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Discussion and decision
1 Introduction
In this contribution we provide further simulation results on mixed carrier MBMS reference signal structures. We have earlier presented MBMS reference signal results in [1]. It has been found out that due to high frequency selectivity of the SFN channel, the pilot density in frequency should optimally be such that pilot symbols are placed on every second or every third subcarrier, assuming 15 kHz subcarrier spacing. In this paper we make further simulations about this and also investigate the possibility of reducing the pilot density in time. 
The open questions regarding the cell-common reference signals are the optimum spacing of reference signals in both time and frequency domains as well as the resulting reference signal overhead. Some results have been also presented in [2]-[5]. We compare the reference signal structures presented in section 2 using BLER and average data throughput as performance measures. The comparison is based on link-level simulations made using an SFN channel model described in [6]-[7]. 

Related to MBMS reference signals, on the RAN1 e-mail reflector also the issue of reference signals for multiantenna transmission was recently brought up. The SFN already provides a lot of diversity and it does not seem that there is much to gain from transmit diversity, especially CDD. In our view, there should be clear gains from multiantenna transmission before doubling the reference signal overhead by using two TX antennas. The reference signal overhead will anyway become quite significant already in case of two antennas.
2
Cell-common pilot structures for MBMS
The impulse response of the SFN channel model is long and the channel is highly frequency selective, so the spacing between the pilot subcarriers has to be clearly smaller than in unicast. However, the time spacing requirements are the same and based on the maximum Doppler shift of about 648 Hz at 350 km/h speed. According to the two-dimensional sampling theorem [8], to support channels of length up to the long CP 16.67 µs, the spacing between the pilot subcarriers should be at most two subcarriers. 
In RAN1#47 meeting in Riga, it was agreed that downlink L1/L2 control channel will be time multiplexed to at most three first OFDM symbols of the subframe. The DL control channel is required to be sent also in MBMS subframes due to uplink synchronous HARQ and uplink scheduling grants. However since there is no downlink allocation, it might be that all three OFDM symbols do not need to be used for DL control in case of MBMS subframes. In the simulations of this paper we have used the assumption that using only the first OFDM symbol for the DL control channel is enough. However, this does not imply any Nokia view on the issue, but the number of needed DL control symbols is FFS.
In [1], it was found that reference signal structures 1 and 3 shown in Figure 1 give the best performance in terms of BLER and average throughput. Thus, the pilot spacing in frequency should be two or, at the very most, three subcarriers. In reference signal structures 2 and 4 studied in this paper, the pilot spacing is reduced in time so that there are only three OFDM symbols per subframe that contain pilots. The pilot spacing in time is then five OFDM symbols. One could also arrange the pilots so that the pilot spacing in time is four OFDM symbols, but this was found to perform worse because in that case the channel has to be extrapolated for the last two OFDM symbols. Using only two OFDM symbols for pilots on the other hand was found to perform poorly at high speeds.
So, the reference signal structures shown in Figure 1 are chosen for further comparison. The pilot overhead corresponding to each structure is given in Table 1.
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Figure 1. Candidate reference signal structures
Table 1. Overhead of each reference signal structure

	Structure
	Common pilot overhead [%]

	1
	11,1%

	2
	8,3%

	3
	16,7%

	4
	12,5%


3
Simulation assumptions
Similarly to [1], the simulation assumptions in this paper follow those that were discussed already in the Cannes ad-hoc meeting [6]. To capture the properties of the SFN channel, the channel seen by the UE is constructed as a composite channel that is formed by combining the channels between each cell and the UE. In this paper, the channel models given in [7] are used. The exact procedure for generating the channel models is described in more detail in [7]. We note however, that this channel model presents the worst case and is therefore quite a difficult one from channel estimation perspective.
In the simulations, the optimum reference signal structure for MBMS among the candidate structures is studied using BLER and average data throughput as performance measures. BLER alone is not a proper performance measure since it does not take into account the different pilot overheads among the structures. Therefore, we also look at the resulting data throughput during the MBMS subframes.

Simulation assumptions are summarized in Table 2. One MBMS subframe is transmitted at 5 MHz bandwidth using parameters given in [9]. Pilots are inserted in the subframe according to pilot structures described in section 2. The first OFDM symbol is filled with unicast control data whereas the rest of the symbol locations are assumed to contain MBMS data. Before transmission, turbo coding, rate matching and interleaving are done. The considered modulation and coding schemes are QPSK with code rate 1/3 and 16QAM with code rates 1/2 and 2/3. 

Table 2. Simulation assumptions

	Bandwidth
	5 MHz

	Number of used subcarriers
	300

	Subcarrier spacing
	15 kHz

	Subframe length (TTI)
	1.0 ms

	Symbol duration
	Useful part
	66.67 µs

	
	CP length
	16.67 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, 350 km/h

	OFDM symbol timing
	Ideal

	Channel estimation
	2-D Wiener


The resulting signal is fed to the channel given in [7]. Considered mobile speeds are 30 km/h and 350 km/h and the used Doppler spectrum is the classical Jakes’ Doppler spectrum. 
At the receiver end, two antennas are used for diversity reception. Ideal FFT timing is assumed. The channel estimation is done using a 2-D Wiener filter, where we have added some Gaussian distributed estimation error to SINR and mobile velocity estimates that are used to calculate the optimal filter coefficients. We use an LMMSE receiver to combine the signals received with the two antennas. Then, the signal is deinterleaved and decoded. Finally at the reception end, block error rate and data throughput are measured. In the calculation of data throughput, it is assumed that all erroneous blocks are discarded and that the first OFDM symbol contains unicast control data, so that is left out from the throughput calculation.
4
Simulation results
This section presents the BLER performance and throughput obtained with each reference signal structure candidate. Here, BLER is not normalized in anyway with respect to pilot overhead, so the throughput figures should also be considered when comparing the different structures.

Figure 2, Figure 3 and Figure 4 show the BLER and throughput performances of the candidate reference signal structures at 30 km/h UE speed for the simulated modulation and coding schemes. Overall, structures 3 and 4 that have the pilot spacing of two in frequency, have a better BLER performance than structures 1 and 2, but at the same time also a bit lower throughput. The difference in BLER performance is not as pronounced as in [1] where a more practical channel estimator was used.
Similar results are obtained at 350 km/h UE speed, shown in Figure 5, Figure 6 and Figure 7. Decreasing the pilot density in time does not seem to decrease performance if the pilot spacing in frequency is two (structure 4); on the other hand, there is a slight performance loss with structure 2 at 350 km/h.
Based on these results and the results obtained in [1], it can be concluded that of the simulated reference structures, structure 4 with overhead of 12.5% has the best performance. With the 2-D Wiener filter used in this paper the differences between the structures with different pilot spacings in frequency is not that large. However, since the 2-D Wiener is a rather unpractical channel estimator due to its complexity, one should also take into account what the performance is with more practical channel estimators. In [1] we showed that in that case the difference in the BLER performance between structures with two or three subcarriers pilot spacing in frequency may be of the order of 1 dB.
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Figure 2. Performance of the reference signals structures with QPSK R=1/3 at 30 km/h speed.
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Figure 3. Performance of the reference signals structures with 16QAM R=1/2 at 30 km/h speed.
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Figure 4. Performance of the reference signals structures with 16QAM R=2/3 at 30 km/h speed.
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Figure 5. Performance of the reference signals structures with QPSK R=1/3 at 350 km/h speed.
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Figure 6. Performance of the reference signals structures with 16QAM R=1/2 at 350 km/h speed.
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Figure 7. Performance of the reference signals structures with 16QAM R=2/3 at 350 km/h speed.
5
Conclusions

In this paper, we provided further simulation results on cell-common reference signal structures for mixed carrier MBMS. Together with the results obtained earlier in [1], we have shown that if pilot-assisted channel estimation is to be used and cell-common reference signals are chosen for the MBMS reference signal scheme, then the frequency spacing of the cell-common reference signals should be two or at the very maximum three subcarriers due to high frequency selectivity of the SFN channel. In this paper we showed that decreasing the pilot spacing in time to five OFDM symbols does not have much of an effect on performance whereas it reduces the pilot overhead. Thus, according to our simulations, reference signal structure 4 with 12.5% overhead performs the best and the cell-common reference signal overhead should not exceed this 12.5%. However, it is emphasized that the channel model used in the simulations presents the worst case situation in a fairly large SFN and thus is quite a difficult one from channel estimation perspective. For example in smaller SFNs such a large number of reference signals may not be necessary as the delay spread and thus the frequency selectivity cannot be that large.
Related to MBMS MIMO, our view currently is that there should be clear gains from multiantenna transmission before introducing the related additional reference signal overhead. In our simulations, we have not seen any clear gains from transmit diversity since the SFN transmission already provides so much diversity. Of course, this also depends on the SFN scenario and channel.
Also, in Sorrento meeting it was decided that the 7.5 kHz subcarrier spacing will be supported only in dedicated MBMS. For these new parameters, the reference signal structures should be studied separately, although obviously the required pilot overhead should be the same.
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