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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. Based on these results, it was agreed in RAN1#67 that pilot powers for 3rd and 4th should be adaptable for a four branch MIMO system.
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. Link level performance with common pilot gating were presented in [8].  It was shown that if the Node B or UE does not have the knowledge of gating pattern gating has an adverse affect on the link performance due to the mismatch in CSI.

In this contribution, we investigate the impact of common pilot gating on the system level performance.
2 Pilot Gating Pattern
The link and system 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 subframes.
Due to its simplicity, we consider sub frame level gating in this study. As explained, the performance depends on the pilot gating pattern used. Figure 1 shows the gating pattern considered in this paper. Also shown is the Gating Duty Cycles associated with this pattern. The Gating Duty Cycle of the pilot is defined as

Gating Duty Cycle (GDC) = Number of frames blanked/Total number of frames
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Figure 1 Pilot gating pattern used in this contribution. 
3 System Level Impact to Legacy Users

System level simulations are performed to study the impact on the legacy users with 2x2 MIMO capable users (Rel-7).  Figure 2 shows the impact of pilot power reduction with and without gating on the sector throughput with different number of users per sector. Also plotted is the performance without 3rd and 4th pilot power. Please note that gating pattern of Figure 1 is used. For this simulation, it is assumed that all the users are Rel-7 MIMO capable with 2 receive antennas. The additional interference due to third and fourth pilots is considered with different power levels. The pilot powers for the first and the second antennas is set to -10 dB and -13 dB respectively. The system simulation assumptions are tabulated in Appendix A. 
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Figure 2  System level performance on legacy users with different pilot powers. 
We can observe that as we decrease the power of additional pilots the impact on the system throughput performance is less. Also observe that due to gating of common pilots the performance is improved. This is expected as the interference is less frequent. As we decrease the pilot power to -19 dB and apply gating the performance is close to that of 2x2 MIMO without 3rd and 4th pilots. 

Table 1 summarizes the percentage of loss due to additional pilots on the legacy users with and without gating. It can be observed that with gating at power level of -13 dB the performance loss is limited (less than 6.65%). 
Table 1 Performance loss due to additional pilots on legacy users
	Pilot power for 3rd and 4th antennas in dB


	Gating
	Performance loss due to additional pilots in %

	
	
	Number of users= 0.1 per sector
	Number of users= 0.5 per sector
	Number of users= 1 per sector
	Number of users= 2 per sector

	-13
	No
	22.45
	18.9
	16.8
	15.68

	-16
	No
	14.56
	11.74
	10.43
	9.66

	-19
	No
	9.19
	7.11
	6.39
	5.95

	-13
	Yes
	6.65
	5.36
	4.86
	3.36

	-16
	Yes
	4.06
	3.06
	2.62
	1.82

	-19
	Yes
	2.41
	1.65
	1.65
	1.28


Observation: 
To quantify the gains due to gating of common pilot compared to the continuous pilot with low pilot power, let’s consider two cases in the first case the common pilot power for 3rd and 4th pilot is set to -19 dB without gating and in the other case 3rd and 4th pilot power is set to -13 dB and gating is enabled. Table 2 shows the performance gain compared to case 1.
Table 2 Performance gains due to gating co pared to continuous pilot with power equal to -19 dB

	Pilot power for 3rd and 4th antennas in dB


	Performance gain compared to continuous pilot power for 3rd and 4th with power equal to -19 dB

	
	Number of users= 0.1 per sector
	Number of users= 0.5 per sector
	Number of users= 1 per sector
	Number of users= 2 per sector

	-13
	2.8
	1.85
	1.64
	2.76

	-16
	5.65
	4.36
	4.03
	4.39

	-19
	7.46
	5.88
	5.06
	4.96


We can observe that the gain due to gating is very minimal (less than 2.8% for -13 dB power level) compared to that of continuous pilot with power of -19 dB.  The gain increases as we decrease the pilot power, but still the gains are insignificant (less than 7.5 %).
4 Link Level Simulation Results and Discussion
The performance with different pilot gating patterns is studied through link level simulations in [8]. It was shown that significant losses if the UE/Node B does not have the knowledge of gating pattern. Note that we need extra signaling is needed to inform the UE’s about the gating pattern used. In addition to the signaling requirements, Node B has to know the reported CQI is reliable or not. Due to so many implementation complexities and the small gains achieved with gating at system level does not motivates us to use gating.
5 Summary and Conclusions

In this contribution, we studied the impact of pilot gating on the system performance of legacy users. Also the link throughput performance was discussed. It is observed that there is a gain in the system performance with gating. The gains are insignificant when the common pilot power is reduced to -19 dB and continuously transmitted. From link simulations, 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. 
Proposal: It is recommended not to use gating for common pilots.
6 References

[1] R1-113431, “Initial discussion on pilot design for 4-branch MIMO”, Ericsson, ST-Ericsson.

[2] R1-113430, “Pilot design options for 4-Tx MIMO for HSDPA”, Nokia Siemens Networks

[3] R1-112978, “Pilot design for DL 4-branch MIMO”, Huawei, HiSilicon.

[4] R1-113303, “On the pilot design for 4-branch HSDPA”,  Nokia Siemens Network

[5] TS36.211, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation, V8.9.0 (2009-12)

[6] R1-114365, Simulation Assumptions for Four Branch MIMO Transmission for HSPA’’, QUALCOMM Incorporated, Ericsson, ST-Ericsson, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell.
[7] R1-12052, “Common Pilot Design for Four branch MIMO System”, Ericsson.
[8] R1-12052, “Impact of Common Pilot Gating on the 4 branch MIMO Link Performance”, Ericsson.
Appendix B

Table 3: System Simulation Assumptions 
	Parameters
	Assumption

	Cell Layout
	Hexagonal grid, 7 cell sites, 3 sectors per Node B with wrap-around

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration Loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	17 dBi 

	Antenna Pattern
	 (3D ant) Kathrein Antenna Pattern with 10 deg downtilt

	Number of UEs/cell
	0.1, 0.5, 1, 2

	Channel Model
	SCM-suburbanmacro

	Max cell Tx power
	80 W

	Power Balancing
	Ideal

	HS-PDSCH Power
	HS-PDSCH uses all remaining power available after the HS-SCCH and pilot power allocation.

	HS-SCCH Power
	Dynamically set to maintain ~1% HS-SCCH BLER

	Pilot Setting
	CPICH1: -10 dB 

CPICH2: -13 dB 

CPICH3,4: -13 to -19 dB

	UE Antenna Gain
	0 dBi

	UE Noise Figure
	9 dB

	UE Receiver Type
	Type3i

	UE Distribution 
	UEs uniformly distributed

	Thermal Noise Density
	-174 dBm/Hz

	Traffic
	Full buffer

	DL Scheduling
	Proportional fair
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