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1 Introduction
The current working assumption assumes constant EPRE for all data symbols for a given transmission. However, the impact of the constant EPRE on a multi-antenna system was not thoroughly evaluated. In a multi-antenna system, this assumption results in partial use of transmission power in some antennas, at OFDM symbols where RS symbols are present. Another scenario where the constant EPRE is not desirable is a large-cell system where RS power boosting is necessary for the purpose of RS range extension.  Although RAN1 has not discussed how RS power boosting should be accommodated, the common understanding from email discussions is  data/control RE puncturing is required to save power for RS boosting. This puncturing translates into loss in data/control resource, and results in worse BLER performance for the PDSCH channels.
In this contribution, we investigate the performance benefit of deviating from this constant EPRE assumption, for the cases of without and with RS boosting. A 4Tx SFBC+FSTD system is used as an example to illustrate the benefit of this non-constant power scaling. We observe that by allowing non-constant scaling on different antennas and OFDM symbols, significant performance benefits can be obtained.
2 Power scaling without RS power boosting

We use the 4Tx, SFBC+FSTD transmission scheme to demonstrate the benefit of non-constant EPRE among different transmit antennas. The transmission matrix of the SFBC+FSTD is given by
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We further denote ‘a as the nominal PSD on each RE. Then in the absence of in the case of no RS boosting, each RS symbol will have a power of 2a. Furthermore, without loss of generality we assume a case where the signal REs each has also a power of 2a.  This is illustrated Figure l below, with a focus on the first OFDM symbol. According to the current constant EPRE assumption, all data REs on all antennas/OFDM symbols have to be of power 2a.   However,  this constant-EPRE requirement results in a power waste of 4a on the third transmit antenna, in the first OFDM symbol.  This power loss can be avoided if we simply allow the transmission power of each RE to increase from 2a to 3a on the third antenna, in the first OFDM symbol.


[image: image2.emf]X

X

X

R0

X

X

X

X

R1

X

X

X

X

X

X

X

X

R2

X

X

X

X

R3

X

ANTP0 ANTP1

ANTP2 ANTP3

1

S

2

S

*

2

S



*

1

S

3

S

4

S

*

4

S



*

3

S

1 2 3

1 2 3

1 2 3

1 2 3

X

X

X

R0

X

X

1

S

2

S

subcarrier

OFDM symbol

2a

2a

2a

2a

2a

2a

power

2a

2a

X

X

X

X

X

R2

*

2

S



*

1

S

X

X

R1

X

X

X

3

S

4

S

X

X

X

X

R3

X

*

4

S



*

3

S

2a

2a

These RE powers increase to 3a if we 

deviate from constant EPRE 

X

Null RE Other signal


Figure 1: Transmission power assignment of an SFBC+FSTD scheme.
To clearly see how the power of each RE changes when we deviate from the constant EPRE assumption, we use the following table to summarize the data/control power ratios for REs on different transmit antenna, in different OFDM symbols within one subframe.  Note that ‘t’ is the transmit antenna index and ‘k’ is OFDM symbol index.  In contrast, all entries would have been ‘2a/2a’ in this 4Tx SFBC+FSTD example, if we stay with the constant EPRE assumption. 
Table 1. The non-constant data/pilot ratio without RS boosting. ‘t’ is antenna index, ‘k’ is OFDM symbol index.
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The performance benefit of the non-constant EPRE rule is shown in Figure 2  below. The simulation assumptions are found in the Annex.  It is observed that up to 0.3-0.5dB gain can be obtained by simply use full transmission power on all antennas, for all OFDM symbols. 

[image: image8]
Figure 2: Performance benefit of non-constant power scaling. No RS power boosting. Realistic channel estimation used.
3 Power scaling with RS power boosting

We proceed to consider the case where the Node-B decides to boost the RS power by 3dB to 4a, up from the 2a in the previous example.  With the current constant EPRE working assumption, RS boosting is achieved by puncturing several data REs, as illustrated in Figure 3 below. Again, the focus of this Figure is on OFDM symbol #1.  It is clear that data puncturing results in loss of both RE resource  and transmit power in some antenna/OFDM symbol combinations.
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Figure 3: RS power boosting by data/control puncturing. Note that the exact location of punctured RE has not been discussed in RAN1.
Instead of data RE puncturing as shown in the previous Figure, if we are allowed to vary the power scaling of each antenna/OFDM symbol combination, then we arrive at the alternative solution shown in Figure 4 below.
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Figure 4: RS power boosting by non-constant EPRE. No puncturing necessary.
In Table 2 below, the RE power assignment for each antenna/OFDM symbol combination for the RS boosting with non-constant RE EPRE is summarized. The performance benefit of the non-constant EPRE rule is shown in Figure xxx below. The simulation assumptions are found in the Annex.  It is observed that up to 0.5dB gain can be obtained by simply use full transmission power on all antennas, for all OFDM symbols. 
Table 2. The non-constant data/pilot ratio with RS boosting. ‘t’ is antenna index, ‘k’ is OFDM symbol index.
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The performance benefit of the non-constant EPRE rule is shown in Figure 5 below for the case of  RS power boosting. The simulation assumptions are also given in the Annex. It is observed that in the case of RS power boosting, the benefit of non-constant RS boosting is even bigger at between 1-2dB for various MCS levels.

[image: image16]
Figure 5: Performance benefit of non-constant power scaling. With RS power boosting. Realistic channel estimation used.
4 RS boosting for the 1Tx case
For the 1Tx case, the RS boosting can similarly be achieved by two alternative means: (a) puncturing of data Res in order to maintain constant EPRE; (b) allowing non-constant power scaling on different OFDM symbols. These two methods were also studied in [2]. However, simulation results are only shown for (b) in [2]. Here we compare the results for both approaches in Figure 6 below. It can be seen that in the 1Tx case, the non-constant scaling also outperforms the data RE puncturing approach, for both 3dB and 6dB boosts. 
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Figure 6: Comparison of data RE puncturing and non-constant power scaling for 1Tx RS boosting. QPSK, rate 1/3 code assumed. Realistic channel estimation used.
5 Summary: Power scaling across multiple antennas and OFDM symbols

Assume the total power per antenna is 
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, the nominal power spectral density (nominal PSD) is defined as 
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. The RS power boosting factor (RS is defined as the ratio between the RS PSD and the nominal PSD. In general, in order to maximize the power utilization on multiple OFDM symbols across multiple antennas, the power level of data or control sub-carriers should be derived based on the value of RS power boosting. Assuming there is no power control, nominal traffic-to-pilot-ratio (TPR) to achieve full power and bandwidth utilization on all antennas is shown in the following tables. 

Table 2. The nominal data/control TPR (1Tx or 2Tx)
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Table 2 shows the nominal data/control TPR of sub-carriers on antenna t in OFDM symbol k for a 1Tx or 2Tx system. If all REs on all antennas follow the nominal TPR, full power and bandwidth utilization is achieved. 

 Table 3. The nominal data/control TPR with (RS = 3dB (1Tx or 2Tx)
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For example, if the RS power is boosted by 3dB, i.e., (RS = 2, the nominal data/control TPR is shown in Table 3. In the case of power control, the absolute value of the nominal TPR becomes irrelevant. However, if we maintain the same power ratio across REs and antennas as derived from the nominal TPR for all data and control channels, we can maintain full power and bandwidth utilization of the system. 

Table 4. The nominal data/control TPR (4Tx)
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Similarly, we can derive the nominal data/control TPR for 4Tx systems so that full power and bandwidth utilization is achieved for all antennas. Table 4 shows the nominal data/control TPR of sub-carriers on antenna t in OFDM symbol k to achieve that for 4Tx systems. 
Table 5. The nominal data/control TPR with (RS = 6dB  (4Tx)
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For example, if the RS power is boosted by 6dB, i.e., (RS = 4, the nominal data/control TPR is shown in Table 5. 

6 Complexity and Signaling of Power Scaling

In terms of complexity, as shown in Tables of section 5, the power scaling method requires only a single multiplier at transmitter on antenna t in OFDM symbol k. 

For the case of constant EPRE, TPR can be obtained in two ways: blindly estimated at a receiver or signalled by Node B. Similarly, with power scaling method, TPR also can be done by blindly estimated at a receiver or signalled by Node B. 
In the case of blindly estimated at a receiver, our simulation results show power scaling significantly outperform constant EPRE. The results are also in line with [3].

In the case of signalled by Node B, both constant EPRE and power scaling require to signal TPR information to UE. Thus, in terms of signalling overhead, the power scaling method does require no extra signalling other than the RS power boosting information.  

7 Conclusion
In terms of performance, we observe 1~2dB performance benefit over constant EPRE by power scaling when RS power boosting is present. The power scaling method allows full use of power and bandwidth utilization across all antennas.  The performance benefits of power scaling come from two folds: 

1. full use of TX power across all antennas

2. full bandwidth utilization, instead of RE puncturing

In terms of complexity, the power scaling method requires only a single multiplier at the transmitter.
In terms of signalling overhead, the power scaling method does require no extra signalling. 
8 References
[1] R1-073080, “RE Mapping of SFBC+FSTD Based TxD for Shared Data Channel,” Nortel, RAN1#49bis, Orlando, USA, June 2007
[2] R1-070088, “Power Boosting of Reference Symbol in EUTRA Downlink, NTT DoCoMo, RAN1#47bis, Sorrento, Italy, Jan 2007

[3] R1-074190, “Further consideration on RE mapping for 4Tx PUSCH”, LG, RAN1#50, Shanghai, Oct2007

9 Annex
The simulations assumptions are summarized in Table 6. 

Table 6 Link simulation parameters

	Parameter
	Details

	Transmission  Bandwidth
	10 MHz

	NFFT
	1024

	Sub-carrier spacing
	15 kHz

	Sub-frame duration
	1ms

	Number of OFDM symbols per sub-frame
	14 

	Channel Model
	SCM Urban Macro

	Mobile Speed
	30km/hr

	Turbo Coding with 8 iteration
	1/3, ½

	Modulation
	QPSK, QAM16

	Transmit Diversity Scheme
	SFBC+FSTD

	Number of RX antenna
	2

	Number of TX antenna
	4

	Comparative Schemes
	Baseline(current working assumption) with and without pilot boosting

Proposed scheme with and without pilot boosting

	Channel  Estimation
	Realistic channel estimator
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