3GPP TSG RAN WG1 Meeting #68
R1-120353
Dresden, Germany, 6 – 10 February 2012
Agenda Item:
6.3.1

Source:
Ericsson
Title:
Impact of Common Pilot Gating on the 4 branch MIMO Link Performance

Document for:
Discussion 

1 Introduction

For a 4 branch MIMO system pilots are needed for two main functionalities; channel state information (CSI) estimation through channel sounding where rank, CQI and PCI are estimated and channel estimation for demodulation purposes. For 4 branch MIMO two different approaches are possible.

· Common pilots for both CSI and channel estimation

· Common pilots for CSI estimation and dedicated pilots for channel estimation

In RAN1#66 bis, it was decided to investigate common pilot approach for CSI and channel estimation option as well as an option with dedicated pilots along with common pilot solution used for estimation of the channel for CSI estimation. It was also agreed that code multiplexed dedicated pilots rather than time division multiplexed pilots should be considered in the evaluation for data demodulation [1]-[4]. Common simulation assumptions for evaluating the two solutions were agreed during RAN1#67 meeting and the email approval afterwards [6].
It is well known that the additional common pilots for the four branch MIMO system cause interference to the legacy users. One way to reduce the interference is to transmit common pilots from the 3rd and 4th antennas with low transmit power. In [7], it was shown through simulations that reducing the 3rd and 4th common pilot power worsen the demodulator performance, whereas the impact on CSI estimation is very minimal. Further, it was concluded that the system level impact to the legacy UE is very minimal, if we reduce the 3rd and 4th pilot powers to a sufficiently low value.
The other technique to reduce the interference is to transmit the 3rd and 4th pilots less frequently; i.e. gate the 3rd and 4th common pilot power using different gating patterns. In this contribution, we investigate the impact of common pilot gating on the link performance.
2 Pilot Gating Patterns 
The link performance with continuous common pilot transmission is studied in [7].  The results are useful for this study as they represent an upper bound. The performance with common pilots gating depends on the gating pattern used. The gating pattern can be defined at the slot level or at the sub frame level.

Slot level gating:  In this scheme, the 3rd and 4th common pilots are transmitted only in a fraction of the slots in a frame.
Sub Frame level gating:  In this scheme, the 3rd and 4th common pilots are transmitted only in certain frames.
Due to its simplicity, we consider frame level gating in this study. As explained, the link performance depends on the pilot gating pattern used. For this purpose, we define 5 different gating patterns. Figure 1 shows the gating patterns considered in this paper. Also shown is the Gating Duty Cycles associated with each pattern. The Gating Duty Cycle of the pilot is defined as

Gating Duty Cycle (GDC) = Number of frames blanked/Total number of frames

For example in the first pattern in Figure 1, the pilot power is transmitted in only one in 5 TTI and in the 6th TTI the power is blanked (or set to 0). Hence the duty cycle of the gating is 1/6 or 16.67 %.
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Figure 1 Different Pilot gating patterns and their Gating Duty Cycles considered for Analysis.
3 Link Level Simulation Results
The performance with different pilot gating patterns is studied through link level simulations. In our simulation, the first and second pilot powers are fixed to -10 dB and -13 dB respectively. The pilot power for the 3rd and 4th antenna is varied between -13 to -19 dB. In our study we consider a 4x4 MIMO with 4 codewords with link adaptation.  We assume uncorrelated fading at both transmit and receiver side. For link adaptation, the UE chooses the PCI, RI and MCS based on maximization of Shannon capacity with realistic channel estimates. The feedback is assumed to have 3 TTI delays and is assumed to be error free. The simulations are run for a UE with geometry factor equal to 20 dB and the wireless channel assumed is Pedestrian A channel. The velocity of the mobile is assumed to be 3 Kmph. We assume the precoding codebook based on LTE Rel-8 [5]. The other simulation assumptions are tabulated in Appendix A.
In our simulations, we consider two cases. In the first case, the UE/Node B has no knowledge of the pilot gating pattern and in the second case; the UE/Node B has knowledge of pilot gating pattern and can adapt CSI based on the pilot gating pattern.

A. UE/Node B has no knowledge of pilot gating pattern:

In this case neither the UE nor the Node B knows the pilot gating pattern. Hence the UE computes the CSI for all the TTI using conventional method as outlined above. The Node B uses the CSI reported by the UE for scheduling.
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Figure 2 Link Throughput vs. Pilot Gating Duty Cycle for Case A at Geometry = 20 dB
Figure 2 shows the link throughput in Mbps for different pilot gating patterns at Geometry factor equal to 20 dB.  Please note that the exact channel is used in demodulation, whereas realistic channel estimation is used for CSI estimation. It can be observed that as the gating duty cycle increases the performance becomes poorer due to bad channel estimation for CSI.  Table 1 shows the performance loss due to gating with realistic channel estimation for CSI estimation and ideal demodulation.
Table 1 Performance loss due to gating with ideal demodulation and realistic CSI estimation

	Power setting for 3rd and 4th Pilot in dB
	                % Loss compared to no gating

	
	GDC =16.67
	GDC = 25
	GDC = 50
	GDC = 75
	GDC = 83.33

	-13
	6.03
	12.33
	19.06
	29.78
	31.71

	-16
	6.45
	10.57
	20.03
	29.24
	32.23

	-19
	5.5
	10.46
	19.76
	29.39
	32.22


It can be observed from Table 1 that the penalty we pay due to gating is severe for higher gating duty cycles irrespective of the pilot power values. Table 2 shows the performance loss due to gating with realistic channel estimation for both CSI estimation and data demodulation. It can be observed that even with low duty cycles the performance loss is significant due to bad channel estimates for data demodulation.
Table 2  Performance loss due to gating with realistic CSI estimation and data demodulation
	Power setting for 3rd and 4th Pilot in dB
	              % Loss compared to no gating

	
	GDC= 16.67
	GDC = 25
	GDC = 50
	GDC=75
	GDC=83.33

	-13
	25.71
	54.78
	73.24
	96.06
	91.29

	-16
	24.48
	57.09
	74.09
	96.49
	91.58

	-19
	23.54
	59.22
	75.09
	95.79
	92.3


B. UE/Node B has the knowledge of pilot gating pattern: 

If the knowledge of pilot gating patterns is available to UE, then in the blanking periods

UE computes the CSI based on previous channel estimates. In our simulation, we use the previously computed CSI in the blanking periods. Figure 3 shows the performance with ideal demodulation and realistic channel estimation for CSI estimation. We can observe that the performance loss with gating is almost negligible.
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Figure 3 Link Throughput vs. Pilot Gating Duty Cycle at Geometry = 20 dB. It is assumed that UE has the knowledge of pilot gating pattern.
4 Summary and Conclusions

In this contribution, we studied the impact of pilot gating on the link throughput performance. It is observed that with ideal demodulation and realistic CSI estimation, the link performance degrades as the duty cycle increases. With realistic channel estimation for data demodulation and CSI estimation the loss is more severe even at low duty cycles. If the UE/Node B has the knowledge of pilot gating pattern the loss can be minimized. It is shown through simulations that there is absolutely no loss in throughput when the UE uses the already computed CSI for the blanking periods.
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Appendix A
Table 3 Link level simulation assumptions

	Parameter


	Assumption

	Carrier frequency
	2GHz

	Samples per chip
	2

	Number of codewords 
	4

	Layer mapping
	One to one

	HS-DSCH Ec/Ior
	Variables 

	Geometry (Îor/Ioc)
	0, 10, 20 dB

	TBS table
	Ideal

	Modulation
	QPSK, 16 QAM and 64 QAM

	Receiver structure
	Type 3i (MIMO capable LMMSE) 

	Channel estimation
	Realistic

	Searcher
	Ideal

	Propagation channel types
	Ped A 3km/h 

	Tx and Rx antenna correlation
	IID

	Turbo decoding
	MaxLogMap – 8 iterations

	Number of Physical Channel Codes
	Max 15

	Precoding codebook
	LTE- Release 8 ( TS 36.211)

	ACK/NACK feedback error rate
	Baseline: 0%

	PCI / rank feedback error rate
	Baseline: 0%

	CQI feedback error rate
	Baseline: 0%

	Feedback delay
	Baseline: 6 ms (3 TTI)
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