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1. Introduction

In recent RAN1 meetings, several UE specific RS for dual-layer beamforming, also referred as DMRS for rank-2 transmission, were presented and compared in [1] [2] [3]. DMRS for higher rank transmission were also discussed in [4] [5] [6]. The current progress in RAN1#58 is the agreement on CDM scheme of DMRS for layers 1+2 for rank up to 2.
However, there was less discussion on power boosting issue for DMRS in dual-layer beamforming and higher rank transmission. 
In this contribution we discuss the impact of power boosting to the dual-layer beamforming and higher rank transmission when CDM or CDM+FDM scheme is applied to the DMRS patterns.
2. Discussion

To carry out coherent demodulation of different downlink physical channels, mobile terminals need to estimate the downlink channels. DMRS is specifically intended for channel estimation for coherent demodulation of downlink PDSCH channels. To estimate the channel over the entire time-frequency grid as well as reducing the noise, the UE interpolates channel estimation over multiple DMRS. 
When power boosting is applied to DMRS signals, the power of DMRS is increased relative to the power of resource elements occupied by the data parts meanwhile the total power of OFDM symbols which contain DMRS signals remains unchanged. Thus the accuracy of channel estimation can be improved, which may be beneficial to the coherent demodulation of data parts. But it should be noted that the power of the data parts is reduced accordingly, with a corresponding negative impact on demodulation performance. As there is an additional power offset between the DMRS EPRE and the data EPRE of each layer, the power offset information should be provided to the UEs to perform correct coherent demodulation. Therefore the trade-off between channel estimation, demodulation performance and signalling overhead should be investigated.
In RAN1#58, CDM scheme of DMRS was agreed for layers 1+2 for rank up to 2. Figure 1 illustrates an example of DMRS pattern with CDM multiplexing scheme for dual-layer beamforming. In this case, the two antenna ports occupy the same set of REs, and DMRS EPRE and the data EPRE of each layer are identical. When power boosting is applied to the REs occupied by the DMRS signals, demodulation performance will be improved with the cost of signalling overhead.
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Figure 1 CDM scheme of the DRS patterns for rank-2 transmission

Moreover, several DMRS for higher rank transmission are discussed in recent RAN1 meetings, as illustrated in Figure 2. 
Figure 2 shows DMRS pattern with CDM+FDM multiplexing scheme for rank-4 transmission. In this case, the two antenna ports, e.g., p0 and p1, occupy one set of REs, and another two antenna ports, e.g., p2 and p3, occupy the other set of REs. In each layer, the DMRS EPRE is 3dB larger than the data EPRE, also refered to as power boosting 3dB. More aggressive power boosting can also be applied to the DMRS signals, for example, the DMRS EPRE is 6dB larger than the data EPRE. But compared with power boosting 3dB, the improvement to the accuracy of channel estimation by power boosting 6dB is insignificant. Furthermore, power boosting 6dB causes poor demodulation performance due to reduction of the data power. Power boosting also has another disadvantage of extra signalling overhead. In case of no power boosting, also referred to as power boosting 0dB, the DMRS EPRE is same as the data EPRE but the power of OFDM symbols which contain DMRS signals is reduced accordingly compared with power boosting 3dB.
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Figure 2 CDM+FDM scheme of the DRS patterns for rank-4 transmission
In next section, we provide simulation results on the performance of power boosting in order to further investigate advantages and disadvantages of power boosting.
3. Simulation results

In this section, we analyze power boosting for layers 2 and 4 DMRS described in section 2 by means of link-level evaluations. The basic transmission assumption is SU with two codewords. SVD-based beamforming mode is considered for rank-2 and rank-4 transmissions. The BLER performance with and without power boosting are compared. More simulation assumptions can be found in Appendix.

Figure 3 plots the BLER of dual-layer beamforming transmission for three different modulation schemes QPSK, 16QAM and 64QAM respectively. In figure 3, the blue curves are obtained without power boosting (i.e. power boosting 0dB), and the red curves are obtained with power boosting 3dB. It can be seen that in all of the cases, power boosting 3dB has at most 0.4 dB gain compared to power boosting 0dB, implying that performance gain from power boosting is almost negligible.
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Figure 3 Performance evaluations of rank-2 transmission: QPSK, 16QAM and 64QAM

Figure 4 plots the BLER of rank-4 transmission for two different modulation schemes QPSK and 16QAM respectively. In figure 4, the blue curves are obtained with power boosting 3dB, and the red curves are obtained with power boosting 6 dB. It can be seen that in the case of QPSK, the performance gain from stronger power boosting disappears, while in the case of 16QAM it becomes even worse, implying that too large power boosting has negative impact on performance of high rank transmission. Figure 4 also includes the performances of power boosting 0 dB for illustration, as denoted by the black curves.
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 Figure 4 Performance evaluations of rank-4 transmission: QPSK and 16QAM
4. Conclusions

In this contribution we discussed power boosting for dual-layer beamforming and higher rank transmission. Link level simulation results show that the performance gain from power boosting is negligible or even negative in some scenarios. At the same time, extra signalling overhead of power boosting is obvious. Therefore, based on the discussion and simulation results, we summarize that
· The power boosting of DMRS is not applicable for dual-layer beamforming. 
· The advantages and disadvantages of power boosting of DMRS should be carefully investigated according to the decision of DMRS patterns for higher rank transmission.
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Appendix – Simulation assumptions
	Parameter

	Assumption

	Antenna configuration
	8×{2,4} (ULA) 

	Bandwidth
	5M

	Channel estimation
	Real, 2D-MMSE, per RB

	Channel model
	LTE_ETU(uncorrelated)

	UE speed
	3kmph

	MCS 
	QPSK, 16QAM, 64QAM

	Channel code
	Turbo code (R1/2)

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	Codeword number
	2

	Layer number
	2, 4

	precoding
	SVD

	Scheduled resource block
	6 RB, contiguous allocation

	Precoding granularity 
	1 RB 

	Pilot overhead 
	DMRS: 12RE per RB per port

	DMRS multiplexing 
	CDM, CDM+FDM

	UE mobile speed
	3 km/h
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