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1 Introduction
In Kansas meeting, it was agreed that when UE-specific reference signal (RS) is transmitted, no restriction to cell-specific RS transmitted on antenna ports 2 and 3 should be applied. The decision is captured in [1]. This decision means that cell-specific RS from antenna ports 2 and 3 should still be transmitted even if the UE-specific RS is transmitted on antenna port 5. 

By carefully examining cell-specific RS pattern and UE-specific RS pattern for different configurations, it is noticed that in one occurrence, which is for extended CP, the UE-specific RS and cell-specific RS from antenna ports 2 and 3 will be co-located on the same OFDM symbol. That could limit the capability of frequency shift of cell-specific RS among neighboring cells. To solve this issue, we propose to make a small adjustment on UE-specific RS pattern for extended CP by simply moving UE-specific RS from that particular OFDM symbol onto the next OFDM symbol. 
2 DRS pattern modification for extended CP

The current UE-specific RS pattern for extended CP was agreed in Shenzhen meeting as shown in Figure 1 in red. At Kansas meeting, some alternatives were proposed in [2] that could allow the co-existence of  UE-specific RS  (antenna port 5) and cell-specific RS for up to 4-tx (antenna ports 0-3). The decision was captured in [1]. 

As shown in Figure 1, one problem for such co-existence is that there will be UE-specific RS and cell-specific RS co-located on the 2nd OFDM symbol in the 2nd slot. As frequency shift can be applied among cell-specific RS among neighboring cells to reduce the interference, such co-existing of UE-specific RS would limit the choices of cell-specific RS frequency shift for the neighbouring cells. 
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Figure 1: Current DRS pattern for extended CP

To solve this issue, the current UE-specific RS pattern for extended CP can be simply modified by moving the current UE-specific RS in the 2nd OFDM symbol in the 2nd slot, to the 3rd OFDM symbol in the 2nd slot, as shown in Figure 2. That could ease the problem mentioned above. 
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Figure 2: Modified DRS pattern for extended CP 

3 Proposed CR for text change of TS36.211 

3.1.1.1 6.10.3.2
Mapping to resource elements

In a physical resource block with frequency-domain index 
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 assigned for the corresponding PDSCH transmission, the reference signal sequence 
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 shall be mapped to complex-valued modulation symbols 
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Normal cyclic prefix:
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Extended cyclic prefix:


[image: image9.wmf])

'

4

(

PDSCH

RB

)

(

,

m

N

l

r

a

p

l

k

+

×

¢

×

=



[image: image10.wmf]1

4

,...,

1

,

0

'

1

2

mod

 

if

1,2

0

2

mod

 

if

0

1

2

}

2

,

0

{

4

2

 

if

2

3m'

4

 

if

'

3

mod

)

(

PDSCH

RB

s

s

PRB

RB

sc

RB

sc

-

=

î

í

ì

=

=

=

¢

î

í

ì

=

¢

Î

¢

=

î

í

ì

=

+

=

=

¢

×

+

¢

=

N

m

n

n

l

l

l

l

l

l

m

k

n

N

N

k

k



where  
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 is the counter of UE-specific reference signal resource elements within a respective OFDM symbol of the PDSCH transmission.

The mapping shall be in increasing order of the frequency-domain index 
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 of the physical resource blocks assigned for the corresponding PDSCH transmission. The quantity 
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 denotes the bandwidth in resource blocks of the corresponding PDSCH transmission.

Figure 6.10.3.2-1 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix. 
Figure 6.10.3.2-2 illustrates the resource elements used for UE-specific reference signals for extended cyclic prefix.

The notation 
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R

 is used to denote a resource element used for reference signal transmission on antenna port
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Figure 6.10.3.2-1: Mapping of UE-specific reference signals (normal cyclic prefix)
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Figure 6.10.3.2-2: Mapping of UE-specific reference signals (extended cyclic prefix)

4 Conclusions

In this contribution, a simple alternative is proposed with little modification of UE-specific RS pattern for extended CP to solve the problem of co-location of UE-specific and cell-specific RS on the same OFDM symbol for extended CP.
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