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1.
Introduction

At the June 2016 RAN5 NB-IoT Adhoc meeting in Sophia Antipolis there was useful discussion on the setting of NPUSCH power for NB-IoT Test cases, for example the section on Power control in R5-164098 [1]. The discussion there focussed on requirements for the Maximum Output Power for UE category NB1 Test case 6.2.2F, but other test cases such as UE Receiver test cases need to achieve Maximum Output Power with different parameter settings on the Downlink. An example is ACS, where the subtests for Case 1 and Case 2 use low and high downlink powers respectively.
In choosing parameters, we also need to consider the effect of Test system uncertainty to ensure that the Uplink power remains at the intended value.

This discussion paper considers the choice of suitable parameters.  
2.
Default values for NB-IoT RF Test cases
Previous UE Receiver test case procedures in TS 36.521-1 [2] have used text such as “Send continuously uplink power control "up" commands in the uplink scheduling information to the UE to ensure the UE transmits PUMAX level” or “Send Uplink power control commands to the UE.. to ensure that the UE output power is within +0, - 3.4 dB of the target level”. However NB-IoT does not uplink power control commands, and the Uplink power is set by a method similar to the open loop power control test case in TS 36.521-1 [2] clause 6.3.5.

For NB-IoT, NPUSCH setting is defined in TS 36.213 [3]:

16.2.1
Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.
16.2.1.1
Narrowband physical uplink shared channel

16.2.1.1.1
UE behaviour
The setting of the UE Transmit power for a Narrowband Physical Uplink Shared Channel (NPUSCH) transmission is defined as follows.
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If the number of repetitions of the allocated NPUSCH RUs is greater than 2
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is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell 
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. For NPUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for NPUSCH (re)transmissions corresponding to the random access response grant then j=2. 
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For j=1, for NPUSCH format 2, 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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 = nrs-Power – higher layer filtered NRSRP, where nrs-Power is provided by higher layers and NRSRP is defined in [5] for serving cell 
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 and the higher layer filter configuration is defined in [11] for serving cell 
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Taking the case where the number of repetitions of the allocated NPUSCH RUs is not greater than 2, to ensure that the UE transmits at PCMAX, the value in the second line of the formula (turquoise highlight) must always be > PCMAX.  
For the default parameters in R5-164098, the second line of the formula is calculated as shown:

	Term in second line of formula
	Comment/source
	Value
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  nrs-Power
  Higher layer filtered NRSRP
	For j=1, for NPUSCH format 2
nrs-Power-r13
As specified in Test case
	(x1)
+44dBm
-(-85dBm)
	

	Nominal 
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	+38dBm
	

	
	
	Minimum
	Maximum

	UE open loop power accuracy
	TS 36.101 Table 6.3.5.1.1-1, Normal conditions
	-9dB
	+9dB

	Test system DL power uncertainty
	TS 36.521-1 Table F.1.3-1
	-1dB
	+1dB

	Min and Max 
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Note that the nominal PNPUSCH,c value of 38dBm calculated here differs from the value of +27.19dBm calculated in R5-164098. After checking the definition of NRSRP in TS 36.214 [4], where it is defined as the linear average over the REs that carry narrowband specific reference signals, we believe the value of 38dBm to be correct.
The value in the second line of the formula remains > PCMAX, even after uncertainties are included.   

· Anritsu’s view is therefore that the default values are correct for Test Cases that use a downlink power of -85dBm for the narrowband reference signals, are tested under normal conditions, and require the UE uplink power to be at PCMAX.

3.
Adjacent Channel Selectivity Test case
The downlink signal levels for the Adjacent Channel Selectivity Test case were agreed in R5-164114 [5]. As the wanted signal (which contains the narrowband reference signals) differs from the default value of -85dBm, we need to assess whether the default signalled parameter values will ensure the UE uplink power is at PCMAX.
We note also that the Adjacent Channel Selectivity Test case uses 1 uplink tone with 15kHz spacing.
ACS Case 1:

Using default parameters in R5-164098, the second line of the formula is calculated as shown:

	Term in second line of formula
	Comment/source
	Value
	

	10log10 
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  nrs-Power
  Higher layer filtered NRSRP
	For j=1, for NPUSCH format 2
nrs-Power-r13
Test case specifies Refsens +14dB, Refsens is -108.2 dBm/180kHz, then calculate in 15kHz
	(x1)

+44dBm

-(-105dBm)
	

	Nominal 
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	+64dBm
	

	
	
	Minimum
	Maximum

	UE open loop power accuracy
	TS 36.101 Table 6.3.5.1.1-1, Normal conditions
	-9dB
	+9dB

	Test system DL power uncertainty
	TS 36.521-1 Table F.1.3-1
	-1dB
	+1dB

	Min and Max 
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For ACS Case 1, the value in the second line of the formula remains > PCMAX, even after uncertainties are included. Default values for the signalled parameters could be used for ACS Case 1.

ACS Case 2:

ACS Case 2 has two scenarios, one for a GSM interferer, and one for an UTRA interferer. For simplicity only the GSM interferer scenario is shown here, because it uses the higher downlink wanted signal power, and is therefore the worst case (results in the lowest uplink power estimation by the UE). Using default parameters in R5-164098, the second line of the formula is calculated as shown:

	Term in second line of formula
	Comment/source
	Value
	

	10log10 
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  nrs-Power
  Higher layer filtered NRSRP
	For j=1, for NPUSCH format 2
nrs-Power-r13
Test case specifies (-25dBm -28dB) in 180kHz, then calculate in 15kHz
	(x1)

+44dBm

-(-63.8dBm)
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	Minimum
	Maximum

	UE open loop power accuracy
	TS 36.101 Table 6.3.5.1.1-1, Normal conditions
	-9dB
	+9dB

	Test system DL power uncertainty
	TS 36.521-1 Table F.1.3-1
	-1dB
	+1dB

	Min and Max 
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For ACS Case 2, the value in the second line of the formula can be < PCMAX, so default values for the signalled parameters cannot be used for ACS Case 2.
Instead we recommend increasing the value of p0-NominalNPUSCH-r13, which is in effect telling the UE that it can expect to receive a higher power. This will result in a more realistic estimation of path loss by the UE, and result in a higher uplink power. Revised values are shown below:

	Term in second line of formula
	Comment/source
	Value
	

	10log10 
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  nrs-Power
  Higher layer filtered NRSRP
	For j=1, for NPUSCH format 2
nrs-Power-r13
Test case specifies (-25dBm -28dB) in 180kHz, then calculate in 15kHz
	(x1)

+44dBm

-(-63.8dBm)
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	Minimum
	Maximum

	UE open loop power accuracy
	TS 36.101 Table 6.3.5.1.1-1, Normal conditions
	-9dB
	+9dB

	Test system DL power uncertainty
	TS 36.521-1 Table F.1.3-1
	-1dB
	+1dB

	Min and Max 
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· Anritsu propose to set p0-NominalNPUSCH-r13 to -70dBm at least for Case 2 in Test case 7.5F.
4.
Recommendations

Anritsu requests that RAN5 endorse the following points relating to NPUSCH power in RF Test cases: 
· The UE open loop power accuracy and Test system DL power uncertainty are considered in setting NB-IoT Test case parameters
· Although default parameters may suit some test cases, Test case parameters should be considered on a per-test-case basis. 
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Annex A, Extracts from TS 36.101
Uplink Power control:

6.3.5
Power Control

6.3.5.1
Absolute power tolerance

Absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 20ms. This tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in subclause 9.1 of TS 36.133)

In the case of a PRACH transmission, the absolute tolerance is specified for the first preamble. The absolute power tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in subclause 9.1 of TS 36.133).

6.3.5.1.1

Minimum requirements

The minimum requirement for absolute power tolerance is given in Table 6.3.5.1.1-1 over the power range bounded by the Maximum output power as defined in subclause 6.2.2 and the Minimum output power as defined in subclause 6.3.2.

For operating bands under NOTE 2 in Table 6.2.2-1, the absolute power tolerance as specified in Table 6.3.5.1.1-1 is relaxed by reducing the lower limit by 1.5 dB when the transmission bandwidth is confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high.

Table 6.3.5.1.1-1: Absolute power tolerance

	Conditions
	Tolerance

	Normal
	± 9.0 dB

	Extreme
	± 12.0 dB


Refsens for UE Category NB1:

7.3.1F
Minimum requirements for UE category NB1

7.3.1F.1
Reference sensitivity for UE category NB1

The category NB1 UE throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.3.2  with received signal level as specified in Table 7.3.1F.1-1. Requirement in Table 7.3.1F.1-1 applies for any uplink configuration.

Table 7.3.1F.1-1: Reference sensitivity for UE category NB1

	Operating band
	REFSENS [dBm]

	1, 2, 3, 5, 8, 12, 13, 17, 18, 19, 20, 26, 28, 66
	- 108.2 


Adjacent Channel Selectivity for UE Category NB1
7.5.1F
Minimum requirements for category NB1

Category NB1 UE shall fulfil the minimum requirement specified in Table 7.5.1F-1 for all values of an adjacent channel interferer up to –25 dBm. However it is not possible to directly measure the ACS, instead the lower and upper range of test parameters are chosen in Table 7.5.1F-1 where the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.3.2.

Table 7.5.1F: Adjacent channel selectivity parameters for category NB1

	ACS1 test Parameters

	Interferer
	GSM (GMSK)
	E-UTRA

	Category NB1 signal power

(Pwanted  ) / dBm
	REFSENS + 14 dB

	interferer signal power 

(PInterferer ) / dBm 
	REFSENS + 42 dB
	REFSENS + 47 dB

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from category NB1 chanel edge
	±200 kHz
	±2.5 MHz

	ACS2 test Parameters

	Interferer
	GSM (GMSK)
	E-UTRA

	Category NB1 signal power

(Pwanted  ) / dBm
	-25 dBm -28 dB
	-25 dBm -33 dB

	interferer signal power 

(PInterferer ) / dBm 
	-25 dBm

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from category NB1 chanel edge
	±200 kHz
	±2.5 MHz
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