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1.
Introduction
The requirements on transmitter and receiver characteristics have mostly been defined in TS 36.101 [1], but the UL signals to be used when measuring the transmitter and receiver characteristics are undefined.
At RAN4#48bis in Edinburgh, the principles and outline proposed in R4-082300 [3] were agreed.
This contribution considers the design of the UL signals suitable for UE Tx and Rx tests, and gives the background to the proposed definitions of UL reference measurement channels in the related CR [6].

2.
Discussion
Conditions

The following conditions in [3] were agreed as a basis: 

· 1 HARQ transmission

· Cyclic Prefix normal

· PUSCH hopping off

· Link adaptation off
· Variants for each Channel bandwidth
· Variants for each Modulation scheme (QPSK 1/3 and 16-QAM 3/4. 64-QAM is [FFS])
· UL power target according to each requirement (such as max power, min power, xdB below max..)
Physical Channels and Physical signals
To specify UE Receiver requirements in a way that is testable, the UE’s ACK/NACK responses to DL Transport Blocks need to be available on the UL. In addition, the UE Receiver requirements in TS 36.101 [1] are specified with the UE power at, or close, to maximum. A good solution to meeting these requirements would be to use ACK/NACK multiplexed on PUSCH, similar to the setup given in [4].

The scenario for UE Tx and Rx requirements is simpler than for the eNB demodulation performance considered in [4] and [5], because the UL condition is free of any channel impairments (no AWGN, no fading). We should not therefore need to consider BLER or missed ACK, since they can be measured with very low error rate on a wired UL connection.

This leads to a condition where the UE transmits PUSCH and Reference signal only, without PUCCH, PRACH or SRS. We propose that other parameters align with the values given in [4]:     

· ACK/NACK 1 bit
· ACK/NACK mapping adjacent to RS
· ACK/NACK resources punctured into data

· Max number of resources for ACK/NACK: 4 SC-FDMA symbols per sub-carrier

· ACK/NAK resources allocation Number of ACK/NAK symbols per PRB set indirectly by the Offset_dB value for ACK/NAK 
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· No CQI transmitted,  no RI transmitted
We propose the following scenarios for UE transmitter requirements:
Several Tx requirements are specified with partial RB allocations. To check that such partial RB allocations are determined on the correct basis, our current understanding is recorded here as examples:  

· Interpretation of required specification / test conditions for 6.2.3, 1.4MHz:

· QPSK Max power is only obtainable for 5/6RBs or lower, so we would test 6.2.2 at 5/6RBs

· QPSK Max power -1dB applies at full 6/6RBs, so we would test 6.2.3 at full 6/6RBs 

· 16-QAM Max power -1dB applies from 1/6 to 5/6RBs, so we would test 6.2.3 at 5/6RBs

· 16-QAM Max power -2dB applies at full 6/6RBs, so we would test 6.2.3 at full 6/6RBs 

· Interpretation of required specification / test conditions for 6.2.3, 3MHz:

· QPSK Max power is only obtainable for 4/15 RBs or lower, so we would test 6.2.2 at 4/15 RBs

· QPSK Max power -1dB applies from 5/15 to full 15/15RBs, so we would test 6.2.3 at full 15/15RBs 

· 16-QAM Max power -1dB applies from 1/15 to 4/15RBs, so we would test 6.2.3 at 4/15RBs

· 16-QAM Max power -2dB applies from 5/15 to full 15/15RBs, so we would test 6.2.3 at full 15/15RBs 

At RAN4#48bis, there were no specific preferences expressed for the RB allocation of tests using the Global in-channel measurement. The table below has been revised from [3] to use either full RB allocation or single RB allocation for these requirements. This minimises the need for any additional UL test models.     

Table 1 Revised Tx analysis

	36.101 Section
	Requirements
	Full RB
	Partial RB allocation
	Single RB (Band edge)
	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

Partial UL allocations:

1.4MHz: 5/6

3MHz: 4/15

5MHz: 8/25

10MHz: 12/50

15MHz: 16/75

20MHz: 18/100
	
	Full MPR coverage requires specific number of RBs



	6.2.4
	UE Maximum Output power, Add Reqts 
	QPSK

16-QAM
	
	
	Since all A-MPRs are “>#RB”, test at full RB.

	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
	
	QPSK

16-QAM
	Derived from Global in-channel measurement

	6.5.2.1
	Error Vector Magnitude
	QPSK

16-QAM
	
	QPSK

16-QAM
	Derived from Global in-channel measurement 

	6.5.2.2
	IQ-component
	QPSK

16-QAM
	
	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

Partial UL allocations:

1.4MHz: 5/6

3MHz: 4/15

5MHz: 8/25

10MHz: 12/50

15MHz: 16/75

20MHz: 18/100
	
	Same partial RB allocations as MPR and A-MPR

	6.6.2.2
	Additional Spectrum Emission Mask
	QPSK

16-QAM
	QPSK

16-QAM

Partial UL allocations:

1.4MHz: 5/6

3MHz: 4/15

5MHz: 8/25

10MHz: 12/50

15MHz: 16/75

20MHz: 18/100
	
	Same partial RB allocations as MPR and A-MPR

	6.6.2.3
	Adjacent Channel Leakage Ratio
	QPSK

16-QAM
	QPSK

16-QAM

Partial UL allocations:

1.4MHz: 5/6

3MHz: 4/15

5MHz: 8/25

10MHz: 12/50

15MHz: 16/75

20MHz: 18/100
	
	Same partial RB allocations as MPR and A-MPR

	6.6.2.3
	Additional ACLR requirements
	QPSK

16-QAM
	QPSK

16-QAM

Partial UL allocations:

1.4MHz: 5/6

3MHz: 4/15

5MHz: 8/25

10MHz: 12/50

15MHz: 16/75

20MHz: 18/100
	
	Same partial RB allocations as MPR and A-MPR

	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 Rx analysis
	36.101 Section
	Requirements
	Full RB
	Partial RB allocation
	Single RB (Band edge)
	Note

	7.3
	Reference sensitivity
	QPSK
	QPSK

Partial UL allocations:

1.4MHz: none, always full 6/6

3MHz: none, always full 15/15

5MHz: 20/25

10MHz: 20/50, 25/50

15MHz: 50/75

20MHz: 25/100, 50/100, 75/100
	
	

	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!


The above two tables have not been included in the related CR for 36.101 [6] as they are more concerned with testing. However, we recommend that they are formally communicated to RAN5, so that RAN4 and RAN5 have a common understanding.
3.
Proposed UL measurement channels
The UL measurement channels are defined in the accompanying CR [6]. They have been defined for full RB allocation, partial RB allocation and single RB allocation. To restrict the number of combinations for partial RB allocation, only the allocations currently used in 36.101 [1] are described.

If in the future other partial RB allocations are needed, columns can easily be added to define the new channels.
The table formats are based on those agreed in [3], with the single RB allocation as part of the “Partial RB allocation” table. The Transport Block sizes have been calculated for the new partial RB allocations, and an error in the single RB Transport Block size for QPSK has been corrected. 
At present the 64-QAM channels have not been defined, but provision has been made in the structure of [6].

At present no TDD variants have been defined, but a structure ready to accept text and tables is included in [6].

4. Recommendations

a) To agree the accompanying CR [6] and incorporate it in TS 36.101 v8.4.0.
b) To write an LS to RAN5 including the above tables 1 and 2 for Tx and Rx test scenarios.
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