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1 Introduction
In St-louis meeting, the modified DL RS pattern for 4 Tx anternnas has be agreed as the working assumption. It has also been agreed that the application of DL RS hopping/shift is static in a cell. DL RS boost is also considered as a way to improve the channel estimation perforamcne In St-Louis meeting some contributions were submitted which discuss the power boosting issue, such as [1]-[2].
Since the overall tansmit power per OFDM symbol should be constant, there are two approaches to boost the DL RS power. The first one is to steal some power form the data REs which means that the Tx power density for data REs should be reduced accordingly in order to increase the Tx power desity of  RS REs. The second method is to puncture certain number of data REs in the OFDM symbol transmitting RS REs and the Tx power on these punctured data REs will be moved to RS REs.
On the other hand according to the working assumption the SCH and P-BCH are transmitted in the central 72 REs regardless of the transmission bandwidth of the NodeB to enable the initial access. In order to improve the coverage of the SCH and P-BCH, the transmit power density in the central 1.25 MHz bandwidth (6 RBs) can be boosted by reducing the transmit power density of othe REs tranmitted in the leftover spectrum if the total transmit BW is larger than 1.25 MHz.
In this contribution, we compare the control channel detection and the shared data detection performance of two  RS power boost methods.  We also discuss the Tx power allocation for OFDM symbols transmitted SCH and P-BCH.  
2 DL RS power boost

2.1 DL RS structure and RS power boost                              
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Figure 1 DL RS structure for 2 Tx
Figure 1 shows the DL RS pattern for 2 Tx which was agreed in [3]
In this contribution, we consider 2 transmit antenna system only. Since the adopted 4 Tx RS pattern has the similarity to 2 Tx RS pattern, it is expected that basic conclusion from this contribution can be applied to 4 Tx system. For DL RS power boosting of 2 Tx system, three scenarios are considered for simulation purpose.
· Natural power boost: In RS symbol, power from vacant REs located at RS positions of  other Tx can be transfer to RS REs of the transmitting Tx. This is corresponding to 3 dB power boost per RS RE per Tx antenna port. At Rx side, when considering the MIMO transmission, there is no RS power boost relative to the data transmission. 
· Power boost by stealing: For more than 3 dB power boost per RS RE per Tx antenna port, the extra Tx power is obtained from the reduction of the Tx power for data REs such that the total Tx power of each OFDM symbol is unchanged. 
· Power boost by puncturing: For more than 3 dB power boost per RS RE per Tx antenna port, the extra Tx power is obtained from the punctured data REs such that the total Tx power of each OFDM symbol is unchanged. For 6dB power boost per RS RE per Tx antenna, 4 data REs.are punctured in each RB in average. For 4.77dB power boost per RS RE per Tx antenna, 2 data REs.are punctured in each RB in average. 
The benefit of power boost by puncturing is to keep the power of data REs unchaged. However a higher overhead is introduced to achieve this. For example 33% total REs, or 50% data REs within RS symbol, are punctured for 6dB power boost per RS RE per Tx; 17% total REs, or 25% data UEs within RS symbol, are punctured for 4.77dB power boost per RS RE per Tx.
2.2 Simulation Parameters 
Simulation assumptions are as following:

· 10MHz bandwidth: 1024 FFT, 600 useful sub-carriers
· Subframe length: 1.0ms ( 2 slots )
· Turbo Coding, R= 1/2

· QPSK

· (2Tx 2Rx)  SFTD 
· Adaptive 2-D interpolation for channel estimation
· Channel models: TU, 3km/h 
· RS power boost: 3dB, 6dB(relative to data tone power of non-RS symbol at Tx)  
· Channelization: 5 RBs are evenly distributed across the whole bandwidth. 12 REs/RB
· Control channel occupies the first OFDM symbol for 2-Tx  ystem. 

· Data REs occupies the rest of OFDM symbols of the 1.0ms subframe
2.3 Simulation Results
The simulation results for control channel subframe are presented in the Figure 2. Simulation results for data channel are shown in Figure 3.
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Figure 2  RS power boost schemes for channel estimation, control channel at the 1st OFDM symbol
[image: image3.emf]RS power boost: Data channel
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Figure 3  Power boost schemes for channel estimation ,  data channel
Observations

· In Figure 2, degradation can be found for schemes of RS power boost by stealing. For ‘6dB boost by stealing’, there is about 2dB loss at 10% BLER to ‘3dB natural power boost’. The loss is due to power reduction of every RE in control channel which is located at the same OFDM symbol as power boosted RS REs. Less loss ( ~0.8dB at 10% BLER to ‘3dB natural power boost ‘ ) can be found for the case of ‘4.77dB boost by stealing’. This is because less power reduction of REs in control channel. 
On the other hand, both ‘4.77dB boost by puncturing’ and ‘6dB boost bt puncturing’ have close performance and both are about 0.2-0.4dB better than ‘3dB natural power boost’. ‘6dB boost by puncturing’ is slightly better ( ~0.2dB) than ‘4.77dB boost by puncturing’. 

· Figure 3 shows performances of different RS power boost schemes for data channel. For ‘6dB boost by stealing’, REs of data channel block are mixed with about 16% REs with power reduction and rest of REs have no power reduction. So the power reduction effect is not as dramatic as in control channel in Figure 2. With ‘3dB natural power boost’ curve at the middle, ‘6dB boost by stealing’ has about 0.4dB loss compared to ‘6dB boost by puncturing’. However in this case there is no data resource loss due to puncturing as in ‘6dB boost by puncturing’ case.
2.4 DL RS power boost approach
Based on the above observations we propose the following RS power boost approach:
1. Several power boost factors are defined including non-boosting.

2. There is one to one mapping relation between the power boost factor and the number of the punctured data REs. 

3. The RS power boosting is semi-static or static.

4. The RS transmit power density does not change on sub-frame by sub-fram based.
5. If the fractional frequency resue is applied, it is FFS whether the RS transmit power densities are different in different RBs 
6. The power boot factor is signalled through the broadcast channel.
3 The power allocation in SCH symbols and P-BCH symbol

It has been agreed that P-SCH, S-SCH and P-BCH occupies the central 1.25 MHz BW (6 RBs) which cross 6 RBs. However it is not clear the usage of the leftover spectrum for the scenarios where the transmission bandwidth is broader than 1.25 MHz. 

There are two possibilities:

1. P-SCH and S-SCH symbols are only used for synchronization and cell search. 

· Low PAPR SCH sequence design allows the power boosting of SCH symbols to improve the coverage for noise limited system or asynchronous system.
2. The spectrum of P-SCH and S-SCH symbols is shared with other data transmission

· Improve the spectrum efficiency 

Although option-1 is useful in improving the coverage of P-SCH/S-SCH/P-BCH in certain noise domainated scenario, it is not necessary to concentrate all the Tx power in the central 6 RBs, especially when the NodeB transmit bandwidth is much broader than 1.25 MHz. In addition in the interference domainate system, too much power boost may either not bring much gain in the synchronous operation mode or introduce unnecessary interference to other data transmission in the asynchronous system.  Therefore we propose to adopt the option-2 while allowing power boosting of the P-SCH/S-SCH/P-BCH transmission with certain pre-determined power boost factors. The power boost factor can be selected according to the deployment scenario and the system bandwidth. In this case the power boost can be realized by reducing the Tx power of the other data transmission or by puncturing some REs reserved for other data transmission.
4 Conclusions and Recommendations

In this contribution, simulation results are presentd for the investigation of the performance impact of RS power boost. The conclusions drawn from the observations can be summaried as follows
1. There are the optimal power boosting factors for different deployment scenarios.

2. Too much RS power boost can either degrade the decoding performance of the control channel and data channel or reduce the channel resurces for these channels.

3. For the case where the decoding perforamcne should be guranteed, power boost by puncturing should be applied. 
4. If the transmit andwidth is broader than 1.25 MHz, the spectrum can be shared by SCH/P-BCH and other data transmissions. Power boost can be applied to SCH and P-BCH. 
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