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1. Summary

There have been recent investigations on extending the Spatial Channel Model (or “SCM”) [
,
,3,4], to operate beyond the 5 MHz bandwidths assumed during its design.  This contribution further investigates issues involved in increasing the bandwidth, considering the original SCM, a 20 path extension to the SCM, a path splitting approach (the SCME [
,
]), and a further simplication to the SCME [2].  We observe: 

· Either of the SCM extensions provides an improved estimate of behavior of diversity-limited scenarios, such as common control channels.  However, we believe it is difficult to say which extension is better, as either may be a better model of particular environments.  The SCME may be a better model when scatterers tend to be clumped together, whereas the 20 path SCM may be more accurate when scatterers are exponentially distributed.
· The need for the SCM extensions significantly diminishes in scenarios that have sufficient diversity (from e.g. scheduling, retransmission, additional antennas, etc).  In particular, the performance results for average packet data capacity show small differences between any of the channel models.
Given these observations, we conclude:

· Extensions to the SCM are appropriate in “diversity sensitive” scenarios.

· Either the SCME or a multipath extension to the SCM seem reasonable.

· The models of [2] may be appropriate for initial link level investigations in order to help progress the LTE work in RAN1.  However, it seems premature to conclude that these are the preferred models, and clarification of how system simulations would be performed is needed.
2. Introduction

The SCM included some wide band characteristics, such as allowing paths to be unresolvable, and thus combining to look frequency selective across the band.  The SCM also included assumptions to limit the complexity of the model based on constraints defined at the time.  One of these constraints was to specify the operation for a 5 MHz bandwidth, which matched the requirement for simulating a WCDMA carrier.  

This contribution looks at some of the issues related to modeling larger bandwidths, and in particular how the SCM would perform with some different model assumptions.

Comparisons are made for several scenarios, and recent simplifying proposals are considered. 

3. discussion of recent proposals

A simplified set of channel model scenarios derived from the SCME has been recently proposed [2].  Since the models are intended for use in RAN1 evaluations in March, it was asked if RAN4 could quickly decide on their suitability.  Therefore, we provide some first impressions of the model here.

· It is not clear to us how angle spread is modeled at Node B at the system level.  While its effect may be modeled for antennas in the same sector, it is not so clear how to model inter-sector angle spread.
· The use of fixed correlation values constrains the directions of arrival at an antenna array.  This would seem to make a multi-user system level simulation more difficult.
· As was pointed out in [
], methods e.g. of modeling indoor users with outdoor base stations should be considered.
· We agree with the intent to simplify simulations and scenarios as much as possible.  However, we would like to better understand why the SCM or SCME lead to unacceptable simulation times, given that these models are already being used in 3GPP for at least some simulations. 
· As was discussed in [2], the Doppler spectrum behavior may require further investigation.
· While the models are derived from the SCME developed in the Winner project, Winner also proposed “clustered delay line models”.  It may be useful to consider these or other similar models as well.
Overall, our impression so far of the modeling approach is that it seems more intended for link evaluations than system level studies.  Therefore, it may be appropriate for initial link level investigation in RAN1, but we would prefer further study before concluding that these are the sole or preferred models.
4. Previous Comparisons

Several previous comparisons were described in [
] where the following observations were made.

· The SCM allows nonresolvable paths to combine to form frequency selective paths.  This is an important factor because it includes both temporal and spatial effects and is a characteristic of a wide band model.

· The path characteristics are relatively insensitive to changes with frequency and thus the average power and angles can be assumed to remain constant across a 20 MHz bandwidth.

· Shadow fading characteristics are similar across large changes in frequency, so they also can be assumed to remain constant across a 20 MHz bandwidth. 

· The coherence bandwidth was shown as a CDF for a comparison of the SCM, SCME, and the 20 path SCM.  The first two had very similar responses, with the 20 path case having a somewhat lower probability of having extremely high values (that is, it has even fewer instances of flat fading channels.)

· The Frequency Correlation Function was shown for multiple random channel draws to compare the difference between the SCM, SCME, and the 20 path SCM.  The Frequency correlation function had a tendency to roll-off slowly across the 20 MHz band for the SCME, and was generally lower across the band of the 20 path case.   The 20 path model is probably more consistent with the expectations of a lower correlation function.
· Both methods model wider bandwidth operation, i.e. by adding intra-path delays as in the SCME, or by simulating additional paths.   Some results from the comparison of different channel models were given, and will be expanded on in this contribution.

· The results in [6] did not find significant differences in diversity gain or in average capacity between the original SCM and its extensions.  As will be shown in section 6, we confirm that average packet data capacity is not significantly different between the original SCM and its extensions.  However, the diversity results of [6] were incorrectly plotted: they were derived from local means of SINR, instead of the intended 1% CDF points.  Our updated results are more in line with [3], which show significantly different diversity behavior between the SCM and the SCM extensions.
5. Additional Observations on the Channel Models

Since the SCME uses a fixed path splitting approach to obtain additional paths, there would be a tendency for this model to look more clumped over the ensemble of possible channel draws.  In other words, there will always be the 3 mid-paths closely spaced in time, no matter what path delays are chosen.  

With the 20 path case, paths are assigned from the exponential distribution.  This would tend toward less clumping of paths in the distribution over the ensemble of possible channel draws.  Thus from an environmental standpoint, greater uniformity in the distribution of buildings and other clutter may tend to produce a more uniformly exponential distribution of paths, whereas a more diverse topology may produce more clumping.  So the SCME and 20 path SCM may be better suited to somewhat different environments.

6. Additional Comparisons of the Channel Models and their Impact on Performance

We study the performance of a 1x2 antenna system because it should be one of the scenarios most impacted by variations in the channel model.  Multiple transmit antennas will have greater diversity gain, and MIMO average capacity should not be overly affected by fast fading (as observed in [6]).  In order to determine the upper bound on performance impacts, we do not include water filling, interleaving, power control, etc.  However, in our studies of average capacity, we do include link adapation and HARQ.

We examine performance bounds in order to quantify the impact of the channel models on performance.  The behavior of a noise limited cell (in a 3 sectored site) is examined. 

Since we are interested in both mean throughput and diversity behavior, we model the ability of the channel code to compensate for fading.  At each position in the cell (a “drop”), an effective SINR is calculated for all subcarriers using the EESM method (described in [
]), and then the ideal modulation and coding state (MCS) for each stream is selected from a quantized value.  Repetition is used to reach the MCS target.

We report two metrics of performance: capacity and effective SINR.  For the first metric, we calculated the average capacity (in bits/symbol) for each UE drop to look at the effect of the channel on delay insensitive packet data.  The mean capacity is calculated for each drop, and a CDF is generated of these local mean capacities.  Since we are only interested in the relative performance of the SCM, SCME, and 20 path SCM, we normalize the CDFs.  The 99%-tile largest capacity of the standard 6-path SCM is subtracted from the SCM, SCME, and 20 path SCM. The 99%-ile point is used since this allows differences in the tails of the distributions to be more easily compared.  

For the second metric, we examine local statistics of SINR. A CDF of effective SINR is calculated at each drop, and the 1% point is retained.  The CDFs of the lowest 1% effective SINRs are then calculated.  The SINR metric is also normalized, wherein the median value of the 6-path SCM SINR (in dB) is subtracted from each curve so that the differences in the tails of the distributions can be compared.  The SINR metric illustrates the potential impact of diversity gain, i.e. due to antenna diversity, multipath, retransmissions, scheduling, etc. 

The UE is dropped 10,000 times in a noise limited system, and 1000 uncorrelated fades are evaluated per drop. Figure 1 shows the normalized effective SINR CDF, while Figure 2shows the capacity CDF. 

Examining the urban results in Figure 1, we see that at the 10% point there is about 1.1 dB difference between the nominal 6-path model and the SCME model, with an additional 0.9 dB for the 20 path model.  The 1% point shows slightly higher differences with about 1.4 dB for the SCME and an additional 1.4 dB for the 20 path model.  The suburban case shows the same basic trend where the SCME produces SINRs in the middle of the SCM and 20 path SCM curves, although the SCME curves seem a little more similar between urban and suburban than the 20 path curves.  In the suburban case, the difference between the SCME and the SCM is about 0.9 dB at the 10% point, and the 20 path model is 0.7 dB different from the SCME.  At the 1% point, the differences between the SCM and SCME are 0.7 dB and the 20 path model is different by 1.3 dB over the SCME.

These performance differences are valid when other channel improvement techniques beyond 2-branch diversity are unavailable.  Therefore these results could be indicative of range limited performance for a common control channel.  In this case, the SCM produces significantly more pessimistic results than the other two channel models, and the SCME is also more pessimistic than the 20 path SCM.
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Figure 1 Effective SINR CDFs

Examining Figure 2, we see different behavior for the capacity CDFs.  The differences between the SCM, SCME and 20 path SCM are within a few percent for both the suburban and urban capacity models. 

[image: image2.wmf]
Figure 2 Capacity CDFs
7. Conclusion

We considered two approaches to extending the SCM model to 20MHz: one that introduces per-path delay spread via the SCME path splitting, and another that increases the number of paths.  While both can capture the improved time domain resolution possible with wider channel bandwidths, in the comparisons shown neither has been observed to have sufficient impact on channel behavior to significantly alter OFDM capacity for delay insensitive data.  Scenarios that have insufficient diversity, such as control channel transmissions, appear better modeled by the extensions.  However, it is difficult to select between the SCME and 20 path SCM, as either may be a better model for different environments.
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Appendix: simulation and Channel Model assumptions

	Parameter
	Explanation/assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector site
	1 Cell Simulated, Only Thermal Noise Present (No Interference)

	Simulation type
	Snapshot, 10000 Drops
	1000 Samples per Drop

1% and Mean Tracked per Drop

	Cell radius
	1000 meters
	

	Antenna Pattern
	3 Sector SCM
	Front-to-back-ratio=20dB

Half-power-beamwidth=70( 

	Propagation Model
	SCM System Level [1]

Urban (8( A.S) and Suburban
	

	Speed
	Quasi-Static
	

	Basic Tx Parameters
	Per [6], table 7.1.1-1
	

	Number of FFT Bins
	2048; 60 Calculated
	Every 20th Usable Subcarrier

	Carrier frequency
	2GHz
	

	Node B antenna gain
	14dB
	

	Noise Figure
	9 dB
	

	Cell transmit power 
	20Watts
	

	Antenna Boresight 
	Points toward flat side of cell.
	

	Capacity Calculation
	EESM
	

	Interferers
	None
	None; 1 Cell Simulated

	Reuse pattern
	N/A
	


SCM Urban Parameters

	Number of paths
	Delay Spread Per Path
	rDS Input
	rDS Output
	μDS
	ξDS
	rAS Input
	rAS Output
	μAS
	ξAS
	ASUE Multiplier

	6
	0
	1.7
	1.5472
	-6.18
	0.18
	1.3
	1.2779
	0.81
	0.34
	-0.2175

	20
	0
	1.6
	1.5512
	-6.24
	0.24
	1.275
	1.2932
	0.79
	0.34
	-0.08

	6
	10ns
	1.7
	1.5472
	-6.18
	0.18
	1.3
	1.2779
	0.81
	0.34
	-0.2175


SCM Suburban Macro

	Number of paths
	Delay Spread Per Path
	rDS Input
	rDS Output
	μDS
	ξDS
	rAS Input
	rAS Output
	μAS
	ξAS
	ASUE Multiplier

	20
	0
	1.4
	1.36
	-6.82
	0.32
	1.2
	1.2
	0.67
	0.12
	-0.085


Note:
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σn,AoA is the standard deviation of the AoAs for each of the multipath components [1].

Pn is the relative power of the nth path.

The parameter ASUE Multiplier determines the standard deviation of the AoAs for each of the multipath components.

Description of the other parameters can be found in [1]
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