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1
Introduction
Uplink channel sounding scheme is one of the key aspect of LTE in order to allow efficient scheduling in the channel. LTE UE so transmits Sounding RS (SRS) that eNB to evaluate instantaneous channel response in uplink. Since SRS has specific modulation and may be transmitted in a single manner sometime, it would be worthwhile to consider its signal quality and setting EVM requirement.
2 Discussion

In general, there is no need to check signal quality of all of the physical channels or symbols since typical UE implementation would use common modulation scheme and amplifiers as much as possible when transmit these physical channels. Since PRACH has slightly different modulation scheme and transmit ON/OFF mask from the ones for PUCCH or PUSCH, it has its specific signal quality requirements as agreed in [2]
As for Sounding RS, its modulation scheme uses Zadoff-Chu based sequences which is a subset of the sequence for Reference Signals and causes different modulation constellation from data symbols in PUCCH or PUSCH (i.e. QPAK, BPSK or 16QAM). Considering the transmit aspect in time (or transmit ON/OFF mask perspective), SRS may be transmitted either a single manner as well as consecutive manner in a transmit slot subject to the uplink scheduling. As agreed in [1] and specified in Figure 6.3.4.2-1 in TS36.101[3], SRS and PRACH are applied the same ON/OFF time mask which has small dissimilarity to the general ON/OFF time mask specified in Figure 6.3.4.1-1 in [3]. Taking into account these specific natures of SRS transmission in time domain, it would be worthwhile to consider signal quality requirement of SRSs and if necessary to set test requirements for the symbols.
In the context of the signal quality, EVM is a proper measure. Because of Zadoff-Chu sequence for the modulation, one of the EVM criteria for the reference symbols to be specified in the right most column of Table 6.5.2.1.1-1 in [3] would be proper and applicable (apart from test conditions below).
Regarding the test conditions (if the corresponding test is necessary), the following aspect should be studied to derive test conditions:
· SRS transmit parameters:
A single transmission scenario would be one of the useful scenario.
Maximum transmission bandwidth would represent one of the significant situations in SRS transmission and would be a proper test condition.

Typical transmit period, transmission period, transmission offset in sub-frames, frequency hopping attributes etc. should be selected.

· EVM measurement window length (Annex F in [3]):
· Measurement period: As in the case for the reference signal measurement, 60 sub-frames (excluding any transient period) would be a candidate period.
Based on the above mentioned considerations, necessary EVM requirements can be derived. Possible modification on TS36.101 are attached in Annex as a text proposal. The actual EVM requirement is t.b.d. and need further investigation including necessity of the requirements itself.
3
Conclusion
Considering the importance of the signal quality of SRSs, initial studies on its signal quality test as EVM requirements are provided. Since further investigation is needed, comments or contributions from test equipment vendors or set manufacturers of UEs/ BSs are welcome.
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6.5.2
Transmit modulation

Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE.  This transmit modulation limit is specified in terms of; an Error Vector Magnitude (EVM) for the allocated resources blocks (RB), an I/Q component and an in-band emissions for the non-allocated RB.

All the parameters defined in clause 6.5.2 are defined using the measurement methodology specified in Annex F.
6.5.2.1

Error Vector Magnitude 
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the IQ origin offset shall be removed from the measured waveform before calculating the EVM.
The measured waveform is further modified by selecting the absolute phase and absolute amplitude of the Tx chain. The EVM result is defined after the front-end IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. 

The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and is one slot for the PUCCH and PUSCH in the time domain.. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the EVM measurement interval is reduced by one symbol, accordingly.  The PUSCH or PUCCH EVM measurement interval is also reduced when the mean power between slots is expected to change. In the case of PUSCH transmission, the measurement interval is reduced by a time interval equal to the sum of 5 μs and the applicable exclusion period defined in subclause 6.3.4, adjacent to the boundary where the power change is expected to occur.  The PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. In the case of PUCCH transmission with power change, the PUCCH EVM measurement interval is reduced by one symbol adjacent to the boundary where the power change is expected to occur.
6.5.2.1.1

Minimum requirement 
The RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case, 60 sub-frames excluding any transient period for the reference signal EVM case, and [tbd] sub-frames excluding any transient period for Sounding Reference Signal EVM case, for the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.1-1 for the parameters defined in Table 6.5.2.1.1-2. For EVM evaluation purposes, [all PRACH preamble formats 0-4 and] all PUCCH formats 1, 1a, 1b, 2, 2a and 2b are considered to have the same EVM requirement as QPSK modulated.
Table 6.5.2.1.1-1: Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK  or BPSK
	%
	17.5
	[17.5]

	16QAM 
	%
	12.5
	[12.5]

	Zadoff-Chu based (SRS)
	%
	[tbd]
	-


Table 6.5.2.1.1-2: Parameters for Error Vector Magnitude

	Parameter
	Unit
	Level

	UE Output Power
	dBm
	( -40

	Operating conditions
	
	Normal conditions




























































































































































































ANNEX		T.P. example for TS36.101
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