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1. Introduction
Power scaling has been adopted as the approach to handle the case of unequal transmission power across antennas for data and control. However, in the case of multiple code blocks (# of code block > 2), power scaling may penalize one code block more than another due to frequency first mapping of modulation symbols onto REs. In that case, RE puncturing may be preferred. In this contribution, we propose the RE puncturing patterns in case DL-SCH power scaling cannot be used.
2. Cell-specific RE puncturing pattern
In LTE system, the RS symbols for antenna 0 & 1 appear in OFDM symbol 1, 5, 8, and 12, while the RS symbols for antenna 2 & 3 appear in OFDM symbol 2 and 9. This kind of RS pattern may result in different amount of power available for data or control channel transmission on different antennas and in different OFDM symbols. If not handled carefully, this could results in inefficiency of power or bandwidth utilization which degrades system performance. One solution is to puncture some REs in some OFDM symbols or antennas to maintain the same or similar EPRE for REs allocated to one data or control channel. By “puncturing” we mean that no power is allocated on those REs.
When some REs are punctured, the interference to other cells on those REs is reduced. We propose to use cell specific RE puncturing pattern to take advantage of the interference reduction due to puncturing. The cell specific RE puncturing pattern can be implemented as a single RE puncturing pattern plus an offset to the cell-specific RS frequency shift. For example, as shown in Figure 1, the offset between the RS and the punctured RE is 1. Denote the nominal EPRE for each RE is P. Note that because there is no RS in OFDM symbol 3, the nominal EPRE in OFDM symbol 3 is P. In this example, the RS is boosted to EPRE(RS) = 4P. In order to maintain EPRE(Data) = P on antenna 0 & 1 in the first OFDM symbol, half of the REs on antenna 0 in the first OFDM symbol are punctured. In the first OFDM symbol in cell A, the RS symbols of antenna 0 & 1 are located at RE 2 & 5 while RE 1 & 4 are punctured. Likewise, in the first OFDM symbol in cell B, the RS symbols of antenna 0 & 1 are located at RE 1 & 4 while RE 0 & 3 are punctured; in the first OFDM symbol in cell C, the RS symbols of antenna 0 & 1 are located at RE 0 & 3 while RE 2 & 5 are punctured. 

[image: image1.emf]D D

Z D

R1 X

D D

Z D

X X

D D

D Z

X X

D D

D Z

X R2

D D

D Z

X R3

D D

D Z

X X

D D D

Z D D

X X D

D D D

Z D D

R0 X D

D D

Z D

R1 X

D D

Z D

X X

D D

D Z

X X

D D

D Z

X R2

D D

D Z

X R3

D D

D Z

X X

D D

Z D

X X

D D

Z D

R0 X

ANTP0 ANTP1 ANTP2 ANTP3

ANTP0 ANTP1 ANTP2 ANTP3

6

 

s

u

b

-

c

a

r

r

i

e

r

s

6

 

s

u

b

-

c

a

r

r

i

e

r

s

Cell A

Cell B

OFDM 

Symbols

OFDM 

Symbols

OFDM 

Symbols

OFDM 

Symbols

OFDM 

Symbols

OFDM 

Symbols

OFDM 

Symbols

OFDM 

Symbols

D D

Z D

R1 X

D D

Z D

X X

D D

D Z

X X

D D

D Z

X R2

D D

D Z

X R3

D D

D Z

X X

D D

Z D

X X

D D

Z D

R0 X

ANTP0 ANTP1 ANTP2 ANTP3

6

 

s

u

b

-

c

a

r

r

i

e

r

s

Cell C

OFDM 

Symbols

OFDM 

Symbols

OFDM 

Symbols

OFDM 

Symbols

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R0 R1 R2 R3 X

Z D

REs for RS REs unused due to RS

REs punctured for power balance REs for data or control

EPRE(RS) = 4P, EPRE(Data) = P, EPRE(X) = EPRE(Z) = 0

0

1

2

3

4

5

0

1

2

3

4

5

0

1

2

3

4

5


Figure 1. Cell-specific RE puncturing pattern to maintain same or similar EPRE for data REs

3. RE puncturing pattern defined within an RB

We propose to define the RE puncturing pattern within an RB to minimize signaling complexity. Assume the EPRE of RS is 4P where P is the nominal EPRE. Half of the data REs on antenna 0 & 1 in the first OFDM symbol need to be punctured to maintain the same data EPRE as the data REs in later OFDM symbols. As shown in Figure 2, in the first two OFDM symbols, the first four data REs are punctured on antenna 0, 1, 2, and 3. We propose that the punctured REs should be placed in the same sub-carrier across antennas so that the impact to MIMO precoding and transmit diversity is minimized.
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Figure 2. An example of RE puncturing pattern defined within an RB
4.  PBCH handling

Extra caution is needed handling the RE puncturing in the PBCH transmission region, since the initial access UE reading the PBCH  channel does not have the knowledge of the puncturing pattern.  In our view, there are two options of handling the RE puncturing in PBCH region

1. No puncturing in the PBCH region. PBCH always use QPSK modulation and thus is not sensitive to variation in power level. Besides, our current RE puncturing is primarily targeted at the case of multiple CB transmission, where the unequal performance of different CBs is of concern. But this is not the case in PBCH. 
2. Invariant  puncturing, meaning the puncturing pattern corresponding to the smallest  
[image: image3.wmf]B
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 value as in [1] and [2], which implicitly indicate the maximum RE puncturing amount, is always used.  
5. Conclusion
In this contribution, we proposed some design principles for RE puncturing pattern. More specifically, the following design criteria are proposed:
· Cell specific RE puncturing pattern implemented as a single RE puncturing pattern plus an offset to the cell-specific RS frequency shift.
· RE puncturing pattern defined within an RB to minimize signaling complexity

· The punctured REs should be placed in the same sub-carrier across antennas
[1] 3GPP RAN1 #52bis, “Chairman’s notes”, Shenzhen, China, March 2008

[2] R1-081694, “LS on information about RAN1 decision regarding downlink power settings”, Nokia, Nokia Siemens, Apr 2008.
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