(s) supported by the BS;

-
The maximum Base Station RF bandwidth supported by a BS within each operating band;
•
for contiguous spectrum operation

•
for non-contiguous spectrum operation

-
The supported operating configurations (multi-carrier, carrier aggregation, and/or single carrier) within each operating band.

-
The supported component carrier combinations at nominal channel spacing within each operating band and sub-block.
· -The rated output power per carrier;
•
for contiguous spectrum operation
•
for non-contiguous spectrum operation

NOTE:
Different rated output powers may be declared for different operating configurations.
NOTE:
For the support of 256QAM, PA power back-off may be declared by manufacturer for the rated output power.
· The rated total output power as a sum of all carriers;
•
for contiguous spectrum operation
•
for non-contiguous spectrum operation

-
Maximum number of supported carriers within each band;

•
for contiguous spectrum operation
•
for non-contiguous spectrum operation

If the rated total output power and total number of supported carriers are not simultaneously supported, the manufacturer shall declare the following additional parameters:

· The reduced number of supported carriers at the rated total output power;

-
The reduced total output power at the maximum number of supported carriers.

For BS capable of multi-band operation, the parameters above shall be declared for each supported operating band in single-band operation. In addition the manufacturer shall declare the following additional parameters for BS capable of multi-band operation:

-
Supported operating band combinations of the BS

-
Supported operating band(s) of each antenna connector

-
Support of multi-band transmitter and/or multi-band receiver, including mapping to antenna connector(s)

-
Total number of supported carriers for the declared band combinations of the BS

-
Maximum number of supported carriers per band in multi-band operation
-
Total RF bandwidth of transmitter and receiver for the declared band combinations of the BS

-
Maximum RF bandwidth of each supported operating band in multi-band operation

-
Maximum radio bandwidth in transmit and receive direction for the declared band combinations of the BS

-
Any other limitations under simultaneous operation in the declared band combinations of the BS which have any impact on the test configuration generation

-
Total output power as a sum over all supported operating bands in the declared band combinations of the BS

-
Maximum supported power difference between any two carriers in any two different supported operating bands

-
The rated output power per carrier in multi-band operation
-
Rated total output power of each supported operating band in multi-band operation
************************************************************************************************
