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1. Introduction

References [2] and [3] propose a method for constructing the so-called Variable Reference Channels (VRC’s) for HSDPA receiver performance assessment. This document presents VRC simulation results, and further discusses the VRC test methodology.

2. Simulation Results

2.1. Background

The VRC methodology requires that:

1. the Node-B emulator transmits – without the use of H-ARQ or incremental redundancy – the Transport Block Size (TBS) that corresponds to the Channel Quality Indicator (CQI) most recently indicated by the Node-B,

2. the UE attempts to decode the transmitted HS-DSCH codeword, and signals – via the ACK/NACK field of the HS-DPCCH – the result of the decoding attempt, and

3. the Node-B emulator accumulates HS-DSCH packet error rate (PER) and throughput results, using the error-free HS-DPCCH.

The resulting test criteria are:

1. in order to verify CQI reporting accuracy, the observed HS-DSCH PER should be within acceptable limits,

2. in order to verify that the UE does not meet the CQI reporting criterion by simply reporting excessively low values of CQI, the HS-DSCH throughput should be above some minimum level.

2.2. Results

Table 1, Table 2 and Table 3 respectively list simulated VRC performance for the Pedestrian A 3km/h, Pedestrian B 3km/h, and  Vehicular-A 30km/h multipath channel models. The results are for a UE with a capability to receive 6 ARQ processes with an inter TTI distance of 1. The simulation assumptions are consistent with those specified in Section A.5 of TR 25.890 [1], including the SCH channel and scrambling code definitions agreed following RAN4#23, and performance is derived in a manner consistent with a UE implementation observing the timing constraints imposed by channel estimation and CQI reporting. The redundancy version parameter 
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 was always set to 0.
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(dB)
	PER
	T-Put
(kbps)

	0
	-6
	0.33570
	289

	0
	-3
	0.33495
	505

	5
	-6
	0.30335
	622

	5
	-3
	0.30635
	1010

	10
	-6
	0.28270
	1039

	10
	-3
	0.27840
	1556


Table 1 – Simulated VRC performance, Pedestrian A, 3km/h
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(dB)
	PER
	T-Put
(kbps)

	0
	-6
	0.22367
	273

	0
	-3
	0.24452
	503

	5
	-6
	0.19757
	480

	5
	-3
	0.22569
	832

	10
	-6
	0.20672
	618

	10
	-3
	0.22590
	1061


Table 2 – Simulated VRC performance, Pedestrian B, 3km/h
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(dB)
	PER
	T-Put
(kbps)

	0
	-6
	0.320941
	180

	0
	-3
	0.324610
	345

	5
	-6
	0.242737
	338

	5
	-3
	0.263041
	609

	10
	-6
	0.201695
	461

	10
	-3
	0.214071
	817


Table 3 - Simulated VRC performance, Vehicular A, 30km/h

3. Discussion

3.1. VRC CQI Estimation Delay and Effect on PER

Notably, the PER in the above results is not equal to, or less than 0.1. This is due to effects such as UE HS-PDSCH SNR estimation error, but a major (and predictable) contributor is the delay in multipath fading channels between estimation of the CQI by the UE, the subsequent transmission of the requested HS-DSCH packet by the Node-B emulator, and the reception by the UE of the HS-DSCH sub-frame. This effect is, of course, more significant at 30km/h than at 3km/h.

As illustration, and for the purpose of convergence of results, the simulated PER and throughput for an AWGN channel for selected values of 
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 appear in Table 4. It can be seen that the PER statistic is much closer to the nominal value of 0.1.
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(dB)
	PER
	T-Put
(kbps)

	0
	-14.5
	0.11520
	67

	0
	-12.15
	0.16145
	168

	5
	-11.4
	0.12255
	447

	10
	-10.4
	0.10160
	1012

	10
	-8.4
	0.13985
	1742

	10
	-4.15
	0.11780
	2919


Table 4 – Simulated VRC performance, AWGN

Clearly, for the RAN4 VRC tests, the timing between SNR estimation, CQI reporting and reception of the requested HS-DSCH payload is known to the UE, and it would be possible to design a CQI estimation function which maximizes throughput and more closely achieves PER=0.1 for RAN4 test purposes. Obviously, however, such timing relationships do not occur in practical HSDPA deployments. Indeed, the UE’s objective in reporting the channel quality is to most accurately report that CQI that achieves PER=0.1 in the interval corresponding to the observation interval used to determine the CQI (i.e. the timing of any subsequent HS-DSCH transmission must be assumed unknown). For the current RAN4 test, in a multipath fading channel, this leads inevitably to values of estimated PER different than 0.1.

Use of an AWGN channel can alleviate this issue, but effectively prevents the use of multipath channel models for CQI assessment (and important feature). Accordingly, one possible course of action is for RAN4 a) agree on specific values of 
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 and HS-DSCH 
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 in AWGN for initial results convergence, and then b) specify performance in multipath fading channels as originally proposed.

3.2. Specification of Ior/Ioc and HS-DSCH Ec/Ior

The values 
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 are currently considered for fixed reference channel (FRC) tests (see also remarks in [5] concerning 
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 selection for 16-QAM FRC testing). Given that specific HS-SCCH, DPCH and OCNS 
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 levels will be established based on these values for the FRC’s, it seems convenient to retain identical values of 
[image: image18.wmf]/

oroc

II

 and 
[image: image19.wmf]/

cor

EI

, and this is recommended.

3.3. Specification of HS-SCCH and DPCH Ec/Ior

Based on the results of [4], it seems feasible to set the HS-SCCH 
[image: image20.wmf]/

cor

EI

 level to be such that the HS-SCCH signalling error rate is made arbitrarily small. Another alternative is to set the HS-SCCH 
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 level to be such that the HS-SCCH error rate is 1%. In this case, a practical test strategy similar to that proposed for the FRC case [5] can be used. That is, if the error-free HS-DPCCH indicates neither ACK nor NACK, the Node-B emulator shall disregard the associated HS-DSCH packet from both HS-DSCH PER and throughput statistics. Accordingly, the same values of HS-SCCH and DPCH 
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 applicable to the FRC tests should also be applicable to the VRC tests.

4. Possible Simplification of VRC Tests

If it were accepted by RAN4 that the FRC tests establish the sensitivity of  the HS-DSCH receiver, it might be possible to neglect specification of the throughput requirement of the VRC tests, and simply specify a range of acceptable values (i.e. 
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) of observed PER, since this would adequately verify that the UE is reporting a CQI that it can demodulate with the specified packet error probability.

5. Conclusions

An initial set of variable reference channel results are outlined. It is recommended that – due to the importance multipath channel assessment – VRC testing is still performed using multipath fading channels. It is also recognized, however, that initial alignment using AWGN channels may be useful, and the parameters of Table 4 are proposed as possible values for the basis for such alignment. It is further proposed that the values of 
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, and HS-DSCH, HS-SCCH and DPCH
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 used for FRC testing be aligned as closely as possible to those used for FRC testing.
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