3GPP TSG-RAN WG5 Meeting #1-5G-NR Adhoc
R5-180007
Munich, Germany, 16th – 19th Jan 2018
Title:

Discussion about mmW Test Tolerance for NR TRx TCs
Source:




NTT DOCOMO, INC.
Agenda Item:


4.1.7
Document for:

Discussion and Endorsement
1 Introduction

In the last RAN5#77 meeting, discussion about Test Tolerance (TT) was kicked-off and how to define Sub-6GHz TT was endorsed. Additionally, in the last RAN4#85 meeting, Measurement Uncertainty (MU) for EIRP and TRP (D = 5 cm) were agreed. This document introduces some proposals how to define mmW TT based on latest RAN4 and RAN5 agreements.
2 Discussion

2.1 Agreements in RAN5
In the last meeting RAN5#77, discussion about TT was kicked-off and R5-177454[1] was endorsed. Following is the agreements in R5-177454. 

Proposal 1-1

: Sub-6GHz MU values about Type 1 TCs shall be re-defined for each NR TRx TC by RAN5.

Proposal 1-2

: Sub-6GHz TT values about Type 1 TCs are defined with same value as MU for NR.


Proposal 2-1

: Sub-6GHz TT values about Type 2 TCs are defined as zero in same way as legacy LTE


Proposal 3-1

: Sub-6GHz MU value about Type 3 TCs shall be defined for each NR TRx TC by RAN5.
Type 1, 2, and 3 TC are defined as below.


Type 1) TT value is same as MU value about legacy LTE




(e.g. Maximum output power)


Type 2) TT value is zero independent on MU value about legacy LTE

(e.g. EVM)


Type 3) NR New TCs that TT value is not defined about legacy LTE

(e.g. Beam correspondence)

Moreover, progress about MU and TT definition in each NR TC is summarized in following table based on agreements in R5-177454. Agreement in R5-177454 is “How to define Sub-6GHz TT follows same approach as in LTE” and there is no agreement about mmW TT.
Table 2.1-1. Progress about MU and TT definition in each NR TRx TC
	
	
	
	
	
	completed

	#Test case numbering is based on TS 38.101-1,2
	
	
	
	Not completed

	
	
	
	
	
	
	

	6
	Transmitter characteristics
	Type
	Sub-6GHz
	mmW

	
	
	
	MU
	TT
	MU
	TT

	6.2.1
	UE maximum output power
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.2.2
	UE maximum output power reduction
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.2.3
	UE additional maximum output power reduction
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.3.1
	Minimum output power
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.3.2
	Transmit OFF power
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.3.3.2
	General ON/OFF time mask
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.3.3.4
	PRACH time mask
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.3.3.6
	SRS time mask
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.3.4.2
	Absolute power tolerance
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.3.4.3
	Relative power tolerance
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.3.4.4
	Aggregate power tolerance
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.4.1
	Frequency error
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.4.2.1
	Error Vector Magnitude
	2
	Not defined
	0
	Not defined
	Not defined

	6.4.2.2
	Carrier leakage
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.4.2.3
	In-band emissions
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.4.2.4
	EVM equalizer spectrum flatness
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.5.1
	Occupied bandwidth
	2
	Not defined
	0
	Not defined
	Not defined

	6.5.2.1
	Spectrum emission mask
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.5.2.1.2
	Additional spectrum emission mask
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.5.2.2
	Adjacent channel leakage ratio
	1
	Not defined
	= MU
	Not defined
	Not defined

	6.5.3.1
	General spurious emissions
	2
	Not defined
	0
	Not defined
	Not defined

	6.5.3.2
	Spurious emissions for UE co-existence
	2
	Not defined
	0
	Not defined
	Not defined

	[6.5.3.3]
	Additional Spurious
	2
	Not defined
	0
	Not defined
	Not defined

	6.5.4
	Transmit intermodulation
	2
	Not defined
	0
	None
	None

	7
	Receiver characteristics
	Type
	Sub-6GHz
	mmW

	
	
	
	MU
	TT
	MU
	TT

	7.3
	Reference sensitivity power level
	1
	Not defined
	= MU
	Not defined
	Not defined

	7.4
	Maximum input level
	1
	Not defined
	= MU
	Not defined
	Not defined

	7.5
	Adjacent channel selectivity 
	2
	Not defined
	0
	Not defined
	Not defined

	7.6.1
	Inband Blocking
	2
	Not defined
	0
	Not defined
	Not defined

	7.6.2
	Out-of-band blocking
	2
	Not defined
	0
	Not defined
	Not defined

	7.6.3
	Narrow Band Blocking
	2
	Not defined
	0
	None
	None

	7.7
	Spurious response
	2
	Not defined
	0
	Not defined
	Not defined

	7.8.1 
	Wide band Intermodulation
	2
	Not defined
	0
	None
	None

	7.9
	Spurious emissions
	2
	Not defined
	0
	Not defined
	Not defined


2.2 Agreements in RAN4 and open issues
Following sentence not captured in LTE spec TS 36.101[2] is newly defined in NR core spec TS 38.101-2[3].
4.1
Relationship between minimum requirements and test requirements

The Minimum Requirements given in this specification make no allowance for measurement uncertainty. The test specification TS 38.521-2 [5] defines test tolerances. These test tolerances are individually calculated for each test. The test tolerances are used to relax the minimum requirements in this specification to create test requirements.
For some requirements, including regulatory requirements, the test tolerance is set to zero.
RAN4 says “mmW TT in some requirements (TCs) is set to zero” however specific TCs are not described. To treat this issue RAN5 need to define which TC is applicable to this RAN4 sentence. And now we can reuse same approach as Sub-6GHz to mmW. Test Tolerance of Type 2 TCs (TT = 0 in LTE) should be set to zero similar to Sub-6GHz. Type 2 TCs are regulatory TCs and critical TCs like Spurious and these TCs are suitable for RAN4’s intention.

Proposal 2.2.1
: mmW TT values about Type 2 TCs are set to zero in same way as legacy LTE.
Additionally, MU values for EIRP and TRP (D = 5 cm) were agreed in R4-1713215[4] (Table 2.2-1). EIRP and TRP (D = 15 cm) and EIS will be also defined in future RAN4 meeting.
B.1.1.3
Uncertainty assessment

Table B.1.1.3-1: Uncertainty assessment for EIRP and TRP measurement (D=5cm)

	UID
	uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.50
	Rectangular
	1.73
	[0.29]

	2
	Measure distance uncertainty
	1.00
	Rectangular
	1.73
	[0.58]

	3
	Quality of quiet zone (Note1)
	1.50
	Actual
	1.00
	[1.50]

	4
	Mismatch 
	2.74
	U-shaped
	1.41
	[1.94]

	5
	Absolute antenna gain uncertainty of the measurement antenna
	0.00
	Normal
	2.00
	0.00

	6
	Uncertainty of the RF power measurement equipment
	2.16
	Normal
	2.00
	[1.08]

	7
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties
	2.00
	Normal
	2.00
	1.00

	9
	Random uncertainty
	0.40
	Rectangular
	1.73
	[0.23]

	10
	Influence of the XPD
	0.68
	U-shaped
	1.41
	0.48

	Stage 1: Calibration measurement

	11
	Mismatch
	0.00
	U-shaped
	1.41
	0.00

	12
	Reference antenna positioning misalignment
	0.29
	Rectangular
	1.73
	0.17

	13
	Quality of quiet zone (Note 1)
	1.50
	Actual
	1.00
	[1.50]

	14
	Amplifier uncertainties
	0.00
	Normal
	2.00
	0.00

	15
	Uncertainty of the Network Analyzer
	0.40
	Normal
	2.00
	0.20

	16
	Reference antenna feed cable loss measurement uncertainty
	0.29
	Rectangular
	1.73
	0.17

	17
	Uncertainty of an absolute gain of the calibration antenna
	1.60
	Normal
	2.00
	[0.80]

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.35
	Rectangular
	1.73
	[0.20]

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.76]

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.01]


Note1: The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is [1dB]; for EIRP, the standard uncertainty of quiet zone is [1.5dB].
As described table above, NR MU defined by RAN4 is much larger than that of LTE and Test tolerance will also become larger value if RAN5 adopt same approach in LTE (TT = MU). In this case relaxation to minimum requirement exceptionally increase and most low-quality UEs can be PASSed. In this situation RAN5 testing no longer makes sense. Moreover, from different perspective, this MU value is defined with assumption “f = 43.5 GHz”, and applying same value to some lower frequency band like n257 (26.5 – 29.5 GHz) is not suitable. Considering this situation, RAN5 should define different TT value from MU like as LTE TRP/TRS and MIMO OTA discussion.

Proposal 2.2.2
: mmW TT values about Type 1 TCs are set to not MU value (0 < TT < MU).
Proposed future plan is below.
· RAN5#NR1
: Endorse Proposal 2.2.2
· RAN5#78

: Define concrete (allowable) TT value based on technical evidence by UE, chipset, TE vendors
Proposal 2.2.1 and 2.2.2 are summarized in following table 2.2-1.
Table 2.2-1. Proposed mmW TT definition for NR TRx TC
	
	
	
	completed

	Test case numbering is based on TS 38.101-1,2
	
	Not completed

	
	
	
	
	

	6
	Transmitter characteristics
	Type
	mmW

	
	
	
	MU
	TT

	6.2.1
	UE maximum output power
	1
	Not defined
	0 < TT < MU

	6.2.2
	UE maximum output power reduction
	1
	Not defined
	0 < TT < MU

	6.2.3
	UE additional maximum output power reduction
	1
	Not defined
	0 < TT < MU

	6.3.1
	Minimum output power
	1
	Not defined
	0 < TT < MU

	6.3.2
	Transmit OFF power
	1
	Not defined
	0 < TT < MU

	6.3.3.2
	General ON/OFF time mask
	1
	Not defined
	0 < TT < MU

	6.3.3.4
	PRACH time mask
	1
	Not defined
	0 < TT < MU

	6.3.3.6
	SRS time mask
	1
	Not defined
	0 < TT < MU

	6.3.4.2
	Absolute power tolerance
	1
	Not defined
	0 < TT < MU

	6.3.4.3
	Relative power tolerance
	1
	Not defined
	0 < TT < MU

	6.3.4.4
	Aggregate power tolerance
	1
	Not defined
	0 < TT < MU

	6.4.1
	Frequency error
	1
	Not defined
	0 < TT < MU

	6.4.2.1
	Error Vector Magnitude
	2
	Not defined
	0

	6.4.2.2
	Carrier leakage
	1
	Not defined
	0 < TT < MU

	6.4.2.3
	In-band emissions
	1
	Not defined
	0 < TT < MU

	6.4.2.4
	EVM equalizer spectrum flatness
	1
	Not defined
	0 < TT < MU

	6.5.1
	Occupied bandwidth
	2
	Not defined
	0

	6.5.2.1
	Spectrum emission mask
	1
	Not defined
	0 < TT < MU

	6.5.2.1.2
	Additional spectrum emission mask
	1
	Not defined
	0 < TT < MU

	6.5.2.2
	Adjacent channel leakage ratio
	1
	Not defined
	0 < TT < MU

	6.5.3.1
	General spurious emissions
	2
	Not defined
	0

	6.5.3.2
	Spurious emissions for UE co-existence
	2
	Not defined
	0

	[6.5.3.3]
	Additional Spurious
	2
	Not defined
	0

	6.5.4
	Transmit intermodulation
	2
	None
	None

	7
	Receiver characteristics
	Type
	mmW

	
	
	
	MU
	TT

	7.3
	Reference sensitivity power level
	1
	Not defined
	0 < TT < MU

	7.4
	Maximum input level
	1
	Not defined
	0 < TT < MU

	7.5
	Adjacent channel selectivity 
	2
	Not defined
	0

	7.6.1
	Inband Blocking
	2
	Not defined
	0

	7.6.2
	Out-of-band blocking
	2
	Not defined
	0

	7.6.3
	Narrow Band Blocking
	2
	None
	None

	7.7
	Spurious response
	2
	Not defined
	0

	7.8.1 
	Wide band Intermodulation
	2
	None
	None

	7.9
	Spurious emissions
	2
	Not defined
	0


2.3 Remaining issues about NR TT definition
· Calculating Sub-6GHz MU for each TC about NR new parameters

To complete Sub-6Gz work, MU for NR new parameters (e.g. 4.2 GHz < f ≤ 6 GHz, or BW > 20 MHz) is necessary.
· How to handle MU value about D = 15 cm

MU value (D = 15 cm) is expected to exceed 10 dB although value itself is not yet agreed in RAN4. MU of D = 15 cm is different from MU of D = 5 cm. In this case RAN5 also define way forward how to apply each MU to TT.

Option 2.3.1
: Define specific TT for each D size
(apply MUD=5cm to TTD=5cm and MUD=15cm to TTD=15cm)


Option 2.3.2
: Define only one TT independent D size (apply MUD=5cm to TTD=5cm and TTD=15cm)

Option 2.3.3
: Define only one TT independent D size (apply MUD=15cm to TTD=5cm and TTD=15cm)
Since Option 2.3.3 contains extra relaxation to D = 5 cm UEs, Option 2.3.1 or 2.3.2 are suitable.


Proposal 2.3.1
: Define specific TT for each D size (apply MUD=5cm to TTD=5cm and MUD=15cm to TTD=15cm)
3 Proposal

Proposal 2.2.1
: mmW TT values about Type 2 TCs are set to zero in same way as legacy LTE.

Proposal 2.2.2
: mmW TT values about Type 1 TCs are set to not MU value (0 < TT < MU).

Proposal 2.3.1
: Define specific TT for each D size (apply MUD=5cm to TTD=5cm and MUD=15cm to TTD=15cm)
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