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1 Introduction
To identify scenarios for UE performance requirements for further enhanced non CA-based ICIC (FeICIC), RAN1#66 decided [1] that each company evaluate PDSCH performance for macro-pico scenarios for both 3GPP and ITU simulation models, defined in TR 36.814 and 36.819, respectively. Performance of conventional receiver and interfering CRS RE puncturing receiver was evaluated for various cell range expansion (CRE) biases. The simulation modeling and assumptions are clearly explained. Results show that TDM eICIC with CRE provides significant throughput gain for all the considered throughput metrics. 
2 Simulation modeling and assumptions
The simulation assumptions follow the agreements in [1]. The evaluated configurations are as follows:
· 3GPP model (TR 36.814), ITU model (TR 36.819)

· UE and Pico cell dropping model
· Configuration 1: total 25 users per macro area with uniform dropping over the macro area

· Configuration 4b: total 30 users per macro area, 5 users per pico and others in the macro area

· CRE offset: [0, 6, 12, 18] dB
· UE receiver modeling
· Ideal interference cancellation (IC) receiver (no CRS interference)

· Conventional receiver (no CRS IC, MMSE)

· Interfering CRS puncturing receiver

· Transmission mode 9

· Full buffer traffic

· CRS interference modeling as agreed in [1], e.g., consideration of  multi cell interference and mutli code block transmission cases 
In the following, we explain some detailed assumptions that have been open and not addressed in [1]. 
ABS configuration 

· Static and identical pattern in all cells

· ABS ratio: proportional to the ratio of UEs connected to pico cells over total UEs within the macro cell area

· Different depending on channel models and CRE bias (see Figure 1)
· Optimal ratio of ABS for the respective performance metrics may not be in proportion to the ratio of UEs connected to pico cells, but this optimization has not been done in the simulations
CRS puncturing receiver modeling
· With TM9 and 2 Tx antennas, PDSCH REs with high CRS interference are considered to be punctured
· Among three consecutive REs in an OFDM symbol with RS, one RE contains the serving cell CRS and the other two REs can be occupied by the CRS of interfering cells.
· Interfering CRS REs are selectively punctured by considering the trade-off between interference cancellation gain and PDSCH symbol loss caused by the puncturing
· Based on link-level performance curves of the cases of a single dominant interfering cell, a PDSCH RE is punctured if link-level performance after puncturing the interfering CRS RE outperforms the case without the puncturing for a given PDSCH MCS and a given CRS interference level on the considered RE.
· This approach may not perform well in cases of high CRE bias and for cell edge UEs. In these cases, it is likely that multiple dominant interfering cells exist, resulting in larger puncturing loss compared to the case of a single dominant interfering cell.
CSI measurement and scheduling
· Pico cell

· Two CSI measurement reports, respectively for ABS and non-ABS of the macro cell.
· Pico UEs can be scheduled in either ABS or non-ABS of the macro cell depending on CSI reports.
· Macro cell

· CSI measurement report is done only for non-ABS.
· Macro UEs are scheduled only in non-ABS.
3 Simulation results

The performance metrics used in the evaluations are as agreed in [1]. In addition, pico connection ratio is evaluated for the sanity check and to assess the expected performance improvement achievable by cell range expansion for 3GPP and ITU channel models: 

· Pico connection ratio: ratio of UEs connected to pico cells divided by total UEs within the macro cell area
· Macro cell area throughput = total amount of data contributed by all UEs in macro cell area / (total observation time * number of macro cell areas)
· 5%/50%/95% user throughput: user throughput = amount of data for each UE / total observation time
System-level evaluation results are provided below. In Sections 3.1 through 3.3, pico connection ratio, user throughput and macro cell area throughput results are presented for the 3GPP Model-1 and ITU simulation models. In Figures 2 through 5, the results on left and right are for the 3GPP (TR 36.814) and ITU (TR 36.819) simulation models, respectively. Macro-only (homogeneous network) throughput results are provided for reference in Table A-1 in Appendix.

3.1 Pico connection ratio 
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Figure 1. Ratio of UEs connected to pico cells over total UEs in macro cell area
· 3GPP model
· With increasing CRE bias, the pico connection ratio significantly increases
· For Conf. 1 and 4b, 18 dB CRE bias increases the UEs connected to pico cells to 72% and 83%, respectively, from 23% and 42% of no CRE bias (0 dB) case
· ITU model
· Even in 0dB CRE bias, 47% and 63% of UEs are connected to pico cells due to high LOS probability in the ITU channel model

· The number of UEs additionally connected to pico cells by applying 18dB CRE bias is marginal, compared to the 3GPP model
3.2 User throughput (5%, 50%, 95%)
5% user throughput
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 (a) 3GPP model










(b) ITU model

Figure 2. 5% user throughput

· 3GPP model

· 5% user throughput significantly increases with increasing the CRE bias up to 18 dB for both cases of perfect CRS IC and CRS puncturing receiver
· In case of perfect CRS IC, 18 dB CRE bias provides 170% (Conf. 4b)  and 186% (Conf. 1) throughput compared to the case of no CRE bias (0 dB)
· In case of CRS puncturing receiver, 18 dB CRE bias provides 151% (Conf. 4b)  and 136% (Conf. 1) throughput compared to the case of no CRE bias

· ITU model

· In case of perfect CRS IC, the throughput increases with increasing the CRE bias up to 18 dB for both Conf. 4b and 1, and 80% increase in the throughput is seen in Conf. 4b
· In case of CRS puncturing receiver, the throughput saturates at 6 dB CRE bias
50% user throughput
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 (a) 3GPP model










(b) ITU model

Figure 3. 50% user throughput

· 3GPP model

· As in the case of 5% user throughput, 50% user throughput significantly increases with increasing the CRE bias up to 18 dB for both cases of perfect CRS IC and CRS puncturing receiver with significant throughput gain
· In case of perfect CRS IC, 18 dB CRE bias provides 175% (Conf. 4b)  and 205% (Conf. 1) throughput compared to the case of no CRE bias

· ITU model

· As in the case of 5% user throughput, 50% user throughput for the case of perfect CRS IC increases with increasing the CRE bias up to 18 dB

· CRS puncturing receiver also shows a throughput increase up to 18 dB CRE bias, though smaller than the case of perfect CRS IC
95% user throughput
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 (a) 3GPP model










(b) ITU model

Figure 4. 95% user throughput 

· 3GPP model
· As in the case of 5% and 50% user throughput, 95% user throughput increases with increasing the CRE bias up to 18 dB for both perfect CRS IC and CRS puncturing receiver cases, though the gain is smaller
· In case of perfect CRS IC, 18 dB CRE bias provides 111% (Conf. 4b) and 108% (Conf. 1) throughput compared to the case of no CRE bias
· In case of CRS puncturing receiver, 18 dB CRE bias provides 107% (Conf. 4b) and 101% (Conf. 1) throughput compared to the case of no CRE bias

· ITU model

· For Conf. 1, perfect CRS IC with 18 dB CRE bias provides 107% throughput compared to the case of no CRE bias
· For Conf. 4b, the throughput does not change much depending on the CRE bias
3.3 Macro cell area throughput
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Figure 5. Macro cell area throughput
· 3GPP model

· In case of perfect CRS IC, 18 dB CRE bias provides about 120% throughput compared to the case of no CRE bias for both Conf. 4b and 1
· In case of CRS puncturing receiver, 18 dB CRE bias provides 106% throughput compared to the case of no CRE bias for both Conf. 4b and 1
· Performance loss of CRS puncturing receiver compared to perfect CRS IC is 13% at 18 dB CRE bias for both Conf. 4b and 1
· ITU model
· For Conf. 1, both perfect CRS IC and CRS puncturing receivers achieve the increased throughput with increasing the CRE bias up to 18 dB though the gain is smaller than the case of 3GPP model
· For Conf. 4b, the throughput of perfect CRS IC increases with increasing the CRE bias up to 18 dB, while that of CRS puncturing receiver increases up to at 6 dB

4 Conclusion
In this contribution, we presented PDSCH performance of TDM eICIC with cell range expansion for 3GPP and ITU simulation models. According to the results, both user and cell throughput increase by increasing the CRE bias up to 18 dB. Based on the evaluation results and observations, it seems agreeable that cell range expansion provides gain at high CRE bias (larger than 10 dB).
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Appendix
· Macro-only throughput results

Table A-1: Macro only throughput results

	
	Cell throughput
	5% user throughput

	TR 36.814
	1.98 bps/Hz
	0.02 bps/Hz

	TR36.819
	2.81 bps/Hz
	0.03 bps/Hz


· Simulation assumptions

Table A-2: Simulation assumptions

	Parameters
	Description

	Pathloss mode
	Table A.1-1 in TR36.819 and A.2.1 in TR 36.814

- ITU UMa for Macro and ITU UMi for Pico (Outdoor modeling) for TR36.819

- TU model for TR 36.814

	Number of Pico
	4 Picos

	Deployments
	Configuration 1 and 4b

	Number antenna
	2TX for Macro, 2TX for Pico, 2Rx for UE

	Antenna tiling
	For TR36.819 - 12 degrees for Macro, 0 degree for Pico

For TR36.814 - 15 degrees for Macro, 0 degree for Pico

	Traffic model
	Full Queue model

	RE offset
	0, 6, 12, 18dB

	ABS rate
	Adapted for each offset

	TX mode
	Transmission mode 9

	CRS interference modeling
	Macro: planned cell ID layout, Pico: Random cell ID selection

	Subframe configuration
	Non-MBSFN subframe for all subframe

	CRS power
	No power boosting

	System to link mapping
	For each code block, average interference level over all relevant REs. Use the average as common noise level of each RE in effective SINR calculation.

	UE receiver
	Rel-10 receiver (no CRS cancelation, MMSE-option1) and CRS puncturing receiver up to maximum 2 macro-cell

	Transmission mode 
	2x2 SU-MIMO 

	HARQ 
	Chase combining, non-adaptive, asynchronous 

	Downlink scheduler 
	Proportional fair 

	Downlink link adaptation 
	Frequency selective PMI/CQI report with 5msec periodicity and 6msec delay 

	Estimation errors 
	Channel estimation errors and feedback errors 
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