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1 Introduction

In Riga meeting: three scenarios regarding DL common RS are discussed, namely, no-hopping/shift, cell-specific shift and cell specific frequency hopping. In this contribution, the impact of RS shift/FH on control and data channel performance is evaluated.   
2 RS structure and interferences from other cells 
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Figure 1  RS structure for 2 Tx
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Figure 2 RS structure for 4 Tx
Figure 1 shows the RS pattern for 2 Tx which was agreed at Seoul meeting. For RS power boosting, two scenarios are considered:

1. 3dB power which is relative to tone power at non-RS symbol.
2. RS power boost > 3dB,extra power are stolen from the data tones to keep the  total power of  each OFDM symbol unchanged.
In simulation setup, two dominated interfering cells are modelled by transmitting OFDM signals through fading channel. The signals from other interfering cells are modelled as AWGN. Interference power levels are obtained from Geometry table from system level simulation. Two dominate interfering cell are assumed to have the same RS structure ( except shifting in frequency direction as described below ) and RS power boost level as the serving cell.
Figure 2 shows the RS pattern for 4Tx, which is is an alternative RS pattern to working assumption. For RS power boosting, two scenarios are considered:
1. 6dB power boost which is relative to tone power at non-RS symbol. 

2. RS power boost > 6dB, extra power are stolen from the data tones to keep the total power of each OFDM symbol unchanged.
Two scenarios are considered in the simulation with respect to the RS locations:
1. With frequency shift:  RS in two dominate interfering cells are shifted by one and two tones respectively along frequency direction. Therefore no overlapping of RS tones among these three cells. 

2. Without frequency shift: Interfering cells have exactly the same RS locations as serving cell.  
Two types of systems are also simulated and performances are compared:

1. Synchronous system: signals from interfering cells are synchronous with that from the serving cell 
2. Asynchronous systems: signals from interfering cells are delayed by one OFDM symbol relative to signal from the serving cell.
3 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 ,  QAM-16

· (2Tx 2Rx)  SFTD for control channel, SM (MLD receiver ) for data, or (4Tx, 1Rx) STFTD for control channel.
· Adaptive 2-D interpolation for channel estimation
· Channel models: TU, 3km/h 
· RS power boost : 3dB, 6dB, 9dB(relative to data tone power of non-RS symbol)  
· Channelization: 5 RBs are evenly distributed across the whole bandwidth. 12 sub-car/RB
· Control channel occupies the first or second OFDM symbol for 2Tx system, occupies the first two OFDM symbols for 4Tx case. 
· Data package occupies the rest of OFDM symbols of the 1.0ms subframe
4 Simulation Results
The simulation results are presented in this section. Figs.2 and 3 show BLER curves for control channel transmited on the first OFDM symbol in a synchronous system with 3 dB and 6 dB RS power boosting, respectively. Figs 4 and 5 show BLER curves for control channel transmited on the second OFDM symbol in a synchronous system with 3dB and 6 dB RS power boosting, respectively. Figs.6 and 7 show BLER curves for control channel transmited on the first OFDM symbol in an asynchronous system with 3dB and 6 dB RS power boosting, respectively.
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Figure 3  Shifted vs. non-shifted, synchronous: control channel at the 1st OFDM symbol, RS boost = 3dB
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Figure 4  Shifted vs. non-shifted, synchronous: control channel at the 1st OFDM symbol, RS boost = 6dB
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Figure 5  Shifted vs. non-shifted, synchronous: control channel at the 2nd OFDM symbol, RS boost = 3dB
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Figure 6  Shifted vs. non-shifted, synchronous: control channel at the 2nd OFDM symbol, RS boost = 6dB
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Figure 7 Shifted vs. non-shifted for asynchronous: control channel at the 2nd OFDM symbol, RS boost = 3dB
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Figure 8  Shifted vs. non-shifted for asynchronous: control channel at the 2nd OFDM symbol, RS boost = 6dB
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Figure 9  Shifted vs. non-shifted for data package, RS boost = 3dB
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Figure 10 Shifted vs. non-shifted for data package, RS boost = 6dB
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Figure 11  Shifted vs. non-shifted for control channel, 4Tx, synchronous, RS boost = 6dB
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Figure 12  Shifted vs. non-shifted for control channel, 4Tx, synchronous, RS boost = 9dB
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Figure 13  Shifted vs. non-shifted for control channel, 4Tx, Asynchronous, RS boost = 6dB
[image: image14.emf]RS FH/Shift: Asynch.  9dB boost, Ctrl. Ch

QPSK, TU 3km/h Tubo Code 1/2, (4Tx 1Rx) STFTD

1.00E-02

1.00E-01

1.00E+00

0.00 2.00 4.00 6.00 8.00 10.00

SNR (dB)

BLER

ideal Ch Shifted Est Ch Shifted

ideal Ch No Shift Est Ch No Shift


Figure 14  Shifted vs. non-shifted for control channel, 4Tx, Asynchronous, RS boost = 9dB
Observations:

· From Figure 3, Figure 5 and Figure 7, with 3 dB RS power boost for 2Tx system, no performance difference can be noticed between scenarios with RS shift and without RS shift, as combined signal from both Tx has the same interference level for all tones. Similar finding can be observed in Figure 11 and Figure 13 for 4 Tx system, where 6dB PS power boost is applied.
· From Figure 4, when RS power boost is 6dB, with RS shift the control channel at the first OFDM symbol shows about 1.6 dB performance loss compared with that without RS shift. This is because the SNR on data tone is very low due to collosion between low power of data tones (in order to boost the RS tones) with high power interference RS tones.
· In Figure 6, where RS power boost is also 6dB, without RS shift control channel at the second OFDM symbol shows minor performance loss of around 0.5 dB compared with that with RS shift due to larger interference at RS tones which makes channel estimation less accurate.
· According to Figure 8, for asynchronous system, with RS shift the control channel at the first OFDM symbol shows about 1 dB performance loss compared with that without RS shift. Compared with Figure 4, which contains the results for the synchronous system, the performance loss with RS shift is reduced. This is because that asynchroness of the system reduce the impact of collision between high power RS tones and low power data tone. 
· Performances of data package are shown in Figure 9 and Figure 10. For 3dB RS power boost, no performance difference is observed between shifted and non-shitfed RS pattern due to the same reason as in control channel case that combined signals at the receiver don’t have power difference for the whole band. For 6dB RS power boost, shifted RS has about 0.2dB loss in ideal channel case since boosted interfering RS carriers overlap with data carriers and generating extra interference. For 6dB RS power boost and estimated channel case, the extra RS interference is compensated by better channel estimation at RS tones and there is no visible performance difference between shifted and non-shifted RS patterns.
· Figure 12 and Figure 14 shows performance difference between shifted RS intereference and non-shifted RS interference for 4 Tx scenario. Similar observation can be found that system with RS shifted interference performs a little worse than non-shifted RS interference (0.5dB for asynchronous system and 1.0dB for synchronous system )
5 Conclusions and Recommendations

In this contribution, simulation results are presentd which investigated the performance impact of RS shift and power boosting. The conclusions drawn from the observations can be summaried as follows
1. RS shift along with RS power boost doesn’t lead to performance improvement for the control channels in the first OFDM symbol in 2 Tx system, or the first two OFDM symbols in 4 Tx system. This is because the channel estimation enhancement by increased RS power was offset by reduced SNR on data tones. For larger RS power boost, such as 6 dB( for 2 Tx system ) or 9dB ( for 4 Tx system ), this even leads to the opposite results, as the simulations shows that performance with RS shift are worse (1-1.6 dB) than that without RS shift.

2. For control channel in the second OFDM symbol in 2 Tx system, RS shift with power boosting could lead to small performance gain (0.4 dB), which only happens when power boosting factor is high enough, such as 6 dB.   

3. No performance difference is observed in performances of data package between shifted and non-shifted RS. 

So overall, the impact of RS shift along with power boosting is mixed in the current full loaded system and full loaded interference as simulated in this contribution. For non-full loaded system and interference, further investigation is needed to decide whether RS shift/FH is necessary. 
Reference

[1] R1-062751, “Consideration on MIMO DL Reference Signal Design for 4 Tx”, Nortel.

[2] R1-060645, “Further evaluation of pilot channel allocation”, Nortel.
[3] R1-061850, “MIMO reference symbol for E-UTRA DL”, Nortel.
[4] R1-062142, “Discussion of pilot density for E-UTRA DL”, Nortel.
[5] R1-070149, “Hopping of Downlink Reference Signals”, Motorola.































































































































































PAGE  
1

