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1.0 Introduction

In previous WG1 meetings, several companies have presented simulation results of the OFDM system being studied as part of the ongoing SI in 3GPP. While this has definitely been beneficial in understanding the possible potential of OFDM, we believe that simulation assumptions need to be more aligned before results from multiple companies can be compared and a decision reached in WG1. As an example, the simulation results presented have the following traits –

· There has been no time frequency mapping of the pilots presented in 3GPP yet leaving each company to have their own pilot model. This in turn inhibits presenting any results with real channel estimation and their verification by any other interested party.

· The data payload sizes in the models have also not been aligned with the result that several of these results have different payload sizes. It is to be noted that alignment of the payload sizes and the signalling overhead will align the pilot overhead as well.

In this paper we wish to address these and some other identified issues and propose some suitable modifications to the simulation assumptions. A text proposal for TR 25.892 is also attached at the end of this paper.

1.1 Real Channel Estimation 

There have been discussions on the WG1 reflector regarding presenting results with real channel estimation for the OFDM system. We believe that such results need to be presented in WG1 before any conclusion on the SI can be made. This is especially important in the case of high-speed vehicular channels where the performance difference between ideal and real channel estimation is expected to be more. 

While the channel estimation algorithm need not be presented allowing each company to use its own preferred algorithm in the simulations, the pilot patterns need to be aligned in the simulations in order to get similar performance from multiple simulating parties. The absence of a time frequency pilot pattern in this case hampers the verification of results.

1.2 Pilot and Payload Size Considerations

Link and system simulation results presented so far have been performed with different payload sizes specific to the company performing the simulations. We are of the opinion that the payload sizes should be aligned so that all simulation results are presented with identical data and signalling loads. 

Current HSDPA specifications permit a maximum payload size of 7200 symbols in a 2ms TTI. Since the objective of the OFDM SI is to compare an OFDM system with an equivalent WCDMA system, it is reasonable to assume that the OFDM system in the SI phase will adopt the same transport block sizes as are already available for the WCDMA HSDPA system. While this may not be the actual data payload and TFRC sizes that are used in case the SI progresses to a WI, we believe that in the comparison phase this is a very reasonable assumption. 

Since the transport channel processing chain is identical to what has been used in HSDPA, the adoption of identical payload sizes will mean that any demonstrated gains or losses will be solely due to the change in the modulation and multiple access format and not due to any changes in the performance of the transport channel processing blocks. In this case, it is easier for WG1 to make a definitive conclusion from the results of the link and system level simulations presented.

It is to be noted that a time-frequency mapping with this assumption was already presented in [2] for OFDM reference Set 1 while no such corresponding reference currently exists for reference Set 2.

In case this approach is not adopted and larger payload sizes are assumed for the OFDM carrier, there appears to be an inherent assumption that the OFDM system is more spectrally efficient than an equivalent WCDMA system during the course of the SI itself. We believe that if such a claim were to be indeed true, it would be demonstrated during the course of the study and should not be an assumption.

1.3 Node B and UE Impairment Modelling 

In order to get a real estimate of the performance of any new modulation scheme, it is important that the true performance gain in a real environment be ascertained. This requires that the simulations be performed with realistic Node B and UE implementation margins taken into account so that the actual performance with real hardware in assessed. 

It is to be noted that such an analysis has already been conducted during the course of the HSDPA studies ([3], [4], [5], [6]) where the effect of Node B imperfections like EVM and PCDE on HSDPA throughput have been investigated. The contributions also investigated the probability of using higher-level modulation methods with HSDPA in realistic channel environments. As is expected, the effects of these imperfections and the higher order modulation selection probability depend strongly on the channel conditions and the geometry distribution in the cell. It is to be expected that the implementation margins will influence users with high geometry values to a larger extent than other users in poorer conditions. As has been concluded in [5], the link performance is strongly degraded due to modulation error, particularly in multi-code and multi-user scenarios. The effect is also particularly severe in the case of higher order modulations. Further, it is also observed in [6] that some services that require a very high geometry value may not be achievable at all with realistic hardware imperfections. This does indicate that any evaluation of a new multiple access scheme does need to address issues related to implementation impairment requirements.

Since in the OFDM SI, higher order modulations and multi-code transmission are being investigated ([7] includes performance of even 64 QAM), we believe that the susceptibility of OFDM to these imperfections should be investigated as part of the studies. In this is not performed, the outcome of the study item may provide conclusions that are very optimistic and not really representative of real world performance.

It can be argued that such an analysis is outside the scope of WG1 and has been performed in WG4 in the case of HSDPA. However, since WG1 is the leading WG on the OFDM SI and all the work so far has been restricted to this group, we believe that this study could be performed as part of this group as well. However, guidance from WG4 on realistic cell geometry values, EVM and other impairment requirements can be definitely requested. Of course, new EVM requirements will need to be derived for OFDM but the current HSDPA requirements could be used as a starting assumption.

1.4 Interference Modelling       

Since a frequency reuse of 1 is a working assumption in this study, it is our view that simulations representing real-life interference scenarios need to be presented in order to access the suitability of OFDM in such a multi-cellular environment. The TR 25.892 does include a section to address frequency re-use issues (section 6.6) but it is not very clear what the contents of that section should be. In our opinion, the following issues need to be addressed as part of that section –

· Interference between neighbouring OFDM cells. The interference could be modelled by a realistic neighbour cell OFDM signal with a lower power level than the signal of interest.

· Interference between neighbouring OFDM and WCDMA cells. Here the WCDMA interference may be approximated by white noise as has been done in previous studies.

The current study item assumes that the inter-cell OFDM interference can be modelled by assuming a white Gaussian noise model similar to what has been done for WCDMA studies. While this may be a fair assumption in case all the carriers of all the cells in the OFDM system are being utilised at the same time, the interference scenario may be different when the OFDM cell is under partial load. 

1.5 RAKE Receiver Finger Allocation

Current working assumption in section A.3.6.1 of [1] is that RAKE receiver fingers need to be allocated at all channel delay values irrespective of the path attenuation at that tap delay. We are of the opinion that such RAKE finger placement may actually lead to poor performance since the paths with very low powers do not contribute usefully to the received signal energy. In that case, RAKE fingers need to be allocated at path delays where the received signal energy is not very low. As an example, RAKE fingers could be allocated to only those paths that have an attenuation level of less than 10 dB.

2.0 Conclusion

This paper addresses some issues that we believe should be addressed as part of the existing OFDM study item. It is important that the evaluation of the OFDM system be done taking these factors into account in order that a fair and just comparison can be made with an equivalent WCDMA system.
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3.1 Text Proposal for 25.892

******************* Start of text proposal ***********************************

6.6 Frequency Re-Use

Editor’s note : Discussion of the re-use of the spectrum assignments for OFDM systems. This includes discussion of the “re-use of one” scenario.

This section should address interference between neighbouring OFDM cells and between neighbouring WCDMA and OFDM cells.

Annex A 

Simulation Assumptions and Results

A.1 Link Simulation Assumptions
Some specific link-level assumptions are listed in this section.  In terms of physical layer operations that are not covered specifically here, the specifications described in [2] and [3] are followed.  Information on channel power levels is also included in Table 5.

A.1.1 Link Simulation Assumptions for OFDM

Table 2 provides a list of the link-level simulation assumptions that are relevant to the OFDM evaluation case.  Here, it has been necessary to define an OFDM structure that is compatible with the HSDPA physical layer design.

	Parameter
	Explanation/Assumption
	Comments

	Carrier frequency
	2 GHz
	

	Residual Frequency Offset Correction Error
	TBD
	

	Fast fading model
	Jakes model
	

	HSDPA slot length (TTI)
	2 msec
	

	Channel estimation
	Ideal

Real
	Ideal channel information is assumed to be available at the receiver.  Perfect timing and frequency estimation is also assumed.

Real channel estimation from pilot subcarriers.

	MIMO configuration NT:NR
	1:1
	

	Channel width
	5 MHz
	

	Number of subcarriers
	See Table 1
	

	OFDM sampling frequency
	See Table 1
	

	FFT size
	See Table 1
	

	Subcarrier MCS levels
	All data subcarriers carry equal-weight data with the same modulation and code rate.
	Assume one user per TTI

	Bit interleaving
	Uses 2nd interleaving defined in [4]
	

	Rate matching
	Performed to make the number of coding blocks compatible with the radio frame size.
	Refer to Section 5.5.2 of  [4]


Table 2:  Down link OFDM link-level simulation assumptions
A.1.3 Link Level Simulation Scenarios

Table 4 provides a list of the specific simulation cases that will need to be evaluated.  For each of the channel models, a fading rate (corresponding to the UE velocity in km/h) is also given.  The channel models are described in more detail earlier in Table 10. 

	Parameter
	Cases
	Comments

	Channel model and fade rate
	Ch-100,   30 km/h

Ch-100, 120 km/h

Ch-104,   30 km/h

Ch-104, 120 km/h

Ch-102,     3 km/h

Ch-103      3 km/h
	Single path

Single path

ITU Vehicular A

ITU Vehicular A

ITU Pedestrian A

ITU Pedestrian B

	Modulation
	QPSK, 16QAM, 64QAM
	

	Code rate
	1/3, 1/2, 2/3
	Additional code rates can be generated with puncturing

	Data Payload Sizes
	Identical in WCDMA and OFDM
	HSDPA allows a maximum air interface payload of 7200 symbols.

	Coding block size
	TBD. Should be identical in WCDMA and OFDM

	Additional coding block can be simulated. 5114 bits is the maximum code block size for turbo coding [3]

	Interference Scenarios
	TBD
	Interference from OFDM neighbouring cell and WCDMA neighbouring cell to be simulated.

	Node B and UE imperfections
	TBD
	Current HSDPA EVM values can be used as a start. 


Table 4: Down link link-level simulation scenarios
A.3.6
  Channel Models and Interference

A.3.6.1 Channel Models

In this context, a channel model corresponds to a specific number of paths, a power profile giving the relative powers of these multiple paths (ITU multi-path models), and Doppler frequencies to specify the fade rate.

The channel models (from 1 to 6) are randomly assigned to the various users according to the probability distribution listed in Table 9. The channel model assigned to a specific user remains fixed over the duration of a simulation drop.

	Channel Model
	Multi-path Model
	# of Paths
	Speed (km/h)
	Fading
	Assignment Probability

	Model 1
	Ch-100
	1
	30
	Jakes
	0.1

	Model 2
	Ch-100
	1
	120
	Jakes
	0.1

	Model 3
	Ch-104
	6
	30
	Jakes
	0.1

	Model 4
	Ch-104
	6
	120
	Jakes
	0.1

	Model 5
	Ch-102
	4
	3
	Jakes
	0.3

	Model 6
	Ch-103
	6
	3
	Jakes
	0.3


Table 9:  Channel Models and associated assignment probability distribution

The channel models, UE speeds (for fading rates), and assignment probabilities listed in Table 9 are adapted from [1].  Note that a separate link-level simulation must be performed for each specific channel model and UE velocity combination.  Hence, there is a desire to minimize the number of different possible channel model combinations, while ensuring that an accurate modelling of reality is also made. The assignment probabilities in Table 9 were selected to agree with the corresponding probabilities in [1], while reducing the number of different distinct fading velocities in order to reduce the number of link level simulations that must be performed.

The normalized power profiles for the different channel models such as flat fading: Ch-100, ITU vehicular-A: Ch-104, ITU pedestrian-A: Ch-102, and ITU pedestrian-B: Ch-103 are given in Table 10.  For the channel models that correspond to the standard ITU channel models, the relative ratios of the path powers are the same, but the absolute power values have been normalized so that they sum to 0 dB (unit energy) for each given channel model.
	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)
	Rake Fingers

	Flat Fading Ch-100
	0
	–
	–
	–
	–
	–
	1

	ITU Vec. A Ch-104
	-3.14
	-4.14
	-12.14
	-13.14
	-18.14
	-23.14
	1,2,3,4,5,6

	ITU Ped. A Ch-102
	-0.51
	-10.21
	-19.71
	-23.31
	–
	–
	1,2,3,4

	ITU Ped. B Ch-103
	-3.92
	-4.82
	-8.82
	-11.92
	-11.72
	-27.82
	1,2,3,4,5,6


Table 10:  Normalized power profiles for multi-path channel models

The Rake finger column in the above table indicates the paths to which WCDMA Rake fingers will be assigned.  It is assumed that Rake fingers will be assigned to each multipath component within a given channel model [1]. It is also possible to assign Rake fingers only to those channel taps that contain most of the signal power eg. not assign Rake fingers to channel taps that attenuate the transmitted signal more than 10 dB.
******************* End of text proposal ***********************************
� A coding block size of 5114 bits is appropriate for traffic models such as FTP and HTTP, where each IP packet contains 12000 bits.  However, it should be noted that the block size may depend on the traffic type being considered.  Some traffic types will have much smaller IP packets and would therefore benefit from smaller coding blocks
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