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1. Introduction

This contribution contains an initial set of Siemens simulation results pertaining to the OFDM Study Item.

Recent discussion indicates that the definition of the pilot channel and the impact of channel estimation should be taken into account during the OFDM study. In this contribution, we present example pilot grids for OFDM sets 1 and 2 and empirically assess the impact of channel estimation onto link-level performance.

It is concluded that, for the selected MCS (QPSK and coding rate 0.5) and the selected pilot channels, the penalty of channel estimation is approximately equal to 0.5​–0.7 dB. This value may increase for higher-order modulation.

It should be noted that the above observation holds only for channels whose delay spread does not exceed the OFDM guard interval. Otherwise, an error floor is observed as meaningful channel estimates cannot be obtained, which is the case for the Vehicular B channel.

Finally, it should be noted that in this contribution the following types of distortion are considered only: multipath, time-selective fading and additive Gaussian noise. The impact of inter-pilot interference or pilot-carrier interference, which would normally be present in a multicell system has not been taken into account and is left for further study.

2. OFDM Physical Channel Structure and Mapping

This section explains how ‘per TTI’ resources were mapped to pilot, traffic and signalling channels in the case of OFDM sets 1 and 2. The basic parameters of these two sets are quoted in table 1 for convenience.

In the following, we assume symmetrical subcarrier indexing around 0 in the frequency domain, i.e. for set 1 subcarriers are indexed ‑149, ‑148, …, 0, …, 149 and for set 2 ‑352, ‑351, …, 0, …, 352. It should be noted that no resources have been mapped onto the DC subcarrier. In the time domain, OFDM symbol indexing begins from 0 and is restarted at 2 ms TTI intervals.

Table 1  OFDM physical layer parameters.

	Parameters
	Set 1
	Set 2

	TTI duration (ms)
	2 
	2

	FFT size (points)
	512
	1024

	OFDM sampling rate (MHz)
	7.68
	6.528

	Guard time interval (cyclic prefix) (samples/μs)
	56 / 7.29
57 / 7.42
	64 / 9.803

	Subcarrier separation (kHz)
	15
	6.375

	# of OFDM symbols per TTI 
	27
	12

	total OFDM symbol duration (μs)
	73.96

74.09
	166.67

	# of useful subcarriers per OFDM symbol 
	299
	705

	OFDM bandwidth (MHz)
	4.455 
	4.495


2.1. Common Pilot Channel

For parameter set 1, the common pilot channel used in the simulations consisted of the following time-frequency locations:

symbol 0:
-148
-132
-116
-100 …
-4
12 …
124
140
symbol 2:
      -140
      -124
      -108 …    -12
       4 …
      116
       132
       148
symbol 4:
-148
-132
-116
-100 …
-4
12 …
124
140
symbol 6:
      -140
      -124
      -108 …    -12
       4 …
      116
       132
       148
…
symbol 26
      -140
      -124
      -108 …    -12
       4 …
      116
       132
       148

With the above grid, there are a total of 266 pilot symbols per TTI. Pilots are spaced by 2 symbols in time (148 us) and by 8 subcarriers in frequency (120 kHz).

symbol 0:
-349
-325
-301 …
-13
11 …
299
323
347
symbol 1:
      -337
      -313
      -289 …    -1
       23 …     311
       335
symbol 2:
-349
-325
-301 …
-13
11 …
299
323
347
symbol 3:
      -337
      -313
      -289 …    -1
       23 …     311
       335
…
symbol 11
      -337
      -313
      -289 …    -1
       23 …     311
       335

With the above grid, there are a total of 354 pilot symbols per TTI. Pilots are spaced by 1 symbol in time (167 us) and by 12 subcarriers in frequency (76.5 kHz).

2.2. Traffic Channel

A pool of 480 symbols is allocated to a single OFDM-HS-DPCCH; up to 15 such pools are available. This is in line with FDD Release-5 resource allocation for HS-DPCCH. The time-frequency plane, corresponding to one TTI, can be identified with an MxN matrix A, where M is the number of OFDM symbols per TTI and N is the number of subcarriers. Physical channel mapping proceeds as follows:

1. Resource pool 0 is sequentially written into columns of A, starting from column 0. Resources already allocated to the pilot channel, as well as the DC subcarrier are excluded from this mapping.

2. Resource pool 1 is sequentially written into columns of A, continuing in a natural order from the point where the mapping of pool 0 ended.

3. The above process continues for all remaining resource pools.

2.3. Signalling Channel

The remaining subcarriers are designated as the signalling channel. There is no attempt to define signalling in more detail, as it is present only to provide meaningful interference.

2.4. Subcarrier Interleaving

After the above physical channel mapping, the subcarriers are pseudorandomly interleaved in the frequency domain (excluding pilots and DC carrier). A different interleaver is applied to each row in A.

3. Simulation Results

Simulation results are shown in figures 1 to 4. The Eb/N0 values include all the overhead associated with channel coding, pilots, signalling and the guard interval. The curves labelled ‘ideal’ correspond to perfect channel knowledge, whereas curves labelled ‘real’ correspond to using channel estimates obtained from the pilot symbols. The simulation assumptions are included in the Appendix.

For the Pedestrian A and B as well as Vehicular A environments, the penalty associated with channel estimation is found to lie between 0.5 and 0.7 dB for both parameter sets (figures 1, 2 and 3). In the case of Vehicular B at 30 km/h, a block error floor exists at approximately 18% (set 1) and 13% (set 2), due inter-symbol interference. Recall that for this environment, the relative tap powers are equal to (-2.5 0.0 -12.8 -10.0 -25.2 -16.0) dB and the delay profile is (0.0 0.3 8.9 12.9 17.1 20.0) us, which cannot be fully absorbed by the guard interval.
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Figure 1  Performance in Pedestrian A, 3 km/h.
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Figure 2  Performance in Pedestrian B, 3 km/h.
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Figure 3  Performance in Vehicular A, 30 km/h.
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Figure 4  Performance in Vehicular B, 30 km/h.

Conclusion

OFDM link-level simulation results were presented. When the delay spread of the channel did not exceed the guard interval, the penalty of channel estimation was found to be approximately 0.5–0.7 dB for both parameter sets 1 and 2 (with QPSK and coding rate 0.5). However, when the delay spread exceeded the duration of the guard interval, the performance of both parameter sets was poor, with the error floor of 18% and 13% (set 1 and 2 respectively) for the Vehicular B environment.

Two issues remaining for further study are the impact of channel estimation onto higher order modulation as well as the impact of inter-pilot interference and pilot-carrier interference on the quality of channel estimation.
Appendix: Simulation Assumptions

The simulation assumptions are shown in table 2. Pilot symbols were first convolved in time with a short moving average filter. This was followed by separable interpolation in time and frequency.

Table 2  OFDM Simulation Assumptions

	Parameter
	Value

	Transport block size
	456

	CRC length
	24

	Coding rate
	0.5

	modulation
	QPSK

	# turbo decoding operations
	4

	% total power allocated to pilot channel
	10

	% total power allocated to signalling
	10

	% total power allocated to traffic
	80

	# taps, time-domain moving average
	3, 5

	# taps, time-domain channel interpolation filter
	4 (3rd order Lagrangian)

	# taps, frequency-domain channel interpolation filter
	8 (7th order Lagrangian)

	overlap window shape for spectral shaping
	linear ramp

	overlap window length (samples)
	30 (set 1)
20 (set 2)

	synchronization
	perfect
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