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1
Introduction

The baseline reference signal structure for MBSFN transmissions for 15 kHz subcarrier spacing was agreed in the St. Louis meeting. The structure has reference symbols on every other subcarrier in three OFDM symbols in each subframe intended for MCH transmission [1]. In this contribution, we discuss reference signal structures for dedicated carrier MBSFN transmissions in case of 7.5 kHz subcarrier spacing.
2
Reference signals with 7.5 kHz subcarrier spacing
With 7.5 kHz subcarrier spacing, to get the same channel estimation performance as with 15 kHz in the highly frequency selective channel, the spacing of the subcarriers carrying reference signals should be four subcarriers. In addition, we see that the reference signal overhead should at least not exceed the 12.5% that is needed with 15 kHz subcarrier spacing. Therefore we study two structures that have equal 12.5% overhead and one that has an overhead of only 8.3%. These structures are shown in Figure 1. The difference in structures 1 and 2 is that structure 2 is more staggered (but the overall RS frequency spacing is uneven!). In structure 3 we have reduced the reference signal density in time which should have a degrading effect at least in high speed case.
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Figure 1. Reference signal structures for MBSFN transmissions in dedicated carrier in case of 7.5 kHz subcarrier spacing.

2.1
Simulation assumptions
The performance of these structures is simulated using the channel model given in [3]

 REF _Ref146697481 \r \h 
[4], similarly to [2]. The UE speeds under study are 30 km/h, 120 km/h and 350 km/h and the considered modulation and coding schemes are QPSK 1/3, 16QAM 1/2 and 16QAM 2/3. Other simulation assumptions are given in Table 1. The performance is studied with respect to BLER and average throughput.

Table 1. Simulation assumptions.

	Carrier frequency
	2.0 GHz

	Bandwidth
	5 MHz

	Number of used subcarriers / FFT size
	600 / 1024

	Subcarrier spacing
	7.5 kHz

	Subframe length (TTI)
	1.0 ms

	Symbol duration
	Useful part
	133.33 µs

	
	CP length
	33.33 µs

	Modulation and coding schemes
	QPSK, R=1/3

	
	16QAM, R=1/2

	
	16QAM, R=2/3

	Channel coding / decoding
	Turbo code / Max-log-MAP decoding with 8 iterations

	Antenna configuration
	1 at transmitter, 2 at receiver

	UE speed
	30 km/h, 120 km/h, 350 km/h

	OFDM symbol timing
	Ideal

	Channel estimation
	2-D Wiener


2.2
Simulation results
The simulation results are shown in figures 3-11. Note that the curves for structures 1 and 2 are overlapping in each case.
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Figure 2. Performance of the structures with QPSK 1/3 at 30 km/h.
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Figure 3. Performance of the structures with QPSK 1/3 at 120 km/h.
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Figure 4. Performance of the structures with QPSK 1/3 at 350 km/h.
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Figure 5. Performance of the structures with 16QAM 1/2 at 30 km/h.
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Figure 6. Performance of the structures with 16QAM 1/2 at 120 km/h.

[image: image7.jpg]BLER

16QAM, 1/2,v=350 kmih

—&— Structure 1
—— Structure 2
—¢—Structure 3

Throughput (Mbps)

16QAM, 1/2,v=350 km/h

—&— Structure 1
——Structure 2 |

—4—Structure 3

4 6 8 10 12
SINR (dB)

8 10

12




Figure 7. Performance of the structure with 16QAM 1/2 at 350 km/h.
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Figure 8. Performance of the structures with 16QAM 2/3 at 30 km/h.
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Figure 9. Performance of the structures with 16QAM 2/3 at 120 km/h.
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Figure 10. Performance of the structures with 16QAM 2/3 at 350 km/h.
From the results, it can be seen that structures 1 and 2 have equal performance. The difference to structure 3 with lower overhead is only about 0.4 dB at low speed, but with higher order modulation and high speed, the difference is more significant. As there seems to be some performance degradation (compared to 15 kHz case) already due to lower subcarrier spacing, we think that no additional loss due to channel estimation should be introduced and thus structure 1 should be chosen to the specification. The performance degradation compared to 15 kHz case can be observed by e.g. comparing the results to those presented in [2].
3
Conclusions

Based on the above discussion and simulation results we propose that the reference signal structure 1 in Figure 1 should be adopted to the specification.
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