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Introduction

In RAN WG1 #28bis, there was a discussion on the Reference OFDM Physical Layer Configuration, and on a proposed baseline OFDM reference system [1]. Here, we present some initial simulation results, using the system configuration discussed in [2] and the parameters of [1]. Note that this early set of proposed parameters has been updated [3], and that the results presented here are only indicative of the potential of OFDM. These results also serve the purpose of discussing the simulation methodology of [2]. Conventional link level simulation results are first presented, followed by specific link and system level results based on the simulation methodology proposed in [2].

Simulated OFDM Physical Layer Parameters

The parameters are extracted from [1] and are given in Table 1. These parameters are designed to allow operation in a typical HSDPA environment, i.e. for the ITU channels Pedestrian A, B, at 3 km/h, and Vehicular A, at 30 and 120 km/h. 

.

	Parameter
	Value

	OFDM frame duration
	10 msec

	TTI duration
	2 msec

	FFT size (parameter N)
	1024

	# of OFDM symbols per frame (parameter K)
	60

	OFDM sampling rate
	6.336 MHz

	Guard time interval (cyclic prefix)
	32 samples (5.051 (sec)

	Subcarrier separation
	6.1875 kHz

	# of OFDM symbols per TTI
	12

	OFDM symbol duration
	0.002/12 sec = 166.67 (sec

	Frequency guard bands (index ranging from 1 to 1024)
	Subcarriers 1 to 148, and subcarriers 878 to 1024 

	# of useful subcarriers per OFDM symbol
	729 (ranging from N1 = 149 to N2 = 877)

	Useful OFDM symbol duration
	161.6162 (sec

	Modulation
	4QAM, 16QAM, 64QAM

	Symbol interleaver
	Uniform over pairs of OFDM symbols

	Spectral shaping
	Time Windowing and Filtering

	Scattered Pilot and signaling density
	9.19% (4020 / (729x60))



Table 1: Simulated OFDM parameters.

Link Level Results

The OFDM HS-DSCH coding chain presented in [1] is simulated. This configuration is reproduced in Figure 2. For this paper, it is assumed that all the resources are allocated to one user. The user multiplexing block of Figure 2 is therefore not implemented in the simulations. Frequency hopping is not included either. The transport block size is equal to 2557 bits, and is kept constant for all simulations. CRC attachment, code block segmentation, channel coding and “Physical Layer Hybrid-ARQ” are therefore accomplished as specified in [4]. Note that only Second Rate Matching is performed (see [4]), i.e. it is assumed that the UE has enough soft-buffering capability to accommodate all input bits.
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Figure 2: Coding chain for OFDM HS-DSCH
No physical channel segmentation is performed.. Interleaving is performed across the TTI, among all the user data. This is followed by QAM mapping, using the same modulation level for all the transmitted data, and finally mapping of the data on the data carrying OFDM sub-carriers (i.e. excluding the signaling and pilot sub-carriers).

Figures 3 to 5 present link level simulation results, as a function of long term average SNR. The BLER refers to the rate of TTI in error, as measured in the receiver using the CRC appended to each TTI. Perfect channel estimation is performed. These results are for the combinations of modulation levels and nominal coding rates indicated in Table 2. This table also indicates the actual code rate, resulting from puncturing the parity bits to adjust the size of the coded data block to the TTI payload size (rate matching). The MCS’s of Table 2 are retained due to their good coverage of the SNR range.

These results indicate that the OFDM parameters of Table 1 are appropriate to combat distortion caused by time dispersion, typical of urban and suburban environments. In particular, the Vehicular A and Pedestrian B delay spread (2.5 μsec and 3.7 μsec respectively) are handled appropriately.
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Figure 3: BLER vs long term SNR for a selected set of MCS; flat fading channel, 120 km/h; perfect channel estimation.
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Figure 4: BLER vs long term SNR for a selected set of MCS; Vehicular A channel, 120 km/h; perfect channel estimation.
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Figure 5: BLER vs long term SNR for a selected set of MCS; Pedestrian B channel, 3 km/h; perfect channel estimation.
	MCS Combination
	Payload Size (bits)
	Modulation
	Nominal Code Rate
	Actual Code Rate

	0
	5114 
	QPSK
	1/3
	0.3341

	1
	10228 
	16-QAM
	1/3
	0.3341

	2
	15342 
	16-QAM
	1/2
	0.5012

	3
	23013 
	64-QAM
	1/2
	0.5012

	4
	30684 
	64-QAM
	2/3
	0.6683

	5
	35798 
	64-QAM
	3/4
	0.7797


Table 2:  MCS combinations used for system-level simulations

System Level Results

Link Level BLER Curves

As indicated in [2], the system level simulator requires link level results that are expressed in terms of SNR (or C/I) over one TTI (see Figure 3 of [2]). Those are different from the results shown in the previous section, where the SNR is the long term SNR. Here, the BLER is presented as a function of the SNRTTI , i.e. the SNR averaged over 2 msec. 

The simulated BLER vs SNRTTI performance are provided, for flat fading and Vehicular A at 120 km/h, and for Pedestrian A and B at 3 km/h, in Figures 6 to 9 respectively. As expected, these performance curves show a trend similar to the results of the previous section, and indicate that time dispersion is efficiently handled at the link level.
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Figure 6: BLER vs SNRTTI for a selected set of MCS; flat fading channel, 120 km/h; perfect channel estimation.
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Figure 7: BLER vs SNRTTI for a selected set of MCS; Vehicular A channel, 120 km/h; perfect channel estimation.
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Figure 8: BLER vs SNRTTI for a selected set of MCS; Pedestrian A channel, 120 km/h; perfect channel estimation.
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Figure 9: BLER vs SNRTTI for a selected set of MCS; Pedestrian B channel, 120 km/h; perfect channel estimation.
System Level Performance Results

In addition to the assumptions and parameters discussed in the previous sections, the following assumptions are used in the system level simulator:

· There is no user multiplexing within a TTI, i.e. the full payload is provided to a single user.

· System results, under the form of throughput per sector, are available for a flat fading channel configuration only, for a vehicle speed of 120 km/h. Simulations for other channels are being validated.

· A full-queue traffic model is assumed, with either round-robin or max C/I scheduling.

· HARQ is implementing Chase combining, with a maximum of 3 re-transmissions.

· The BLER threshold to select an MCS for transmission is 10%. 

· A frequency reuse one is used.

The results of Figures 6 are used as indicated in [2] to obtain an estimate of the aggregate sector throughput, for both round-robin and max C/I scheduling. The results are provided in Table 3. These results provide a range of throughput for extremes fairness levels, in a multi-user scenario.

	
	Flat Fading, 120 km/h

	
	Round-robin scheduling
	Max C/I scheduling

	Average Aggregate Throughput per TTI per sector (bits)
	2350
	7025

	Average Aggregate Throughput per sector (kbits/sec)
	1175
	3512.5


Table 3:  Aggregate sector throughput for 20 users per sector, with a flat fading channel model and a vehicle speed of 120 km/h. Perfect channel estimation.

Conclusion

In this contribution, we have presented a series of link level simulation results, and one example of simulated aggregate sector throughput, for the OFDM parameter design of [1]. These results provide evidence of the ability of OFDM to cope with dispersive channels at the link level, and give initial system results for a flat fading channel.
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� In the time-frequency plane (see example in Figure 5 of [1]), 4020 locations per frame are reserved for pilot and signaling, on a total of 729x60 available locations in a 10 msec frame.
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