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1 Introduction
In RAN1 55b, it was concluded in the way forward on CoMP and MIMO DL RS [2] that precoded RS corresponding to transmission layers should be considered for PDSCH demodulation in CoMP and MIMO in LTE-A This type of RS (DRS) has the following characteristics:

· It is UE specific. DRS can only be decoded by targeting UE
· It is transmitted in resources where UE data is transmitted. Overhead could be  saved by only transmitting DRS for the layers transmitted. On the other hand, density of DRS in the assigned resources could be different from density of CRS in order to keep the same channel estimation quality, and meanwhile minimize the RS overhead. 
· In general, DRS can be precoded or non-precoded, depending on transmission scheme. 
In [3], DRS for dual ports beamforming was investigated in terms of overhead and means of multiplexing (FDM and CDM). It is noticed from the study that total of 12 DRS per subframe seems providing the preferable performance based on simulation results and CDM-based DRS multiplexing scheme needs further investigation

In this contribution, the following aspects of DRS are discussed for general MIMO application, including beamforming:

· DRS multiplexing schemes between FDM-based or CDM-based
· The DRS arrangement of  supporting two layers/antenna ports
2 Multiple ports DRS structures and multiplexing schemes
In order to design multiple port DRS structure for LTE-A system, the considerations should include overhead vs. performance, multiplexing schemes and backward compatibility with Rel-8 CRS. 
There are two basic DRS multiplexing schemes: FDM-based and CDM-based. In FDM-based DRS multiplexing, the DRS for different transmission layers are transmitted on different REs, while in CDM-based DRS multiplexing, the DRS for different transmission layers are transmitted on the same pair of RE but separated by different orthogonal codes. Phase rotation scheme is in general considered as a CDM-based scheme and is more likely used for interference rejection among cells when reference signals from different cells are superposed on top of each other. 

Two-port DRS structure is used in this section as examples for investigating CDM-based and FDM-based DRS structure. For fair comparison, the same reference signal structure are used for CDM-based and FDM-based DRS. In such structure, each reference signal pair contains two contiguous REs either along time direction or along frequency direction. Figures 1 to 3 show some of such examples.
 [image: image1.emf]12 subcarriers

1

st

slot 2

nd

slot

1

st

slot 2

nd

slot

12 subcarriers

RS for port 0

data

RS for port 1

RS for port 5 RS for port 6

CDM 1 FDM 1

12 subcarriers

1

st

slot 2

nd

slot

1

st

slot 2

nd

slot

12 subcarriers 12 subcarriers

RS for port 0

data

RS for port 1

RS for port 5 RS for port 6

CDM 1 FDM 1

RS for port 0

data

RS for port 1

RS for port 5 RS for port 6

CDM 1 FDM 1



 [image: image2.emf]1

st 

slot 2

nd

slot 1

st 

slot 2

nd

slot

12 subcarriers

12 subcarriers

RS for port 0

data

RS for port 1

RS for port 5 RS for port 6

CDM 2 FDM 2

1

st 

slot 2

nd

slot 1

st 

slot 2

nd

slot

12 subcarriers 12 subcarriers

12 subcarriers 12 subcarriers

RS for port 0

data

RS for port 1

RS for port 5 RS for port 6

CDM 2 FDM 2

RS for port 0

data

RS for port 1

RS for port 5 RS for port 6

CDM 2 FDM 2


[image: image3.emf]1

st 

slot 2

nd

slot 1

st 

slot 2

nd

slot

12 subcarriers

12 subcarriers

RS for port 0

data

RS for port 1

RS for port 5 RS for port 6

CDM 3 FDM 3

1

st 

slot 2

nd

slot 1

st 

slot 2

nd

slot

12 subcarriers 12 subcarriers

12 subcarriers 12 subcarriers

RS for port 0

data

RS for port 1

RS for port 5 RS for port 6

CDM 3 FDM 3

RS for port 0

data

RS for port 1

RS for port 5 RS for port 6

CDM 3 FDM 3


All DRS structures have the same overhead with 12 total RS for two ports DRS in each sub-frame. DRS in DRS structure pair 1 shown in Figure 1 has larger interpolation spacing in time and less interpolation spacing in frequency than pair 2 and pair 3. DRS structure pair 2 differs from pair 3 by the RE group orientation, pair 2 orients along time direction , while pair 3 orients along frequency direction.
3 Simulation results and discussion
Table 1 gives simulation parameters.  The simulation results are presented in the following in terms of BLER vs SNR curves. 
Table 1  Simulation parameters

	Bandwidth
	5 MHz

	Channel model
	GSM TU, 3km/h, 120km/h, 240 km/h
PA, VA, PB 3km/h

	Number of Tx antenna
	2

	Number of Rx antenna
	2

	Transmission acheme
	Space multiplexing

	Receiver type
	MMSE

	Channel Estimation
	2D Wiener filer

	Coding
	Turbo Code, code rate = 1/2

	CP size
	Normal cyclic prefix

	Recourse Size
	1 RB in frequency

	DRS RE power boost
	3dB for FDM, 0dB for CDM over data RE

	CDM spreading
	[ 1 1 ] for port 5 and [ 1 -1 ] for port 6


3.1 Comparison between FDM-based vs. CDM-based DRS
Figure 4-6 show link level simulation results comparing FDM-based and CDM-based DRS structures. Mobile speed is chosen at 3km/h and 120km/h, respectively.

There are three sources of channel estimation loss for CDM-based RS: noise/interference, interpolation and de-spreading, while there are two source of channel estimation loss for FDM-based RS: noise/interference and interpolation. For noise/interference dominated area (low SNR range), interpolation and/or de-spreading error may not contribute much to channel estimation loss. At high SNR range, interpolation and/or de-spreading errors could dominate the channel estimation loss. For each of the DRS pattern pairs as shown in Figure 1, 2 and 3, performance difference between FDM-based DRS and CDM-based DRS due to interpolation is kept to minimum since DRS REs are located at the same resources.  
At low SNR range (QPSK), there is no recognizable performance difference between FDM-based and CDM-based DRS structures at either 3km/h or 120km/h. At medium SNR range (QAM-16) FDM-based DRS provides almost the same performance as the CDM-based DRS at 3km/h. The de-spreading loss (~1.0dB) from CDM-based DRS shows up at 120km/h. At high SNR range (QAM-64), de-spreading loss for CDM-based DRS becomes more prominent (> 2dB) in most cases.

Notice that there are two types of CDM-based DRS characterized by spreading orientation: time-direction spreading (CDM 1 and CDM 2), and frequency-direction spreading (CDM 3). When mobile speed is high, de-spreading loss increases for CDM-based DRS with time-direction spreading, as shown in Figure 4 and Figure 5. For very dispersive channel, like TU channel, de-spreading loss occurs at any mobile speed for CDM 3. As shown in Figure 6, CDM 3 shows similar de-spreading loss at both 3km/h and 120km/h. 
For further understanding the de-spreading loss due to channel dispersiveness, Figure 7 shows simulation results for several channel models with different delay spread. Delay spread increases in the following order: PA, VA, PB and TU. As we can observe that de-spreading loss of CDM3 relative to those of CDM 2 and FDM 3 increases as delay spread increases. 
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Figure 4 CDM 1 vs FDM 1 at TU 3km/h and 120 km/h for 1 RB 2D Wiener
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Figure 5 CDM 2 vs FDM 2 at TU 3km/h and 120 km/h for 1 RB 2D Wiener
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Figure 6 CDM 3 vs FDM 3 at TU 3km/h and 120km/h for 1 RB 2D Wiener
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Figure 7 CDM spreading orientation at 3km/h and 1 RB 2D Wiener

3.2 Comparison between different DRS patterns

Different structures for FDM-based or CDM-based DRS may show different performances, as shown in Figures 8 to 10. 
For FDM-based DRS structures, the main cause of performance difference is from interpolation quality. FDM 1 has larger time direction interpolation spacing and show larger loss at very high mobile speed relative to FDM 3, as shown in Figure 10 for 240km/h. Otherwise, at speed up to 120km/h, all three FDM-based structures performs very similarly. 

For CDM-based DRS, both interpolation quality and de-spreading could contribute to channel estimation difference. Here we can see again CDM 3 performs worse than CDM 1 and CDM 2 at medium and high SNR range as de-spreading loss dominates in highly dispersive channel like TU. Although CDM 3 has large spreading loss even at low speed for QAM-64, it is robust to the mobile speed since RS spreading happens only along frequency direction. This can be observed that difference between CDM 3 and CDM1/CDM/2 becomes much smaller at 120km/h due to increased de-spreading loss for CDM1 and CDM 2. 
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Figure 8 FDM at TU 3km/h and 120km/h for 1 RB 2D Wiener

[image: image16.emf]5 10 15 20 25 30

10

-2

10

-1

10

0

SNR [dB]

BLER

CDM DRS design, TU 3km/h, 1 RB 2D MMSE

 

 

QPSK

QAM-16

QAM-64

CDM 1

CDM 2

CDM 3

[image: image17.emf]5 10 15 20 25 30

10

-2

10

-1

10

0

SNR [dB]

BLER

CDM DRS design, TU 120km/h, 1 RB 2D MMSE

 

 

QPSK

QAM-16

QAM-64

CDM 1

CDM 2

CDM 3


Figure 9 CDM at TU 3km/h and 120km/h for 1 RB 2D Wiener 
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Figure 10 FDM 1 and FDM 3 at 240km/h with 1 RB 2D Wiener filter

4 Summary
In this contribution, simulation results are presented for evaluating different aspects of DRS for multi-layer transmission, which include 

1. CDM-based DRS and FDM-based DRS.

2. Different DRS patterns

From the simulation, we can get the following observations

1. In general, 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 or the channel is very dispersive in frequency, as the orthogonality between different codes on DRS could be broken.
2. For FDM-based DRS, three-column DRS patterns (FDM 2 and FDM 3) shown in Figures 2 and 3 show similar performance as two column DRS pattern (FDM 1) shown in Figure 1 when UE mobility is low to medium. However, for high mobility UE, three-column DRS provide better performance than two-column DRS.  Three-column DRS in Figure 2 (FDM 2) could have collision issue if common RS ports 2 and 3 are presented while three-column DRS in Figure 3  (FDM 3) doesn’t have such issue 
Some further investigation may be needed to compare other DRS patterns. At this stage, it seems to us that FDM-based DRS pattern illustrated in Figures 3 (FDM 3) would provide favourable overall performance and have less possibility to collide with other existing RS ports, and therefore should be considered as two ports  DRS  for two-layer beamforming transmissions. The same design philosophy and consideration could be taken into account  in the design of RS pattern for other LTE-A schemes such as high-order MIMO or CoMP transmission.
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Summary: In a multiple-antenna system with two transmitters and two receivers, a scenario of data communication, known as the X channel, is studied in which each receiver receives data from both transmitters. In this scenario, it is assumed that each transmit.....




















































































































































Figure 3 CDM and FDM DRS structure pair 3 (normal cyclic prefix)





Figure 2 CDM and FDM DRS structure pair 2 (normal cyclic prefix)





Figure 1 CDM and FDM DRS structure pair 1 (normal cyclic prefix)
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