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1 Introduction
Cell Range Extension (CRE) where the coverage region of the low power nodes are expanded by applying cell selection bias offset values has been studied during the development of Rel-10 eICIC for non-CA based deployment of HetNet for LTE. The studies were on different opinions for the benefit of large bias offset values. In this contribution, we address the performance of large values of cell range extension (CRE) bias offset.
It is shown that large values of CRE offset degrade the pico’s mean and cell edge user throughput performance for with and without TDM solution. Furthermore, it shows that if a RSRQ threshold parameter is applied across the macro/pico eNBs together with the CRE bias offset, a reliable control channel and consistent cell edge throughput can be maintained for the cell edge UEs even with large CRE values.
2 Performance of Range Extension with Time-domain solutions
Simulation results for CRE with and without TDM 
The simulation assumptions are as following:

· Macro eNBs ISD=500m with 46dBm transmit power (3GPP Case 1).
· Number of Pico-nodes randomly placed per Macro cell = 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.
· RSRQ Cell selection bias offset = 0, 3, 5, 8, 12, 16dB.
· TDM configuration ‘7a’ (i.e. ‘TDM A’) provided in [2] in case of TDM.
· Other simulation parameters are given in Appendix A.

Figure 1 and figure 2 show comparison of macro and pico mean user throughput and 5%-tile user throughput against various RSRQ cell selection offset values with and without time domain solution. It can be seen that both mean user throughput and cell edge user throughput in the pico cell decrease while the user throughput of macro cell increases with the increase of pico cell selection bias offset. Figure 3 shows the wideband SINR distribution of the pico-cell UEs, which is a key indicator of downlink control channel (CCH) reliability, has degraded for large values of cell selection bias offset without TDM. TDM solution (i.e. ABS subframes) has improved the SINR distribution for pico UEs significantly.
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Figure 1 Mean User Throughput   
 
        
    Figure 2 Edge User Throughput
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              Figure 3 wideband SINR (Pico UEs)   
 
        
Figure 4 wideband SINR (Macro UEs)   
Simulation results for CRE with RSRQ threshold checking
In the following simulations, we applied the concept of RSRQ threshold checking method [3-5] which states that UE should only be connected to pico node if the RSRQ (i.e. SINR) is larger than a predetermined threshold. The minimum value of this threshold corresponds to a reliable reception of the CCH for the cell edge UEs.
Figure 5 shows the fraction of UEs camped on pico cells when range extension bias offset is applied with RSRQ threshold set at -4dB. It can be seen that the fraction of UEs camped on pico cells remains unchanged for large values of CRE bias offset, e.g. 8dB, 12dB and 16dB. This is because that if the RSRQ of target pico cell (excluding bias offset) is less than the predetermined threshold, i.e.-4dB, it will not be selected for the coverage extension. As a result, as shown in Figure 6, the cell edge user wideband SINR will almost not degrade even if large values of cell selection bias offset are applied. This RSRQ threshold checking method may also reduce the risk of control channel outage which could occur even with moderate CRE values. 
Figure 7 and Figure 8 show mean/edge user throughput remains unchanged when CRE offset increases beyond small values (e.g. 5dB, 8dB) with RSRQ threshold set at -4dB. 
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   Figure 5 Fraction of UEs camped on Pico  
     

Figure 6 Wideband SINR CDF (TDM A)
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Figure 7 Mean User Throughput




Figure 8 Edge User Throughput         
Figure 9 and Figure 10 show mean and edge user throughput with pico cell range extension offset at 16dB, any UE whose target-cell RSRQ below the x-axis threshold in these figures will be excluded from applying any bias offset for selecting that cell as serving cell. We can see that the value of range extension RSRQ threshold has a significant impact on the user throughput of both macro and pico cell. 
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Figure 9 Mean User Throughput vs CRE Threshold
        Figure 10 Edge User Throughput vs CRE Threshold 
Figure 11 shows the mean cell throughput for without RSRQ threshold checking and with RSRQ threshold set at -4dB. Figure 12 shows the case in which the CRE bias offset is set at 16dB for various RSRQ threshold values. We can see that the checking of range extension RSRQ threshold improves the mean cell throughput and the value of the RSRQ threshold setting has a significant impact on the mean cell throughput for both non-TDM and TDM cases.
  [image: image11.emf]0 2 4 6 8 10 12 14 16

14

14.5

15

15.5

16

16.5

17

17.5

18

RE Bias offset in dB

Mean Cell Throughput [Mbps]

 

 

No TDM without RSRQ Threshold

TDM A without RSRQ Threshold

No TDM with RSRQ Threshold

TDM A with RSRQ Threshold

      [image: image12.emf]-10 -9 -8 -7 -6 -5 -4 -3 -2 -1

15.5

16

16.5

17

17.5

18

18.5

RE SINR Threshold[dB]

Mean Cell Throughput [Mbps]

 

 

No TDM

TDM A


Figure 11 Cell Throughput vs CRE Offset                                           Figure 12 Cell Throughput vs RSRQ Threshold 
Together with CRE bias offset, the setting of RSRQ threshold is important to achieve coverage/capacity optimisation in heterogeneous deployment. To enable consistent performance across the macro and pico layers, it is beneficial to have this threshold parameter optionally set by the higher layers. 
3 Conclusions
We conclude that large values of CRE offset degrade the pico user performance both in terms of control channel reliability and 5%-tile user throughput. TDM solution improves the control channel reliability in trade of with macro user throughput. In 3GPP case 1 as simulated, in which the interference from macro cell is dominant for pico UEs, TDM solution plus large values of CRE offset with suitable RSRQ threshold setting can improve the total system capacity without degrading control channel performance. 
Introducing a RSRQ threshold parameter across the macro/pico eNBs together with the CRE bias offset, provides a simple mechanism to maintain consistent cell edge user throughput and control channel performance in both macro and pico cells.
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Appendix A: Simulation Parameters

	Parameter
	Value

	Deployment Scenario
	19 x3 macro cells wrap-around with 4 pico-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
	500m

	Macro Cell Tx Power
	46dBm

	Pico eNB Tx Power
	30dBm

	Macro eNB antenna pattern
	3GPP Standard 3D

	Macro eNB antenna gain
	14dBi

	Pico eNB antenna pattern
	Omni-directional

	Pico eNB antenna gain
	6dBi

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

	Min distance between pico and macro
	75m

	Min distance between picos
	40m

	Min distance between macro and UE
	25m

	Min distance between pico and UE
	10m

	DL MIMO Mode
	Closed Loop Spatial Multiplexing

	Traffic Model
	Full buffer 

	CQI reporting
	All UEs report two CSI subsets in each CQI report, one for even subframe and one for odd subframe

	ICIC
	TDM_A (pico UEs are scheduled in even subframes and macro UEs are scheduled in odd subframes)


Appendix B: 3GPP Case 3 results 

The difference from that of appendix A is that Macro Cell ISD is 1732m (Number of pico cells per macro cell = 4).
Figure B1 and B2 show macro and pico mean user throughput and 5%-tile user throughput for with and without TDM pattern ‘A’.
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Figure B1. Mean User Throughput   



Figure B2. Edge User Throughput   
Figure B3 and B4 show the wideband SINR distribution of UEs camped on pico cells and macro cells for no CRE, CRE offset at 3dB, 5dB, 8dB, 12dB and 16dB, with and without TDM solutions. 
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              Figure B3 wideband SINR (Pico UEs)   
 
        Figure B4 wideband SINR (Macro UEs)   
Figure B5 shows the fraction of UEs camped on pico cells when range extension bias offset is applied with RSRQ threshold set at -4dB. Figure B6 shows the wideband SINR of macro and pico cells when both TDM A and cell range extension with RSRQ threshold -4dB. Figure B7 and Figure B8 show mean/edge user throughput remains unchanged when CRE offset increases beyond small values (e.g. 5dB, 8dB). 
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Figure B5 Fraction of UEs camped on Pico  
     

Figure B6 wideband SINR CDF (TDM A)   
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Figure B7 Mean User Throughput (RSRQ Threshold -4dB)        Figure B8 Edge User Throughput (RSRQ Threshold -4dB)
Figure B9 and Figure B10 show mean and edge user throughput with pico cell range extension offset at 16dB:
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Figure B9 Mean User Throughput vs RSRQ Threshold                 Figure B10 Edge User Throughput vs RSRQ Threshold

Figure B11 shows the mean cell throughput for with and without RSRQ threshold (-4dB). Figure B12 shows the mean cell throughput with the CRE bias offset at 16dB for various RSRQ threshold values.
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Figure B11 Mean Cell Throughput vs CRE Offset        
      Figure B12 Mean Cell Throughput vs RSRQ Threshold 

