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1 Introduction

For the design of new carrier type, we addressed the performance evaluations about CRS-based time-frequency tracking in [1], and showed that a CRS with reduced bandwidth could be used for time and frequency synchronization. This contribution will provide further system performance and analysis of transmission of CRS with reduced bandwidth on the additional carrier type carrier in HetNet scenarios. It is concluded that reduced CRS in bandwidth offers significant throughput gain for HetNet.

2 Reduced CRS transmission in HetNet
Take Macro-Pico scenario as an example: Left part of Figure 1 shows the interference situation from Macro eNB to Pico cell edge UE. In Rel.10, Almost Blank Subframe (ABS) was introduced in the aggressor cell to decrease interference to cell edge UE of the victim cell. In the ABS only CRS and some necessary channels are transmitted.  However, the remaining CRS transmission in the ABS of the Macro cell is still interfering the Pico cell edge UE, especially when Cell Range Expansion (CRE) is used. Simulation results in the previous meetings for FeICIC indicated that the system throughput impact caused by Macro cell CRS interference could not be ignored.
Fortunately, CRS transmission could be reduced to part of the bandwidth, as addressed in [1] and shown in the right part of Figure 1. Reducing CRS transmission would correspondingly reduce the CRS interference to the victim cell edge UEs. Simultaneously, the CRS overhead is also decreased as calculated in [2]. Both these effects are expected to improve the system throughput for HetNet scenarios. In the next sections performance gain from transmission of CRS with reduced bandwidth is evaluated.
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Figure 1.  HetNet scenarios with bandwidth reduced CRS in the additional carrier types.
3 Performance evaluation of reduced CRS transmissions
3.1 Simulation Methodology and Assumptions
The performance gain of the downlink data channel with transmission of CRS with reduced bandwidth over with non-reduced bandwidth CRS transmission is evaluated in the following. The schemes compared are named Scheme 1 and Scheme 2 as defined below. It is assumed there is only one CC in both the Macro cell and the Pico cell, respectively. Although a new carrier type CC cannot be operated stand alone, this does not impact the NCT carrier system throughput evaluation. In addition, the evaluation is based on full-buffer traffic and the impact of CRS interference from the Macro cells is considered. It is assumed that 4 pico eNodeBs are deployed per macro cell and configuration 1 for UE dropping is assumed.
· Scheme 1: Macro and Pico are both using reduced CRS transmission to 6 PRBs in the NCT CC.
· Scheme 2: Macro and Pico are both using non-reduced CRS transmission in the NCT CC.

When CRE is used in HetNet, some resources might be muted in the Macro cell to decrease the interference to Pico cell edge UE. Generally speaking, muting in frequency or time is equivalent. However, for scheme1, if the muted resources are some RBs in the bandwidth where CRS is not transmitted CRS interference to the protected resources are completely escaped. To exhibit the effect of reduced CRS interference made by reduced CRS transmission, in these evaluations for Scheme 1, the muting is made in the frequency domain and the muted resources are as shown in Figure 2 (a).　For Scheme 2, muting is made in the time domain and the muted resources are defined by means of ABS as shown in Figure 2(b).  The same ratio of muted resources is assumed for the two schemes for fair comparison. Note that larger CRE bias value may be corresponding to more muted resources. Other detailed simulation assumptions are listed in the appendix.
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(a) CRS and PDSCH transmission in NCT CC of Macro and Pico for Scheme1 when CRE is used.
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(b) CRS and PDSCH transmission in NCT CC of Macro and Pico for Scheme2 when CRE is used.
Figure 2  CRS and PDSCH transmission in NCT CC of Macro and Pico when CRE is used.
3.2 Simulation Results
The performance gains of the Scheme 1 over Scheme2 with 3 dB and 6dB CRE bias with different muted resource ratios are demonstrated in the Table 1 below.
Table 1. System performance with reduced CRS transmission 
	CRE Bias
	3dB
	6dB

	muted resource ratio
	2/10
	3/10
	3/10
	4/10

	Cell average throughput gain
	15.66%
	16.44%
	24.92%
	26.22%

	Cell edge UE throughput gain
	22.03%
	19.94%
	64.72%
	58.05%


The results show the gain is 15.66-26.22% for cell average throughput and 19.94-64.72% for cell edge UE throughput when the CRE bias varies from 3dB to 6dB with different muted resource ratios. Therefore it could be concluded that significant system throughput gain could be obtained due to the CRS overhead reduction and reduced CRS interference by reduced CRS transmission of scheme1. 
4 Conclusion

In this contribution, system performance and analysis of transmission of CRS with reduced bandwidth on the additional carrier type in HetNet scenarios is provided.  From the simulation results, the following conclusion could be made:
Conclusion: Reduced CRS in bandwidth offers significant system throughput gain for the HetNet scenarios.
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Appendix: Simulation assumptions
	Parameters
	Assumption

	Scenario
	Case 1, 2 GHz carrier frequency, 500 m ISD, 10 MHz BW, speed 3 km/h

	Deployment
	Macro:
46 dBm TX power, 19 X 3 homogeneous network, 10 MHz bandwidth.
Pico:
30 dBm TX power, 4 Picos per Macro Cell. 
UE:
Configuration1 : drop 25UEs per Macro area uniformly

	Channel model
	3GPP model2

	UE receiver
	MMSE

	Transmission mode
	TM9

	Antenna configuration
	Macro Cell: 2TX 2RX, 3-sector

Pico: 2TX 2RX, Omni
UE: 2TX  2RX, Omni

	Traffic model
	Full buffer 

	Cell selection
	RSRP with cell-common RE bias

	CRS transmission bandwidth
	6 RB for Scheme 1

50 RB for Scheme 2

	Scheduler
	PF


