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1 Introduction
RAN1 meeting #56 has agreed on reference signals (RS) for demodulation in LTE-A [1] as follows: 

· RS targeting PDSCH demodulation (for LTE-A operation) are 

· UE specific

· Transmitted only in scheduled RBs and the corresponding layers

· Different layers can target the same or different UEs

· Design principle is an extension of the concept of Rel-8 UE-specific RS (used for beamforming) to multiple layers

· Details on UE-specific RS pattern, location, etc are FFS

· RSs on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation

· complementary use of Rel-8 CRS by the UE is not precluded
This document presents a time-frequency mapping design for downlink PDSCH demodulation reference signals (DRS) for up-to 8 layers. The design has the following desirable attributes:

· The DRS pattern is designed to be as similar as possible to the Rel-8 cell-specific RS. 
· The design has a fixed RS overhead for 2 or more number of transmission layers. However,,the more layers are utilised the fewer DRS are allocated to each layer. In our view, it is desirable that the density of DRS within a resource block decreases with increasing number of transmission layers. This is because the channel condition for lower-order MIMO transmission is generally poorer than that for higher-order MIMO transmission and hence would require more DRS to improve channel estimation performance. 
· With the maximum total number of DRS being 16 and not counting the Rel-8 CRS, the overhead for the LTE-A resource block is 16/168 = 9.5% for normal cyclic prefix (Note that overhead of Rel-8 cell-specific RS for 4 TX is calculated recently by companies’ contributions as 24/168 = 14.28%.) 
· The DRS multiplexing method for multiple layers is FDM+TDM. Although CDM of RS has been proposed by several companies, it is not preferred in our view as its performance could deteriorate if UE mobility is high or if the channel is frequency dispersive as shown in a number of contributions such as [2].
2 Demodulation RS mapping
The DRS are mapped into each Resource Block for different cases of number of layers as follows:

In the figures below, the resource element (RE) with grey colour and symbols R0 to R3 are the existing Rel-8 cell specific RS. The other colours are the LTE-A DRS which are indexed from P1 to P8. 
The cases of 1 layer and 2 layers are as follows:
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Figure : Demodulation RS mapping for 1-layer and 2-layer
In these cases, the number of DRS per layer is 8 and the DRS are allocated in 4 equally-distant OFDM symbols; two DRS OFDM symbols in each slot. These OFDM symbols do not contain Rel-8 cell-specific RS. The DRS of the same layer in the same OFDM symbol index are separated by 5 subcarriers. The DRS of the same layer in the same subcarrier index are separated by 5 OFDM symbols. The number of DRS, the number of OFDM symbol containing DRS and the distance between subcarriers containing DRS are the same as those in the Rel-8 cell-specific RS of 1TX antenna and 2TX antennas. This design aims to achieve performance comparable with the cases of 1 TX and 2TX transmission in the Rel-8. The similar RS pattern for normal CP and extended CP can simplify channel estimation implementation.

The cases of 3 layers and 4 layers are as follows: 
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Figure 2: Demodulation RS mapping for 3-layer and 4-layer
The 3-layer and 4-layer cases are similar to that for 1-layer and 2-layer cases, except for the number of DRS per layer is now 4 (allocated in 2 OFDM symbols; one DRS OFDM symbol each slot).

The cases of 5 layers and 6 layers are as follows: 

[image: image3.emf]6  l 0  l 6  l

even-numbered slots odd-numbered slots

R

1

R

1

R

2

R

3

R

2

R

3

R

1

R

0

R

0

R

1

0  l

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

3

R

3

R

2

R

2

R

0

R

0

P

2

P

1

P

1

P

1

P

1

P

2

P

2

P

2

P

3

P

3

P

3

P

4

P

4

P

5

P

5

5-layer case, normal CP

even-numbered slots odd-numbered slots

6-layer case, normal CP

5-layer case, extended CP 6-layer case, extended CP

0  l

even-numbered slots odd-numbered slots

0



l

5  l

5  l

even-numbered slots odd-numbered slots

6  l 0  l 6  l

R

1

R

1

R

2

R

3

R

2

R

3

R

1

R

0

R

0

R

1

0  l

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

3

R

3

R

2

R

2

R

0

R

0

P

2

P

1

P

1

P

1

P

1

P

2

P

2

P

2

P

3

P

3

P

4

P

4

P

5

P

5

P

6

P

6

R

1

R

1

R

2

R

3

R

2

R

3

R

1

R

0

R

0

R

1

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

3

R

3

R

2

R

2

R

0

R

0

P

2

P

1

P

1

P

1

P

1

P

2

P

2

P

2

P

3

P

3

P

3

P

4

P

4

P

5

P

5

R

1

R

1

R

2

R

3

R

2

R

3

R

1

R

0

R

0

R

1

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

3

R

3

R

2

R

2

R

0

R

0

P

2

P

1

P

1

P

1

P

1

P

2

P

2

P

2

P

3

P

3

P

4

P

4

P

5

P

5

P

6

P

6

0  l 0  l

5  l

5  l

P

3

P

3


Figure 3: Demodulation RS mapping for 5-layer and 6-layer

In the 5-layer case, the number of DRS for layers indexed 1, 2 and 3 is 4 per layer; the number of DRS for layers indexed 4 and 5 is 2 per layer. In the 6-layer case, the number of DRS for layers indexed 1 and 2 is 4 per layer; the number of DRS for layers indexed 3, 4, 5 and 6 is 2 per layer. This is to keep the total number of RS OFDM symbols to be 4 and the RS distance of 6 in both time and frequency is unchanged (thus the total number of RS is still 16, the same as that of 2 and 4 layers).

The cases of 7 layers and 8 layers are as follows:
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Figure 4: Demodulation RS mapping for 7-layer and 8-layer
In the 7-layer case, the number of RS for layer indexed 1 is 4; the number of RS for layer indexed 2, 3, 4, 5, 6 and 7 is 2 per layer. In the 8-layer case, the number of RS per layer is 2, the same as that for 5 and 6 layers,  this is to keep the total number of DRS OFDM symbol to be 4 and the RS distance to be 6 in both time and frequency unchanged and the total RS of 16 as in the cases of 2 and 4 layers. It is believed that 7 and 8 layer cases are utilised only when channel is rather static and the channel is almost flat in frequency, thus two DRS per layer (one DRS per slot) would suffice.
3 Conclusions
In this contribution, we present a time-frequency mapping design for downlink DRS for LTE-A. The design aims to have the DRS pattern as similar as possible to the Rel-8 cell-specific RS (in order to achieve performance comparable to that of Rel-8 when 4 or less number of layers are utilised). 
In our view, it is desirable that the density of DRS within a resource block decreases with increasing number of transmission layers. This is because the channel condition for lower-order MIMO transmission is generally poorer than that for higher-order MIMO transmission and hence would require more DRS to improve channel estimation performance. Although the design has a fixed RS overhead for 2 or more number of transmission layers, the number of DRS per layer reduces when the number of layers increases. 
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