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1.
Summary

Conformance Test specification TS 36.521-1 [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 Downlink.

2. Downlink parameters

The Downlink signal in LTE is OFDM, and the demodulation performance is specified as a % of the DL Reference Measurement channel throughput at a defined signal-to-noise ratio and with a defined Propagation condition. For example, for PDSCH demodulation, Single DL Tx antenna with 10MHz Ch BW, the UE should achieve 70% of the Reference Measurement channel throughput at SNR of -1.0dB, with propagation according to EVA5 as in the first row of 36.501 [2] Table 8.2.1.1.1-2..

The OFDM nature of the DL signal means that the key parameter is signal-to-noise ratio per subcarrier, since this is the quantity that will affect the UE’s ability to demodulate. The absolute power of the noise is not critical within quite a wide range.  

Taking note of the existing information, the following parameters are proposed:

Table 1: Proposed parameters and uncertainties for UE demodulation tests

	
	Parameter
	Unit
	Typical value 
	Uncertainty

	a)
	Nominal AWGN power per subcarrier 
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	dBm/15kHz
	-98
	-

	b)
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 absolute power uncertainty, averaged over AWGN bandwidth
	dB
	-
	[+/-3]

	c)
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 flatness, max deviation for any subcarrier, relative to average over AWGN bandwidth
	dB
	-
	Up to [+/-3] See notes

	d)
	AWGN flatness, max difference between adjacent Resource Blocks
	dB
	-
	[+/-0.7]

	e)
	Signal-to noise ratio, for each allocated subcarrier
	dB
	-3.4... +19.1
	-

	f)
	Signal-to noise ratio uncertainty, for each allocated subcarrier
	dB
	-
	[+/-0.2]

	g)
	Fading profile power uncertainty
	dB
	-
	[+/-0.5]

	h)
	Fading profile delay uncertainty, relative to frame timing (excludes absolute errors related to baseband timing)
	ns
	-
	[+/-5]

	i)
	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 subcarrier 
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: -98dBm/15kHz. The absolute level of the noise is not expected to be critical, provided that the nominal level is chosen to be somewhere near the centre of the UE’s operating range. The figure of -98dBm/15kHz was technically endorsed at RAN4#49bis in R4-090091 [6], and is expected to be formally agreed at RAN#50 in R4-090445 [7]. The same level is also used widely for the RRM tests in TS 36.133 [3]. As shown by the calculation on the cover sheet of [6], it allows enough headroom for the largest positive signal to noise ratio value (19.1dB) and for the maximum scaling at full RB allocation. It is also significantly above the Reference sensitivity level, so the test measures the effect of fading and not of receiver thermal noise.      

b) 
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 absolute power uncertainty, averaged over AWGN bandwidth: [+/-3dB]. As this level is not critical, a default uncertainty of +/-3dB can be applied. The calculations about headroom and Reference sensitivity in [6] indicate that this uncertainty is unlikely to cause any significant difference in performance.
c) 
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 flatness, max deviation for any subcarrier, relative to average over AWGN bandwidth: [+/-3dB]. As the key parameter is signal-to-noise ratio per subcarrier (affecting the UE’s ability to demodulate), the flatness of the AWGN itself is not expected to be critical. A relatively wide signal of up to 18MHz bandwidth is required (significantly wider than the 5.76MHz used for W-CDMA), and this signal may need to be passed through a complex RF switching system. A value of +/-3dB is proposed, not to put unnecessarily tight constraints on test implementations. Note that TS 36.104 [4] does not directly place any limits on the flatness of the eNB’s downlink signal.

We should note however that the proposed maximum difference in d) between the power of adjacent Resource Blocks puts a tighter constraint on narrow RB allocations. For example, a 6RB allocation in 1.4MHz channel bandwidth could have a maximum change of (6 x 0.7dB). This is equivalent to +/-2.1dB over the AWGN bandwidth of 1.08MHz. In practice the AWGN flatness can be expressed as:

AWGN flatness = ± Min ((0.7 x NRB /2), 3) dB

d) AWGN flatness, max difference between adjacent Resource Blocks: At RAN4#49bis in Ljubljana it was proposed by several companies that there should be a limit on the maximum difference between the power of adjacent Resource Blocks. We propose a figure of [0.7dB].

e) Signal-to noise ratio, for each allocated subcarrier: Already defined in TS 36.521-1 [1], with values chosen from the range given according to the specific test.

f) Signal-to noise ratio uncertainty, for each allocated subcarrier: [+/-0.2dB]. Although the absolute level and flatness of the AWGN are not critical, it is very important that the signal power tracks the noise power to give a well-defined signal-to-noise ratio. This is controlled by a relatively tight uncertainty value placed on the signal-to noise ratio uncertainty for each allocated subcarrier.

g) Fading profile power uncertainty: [+/-0.5dB]. Currently the same figure is used as for W-CDMA in TS 34.121-1 [5]. However test scenarios for SIMO scenario, and the effect of this on fading profile power uncertainty is for further study. The uncertainty applies to each tap of the channel model.
h) Fading profile delay uncertainty: [+/-5ns]. It was correctly pointed out by Agilent at RAN4#49bis that the uncertainties for fading in TS 34.121-1 [5] only model the power uncertainty. The channel model being emulated consists of a number of taps, each with a tap delay and delay spread, as defined for example by Table B.2.1-2 in 36.101 [2]. To control the properties of the channel model the delay uncertainty should also be specified. The value of [+/-5ns] chosen here is about 1/10 of the smallest delay spread specified by the channel models in 36.101 [2]. It is believed to be reasonable from a test equipment implementation viewpoint. Any absolute errors related to baseband timing are excluded, as they are not relevant to the test purpose.
i) 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. This approach was agreed at RAN4#49bis, 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).       

3. Previous discussion on AWGN

At RAN#47bis in Munich an initial proposal [8] 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, taking into account the relevant properties of a multicarrier OFDM signal. 

4. Recommendations

If agreed, the above parameters will be used for a CR to TS 36.521-1 at RAN5#42bis or RAN5#43.
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