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1. Introduction

In RAN #43, a work item [1] for Rel9 was agreed to further extend the Rel8 single-layer beamforming to single-user dual-layer beamforming based on the UE specific RS also referred as DRS.
In RAN1 #56bis and RAN1 #57, several DRS proposals were presented and compared in [2,3,4,5,6]. Conclusion in R1-57 was that 12 REs overhead for DMRS and the same set of RE used for Rank 1 and Rank 2. But whether the Rel-9 Rank 1 pattern is different from the Rel-8 Rank 1 pattern is still FFS, and whether F/TDM or CDM scheme will be adopted for differentiation of the two antenna ports for Rank 2 transmission is also FFS.
In the transmission mode 5 of Rel-8 LTE, when the transmission scheme of PDSCH is multi-user MIMO, the dedicated DCI format 1D will be used to signal relevant control information to the UE. In DCI format 1D, there is one "Downlink Power Offset" field with 1 bit length to indicate to the UE working under the MU-MIMO that the power of the data addressing this UE is only half of the EPRE.

So far, there has no discussion on the power offset issue in DRS based dual-layer transmission. In this contribution we discuss the impact of power offset to the dual-layer beamforming when F/TDM scheme applied to the DRS patterns of Rank 2 antenna ports.
2. Discussion
LTE Rel-8 defines a CRS based MU-MIMO transmission scheme in Transmission Mode 5, and a 1 bit "Downlink Power Offset" field in DCI format 1D, this field is used to indicate to the specific UE under MU-MIMO that the EPRE of data are divided among paired UEs. This information is critical for the UE since the CRS EPRE are not shared between paired UEs, there are additional power offsets between the CRS EPRE and the power of each user's data.
For the DRS based dual-layer transmission, there are a few proposals on the DRS pattern of the two antenna ports, among them there are mainly two kinds of multiplexing schemes, CDM and F/TDM schemes. For these two schemes, the power offset problem will have different effect to the demodulation performance.

For CDM scheme (Figure 1), the two antenna ports occupy the same set of REs and differentiate each other through orthogonal cover codes. In this scheme, each RE contains information from both antenna ports adopted in the dual-layer transmission, this is also the case of the data REs where the power are shared between two layers, there has no additional power offset between the DRS EPRE and the data power of the corresponding layer for this situation. The channel response obtained from the DRS could be used to the data demodulation without any special power offset.
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Figure 1 CDM scheme of the DRS patterns for rank2 transmission

For F/TDM scheme (Figure 2), the two antenna ports occupy different RE sets, and for each DRS RE the power is dedicated for one layer and not shared between two layers, while the power of data REs is shared between two layers, there are additional power offsets between the DRS EPRE and the data power of each layer. In addition, if the data EPRE are not divided equally between the two layers, the additional power offset may not be a constant. Without this power offset information, the UE would assume that each data layer is transmitted with full power of that RE, and it can be proved that the demodulation performance will be degraded.
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Figure 2 F/TDM scheme of the DRS patterns for rank2 transmission

How does the UE know the information of power offset between the DRS EPRE and the power of data for the corresponding layer? It will depend on the discussion of transmission mode [7,8,9,10] of dual-layer transmission, and basically there are two means to inform the UE: static assumption and dynamic indication.

For single user dual-layer transmission, if equal power allocation to the two layers is adopted, the UE could assume by default that a 3dB power offset exists between the DRS EPRE and the data power of the corresponding layer; In this case it will be enough to specify the power offset explicitly in the specification so that the UE could make the assumption; If un-equal power allocation to the two layers is adopted, the varying power offset value may call for the dynamic indication in the DCI.

For multi-user dual-layer transmission, there are transparent and non-transparent schemes proposed, therefore dynamic indication or static assumption could also be considered for the power offset information acquisition by the UE, and either of the two measures needs to be specified in the standard.
For transmission mode which supports both SU-MIMO and MU-MIMO, the static assumption method and the dynamic indication method could also be considered based on the detail design.
3. Simulation results
The link level simulations were performed to investigate the effect of power offset to the demodulation performance when adopting F/TDM scheme for the dedicated RS patterns for the two layer beamforming. The transmission was for single user and two codewords were adopted. The data EPRE was equally divided between the two codewords. The UE demodulation performances with and without the power offset information were compared. The detail simulation assumptions are listed in the Appendix.
Figure 3 plots the 16QAM constellation seen at the UE when it knows or not the power offset between the DRS EPRE and the power of data of the corresponding layer. The green points stands for the correct constellation at the transmitter side, the blue points are the recovered ones when the UE has learn the power offset, and the red points are the recovered ones when the UE does not know the power offset. It is clear that the blue points match the green points very well, and the red points are far from the green points. The great difference between the original constellation and the recovered ones without the information of power offset depicts that performance degradation is quite easy if the UE does not know the power offset.
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Figure 3 16QAM constellation recovered at the UE side

Figure 4 plots the BLER of codeword0, the red curve is obtained from the UE without the power offset information, and the blue curve is obtained from the UE which has the power offset information. It can be seen that there are almost 2 dB SNR degradation if the UE does not know the power offset between the DRS EPRE and the data power of the corresponding layer.
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Figure 4 Downlink BLER for codeword0

Figure 5 plots the throughput curves, the red curve is obtained from the UE without the power offset information, and the blue curve is obtained from the UE with this information. It can be seen that for 7dB SNR, the throughput degradation is about 6.3%, but for 6dB SNR, the throughput degradation is about 24%, and for 5dB SNR, the degradation increases to about 71%.
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Figure 5 Downlink Throughput = successfully received information bits per second for codeword 0

4. Conclusions

In this contribution we discussed the power offset between the DRS EPRE and the data power of the corresponding layer in the dual-layer beamforming transmission. Link level simulation results show that, for the F/TDM scheme of the DRS patterns, the power offset information is critical for the UE. 

Therefore we propose to explicitly address the power offset in the standard if F/TDM scheme is adopted, and the detail method to inform the UE about the power offset, either static assumption or dynamic indication, could be discussed further together with the transmission mode.
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Appendix – Simulation assumptions
	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to  3GPP specifications

	Duplex method 
	TDD (configuration 1)

	Downlink transmission scheme 
	4x2 Dual-layer Beamforming (2 codewords)

	Power division of the two codewords
	Equal power allocation for the two codewords

	Downlink DRS
	F/TDM

	Downlink MCS
	Based on LTE transport formats [36.213]

	Downlink receiver type
	MMSE

	Downlink HARQ
	No

	Channel estimation
	Ideal

	Channel model
	EVA5 (Low Correlation)











