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1 Introduction
The potential gains of Cell Range Extension (CRE) has been discussed in the last RAN1#62bis meeting and it is expected that interference mitigation schemes such as TDM solution (i.e. Almost Blank Subframes) can improve the performance of range extension with large bias values. In this contribution, we provide some simulation results to evaluate the performance of range extension with TDM solution.
In our simulations, the time domain solution/partitioning (TDM) is similar to Almost Blank Subframes (ABS) but without CRS transmitted in the blanked subframes and the results can be seen as the upper-bound performance. 
2 Performance of Range Extension with Time-domain solutions
Full Buffer Results  

Some of the simulation assumptions are as following:

· 3GPP Case 3 Urban scenario with configuration#4b. 
· Macro eNBs ISD=1732m with 46dBm transmit power.

· Number of Pico-nodes randomly placed per Macro eNB area = 4.

· All nodes operate at the same 10MHz bandwidth.

· All Pico eNBs are located outdoor and transmit at fixed power of 30dBm.

· There are 30 UEs per macro cell area dropped with Photspot = 2/3 (see Table A.2.1.1.2-5 in [1]).
· Proportional Fair Scheduler.
· RSRP cell selection bias = 0, 3, 5, 8, 12, 16dB.

· TDM configuration ‘7a’ taken from [2].
· CQI reporting period is 6 subframes and scheduler delay is 2 subframes.
· Other detailed simulation parameters are given on the Appendix A.

Figure 1 shows fraction of UEs camped on pico/hotspot cells increases as the RSRP bias offset increases. Figure 2 and Figure 3 show comparison of mean and edge user throughput against various RSRP bias values with and without TDM of pattern ‘7a’.  It can be seen that there is a loss of user throughput performance for the time domain solution, because, in time domain solution, there is a restriction on macro eNB and pico eNBs scheduling (i.e. it is only allowed to schedule on even or odd subframes). However, the reduced interference from the time domain solution can be observed from Figure 4 in terms of received effective SINR distribution of all UEs (i.e. same as measured SINR used for CQI reporting).
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Figure 1. Fraction of UEs camped on Pico Cells.   

        Figure 2. Mean User Throughput 
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       Figure 3. Edge User Throughput 



         Figure 4. Effective SINR (All UEs) 
FTP Results
Some of the simulation assumptions are as following:

· 3GPP Case 3 Urban scenario with configuration#4b. 
· Macro eNBs ISD=1732m with 46dBm transmit power.

· Number of Pico-nodes randomly placed per Macro eNB area = 4.

· All nodes operate at the same 10MHz bandwidth.

· All Pico eNBs are located outdoor and transmit at fixed power of 30dBm.

· Offered load are 2Mbps, 4Mbps, 12Mbps and 16Mbps per macro cell area with Photspot = 2/3 (see Table A.2.1.1.2-5 in [1]).
· Proportional Fair Scheduler.
· RSRP cell selection bias = 0, 3, 5, 8, 12, 16dB.

· TDM configuration ‘7a’ provided in [2].
· CQI reporting period is 6 subframes and scheduler delay is 2 subframes.
· Other detailed simulation parameters are given on the Appendix A.

Figure 5 to Figure 10 show comparison of mean user data rate, edge user data rate macro UEs and hotspot UEs user data rate. Mean user throughput is governed by how many sub-frames it takes to send the FTP packet. Since in configuration ‘7a’, each cell only uses half the sub-frames with the TDM solution, the user throughput is also nearly halved except at low load where more PRB resources are available to the users. 
Figures 5 and 7 show macro mean and cell edge user throughput improvement with all the bias offset values simulated in this FTP results, because more UEs are offloaded from macro cell to Pico cells, and therefore, the remaining macro UEs get more resources.  However, we do not see any gain for pico cell’s mean and cell edge user throughput as shown from Figures 6 and 8, because more UEs are offloaded from macro cell to pico cell, these UEs will share the limited resources in the pico cell. 
Figure 9 to Figure 12 show the received effective SINR distribution with TDM solution and various RSRP bias offset values. We can see that TDM solution with small values of RSRP cell selection bias offset has improved the 5th percentile CDF SINR when compared to no TDM and no CRE, which is a key indicator of the performance of PDCCH control channel. However, the TDM solution with large values of RSRP bias offset (i.e. more than 8dB) is worse than with no TDM and no range extension case.    
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Figure 5. Mean Macro-Cell  User Throughput  


Figure 6. Mean Pico-Cell User Throughput
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Figure 7. Edge User Throughput (Macro)  


 Figure 8. Edge User Throughput (Pico)
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Figure 9. Effective SINR (2Mbps) 



Figure 10. Effective SINR (4Mbps) 
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     Figure 11. Effective SINR (12Mbps) 


            Figure 12. Effective SINR (16Mbps)                     
3 Conclusions
In this simulation, we focus on 3GPP Case 3 configuration#4b and non-overlapping TDM partitioning, where macro-cell and pico-cell UEs transmit at alternating subframes and no CRS transmitted in the blank subframes, the results can be seen as the upper-bound performance for interference reduction. 
In our Full buffer and FTP simulation results, macro cell mean and cell edge user throughput is improved when applied TDM with increasing RSRP bias offset values comparing to TDM without CRE. However, we have not seen any improvement for pico cell mean and cell edge user throughput with TDM and increasing RSRP bias offset values. 
TDM solution with CRE improves 5%-tile SINR when applied in conjunction with small to moderate RSRP bias offset values (3-8dB) compared with no TDM and no CRE case.  For large bias offset values, the cell edge SINR (i.e. 5%-tile CDF SINR) of the TDM with CRE is still worse than with no TDM and no CRE and the control channel is not reliable due to low SINR region (i.e. UE control channel outage).
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Appendix A:
Detailed Simulation Parameters:
	Parameter
	Value

	Deployment Scenario
	19 x3 macro cells wrap-around with 4 overlay nodes randomly placed per Macro eNB area 

	Bandwidth and Carrier Frequency
	10MHz and 2GHz 

	Pathloss Model 
	ITU-R model (UMa for Macro cells and UMi for Pico cells), see 3GPP 36.814 table B.1.2.1-1 

	Macro Cell ISD
	1732m

	Macro Cell Tx Power
	46dBm

	Pico eNB Tx Power
	30dBm

	Macro eNB antenna pattern
	3GPP Standard 2D

	Macro eNB antenna gain
	14dBi

	Pico eNB antenna pattern
	Omni-directional

	Pico eNB antenna gain
	6dBi

	Antenna Configuration
	DL: 2Rx 1Tx 
UL: 2Rx 1Tx

	Min distance between pico and macro
	200m

	Min distance between picos
	200m

	Min distance between macro and UE
	25m

	Min distance between pico and UE
	10m

	Fast Fading Channel
	DL: SCM_C, SCM_D 



	DL MIMO Mode
	Single Antenna Mode

	Traffic Model
	Full buffer, FTP with offered load of 2Mbps, 4Mbps, 12Mbps and 16Mbps per macro cell area 

	ICIC
	TDM (i.e. blank subframes where even CRS are not transmitted)


