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1 Introduction

Different aspects of UE EVM have been covered in several earlier RAN4 contributions. This contribution gives a proposed structure of EVM requirements for the UE transmitter, in line with the arguments presented in [1] and [2]. The intention is to specify limits on:
1. The modulation accuracy for the wanted signal for different modulation formats.
2. The total EVM over all resource blocks in the regulatory bandwidth when only a fraction of the resource blocks are allocated to the DUT.
3. The maximum EVM measured in one single resource block, not allocated to the DUT.

4. Possibly, the maximum EVM measured on resource blocks containing or immediately adjacent to the DC carrier. This requirement may be needed if the requirement 3 is found not to be sufficiently stringent for good system performance, since LO leakage from all users add up in the NodeB receiver. 
All tests above can be performed with the same methodology, outlined below. 

2 Test setup and requirement structure
A basic, simplified test setup is outlined in Figure 1.
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Figure 1 Basic test setup for EVM measurements.
 All EVM tests are performed using the same procedure. 

1. The DUT is configured to transmit 
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 slots of data using test-specific modulation, all according to the uplink slot format specified in [36.211]. 
2. The symbols are precoded through the DFT operation, and distributed on a test-specific set of resource blocks 
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, where resource block 1 corresponds to the lowest transmitted frequencies within the regulatory bandwidth, and resource block 
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 corresponds to the highest ones
. This precoded, distributed signal constitutes the test signal 
[image: image5.wmf])

,

(

f

t

R

 to be used in the EVM tests.

3. The test signal is passed through the IDFT operation, cyclic prefix attachment, and subsequent digital and analog front-end.
4. The RF signal from the antenna port is passed through the test-specific propagation channel emulator.
5. In the test equipment, the received signal is passed through the DFT operation and equalization to form the received signal 
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. The error vector is defined as 
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, i.e. the difference between the received signal after the DFT and equalization operation and the test signal. The test equipment shall adjust frequency, absolute phase, absolute amplitude, clock timing, etc of the received signal as defined in the Annex, in order to minimize the power of the error vector 
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, where 
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is the set of time instants and
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is the set of frequencies for which the EVM is measured.
One alternative is to define the error vector in the constellation domain instead, i.e. to use the transmitted symbols as the test signal. The EVM requirement should be the same regardless of which domain is used since the DFT precoding operation conserves energy. 
2.1 EVM for full resource block allocation
The EVM for full resource block allocation is measuring the modulation accuracy for demodulation of the own signal. It is measured using as many resource blocks as possible for PUSCH, as specified in Table 1.
	BW 
	Allocated resource blocks

	X
	[TBD]

	Y
	[TBD]

	5
	2..21 

	10
	2..49

	15
	2..73

	20
	2..97


Table 1
The EVM requirements shall be measured with the propagation channels specified in Table 2.

	
	Test 1
	Test 2

	Propagation conditions
	AWGN
	[EVM test channel]1

	1 The EVM test channel is yet to be defined, but could e.g. be a static 2 tap channel with tap amplitude 1, separated by [80] % of the cyclic prefix length. Note: An alternative to using Test 2 is presented in [3], namely to require that the AWGN requirements are fulfilled within a timing window corresponding to [80] % of the cyclic prefix length. Preferably, the same requirement structure should be used for both Node B and UE.


Table 2
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 shall be minimized and measured using frequencies
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corresponding to all resource blocks excluding resource block 1 and NRB which are allocated for PUCCH. 
The EVM for different modulation schemes shall not exceed the minimum requirements specified in Table 3 for output powers in the range from maximum output power down to [-30] dBm.
	Modulation scheme 
	Required EVM [%]

	
	Test 1
	Test 2

	QPSK
	[TBD]
	[TBD]

	16QAM
	[14]
	[14]


Table 3
2.2 EVM for partial resource block allocation

The EVM for partial resource block allocation is mainly needed for controlling the UE transmitter impact on non-allocated resource blocks. These tests shall be conducted using the maximum modulation format according to the UE capability, and using AWGN propagation channel only. The number of allocated resource blocks occupy approximately one third of the available bandwidth, as specified in Table 4.
	BW 
	Allocated resource blocks

	X
	[TBD]

	Y
	[TBD]

	5
	2..9 (8 RB)

	10
	2..17 (16 RB)

	15
	2..26 (25 RB)

	20
	2..33 (32 RB)


Table 4
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 shall be minimized using frequencies
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corresponding to all resource blocks excluding resource block 1 and NRB which are allocated for PUCCH.
2.2.1 EVM measured on all resource blocks

In this test, 
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 shall be measured using frequencies 
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corresponding to all resource blocks excluding resource block 1 and NRB which are allocated for PUCCH. The EVM shall not exceed the minimum requirements specified in Table 5 for output powers in the range from maximum output power down to [-30] dBm.

.

	Required EVM [%]

	[TBD]


Table 5
2.2.2 EVM measured on single resource block

In this test, 
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 shall be measured using frequencies 
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corresponding to one single resource blocks at a time among the ones not allocated to the DUT. The EVM for any of these unallocated resource blocks shall not exceed the minimum requirements specified in Table 6 for output powers in the range from maximum output power down to [-30] dBm.

.

	Required EVM [%]

	[TBD]


Table 6
2.2.3 EVM measured on center resource blocks

If the maximum EVM requirement per resource block specified in ‎2.2.2 is deemed not to be sufficient for the resource block(s) around the DC carrier, additional stricter requirements may be defined for this case. In this test, 
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 shall be measured using frequencies 
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corresponding to one single resource block containing (if the total number of resource blocks in the band is an odd number), or immediately adjacent to the band center (if the total number of resource blocks in the band is an even number). The EVM for any of these unallocated resource blocks shall not exceed the minimum requirements specified in Table 7 for output powers in the range from maximum output power down to [-30] dBm.
.

	Required EVM [%]

	[TBD]


Table 7
3 Unclear areas
There are still a number of open issues that this contribution does not deal with. Most important is to define exactly how the equalization in the EVM test shall be performed. It is reasonable to use a similar approach as for the NodeB EVM. However, there are certain fundamental differences between OFDM and SC-FDMA signals that might be exploited. The DFT precoding operation has the effect of spreading the transmitted information over all the allocated frequencies, which makes the UL signal less sensitive to e.g. amplitude variations in the frequency domain. Furthermore, the fact that the reference signal structure is different in DL and UL may call for different equalizer definition.
Another important issue to settle is the measurement period. Until that is defined, the inherent variance of the measurement is not known, and thus it is difficult to decide on a value that should be possible to fulfill with a certain statistical confidence.

4  Conclusions
This contribution proposes a structure of the UE EVM requirements. The aim is to test own signal EVM, as well as the UE transmitter impact on non-allocated resource blocks. It is suggested to test the EVM in full allocation as well as approximately 1/3 resource block allocation. For the partial allocation, both a total EVM measured over the whole bandwidth, as well as a maximum EVM per non-allocated resource block is proposed. Whether to also define more stringent tests for the resource blocks around the DC carrier is for further study.
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� As specified in [36.211], the Physical Uplink Control Channel (PUCCH) is transmitted on the edge resource blocks, e.g. 1 and � EMBED Equation.3  ���. The Physical Uplink Shared Channel (PUSCH) is in this case transmitted on resource blocks � EMBED Equation.3  ���. If only 1 RB is allocated for PUCCH, the number of PUSCH RBs may be increased for some bandwidths in � REF _Ref162957721 \h ��Table 1�.
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