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1. Introduction

At RAN1 #56bis, overhead for different layers on DM-RS were discussed [1-2]

· Rank1 transmission: 12 REs per RB (same overhead as rel-8)

· Rank2 transmission: 12 REs per RB (to be confirmed)

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

· Strive for same REs per antenna port in each Rank

At RAN1 #57, some decisions on DM RS design for dual-layer beamforming [3] were made:

· Agree on the DM RS overhead as 12 REs
· Same set of RE used for Rank 1 and Rank 2
· FFS whether or not Rel-9 Rank1 pattern is different from the Rel-8 Rank1 pattern
· Consider the forward compatible design that makes Rel-9 patterns a subset of Rel-10 patterns, on the condition that the new pattern presents better performance than or at least equivalent performance to the existing Rel-8 pattern
In this contribution, we further present our views on downlink DM RS design for up to an eight layer transmission for both LTE Rel-9 and LTE-Advanced.

2. DM RS for up to eight layer transmission

In previous contribution [4], the comparison between two multiplexing schemes, CDM and FDM, was analyzed. In the Figures 1(a), 1(b), 1(c) and 1(d), we provide four possible DM RS design options for up to eight layer transmission in case of normal CP, where the first three OFDM symbols are reserved for control channel, four Rel-8 CRS are considered and Rel-10 CSI-RS is not considered. In addition, for Rank 4, 24 REs are assumed for all options to multiplex layers 1-2 and layers 3-4 in FDM way. It should be noted that the design for eight layers is tentative, and that also other designs are possible in case interpolation over multiple PRBs are considered.

[image: image1.png]L subset

Rank8

Rank4

Rank1/2



[image: image9.emf]4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

10

-2

10

-1

10

0

BLER

SNR_dB

8X4, 4-layer beamforming, ETU, 30km/h

 

 

Option-1

Option-2-1

Option-2-2

Option-3

Option-4


(a) Option-1: Based on FDM 
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(b) Option-2: Based on distributed CDM using Rel-8 legacy pattern
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(c) Option-3: Based on localized CDM 
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(d) Option-4: Based on distributed CDM 
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Figure 1 Downlink DM RS pattern for up to eight layer transmission
· Option-1 uses FDM as the basic multiplexing scheme for up to Rank 4 transmission. Hybrid CDM+FDM is used for Rank 8 transmission.  We note that this is not backwards compatible in the sense that a different DM RS patterns is used for rank 1 transmission as compared to Rel-8.   The RS are placed at band edges to avoid channel extrapolation and a possible extension for up to eight layer transmission is to use length two codes in the frequency domain.  It appears straight forward to apply RS power boosting.

· Option-2 is based on distributed CDM and the Rel-8 legacy pattern. CDM is used for Rank 2 transmission and hybrid CDM+FDM is used for Rank 4 and Rank 8 transmission. This pattern is more backwards compatible.  There are two length two  orthogonal codes for multiplexing of two layers, e.g. [1 1] and [1 -1], in Rank 2 and Rank 4 transmission while four length-4 orthogonal codes are employed for the multiplexing of 4 layers in Rank 8 transmission. In addition, this option provides two methods to multiplex length-2 orthogonal codes on two distributed resource elements, as follows:  

· Option-2-1: spreading in the time domain (marked in blue in Figure 1(b)), and 

· Option-2-2: spreading in the time-frequency domain (marked in green in Figure 1(b))
· Option-3 is based on CDM scheme and uses the same multiplexing rule as Option-2 for up to eight layer transmission.  This not backwards compatible and the length-2 orthogonal codes are constructed on two adjacent resource elements across time domain. 

· Option-4: is also based on distributed CDM [5] and uses the same multiplexing as Options-2/3 for up to 8 layer transmission. The length-2 orthogonal codes are constructed on two distributed resource elements cross time domain. This design targets to make a tradeoff between processing gain and channel interpolation/extrapolation.

As a concluding remark, it should be noted that the detailed design for beyond four layers needs further studies and performance assessment.

3. Performance evaluations

In this section, we compare the four options described in section 2 by means of link-level evaluations. Rel-9 dual-layer beamforming mode is considered for rank 2 transmission. Closed-loop spatial multiplexing mode is considered for Rank 4 transmission. More simulation assumptions can be found in Table 1. With length-2 CDM patterns, [1  1] and [1 -1] are used for multiplexing of the layers.

Table 1
Simulation assumptions

	Number of Antennae
	8×{2,4}, uncorrelated antenna

	Carrier Frequency
	2.6 GHz

	System bandwidth
	10M

	Number of subcarriers
	600 (50RB)

	Frame configuration
	TDD configuration 1 (DL:UL=3:2, no DwPTS)

(The first three OFDM symbols for control channel, 4 Rel-8 CRS, no Rel-10 CSI-RS)

	Channel Model
	Extended Typical Urban (ETU)

	Speed
	3km/h, 30km/h

	Rank adaptation
	Fixed rank {1,2,4}

	Precoding
	Beamforming (Rank 1/2): SVD based on ideal wideband SRS, no PMI

Closed-loop SM (Rank 4): wideband PMI based on 4-bit codebook in [6], PMI feedback with 6ms delay

	Link adaptation
	OFF, {QPSKx1/2},{16QAMx1/2},{64QAMx1/2}

	MIMO detection algorithm
	MMSE

	Power boosting for DM RS
	Yes for FDM patterns, No for CDM patterns

	Channel estimation for DM RS
	Per-PRB 2D-MMSE filter

	Channel Coding
	Turbo code

	HARQ
	OFF


3.1. Performance comparison for Rank 2 transmission

Figure 3 shows the performance evaluations of Rank 2 transmission for the four options. With dual layer beamforming transmission, transmit power is evenly divided by two layers and 3dB power boosting is employed for the FDM pattern. For Option-2 Rank 2 pattern, the versions Option-2-1 and Option-2-2 are considered

· In Extended Typical Urban (ETU) channel mode, Option-2-1 outperforms option-2-2 in both 3km/h and 30km/h because Option-2-1 efficiently avoids the orthogonality loss in frequency domain. This shows that the time domain spreading is relatively robust against the channel variations at low mobility.
· Option-3 and Option-4 can achieve best performance among four options and there is no observable difference between them. 

· Option-1 performs worse than options-3 and 4 because in this FDM pattern, RS for each layer is no longer placed in band edges. Channel extrapolation degrades demodulation performance. 


Figure 3 Performance evaluations of Rank 2 transmission: 3km/h and 30km/h

3.2. Performance comparison for Rank 4 transmission

Figure 4 shows the performance evaluations of Rank 4 transmission for four options. Here, closed-loop codebook based spatial multiplexing mode is evaluated and 3dB power boosting is used for the FDM pattern
· In 3km/h, Option-3 and Option-4 can achieve the best performance among four options and there is no observable difference between them. Option-2 is worse due to degraded channel estimation accuracy due to channel extrapolation. Option-1 is in between.

· In 30km/h, Option-1 is the best option because it can track channel variations better than other options. Option-2 still performs the worst. Option-4 is better than Option-3 because the distributed CDM scheme can efficiently improve channel estimation accuracy of interpolation/extrapolation at a cost of losing a little processing gain. 


Figure 4 Performance evaluations of Rank 4 transmission: 3km/h and 30km/h

4. Conclusion

In this contribution, we investigated downlink DM RS design and considered four options for up to eight layer transmission. The performances are evaluated by means of link-level simulations for both Rel-9 dual-layer beamforming mode and closed-loop codebook based spatial multiplexing mode. Among the four options discussed in the contribution we currently have a slight preference for Option-4 even though performance of option-3 is similar. We propose to 
· Adopt code division multiplexing (CDM) for multiplexing two layers and a hybrid combination such as option-3 or option-4 for up to four layers. 
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