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1.
Introduction
Most of the requirements on transmitter characteristics and receiver characteristics have already been defined in TS 36.101 [1]. However, the UL signals to be used when measuring the transmitter characteristics are not defined, and the UL signals used when measuring the receiver characteristics are also undefined.
To make progress, this contribution considers the UL signals suitable for UE Tx and Rx tests, and proposes outline definitions of UL reference measurement channels.

2.
Discussion
The key parameters for the UL signal are power, RB allocation / Channel bandwidth and modulation. For power the most demanding scenario is normally with the UE transmitting at maximum, although in a few specific cases such as EVM the minimum UE power can also be demanding. Most UE receiver tests are defined with UL power a few dB below maximum. Since UL power is independent of the channel definition, it can be defined as required for each test.

For Resource Blocks the extreme scenarios are full RB allocation and single RB allocation, with a single RB at the band edge normally being the worst case. The use of extreme RB scenarios such as these for UL test conditions is already established, as in the reference measurement channels chosen for eNode receiver and performance test in TS 36.104 [2]. We propose to define and use two basic UL scenarios: Full RB allocation, and single RB allocation at the band edge. Any other scenarios will be defined “as required”, and only if necessary. For the full RB allocation scenario, a definition will be required for each channel bandwidth.
Variants of the reference measurement channels will be required for each modulation and coding scheme. At this stage we propose to define QPSK 1/3 and 16-QAM 3/4. In the future, it is possible that 64-QAM may also be required.

Since the aim here is to define characteristics at the UE transmitter, the propagation-path related variables used for eNodeB test in TS 36.104 [2] can be fixed: 

· 1 HARQ transmission

· Cyclic Prefix normal

· PUSCH hopping off

· Link adaptation off
To limit the combinations, we propose to define scenarios to cover the worst case for each requirement.
The other components of the UL signal such as PUCCH, PRACH and sounding RS, are FFS at present.     
We propose the following scenarios for UE transmitter requirements:
Table 1 Initial Tx analysis

	36.101 Section
	Requirements
	Full RB
	Single RB (Band edge)
	Others
	Note

	6.2.2
	UE Maximum Output power
	QPSK
	
	
	

	6.2.3
	UE Maximum Output power, Mod / Ch BW
	QPSK

16-QAM
	
	QPSK

16-QAM
	Full coverage requires specific number of RBs based on each MPR value

	6.2.4
	UE Maximum Output power, Add Reqts 
	QPSK

16-QAM
	
	
	

	6.3.1.1
	Absolute power tolerance
	QPSK
	
	
	

	6.3.2
	Minimum Output power
	QPSK
	
	
	Full RB will have lowest spectral density

	6.3.3.1
	Transmit OFF power
	
	
	X
	0 RBs!

	6.4.1
	Out-of-sync handling of output power
	?
	?
	?
	Requirement undefined

	6.5.1
	Frequency error
	
	
	QPSK

16-QAM
	Derived from Global in-channel measurement

	6.5.2.1
	Error Vector Magnitude
	
	
	QPSK

16-QAM
	Derived from Global in-channel measurement 
QPSK, 16QAM variants

	6.5.2.2
	IQ-component
	
	
	QPSK

16-QAM
	Derived from Global in-channel measurement

	6.5.2.3
	In-band emissions
	
	
	QPSK

16-QAM
	Derived from Global in-channel measurement

	6.5.2.4
	Spectrum flatness
	QPSK
	
	
	Requires full RB allocation to get information

	6.6.1
	Occupied bandwidth
	QPSK
	
	
	

	6.6.2.1
	Spectrum Emission Mask
	QPSK

16-QAM
	
	QPSK

16-QAM
	Full coverage requires specific number of RBs based on each MPR value

	6.6.2.2
	Additional Spectrum Emission Mask
	QPSK

16-QAM
	
	QPSK

16-QAM
	Full coverage requires specific number of RBs based on each MPR and A-MPR value

	6.6.2.3
	Adjacent Channel Leakage Ratio
	QPSK

16-QAM
	
	QPSK

16-QAM
	Full coverage requires specific number of RBs based on each MPR value

	6.6.2.3
	Additional ACLR requirements
	QPSK

16-QAM
	
	QPSK

16-QAM
	Full coverage requires specific number of RBs based on each MPR and A-MPR value

	6.6.3
	Spurious emissions
	QPSK
	QPSK
	
	

	6.7
	Transmit intermodulation
	QPSK
	
	
	Full RB allocation gives spread IM product


We propose the following scenarios for UE Receiver requirements:
Table 2 Initial Rx analysis
	36.101 Section
	Requirements
	Full RB
	Single RB (Band edge)
	Others
	Note

	7.3
	Reference sensitivity
	QPSK
	
	QPSK
	UL allocation may use RMC of lower than channel bandwidth

	7.4
	Maximum input level
	QPSK
	
	
	

	7.5
	Adjacent Channel Selectivity
	QPSK
	
	
	

	7.6
	Blocking characteristics
	QPSK
	
	
	

	7.7
	Spurious response
	QPSK
	
	
	

	7.8
	Intermodulation characteristics
	QPSK
	
	
	

	7.9
	Spurious emissions
	
	
	X
	0 RBs!


In general the UE Receiver requirements are expected to be affected by UE output power (for example, desensitization due to self-interference). Our understanding is that the distribution of UL power across RBs is not expected to be critical. 
3.
Proposed UL measurement channels
This section provides initial proposals on UL measurement channels, which are derived from the fixed reference channels in TS 36.104 [2].
Table 3 UL measurement parameters (QPSK)
	Reference channel
	Single RB
	Full RB

	
	X-1
	X-2
	X-3
	X-4
	X-5
	X-6
	X-7

	Allocated resource blocks
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	104
	600
	1544
	2216
	5160
	6712
	10296

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0
	24
	24

	Number of code blocks - C
	1
	1
	1
	1
	1
	2
	2

	Coded block size including 12bits trellis termination (bits)
	396
	1844
	4716
	6732
	15564
	10188
	15564

	Total number of bits per sub-frame
	288
	1728
	4320
	7200
	14400
	21600
	28800

	Total symbols per sub-frame
	144
	864
	2160
	3600
	7200
	10800
	14400


Table 4 UL measurement parameters (16QAM)
	Reference channel
	Single RB
	Full RB

	
	Y-1
	Y-2
	Y-3
	Y-4
	Y-5
	Y-6
	Y-7

	Allocated resource blocks
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4

	Payload size (bits)
	408
	2600
	6456
	10680
	21384
	32856
	43816

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	24
	24
	24
	24
	24

	Number of code blocks - C
	1
	1
	2
	2
	4
	6
	7

	Coded block size including 12bits trellis termination (bits)
	1308
	7884
	9804
	16140
	16140
	16524
	16524

	Total number of bits per sub-frame
	576
	3456
	8640
	14400
	28800
	43200
	57600

	Total symbols per sub-frame
	144
	864
	2160
	3600
	7200
	10800
	14400


.

4. Recommendations

a) Define what UL signal should be used for Frequency error / EVM / IQ component / In-band emission, as these will be derived from the same analysis of the in-channel signal.

b) If the above proposals are acceptable, proceed to a formal definition of the UL Reference channels in the next update of 36.101.
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