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1
Introduction
In this contribution, we aim at discussing the topics that in our view are remaining regarding MBSFN RS. This includes RS power boosting, frequency shifting and some principles about the actual sequences. The sequence generation is left outside the scope of this contribution, but our assumption is that the sequence generation principles will be as much as possible the same as in unicast side.
2
Common simulation assumptions
To see the effect of power boosting and frequency shifting on the overall MBSFN performance, we simulated two scenarios: In the first case, we had no interference in addition to noise. This should represent the case where the UE is far from the MBSFN border or at least the case where there are no interfering MBSFNs (or interfering unicast cells). In the second case, we added a dominant interferer – in this case another MBSFN area – with a certain dominant interferer ratio (DIR) and looked at the performance in that case. For the first case, we only simulated RS power boosting since frequency shifting anyway does not make any sense without interference. For the second case, frequency shifting together with power boosting was simulated.
The common simulation assumptions are shown in Table 1. We follow the numerology and RS structure given in TS 36.211.
Table 1. Common simulation assumptions for both scenarios.

	Bandwidth
	10 MHz

	Number of used subcarriers
	600

	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

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

	Antenna configuration
	1 at transmitter, 2 at receiver

	UE speed
	3 km/h

	OFDM symbol timing
	Ideal

	Channel estimation
	2-D Wiener


The RS power boosting is done by puncturing the data REs in the same OFDM symbol. Thus, since RS occupy every other subcarrier, the maximum power boost is about 3 dB. To still maintain the throughput (for ensuring the comparability of the results), we adjusted the effective code rate according to the number of punctured data REs. The resulting code rates are shown in Table 2.
Table 2. Effective code rates after adjustment.

	Boost value
	QPSK 1/3
	16QAM 1/2

	1 dB
	0.348
	0.521

	2 dB
	0.367
	0.551

	3 dB
	0.396
	0.593


Also since RS occupy every other subcarrier, there are only two possibilities for shifting the RS in frequency. In principle, the RS shifting could be done also in time, but that may cause performance loss since more extrapolation of the channel estimates would be needed. For this reason, and also since we see that it will be a rather rare situation where a UE receives interference from more than one MBSFN area at the same time (so more shifts may not be really needed), we did not consider RS time shifting further.

3
Simulation results
In this section, we present our simulation results. In section 3.1 we provide simulation results on RS power boosting in case of no interference. Section 3.2 presents our results on the interference case where we simulated RS power boosting together with RS frequency shifting.
3.1
Scenario 1: No interference
In case of no interference, we assume that most gain would be obtained with low SINR, in which case the RS power boosting would help in getting better channel estimation performance due to improved RS SINR. We simulated both low SINR case with QPSK 1/3 and high(er) SINR case with 16QAM 1/2.
The results are shown in Figure 1. We see that even in case of low SINR and QPSK 1/3 the possible gain from improving the channel estimates by RS power boosting does not outweigh the loss caused by larger effective code rate that is needed to maintain the throughput. Instead, there is actually a >0.5 dB loss when using a 3 dB power boost. The loss is even more pronounced in case of high SINR and 16QAM 1/2 - in this case the RS power boosting does not help in channel estimation; however the (even more) increased code rate clearly degrades the performance. It actually seems that the high frequency selectivity of the channel still dominates in the channel estimation error and trying to reduce the effects of noise and interference on channel estimation does not really help.
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Figure 1. Simulation results on power boosting when no interference is present. In this case power boosting only degrades the performance.
3.2
Scenario 2: MBSFN area borders
Since we assume that the SINR would anyway be low in MBSFN area border, we only simulate the QPSK 1/3 case here. The DIR value is varied between -6 dB and 9 dB; here DIR is defined as (note however that here we have K=1 so other interference is only noise)
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Figure 2, Figure 3 and Figure 4 show the results. We can see that at low DIR values there is no benefit of frequency shifting and the effect of power boosting is degrading, similarly as in the case of no interference. To get clear gain out of the combination of power boosting and frequency shifting, the DIR needs to be quite high – even unrealistically high. Shifting alone (i.e. 0 dB boost case) does not provide gain in any scenario - this is an expected result.

[image: image3.jpg]DIR=-6 dB

CAEEEN e
SINR (dB)

DIR=-3dB

—*—0dB, no shift |
—®& -0 dB, shift
—— 1 dB, no shift
—& -1 dB, shift
——2dB, no shift |-
—®& -2 dB, shift
—*—3.dB, no shift
—® -3 dB, shift

4 3 2 1
SINR (dB)





Figure 2. Frequency shifting and power boosting results at MBSFN edge with DIR values -6 dB and -3 dB.
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Figure 3. Frequency shifting and power boosting results at MBSFN edge with DIR values 0 dB and 3 dB.
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Figure 4. Frequency shifting and power boosting results at MBSFN edge with DIR values 6 dB and 9 dB.
3.3
Discussion
We note that if used, the RS power boosting should be similar across the whole MBSFN area. From the above results we can see that there is benefit of power boosting only together with frequency shifting and only at high DIR. Also we see that without interference, which is likely the dominant scenario, power boosting only degrades the performance. Thinking about the likely DIR distribution over whole MBSFN areas, it seems that the overall effect of power boosting and frequency shifting does not justify including them into the specification. There might be some scenarios with low ISD and very small MBSFNs (e.g. one cell) where it might be beneficial to have power boosting and frequency shifting, but in our view these scenarios present such a marginal corner case that neither of the techniques should be supported.
In this contribution we have not considered orthogonal sequences for improving channel estimation performance. Orthogonal sequences were proposed also for MBSFN in [1]. Since OS cause severe issues with timing estimation [2], in our opinion they should not be supported for MBSFN. We note that in MBMS the longest DRX periods are determined by MCCH modification period, so even longer DRXs may happen than in unicast and the timing estimation problem might be even worse than in unicast. Even though in shared carrier the unicast timing could in principle be used for also MBSFN timing and thus timing estimation using MBSFN RS would not be required, we note that in dedicated MBMS carrier this is not the case. Thus in our view OS should not be supported for MBSFN.
4
Principles on RS sequence design
In unicast side, it has been agreed that the RS sequence is known for the UE without prior knowledge about the bandwidth. We think the same principle should be applied for MBSFN to enable BW agnostic cell search (see [3]), so we propose that the length of the RS sequence in frequency is 660 (110 RBs times 6 RS / RB) and that the center of this sequence is taken for the respective bandwidths.
Another principle we propose here is that the periodicity of the RS in time should be 10 ms, so that the RS in certain subframe would be 1-to-1 mapped to the subframe number. So, the UEs would always know which RS are in use from the subframe number.

Finally, we would propose that the MBSFN RS sequences should be different for each MBSFN area and that the actual sequences should be 1-to-1 mapped to MBSFN area ID. Also this principle is similar as in unicast side.
5
Conclusion
As a conclusion, we propose following:

-
Since gains are obtained in very marginal scenarios, neither power boosting nor frequency shifting should be applied for MBSFN RS.
-
The length of the MBSFN RS sequence in frequency domain should be 660. The RS should be arranged so that UEs will know the RS without knowledge about the bandwidth.

-
As in unicast side, the periodicity of MBSFN RS in time should be 10 ms, i.e. the RS should be 1-to-1 mapped to subframe number.

-
Each MBSFN area should have distinct RS sequences and the sequences should be 1-to-1 mapped to MBSFN area ID.
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