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1. Introduction

In RAN1 #52 Sorrento meeting, there was a discussion on downlink power control for PDSCH and some details were agreed as a way forward. However, it was not decided yet whether optimum power setting for 4Tx antennas will be defined in LTE or not. In order to fully utilize the eNode-B transmission power, a per-antenna power scaling is necessary in 4Tx antennas since the RS structure has unbalanced reference symbol allocation across the transmit antennas such that the RS for (1st, 2nd) transmit antennas and (3rd, 4th) transmit antennas are allocated in different OFDM symbol within a slot. Therefore, if we simply use balanced MIMO transmission schemes specified in TS36.211, the RS should be scaled down in order not to exceed maximum transmission power in an antenna.

In general, the RS power level is quite closely related to several system optimization points including CQI measurement, frequency scheduling, signal detection and so on. Therefore, so far, several contributions [3]-[7] have been submitted and discussed in order for 4Tx eNode-B to have the full power transmission capability. To achieve full power transmission while keeping implementation complexity minimum, per-antenna power scaling [4] seems appropriate to be employed due to its flexibility and low implementation complexity.
However, during the per-antenna power scaling discussion in RAN1 #52, there were some concerns on the use of per-antenna power scaling for the precoding since it may hurt the unitary condition of current specified codebook [2]. Therefore, in this contribution, we investigate the effect of using per-antenna power scaling for codebook-based precoding under several system scenarios.

2. Per-Antenna Power Scaling in 4Tx MIMO
      In order to fully utilize transmission power in 4Tx Node-B, it is necessary to employ per-antenna power scaling [4]-[7] or per-antenna puncturing [3]. However, it seems that power scaling based RS boosting is more flexible to adjust RS power according to cell environment. Therefore, in this section, we only focus on per-antenna power scaling for 4Tx TxD (i.e., SFBC+FSTD) and precoding.

In the 4Tx RS structure, the reference symbols for 1st and 2nd transmit antennas are included in (1, 5, 8, 12)-th OFDM symbols and the reference symbols for 3rd and 4th are transmitted through (2, 9)-th OFDM symbols. Therefore, the per-antenna power scaling is needed for the aforementioned OFDM symbols and the scaling ratio should be different according to the antenna group.

· Per-antenna Power scaling for SFBC+FSTD [4]:
In the figure 1, it is shown that power scaling can be used for fully utilizing transmit power across the transmission antennas without modification of the mapping position. As shown in the figure 1, each antennas’ transmit power in a data RE is different across the antennas in the OFDM symbol containing RS symbols.
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a) Power Allocation of RS and data RE for (1, 5, 8, 12)-th OFDM symbol.
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b)  Power Allocation of RS and data RE for (2, 9)-th OFDM symbol.

Figure 1. power scaling of SFBC+FSTD for the OFDM symbol 

according to RS position.

· Per-antenna Power scaling for precoding :

In the figure 2, it is shown that per-antenna power scaling can be used for full power transmission by introducing power scaling factors to a precoding matrix. As shown in the figure 2, each antennas’ transmit power in a data RE is different across the antennas in the OFDM symbol containing RS symbols.
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Power Allocation of RS and data RE for (1, 5, 8, 12) OFDM symbol.
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b)  Power Allocation of RS and data RE for (2, 9) OFDM symbol.

Figure 2. power scaling of precoding for the OFDM symbol 

according to RS position.

3. Evaluation Results
In this section, we evaluate SFBC+FSTD and precoding in combination with per-antenna power under several system and channel scenarios. In addition, we assume real channel estimation in order to investigate the effect of pilot power level. Two types of MIMO transmission modes will be considered such as open-loop transmission mode and closed-loop transmission mode. As an open-loop transmission mode, we use SFBC+FSTD for rank-1 transmission and random precoding in combination with large-delay CDD is employed for higher rank case. In addition, rank-adapted frequency selective precoding is assumed as a closed-loop transmission mode.
3.1. Open-loop simulation results

In the open-loop simulation, we assume relatively high mobility in which long-term link adaptation with distributed resource allocation is generally used in order to provide robustness to highly time varying channel. The following table 1 includes remaining link level simulation for open-loop assumptions.

	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Resource allocation
	RB-level distribution mode

	# used resource
	4RBs

	Channel Models
	ITU-PedA and 6-ray TU

	Channel Correlation (Tx, Rx)
	(0%, 50%)

	Mobile Speed (km/h)
	30km/h

	Modulation schemes and channel coding rates
	QPSK (R= 1/3, 1/2, 3/4)
16QAM (R=1/2, 5/8, 3/4)

	Channel Code
	Turbo code Component decoder : max-log-MAP

	Antenna configuration
	4 transmitter, 2 receiver => [4Tx, 2Rx]

	Channel Estimation
	1-D linear time interpolation for frequency and time domain
(inter-TTI interpolation is also applied)

	MIMO schemes
	· Rank 1: SFBC+FSTD

· Rank 2: 4Tx OL SM

	MIMO receiver
	Minimum Mean Squared Error (MMSE) filter


Table 1. Open-loop simulation assumption

· Performance Results (SFBC+FSTD)
         In the figure 3, it is shown that the performance of SFBC+FSTD with and without per-antenna power scaling according to the channel environment with perfect channel estimation. There seem marginal performance differences between schemes since the RS power level doesn’t affect to the system performance. Even though the power ratio across the transmit antennas is different, the performance is almost similar since the diversity loss is marginal in the PDSCH.
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Figure 3. Link performance according to Schemes [Rank-1, Perfect Channel Estimation].

       Figure 4 shows that the link performance of the schemes according to the channel environment with real channel estimation. As shown in figure 4, the link performance of SFBC+FSTD without per-antenna power scaling gets significantly degraded due to 3dB loss in RS symbol since the poor channel estimation performance may increase misdetection probability.


[image: image7.wmf]-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

1E-3

0.01

0.1

1

16QAM

 R=5/8

QPSK

R=1/3

QPSK

R=3/4

 

 

BLER

SNR [dB]

[4Tx SFBC+FSTD, TU 30Km/h]

- Real Channel Estimation

 wo/ Power scaling

 w/ Power scaling



 EMBED Origin50.Graph  [image: image8.wmf]-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.01

0.1

1

16QAM

 R=5/8

QPSK

R=1/3

QPSK

R=3/4

 

 

BLER

SNR [dB]

[4Tx SFBC+FSTD, PedA 30Km/h]

- Real Channel Estimation

 wo/ Power scaling

 w/ Power scaling


Figure 4. Link performance according to Schemes [Rank-1, Real Channel Estimation].

· Rank-2 Performance Results (Open-loop SM)

The figure 5 shows the performance difference between the rank-2 open-loop SM with and without per-antenna power scaling under perfect channel estimation scenario. As shown in figure 5, two schemes have similar performance since the loss of diversity seems to be marginal even using power scaling that may hurt unitary condition of the precoding matrix in the OFDM symbol containing RS. 
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Figure 5. Link performance of the Open-loop SM according to the existence of per-antenna power scaling [Rank-2, Perfect Channel Estimation].

In the figure 6, it is shown that per-antenna power scaling for open-loop precoding scheme may provide significant performance gain from higher RS boosting level.
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Figure 6. Link performance of the Open-loop SM according to the existence of per-antenna power scaling [Rank-2, Real Channel Estimation].

3.2. Closed-loop simulation results

        In the closed-loop simulation, we evaluate single-user throughput by means of link-level simulation. 24-level (i.e., 1dB CQI granularity) MCS is assumed for adaptive modulation and coding. In addition, 4Tx codebook in the TS 36.211 without codebook subset restriction is also used as a codebook based precoding. Following table 2 shows detailed closed-loop simulation assumptions.
	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Frequency granularity for PMI feedback
	4RBs

	Frequency granularity for CQI feedback
	4RBs

	Resource allocation
	Frequency scheduling for 8 RBs

	Channel Models
	6-ray TU channel

	Mobile Speed (km/h)
	3 km/h

	Modulation schemes and channel coding rates
	QPSK (R=1/8, 1/6, 1/4, 1/3, 3/7, 1/2, 9/5, 5/8, 7/10, 3/4)

16-QAM (R=4/9, 1/2, 13/24, 5/8, 2/3, 3/4, 5/6)

64-QAM (R= 3/5, 5/8, 17/25, 3/4, 5/6, 9/10, 14/15)

	MIMO Mode
	SU-MIMO with rank adaptation

	MIMO CQI
	4bits : CQI-1, 3bits : CQI-2

	CQI update period
	3TTIs

	Channel Code
	Turbo code Component decoder : max-log-MAP

	Codebook
	4Tx codebook

	Antenna configuration
	4 transmitter, 2 receiver => [4Tx, 2Rx]

	Tx, Rx Correlation (Tx %, Rx %)
	(0%, 50%), (50%, 50%)

	H-ARQ
	Bit-level chase combining

# of Maximum Retransmission : 6
# of Retransmission delay : 6 TTIs

	Channel Estimation
	1-D Channel Estimation


Table 2. Closed-loop simulation assumptions
      In figure 7, it is shown that the per-antenna power scaling provides approximately 14% throughput gain even though it hurts the unitary condition in the OFDM symbol containing RS since the channel estimation performance seems more important to provide reasonable system performance.
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Figure 7. Single-user throughput performance under uncorrelated spatial channel.

     The figure 8 shows the performance results from same simulation scenario assumed in figure 7 except for the spatial channel correlation. In the figure 8, we assume relatively high spatial channel correlation such as (50%, 50%) in order to see the effect of per-antenna power scaling for the beam-forming case. As shown in the figure 8, the performance gain seems somewhat reduced compared with un-correlation channel case, however, it still provide significant throughput gain. 
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Figure 8. Single-user throughput performance under highly correlated spatial channel.

From these results shown above, we can see that the per-antenna power scaling is beneficial for the 4Tx eNode-B by fully utilizing transmission power and it could be employed for most MIMO schemes specified in the TS 36.211 v8.0.0 [2]. 
4. Conclusions

In this contribution, we investigate the need of per-antenna power scaling for 4Tx system in order to fully utilize eNode-B transmission power. For the evaluation, we take the open-loop and closed-loop scenario into account. From the results shown above, we can conclude as follows:

· Full power transmission is necessary to reach the LTE requirement
· RS power-boosting level is quite important for overall system performance.
· Per-antenna power scaling should be employed in order to fully utilize eNode-B transmission power.
· Per-antenna power scaling is beneficial for both SFBC+FSTD and precoding and provides significant performance gain.

Therefore, we recommend the use of per-antenna power scaling for 4Tx MIMO schemes for full power transmission irrespective of the rank and transmission mode.
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