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1. 
At RAN4#22 (Sophia Antipolis, 3-5 April 2002) several sets of simulation results for fixed reference channels [2]-[7] were presented. As summarized in [1], the results from different companies showed good consistency. At the same meeting there was further discussion, however, of the simulation assumptions applicable to HSDPA performance assessment, resulting in the definition of an expanded round of simulation assumptions for fixed reference channels as shown in Table 1.

	
	RAN4#21 Simulation Assumptions
	RAN4#22 Simulation Assumptions

	Fixed Reference 
Channel Types
	16-QAM
	16-QAM, QPSK
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 (dB)
	15
	0,5,10,15

	Propagation Channels
	Pedestrian-B 3km/h, Vehicular-A 30km/h, Vehicular-A 120km/h
	Pedestrian-A 3km/h, Pedestrian-B 3km/h, Vehicular-A 30km/h, Vehicular-A 120km/h


Table 1 – Fixed reference channel simulation assumptions.

This contribution:

a) Discusses Motorola’s simulated performance results [8] arising from the second round of simulations,

b) Proposes which simulation assumptions should be retained for HSDPA receiver performance assessment in TS 25.101

2. Discussion of Simulation Results

The following observations can be made concerning the simulation results presented in [8].

a) Modification of 16-QAM RV sequence
Comparing the results of [8] to those reported previously in [3], it can be seen that the modification of the 16-QAM redundancy version (RV) sequence between the two sets of results led to a modest improvement at medium SNR’s (albeit for an error-free HS-SCCH – the difference may be greater when the HS-SCCH is included).

b) 16-QAM performance vs. QPSK performance
For most of the test conditions, the throughput performance of the high-rate 16-QAM fixed reference was generally less than that of the low-rate QPSK fixed reference channel. Notably, this included the Pedestrian-A 3km/h channel. This is due to the absence of adaptive modulation and coding, and therefore the inability of the simulated Node-B to adapt the modulation to the short-term receiver output SNR. Importantly, it is precisely this lack of adaptive modulation in the fixed reference channel tests that is addressed by the variable reference channel tests.
3. Discussion of Simulation Assumptions

3.1. Propagation Channel Models

The original proposal on channel modeling for HSDPA receiver assessment [9] specified the use of Pedestrian-B 3km/h, Vehicular-A 30km/h and Vehicular-A 120km/h for all of the fixed reference channel conditions. Both Pedestrian-B and Vehicular-A were also specified for the variable reference channel testing.

Document [10] proposed, however, that Vehicular-A apply solely to QPSK fixed reference channels, with Pedestrian-A applied solely to 16-QAM fixed reference channels. This was justified on the basis that 16-QAM modulation would only be scheduled when the UE was near to the Node-B where the achievable G-factor would be high and the delay spread low.

Figure 1 compares RMS delay spread for the ITU channel models Indoor-A (IndA), Indoor-B (IndB), Pedestrian-A (PedA), Pedestrian-B (PedB) and Vehicular-A (VehA), as well as the TS 25.101 ‘Case’ models and the GSM Typical Urban (GSM-TU) model used as the basis for the RAN4 deployment model (TR 25.943). Notably, the RMS delay spread associated with the Pedestrian-A channel is only around 0.05us, compared to an RMS delay spread of 1us for the agreed RAN4 deployment model (i.e. GSM-TU).
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Figure 1. RMS delay spread vs. channel type.

· GSM-TU model (basis for 25.943 deployment model) RMS delay spread = 1us

· Ped-A = 0.05us RMS, Veh-A = 0.37us RMS, Ped-B = 0.63us RMS

The difference in the channel impulse responses can be better appreciated in Figure 2, which shows the mean channel tap power as a function of delay (i.e. the “Multipath Intensity Profile”).
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Figure 2. Multipath Intensity Profile vs. channel type.

Rather, specification of the Pedestrian-B and Vehicular-A models respectively seems consistent with measured low and medium delay spreads in urban environments, and still offers less time-dispersion than the TS 25.890 (i.e. GSM-TU) deployment model.

Further, since the Pedestrian-A channel model is essentially a “flat” (i.e. single-ray) model, it does not assess the finger management aspects of the receiver nor the fractional power loss at the receiver (i.e. the amount of channel not recovered by the RAKE receiver due to e.g. lack of despreading resources). (This can be estimated from Figure 2).

Finally, document [10] also proposes that the Pedestrian-A model be the sole propagation model applied to variable reference channel testing. An important aspect, however, of the Channel Quality Indicator (CQI) is the UE’s performance in assessing the maximum supportable CQI after RAKE finger combining. This requires significant multipath components to be present, and since the Pedestrian-A channel model is essentially a single-ray model it does not appear suitable for this purpose. Note that for the variable reference channel, if the specified G-factor for the test is insufficient to allow 16-QAM to be selected for transmission, the Node-B emulator will naturally transmit QPSK-only TTI’s.

3.1.1. Recommendation

Accordingly, we propose that RAN4 bases HSDPA receiver performance testing for all reference channels on a single set of propagation channel models:

a) Pedestrian-B and Vehicular-A propagation channels models should be used, respectively representing low and medium urban delay spread models,

b) Pedestrian-A could be included should RAN4 wish to add this profile as an additional test condition.

3.2. G-Factor

Document [11] (presented at RAN4#22) described simulation results for the distribution of G (i.e. 
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) observed by the UE when scheduled for transmission for an HSDPA system using a max-C/I scheduler. The indicated the 50-percentile point of G was approximately 5dB, while the 95-percentile point was approximately 15dB.

RAN4#22 discussed the possibility that the distribution of G could be substantially depressed by using an alternative scheduler. Accordingly, 
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 distribution results for the proportionally fair and equal average power schedulers are presented in [12], and the 50% and 95% values of G for each scheduler are summarized in Table 3. It can be seen that the difference in G distribution is not radically altered by the use of alternative schedulers.

	Scheduler Type
	G (dB) – 50%
	G (dB) – 95%

	Max-C/I
	5.7
	13.5

	Equal Average Power
	5.3
	13.5

	Proportionally Fair
	4.5
	12.0


Table 2 – 50% and 95% values of G for each scheduler.

[10] proposed that RAN4 should reduce the value of G used for fixed reference channel testing to 5dB for Vehicular-A channels and 10dB for Pedestrian-A cannels. This proposal is based primarily on three concerns, specifically that:

a) Transmitter EVM would limit UE receiver performance at G factors as high as 15dB,

b) Even if transmitter EVM was overcome (say by specifying a tighter EVM requirement), receiver impairments (ADC quantization, channel matched filter distortion, I/Q imbalance etc.) would prevent the receiver from operating effectively at G factors as high as 15dB, and

c) High G values coincide with low delay spread values.

Concerning issue a) – transmitter EVM:

Document [10] shows that – assuming the EVM is 17.5% – there could be a 3dB loss in the achievable receiver SNR for AWGN channels at G=15dB. In fact, this is likely to be an upper bound, since the effect of H-ARQ is to mitigate the effect of such impairments on throughput.
 Further, as stated in [14], AWGN channels do not occur in practice and it is probably more useful to consider the potential loss of performance due to EVM in multipath channels.

This is assessed in detail in [16], which shows relatively little loss in throughput due to transmitter EVM in multipath fading channels using H-ARQ – in fact multipath-induced self interference seems to be the major contributor to performance loss for the RAKE receiver. As a rationale for this, consider the simple example of the loss of SNR due to multipath-induced self-interference at the 1st finger of a RAKE receiver operating in a simple 2-ray channel. Assuming the 1st and 2nd rays have average power 
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 in effective SNR observed at the 1st despreader output due to self-interference from the non-orthogonal 2nd ray will be approximately:
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From equation 
(1.1)

, for G=15dB, even if the 2nd ray has 10dB less mean power compared to the 1st ray (i.e.  GOTOBUTTON ZEqnNum543418  \* MERGEFORMAT ), the loss of SNR at the 1st despreader output compared to a single-path channel is approximately 6dB. Accordingly, even though transmitter EVM is an important measure of transmitter performance, for HSDPA at high G values and for RAKE receiver architectures, multipath-induced self-interference is a more significant source of performance loss than transmitter EVM.

Concerning issue b) – receiver impairments:

In document [3] Motorola proposed a value of 1.5dB to account for receiver implementation loss. This figure was based on simulation results incorporating effects such as frequency error, down-converter phase noise, analog-digital conversion, chip matched filter error etc., and included assessment of performance loss at high values of G. Again, it was found that at high geometries, performance loss due to receiver impairments was loosely bounded by the impairments margin of 1.5dB, and was a secondary effect compared to RAKE receiver performance loss due to multipath.

Concerning issue c) – the relationship between G and RMS delay spread:

In Motorola’s 900-1800MHz channel sounding work in conventional cellular systems, we have observed some limited correlation between distance from the Node-B (or path loss) and RMS delay spread, but this is selective, occurs only in a small proportion of the cells studied, and appears dependent on the cell size, antenna height etc. Accordingly, we do not believe there is sufficient experimental evidence to couple the propagation channel model to the G-factor, and no such assumption has been incorporated into HSDPA work to date.
3.2.1. Recommendations

A key issue here seems to be whether we wish to assess UE performance under average G factors or for the largest G factors likely to be encountered in practice. To some extent, this is matter of test philosophy. In order to accommodate both perspectives, therefore, we propose that:

a) Assessment be performed at both G=5dB (typical performance) and G=15dB (minimum performance), 

b) No relationship be established between propagation channel model and G.

Of course, further discussion at RAN4#23 could be useful in establishing a single value of G in order to limit the number of test cases. 

4. Conclusions

The following conclusions can be made:

a) Receiver and transmitter impairments have most impact in AWGN channels, and – for multipath fading channels – appear less significant than multipath-induced self-interference at high G factors,

b) It does not seem appropriate, based on the discussions so far, to specify any relationship between G-factor and delay spread,

c) Assessment of adaptive modulation and CQI feedback using variable reference channels is an important part of HSDPA receiver performance assessment, and should be done using multipath channels in order to assess CQI performance in multipath,

d) It is therefore proposed that the propagation channel models and G-factors applicable for HSDPA fixed and variable reference channel testing be finalized as summarized in Table 3.

	Parameter
	Value

	Propagation Channel Models –
Fixed Reference Channels
	Pedestrian-A 3km/h
Pedestrian-B 3km/h

Vehicular-A 30km/h
Vehicular-A 120km/h

	Propagation Channel Models –
Variable Reference Channels
	Pedestrian-A 3km/h
Pedestrian-B 3km/h

Vehicular-A 30km/h

	G Factor (
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	5, 15


Table 3 – Proposed channel model and G-factor values for 
HSDPA receiver performance assessment.

With the availability of the 2nd set of simulation performance data for fixed reference channels, it now seems possible to specify fixed reference channel HSDPA receiver performance requirements in TS 25.101. A draft CR is provide in document R4-020930 which can be used for the bases for determining the required performance requirements
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� This can be seen, for example, in Figs. 6 and 7 of � REF _Ref8474865 \n \h ��[16]� and Tables 3 and 4 of � REF _Ref8519062 \n \h ��[17]�.


� The larger value of G seems consistent with the findings of � REF _Ref8445117 \n \h ��[14]�� REF _Ref8451550 \n \h ��[15]�.
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