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1 Introduction

In 3GPP RAN1#59bis, DM RS patterns that can multiplex up to 8 streams are agreed [1], as shown in Figure 1. In Rank-2 and Rank-4 patterns, spreading factor 2 CDM is applied in two adjacent REs to multiplex two UE-RS. In the Rank-8 pattern, spreading factor 4 CDM is applied in four REs in a subcarrier to multiplex four UE-RS.

[image: image1.emf]
Figure 1 Rank-2 and Rank-4/8 DM RS patterns

In this contribution, we discuss DM-RS power boosting issue in Rel-10 MIMO, in which DM-RS REs can be allocated with different power compared data REs. Power utilization on DM-RS RE should be efficiently exploited to improve system performance. This issue has been considered in a few contributions in the past meetings, e.g., [2].
2 DM RS power boosting
In case of DM-RS based rank 1-2 transmission in Rel-8 or Rel-9, DM-RS power boosting is not supported and the same transmit power is used for DM-RS REs and data REs. From technical perspective, full power utilization on DM-RS RE is already exploited since DM-RS RE faces the same power processing as data RE for each layer. Furthermore, no control signaling is needed for proper power normalization for M-QAM demodulation.  
For transmission higher than rank 3 in Rel-10, i.e. ranks 3-8, an additional CDM group will be allocated and DM-RS ports will be distributed into two CDM groups. As DM RS for each layer is transmitted in one CDM group, unused power in the other CDM group can be used for boosting the DM RS power. Unless there is a significant benefit, it is preferred that the DMRS power boosting does not borrow power from data REs and that no control signaling is devoted for DM RS power boosting. 
Then, two alternatives on DM RS power boosting can be considered as shown in Figure 2. For Alt 1, all three layers, 0, 1, and 2, have the same power ratio of 2/1 between DM-RS RE and data REs. On the other hand, for Alt 2, layer-0 (in CDM group-1) has the power ratio of 3/1 between DM-RS and data REs while layer-1 and layer-2 (in CDM group-2) has the power ratio of 3/2 between DM-RS and data REs. 
To have a better understanding on the two alternatives, we have conducted link-level simulations comparing the BLER performance between the two. The detailed link-level simulation parameters are listed in the Appendix. In Figure 3 and Figure 4, the BLERs for both Codewords 1 and 2 of Alt 1 and Alt 2 are compared for Rank-3 transmissions in TU6 3km/h and 30 km/h, respectively, and in Figures 5 and 6, the corresponding average BLERs of Alt 1 and Alt 2 are compared. Here, we consider 16QAM and 64QAM since rank 3 will only be selected at high SNR ranges. At 0.1 BLER, Alt 2 is worse than Alt 1 about 0.6 to 1 dB for Codeword 2. Regarding Codeword 1, Alt 2 is worse than Alt 1 about 0.4 to 0.6 dB at 0.1 BLER. The performance comes from the non-equal channel estimation performance in the 3 layers used in Alt 2. In the simulation, we use MMSE receiver and the estimated symbols on the three layers are
x0=h0H( CCH+ σ2∙I)-1y,
x1=h1H( CCH+ σ2∙I)-1y,
and 



       x2=h2H( CCH+ σ2∙I)-1y,
where H is the conjugate transpose, h0, h1, and h2 are the channel estimates of layers 0, 1 and 2, respectively, C=[ h0, h1, h2], σ2 is the noise power, I is the identity matrix, -1 is the matrix inversion, y is the received symbol, and x0, x1, and x2 are the symbol estimates of the three layers. We can see that the channel estimation errors in h0, h1, and h2 directly impact the receiver performance. Besides, while the receiver performance of one layer i (i=0, 1, or 2) relies on the channel estimation, hi, of that layer, it is also related to the channel estimation of other layers, as indicated by CCH. Hence, we can see from Figures 3 and 4 that although Alt 2 increases transmit power on layer 0 to increase the channel estimation accuracy of layer 0, the performance of Codeword 1, which is solely mapped to layer 0, is not necessarily better, actually even worse, than Alt 1, because of the lower channel estimation accuracy in layers 1 and 2. Seeing these performance results, we have a preference on Alt 1 to Alt 2. 
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Figure 2 Two DM-RS Power Boosting Approaches
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Figure 3 BLER Comparison for Codewords 1 and 2 when UE is at 3km/h
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Figure 3 BLER Comparison for Codewords 1 and 2 when UE is at 30km/h
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Figure 5 BLER Comparison when UE is at 3km/h
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Figure 6 BLER Comparison when UE is at 30km/h
3 Conclusion

In this contribution, we propose,
· Each layer of DM-RS should have the same amount of power boosting, e.g. 3 dB boosting compared to data REs.
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Appendix
Table 1 Link-Level Simulation Parameters
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	Channel model
	TU6

	Mobility
	3km/h or 30km/h

	Number of Tx/Rx antennas
	8Tx, 4Rx

	CP
	Normal CP

	Bandwidth
	10MHz

	Code Rate
	1/2

	Channel coding
	Turbo

	Rate matching
	Circular buffer based

	Modulation
	16QAM/64QAM

	Channel estimation
	2D-MMSE with uniform power delay profile

	# of PRBs
	6

	# of Codewords
	2

	Transmission rank
	3

	MIMO receiver
	MMSE

	MIMO transmission scheme
	Closed-loop precoding without MCS and rank adaptation
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