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1.
Summary
Conformance Test specification TS 36.141 [1] does not currently contain uncertainty parameters for the demodulation performance tests in Clause 8. 
LTE uses OFDM on the Downlink and SC-FDMA on the Uplink, so Downlink and Uplink may not have identical uncertainty parameters. This paper considers which parameters should be specified to control the uncertainty of the demodulation performance tests for the Uplink.
2. Uplink parameters
The Uplink signal in LTE is SC-FDMA, and the demodulation performance is specified as a % of the UL Reference Measurement channel throughput at a defined signal-to-noise ratio and with a defined Propagation condition. For example, for PUSCH demodulation, 2 UL Rx antennas with 1.4MHz Ch BW, the UE should achieve 30% of the Reference Measurement channel throughput at SNR of -4.1dB, with propagation according to EPA5.

Because the bandwidth of the UL signal depends on the Resource allocation, TS 36.104 [2] subclause 8.1 defines:

“The SNR used in this clause is defined as:

SNR = S / N

Where:

S 
is the total signal energy in the subframe on a single antenna port.

N
is the noise energy in a bandwidth corresponding to the allocated bandwidth over the duration of a subframe.”
The absolute level of the AWGN scales with Resource allocation, so TS 36.141 [1] Table 8.2.1.4.2-1 defines:

Table 8.2.1.4.2-1: AWGN power level at the BS input
	Channel bandwidth [MHz]
	AWGN power level [dBm/Channel BW]

	1.4
	-91.5

	3
	-88.2

	5
	-86

	10
	-83

	15
	-81.2

	20
	-80


The same AWGN levels also appear in TS 36.141 [1] Tables 8.2.2.4.2-1, 8.2.3.4.2-1 and 8.2.4.4.2-1.

Levels (all 3dB higher) appear in TS 36.141 [1] Tables 8.3.1.4.2-1, 8.3.2.4.2-1, 8.3.3.4.2-1 and 8.4.1.4.2-1.
These figures are generally based on a power spectral density of either -100dBm/RB or -97dBm/RB. Note that the 1.4MHz figure currently appears to be anomalous, being based on -99.3dBm/RB or -96.3dBm/RB, assuming 6RBs for 1.4MHz Chanel bandwidth. This apparent anomaly is not directly part of this discussion, but a proposal to address it is made in [6].
Taking note of the existing information, the following parameters are proposed:

Table 1: Proposed parameters and uncertainties for eNB demodulation tests
	
	Parameter
	Unit
	Typical value 
	Uncertainty

	a)
	Nominal AWGN power per Resource Block
	dBm/RB
	-100 or -99.3?

-97 or -96.3?
	-

	b)
	AWGN absolute power uncertainty, averaged over AWGN bandwidth
	dB
	-
	[+/-1.5]

	c)
	AWGN flatness, max deviation for any Resource Block, relative to average over AWGN bandwidth
	dB
	-
	[+/-2]

	d)
	Signal-to noise ratio, averaged over allocated BW
	dB
	-19... +19.7
	-

	e)
	Signal-to noise ratio uncertainty, averaged over allocated BW
	dB
	-
	[+/-0.3]

	f)
	Fading profile uncertainty
	dB
	-
	[+/-0.5]

	g)
	AWGN Bandwidth = NRB x 180kHz
	MHz
	1.08, 2.7, 4.5, 9, 13.5, 18
	-


The following tentative values are proposed:

a) Nominal AWGN power per Resource Block: Already defined in TS 36.141 [1], based on either -100dBm/RB or -97dBm/RB.      

b) AWGN absolute power uncertainty, averaged over AWGN bandwidth: [+/-1.5dB]. This figure is a little wider than the figure used for W-CDMA in TS 25.141 [4] subclause 4.1.4, as the wider bandwidth compared to W-CDMA can add some uncertainty. 
c) AWGN flatness, max deviation for any Resource Block, relative to average over AWGN bandwidth: [+/-2dB]. It is not immediately clear how critical this parameter is in isolation, given that the eNB performance is specified in a bandwidth corresponding to the allocated bandwidth. The allocated bandwidth may vary from 1 RB to the full quota of RBs for the channel bandwidth. A value of +/-2dB is proposed, based on the uplink signal from the UE which eNB has to deal with. This signal may lie anywhere within the bounds given by TS 36.101 [3] subclause 6.5.4.2.1, but the value of +/-2dB is the maximum value that can apply anywhere, regardless of proximity to band edge:
Table 6.5.2.4.1-1: Minimum requirements for spectrum flatness (normal conditions)

	Spectrum Flatness 
	Relative Limit (dB)

	If FUL_measurement  -  FUL_low ≥ 3MHz

and

If FUL_high -  FUL_measurement  ≥ 3 MHz
	+2/-2

	If FUL_measurement  -  FUL_low < 3 MHz

or

If FUL_high -  FUL_measurement  < 3 MHz
	+3/-5

	Note

1. FUL_low and FUL_high refers to each E-UTRA frequency band specified in Table 5.2-1
2. FUL_measurement  refers to frequency tone being evaluated



Table 6.5.2.4.1-2: Minimum requirements for spectrum flatness (extreme conditions)

	Spectrum Flatness 
	Relative Limit (dB)

	If FUL_measurement  -  FUL_low ≥ 5MHz

and

If FUL_high -  FUL_measurement  ≥ 5 MHz
	+2/-2

	If FUL_measurement  -  FUL_low < 5 MHz

and

If FUL_high -  FUL_measurement  < 5 MHz
	+4/-8

	Note

3. FUL_low and FUL_high refers to each E-UTRA frequency band specified in Table 5.2-1
4. FUL_measurement  refers to frequency tone being evaluated



d) Signal-to noise ratio: Already defined in TS 36.141 [1], with values chosen from the range given according to the specific test.

e) Signal-to noise ratio uncertainty averaged over allocated BW: [+/-0.3dB]. The reason for specifying signal-to-noise ratio “averaged over allocated BW” is that this is the region defined in TS 36.104 [2] subclause 8.1. The actual flatness of the AWGN or of the signal is not expected to be critical provided the Signal-to noise ratio can be maintained.
f) Fading profile uncertainty: [+/-0.5dB]. The same figure is used as for W-CDMA in TS 25.141 [4].
g) AWGN Bandwidth = NRB x 180kHz. There seems to be no benefit in setting a requirement on the AWGN outside the bandwidth of the resource blocks, so “AWGN Bandwidth” has been set by calculation based on the maximum number of resource blocks that can be allocated (NRB x 12 subcarriers per RB x 15kHz per subcarrier). This has been discussed previously on the RAN4 e-mail reflector and seemed to be generally agreed, so it is formally proposed here.       
3. Previous discussion on AWGN
At RAN#47bis in Munich an initial proposal [5] was made to specify the required parameters of an AWGN signal, in a way similar to that used for W-CDMA. At the time the proposal was not agreed, partly because the W-CDMA flatness specification of ±0.5 dB over (1.5 x 3.84MHz) was proposed to be extended over the much wider 18MHz channel bandwidth of LTE. This was felt to be unrealistic for implementation by Test Equipment vendors. A different approach has therefore been proposed in the sections above.
4. Recommendations

If agreed, the above parameters will be used for a CR to TS 36.141 at RAN4#50.
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