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1. Introduction

The way forward on downlink reference symbols agreed in #56 meeting [1] introduced UE-specific pre-code reference symbols for PDSCH demodulation for LTE-Advanced operation. The main argument for choosing UE-specific reference symbols was the overall RS overhead at the system level when high-order spatial multiplexing is enabled.  In [2], some further baselines were agreed that:
· Estimates of RS overhead for evaluations
·  DM-RS

· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)

· Rank 2 transmission: 12 REs per RB to be confirmed

· Rank 3-8 transmissions: max 24 REs (total) per RB

· Strive for same REs per antenna port in  each Rank
· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)

· DM-RS in support of up-to 8 transmission layers will need to be defined

In [3], we gave some consideration for DMRS design. In [4]-[9], various UE-specific RS multiplexing schemes were investigated, and the mainly multiplexing schemes include FDM/TDM, CDM and Hybrid TDM/FDM/CDM. Each of these schemes has their pros and cons as mentioned in [5]. In this document, we further studied the performance for different multiplexing schemes.
2 Consideration for DMRS design in downlink transmission
In LTE-A, up to 8 Tx antennas are used for transmission to meet the peak spectral efficiency requirement especially for nomadic or indoor scenarios. Since demodulation requires more accurate channel estimation, the sufficient RS-RE density for the DMRS should be kept. At the same time, the trade-off between several aspects should be considered. For DMRS design, the aspects should be considered includes: 
· Overall RS overhead: The overhead of UE-specific RS is the one key aspect for designing UE-specific RS pattern, if the overhead of DMRS increased linearly with the layer number. It is obvious that the overhead will not be tolerant. In [1], the baseline of DMRS overhead has been agreed. But whether this overhead is enough needs to be further studied, especially in high order rank cases. After all, as the layer number increase, more data can be transmitted at same RE. 
· Compatibility for different transmission mode: In LTE-A, multiple transmission mode need be supported, Such as SU-MIMO, MU-MIMO, CoMP. So the DMRS design should strive to support the transmission modes. But the system performance should to be guaranteed.
· Multiplexing method: Besides the RS overhead, the multiplexing method will also influence the performance of channel estimation. And different multiplexing method has different effects on system design. The pros and cons of FDM and CDM as illustrated in Table 1.
Table 1 the comparison of FDM and CDM
	Multiplexing method
	pros
	cons

	FDM


	􀂃robust performance at high speed

􀂃overhead of DMRS increase based on the layers number.

􀂃Lower channel estimation complexity
	􀂃RS power not match with PDSCH data in MU-MIMO mode, as the latter depends on the number of spatially multiplexed UE. Power offset indication may be needed 
􀂃In MU-MIMO mode, PDSCH data has to be punctured to allow UE estimate the interference, which also makes the scheme non-transparent in terms of SDM, and rate matching may need to be changed.

	CDM
	􀂃No impact on the rate matching when multi-user paring lose, since UE has the knowledge of its own code as well as potentially the other code in use.
􀂃Power offset indication may not be needed, since the code length acts as a power divider. So the RS power always matches with PDSCH power.
	􀂃Performance loss in high speed

􀂃a large code length should exist all the time. 

􀂃RS overhead should always be the same regardless of the layer number, leading to high RS overhead
􀂃not suitable for CoMP, since the signals from different site will increase the frequency select characteristic.


· Co-exist for LTE and LTE-A. In LTE, the UE-specific RS is designed based on antenna port5 which is also have the same characters with DMRS. The design DMRS should be compatible with LTE R8 and LTE R9 dual beam-forming，So the DMRS pattern can be reused the DRS defined in LTE R8, and the R9 dual beam-forming DRS can be design together with R10 DMRS design. 
3 Comparison for different multiplexing method 
In this section, we will compare the performance of different DMRS density pattern and the performance of CDM and FDM multiplexing method. The different DMRS density pattern is shown in Fig. 1.The DMRS pattern of CDM-based and FDM-based for two layers is shown in Fig. 2. The overhead of DMRS is 12 RE per RB. The code used for CDM DMRS design is Walsh sequence [1,1;1,-1].
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 (a) 12RE                         (b) 24RE                            (c) 36RE

Figure 1 the different DMRS density pattern for normal CP
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   (a) FDM pattern for two layer                       (b) CDM pattern for two layers
Figure 2 DMRS pattern of FDM and CDM for normal CP
In our simulation, FDM-based DMRS has the same power as the data in same layer. And CDM based DMRS has the same power assumption as FDM-based without power boost. And fixed pre-coding codebook is used as
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. The simulation parameter is shown in Table 2.
Table 2 Simulation parameters for DRS multiplex

	Configurations
	Values

	Carrier frequency (GHz)
	2

	#Antenna
	2×2（Two layers）

	Propagation model
	ETU (120km/h) and EPA (3km/h)

	Antenna correlation
	Independent

	BW (MHz)
	10

	Frame structure
	LTE R8 FDD Normal CP

	TB ( Layer
	One to one mapping as LTE

	# Control symbol
	2 

	MCS
	QPSK 1/2 2/3; 16QAM 1/2 2/3; 64QAM 1/2 2/3

	Number of PRBs
	2

	Channel estimation
	2DMMSE

	Detection (de-multiplexing)
	LMMSE

	# simulation TTI
	10000 (Simulation in each TTI is independent)

	Pre-code
	None

	HARQ
	Disable
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        a) QPSK, 2/3, EPA 3km/h                        b) QPSK, 2/3, ETU 120km/h
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c) QPSK, 3/4, EPA 3km/h                        d) QPSK, 3/4, ETU 120km/h
Figure 3 performance of different DMRS density pattern

From the simulation result in Fig. 3, we can see that pattern a(12RE) can get approximately 4.1% and 11.3% gain than pattern b(16RE) and pattern c(24REes) respectively at low speed of 3km/h in EPA scenario, and pattern a can get approximately the same with pattern b and 4% gain than pattern c(24RE) at the speed of 120km/h in ETU scenario .So we think that an overhead of 12 RE is sufficient for two layer cases.
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         c) 1/2, ETU, 120km/h                                 d) 2/3, ETU, 120km/h
Figure 4 performance of FDM VS CDM
From the simulation result in Fig. 4, we can see that FDM-based DRS could provide better or similar performance as CDM-based DRS. The performance of CDM-based DRS could deteriorate if UE mobility is high and the channel is very dispersive in frequency, as the orthogonality between different codes on DRS could be broken.
Conclusion

In this contribution, we studied the performance of different DMRS density pattern and the performance for CDM and FDM multiplexing method. According to the simulation result, we prefer to use 12REs overhead for 2 layers. Considering compatibility for different transmission mode and performance, FDM-based DRS pattern illustrated in Fig. 2 (a) would provide favourable overall performance and is backward compatible with Rel-8. And a hybrid pattern of FDM/TDM multiplexing with a CDM dimension can combining benefits of previous RS multiplexing methods. So which can to be further analyzed and mainly used for high layer number cases.
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