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1. Introduction
During the RAN1#52 meeting in Sorrento, a UE-specific DRS pattern for normal CP is adopted by LTE for both FDD and TDD [1]. The agreed pattern has 12 DRS in 1 ms RB pair and has the following advantages:
1. It is not located on symbols containing CRS, which will lead to minimum impact to CRS features such as supporting transmit diversity for common control channel and CRS shifting among neighboring cells.

2. It has the similar pattern as CRS which will allow UE to re-use the same channel estimation function for both CRS and DRS.
3. Its overall performance is superior or similar to other patterns.
4. It has medium DRS density which will achieve balancing between performance and overhead especially for cell-edge users.

5. It has balanced DRS in each slot, which will benefit the distributed transmission.
The remaining issue related to DRS is the DRS pattern for extended CP frame structure. In this contribution, we keep the strongpoint of DRS pattern for normal CP and design two DRS patterns for extended CP frame structure.
2. DRS Pattern Design for Extended CP
In this section, we propose two DRS patterns that are illustrated in Figure 1and Figure 2.
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Figure 1 DRS pattern 1 for extended CP

[image: image2.emf]R

1

R

0

R

d

R

0

R

0

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

Common References in Antenna port 0

R

d

R

d

R

d

Resource Element

R

d

R

d

R

d

R

d

R

d

R

d

R

d

R

d

R

d

Common References in Antenna port 1

Dedicated References in Antenna port 5

1

2

 

s

u

b

c

a

r

r

i

e

r

s

12 OFDM Symbols

R

1

R

0


Figure 1 DRS pattern 2 for extended CP

In the DRS design for extended CP, a number of aspects are taken into account: 

· Based on simulation results in some contributions [2] [3], it can be observed the DRS pattern with 12 resource elements per resource block is the optimal option that can balance the performance and overhead especially for cell-edge users. Therefore we propose to also use 12 DRS density for extended CP that is same as for normal CP and will provide similar performance as those for normal CP.
· In these two patterns the DRS and CRS are not co-located in the same OFDM symbols so that remain minimal impact to CRS [1].
· The DRS pattern in Figure 1 has two columns of DRS in each slot, which will benefit the distributed transmission. 
· However, due to the OFDM symbols in the first slot for extended CP are fewer than normal CP case and the first two or three OFDM symbols are control information, the six DRS in the first two columns in Figure 1 will not achieve great gain. Furthermore, by considering the typical case for extended CP deployment is large cell and the frequency dispersiveness of channel is more obvious, the higher DRS density in frequency domain could lead to better performance. Thereby we can reduce the amount of dedicated references along time direction and give an alternative DRS pattern for extended CP with 12 resource elements per resource block in Figure 2.
3. Conclusion
Based on the consideration listed in section 2, one of the two DRS patterns can be adopted by LTE. But considering the application scenario for extended CP, we prefer to use Figure 2 as the DRS pattern for extended CP frame structure.
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