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1 Introduction

At the RAN1#66bis meeting, it was agreed that PDSCH muting, receiver (Rx) based ICIC solutions, as well as the impact of overhead should be further studied [1].
In this contribution, we will provide performance evaluation results for scenarios with various CRS IC assumptions. Based on the simulation results, we conclude our observations and provide suggestions on potential enhancement to Rel-10 eICIC.
2 Discussion
2.1 Evaluation scenarios
The cases simulated are outlined in Table 1, where in all cases, CRSs from different cells were assumed to be collision-free and a CRE bias value of 12 dB was applied to all pico cells. The CRS interference is modelled as AWGN as agreed in [2]. The benchmark is the non-eICIC with CRE bias of 0 dB. Furthermore, for the Rx based solutions, a perfect SIC receiver [3] is assumed to be implemented in UE. Detailed simulation assumptions can be found in the Appendix.
Table 1: Simulations with various CRS IC assumptions.
	Case
	Description
	Assumptions

	1
	Non-ICIC
	All macro cells impose CRS interferences on pico UEs, and the eICIC function is disabled.

	2
	Full IC
	All CRS interferences are cancelled.

	3
	No IC
	All macro cells impose CRS interference on pico UEs, and no CRS IC is used.

	4
	Rx IC - 1
	All macro cells impose CRS interferences on pico UEs, and only the strongest interferer is cancelled at UE.

	5
	Rx IC - 2
	All macro cells impose CRS interferences on pico UEs, and only the two strongest interferers are cancelled at UE.

	6
	Rx IC - 4
	All macro cells impose CRS interferences on pico UEs, and only the four strongest interferers are cancelled at UE.

	7
	Tx IC - 1
	All macro cells impose CRS interferences on pico UEs, and the REs, which are polluted by the strongest interferer, are muted by the victim pico cell, with the corresponding muting overhead considered.

	8
	Tx IC - 2
	All macro cells impose CRS interferences on pico UEs, and the REs, which are polluted by the two strongest interferers, are muted by the victim pico cell, with the corresponding muting overhead considered.


2.2 Impact from CRS interference
The simulation results for the cases in Table 1 are summarized in Table 2, while the potential performance loss in Case 3 (no IC) in comparison to Case 2 (perfect IC) is illustrated in Fig. 1.
It can be observed from Table 2 and Fig. 1 that the CRS interference results in obvious degradation in both cell average and cell edge performances, implying that the impact from CRS interference is not negligible. This, however, can be effectively mitigated with the aid of Tx-based or Rx-based IC methods, as suggested by the results in Table 2.

Note from the results that Rx-based solutions employing perfect SIC receiver seem to provide relatively better performance than Tx-based solutions. Nevertheless, the gap may be reduced, if imperfect SIC receiver is used for the Rx-based solutions.

Observation 1: The impact of CRS interference is inevitable, which however can be mitigated through Tx-based or Rx-based IC solutions.
Table 2: Simulation results of different CRS IC methods (bps/hz).
	Case
	Description
	ITU conf.1
	ITU conf.4b
	3GPP conf. 1
	3GPP conf. 4b

	
	
	Cell avg
	Cell edge
	Cell avg
	Cell edge
	Cell avg
	Cell edge
	Cell avg
	Cell edge

	1
	Non-ICIC
	8.256
	0.043
	8.959
	0.058
	5.838
	0.031
	7.538
	0.034

	2
	Full IC
	8.427
	0.091
	9.695
	0.117
	6.156
	0.053
	8.597
	0.074

	3
	No IC
	7.725
	0.078
	9.090
	0.092
	5.796
	0.049
	7.699
	0.065

	4
	Rx IC - 1
	8.310
	0.086
	9.549
	0.106
	5.996
	0.051
	8.286
	0.071

	5
	Rx IC - 2
	8.355
	0.091
	9.656
	0.114
	6.069
	0.051
	8.445
	0.073

	6
	Rx IC - 4
	8.395
	0.091
	9.704
	0.115
	6.126
	0.053
	8.533
	0.074

	7
	Tx IC - 1
	7.805
	0.084
	9.184
	0.101
	5.878
	0.050
	7.954
	0.069

	8
	Tx IC - 2
	7.724
	0.084
	8.843
	0.094
	5.826
	0.050
	7.770
	0.069
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Fig. 1: Performance loss due to CRS interference in comparison to Case 2 (full IC).
2.3 Comparison of Rx-based and Tx-based CRS IC methods
2.1.1 Rx-based solutions
Note that in a typical macro-pico deployment, only a few dominant interferers exist. Hence, concerning the performance-complexity tradeoff, it is reasonable to only cancel the few dominant interferers at UEs and/or at eNB. Such a strategy is also validated by our results in Table 2, where cancellation of 1 or 2 strongest interferers achieves quite good results, especially through Rx-based methods.
Furthermore, as exemplified in Fig. 2, where the cell edge performances in terms of gain over Case 1 (non-ICIC) for the different Rx-based IC configurations under the ITU channel model (configuration 4b) are highlighted, it can be seen that most performance loss may be recovered by only considering up to M=2 interferers. In other words, further increase of M offers trivial gains.

Observation 2: In Rx-based CRS IC solutions, most of the impact of CRS interference can be removed by cancelling the interference from one or two dominant interfering neighbour cells.
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Fig. 2: Cell edge degradation of Rx-based IC solution associated with different number of interferers in comparison to Case 2 (full IC).
2.1.2 Tx-based solutions
For the Tx-based solution employing PDSCH muting, the victim cell will exclude the polluted REs from its signal transmissions, and thus eliminates any CRS interference that may be imposed on the victim pico UEs, as illustrated in [3]. This method reduces the available PDSCH resources, especially when the number of antenna ports is large in aggressor cell. More explicitly, in the 2-port case, a total of 12×M REs have to be rate-matched, while the overhead increases to 16×M REs in the 4-port case, where M denotes the number of interferers. Hence, the achievable performance of Tx-based is constrained by the muting overhead.
However, as depicted in Fig. 3, where we plot the cell edge gains over Case 1 (non-ICIC) achieved by Tx-based IC solutions with different number of interferers, it can be noticed that the achievable gain may decrease as more interferers are taken into account. This is because that the increase of muting REs, which is expected to reduce CRS interference, can not outweigh the higher loss of throughput due to muting overhead.
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Fig. 3: Cell edge performances of Tx-based IC solution associated with different number of interferers.
Observation 3: In PDSCH-muting assisted CRS IC solutions, considering one dominant interferer provides best performance.
Based on the detailed analysis above, we propose that:
Proposal 1: Only the M-strongest interfering cells need to be cancelled in both Rx-based and Tx-based CRS IC solutions for FeICIC, where M<=2 for Rx-based solution and M=1 for PDSCH muting based solution.
3 Conclusion

In this contribution, we provided system-level simulation results for a number of scenarios, where Rx-based and Tx-based CRS IC solutions are employed. Our simulation results suggest that:
Observation 1: The impact of CRS interference is inevitable, which however can be mitigated through Tx-based or Rx-based IC solutions.

Observation 2: In Rx-based CRS IC solutions, most of the impact of CRS interference can be removed by cancelling the interference from one or two dominant interfering neighbour cells.

Observation 3: In PDSCH-muting assisted CRS IC solutions, considering one dominant interferer provides best performance.
Proposal 1: Only the M-strongest interfering cells need to be cancelled in both Rx-based and Tx-based CRS IC solutions for FeICIC, where M<=2 for Rx-based solution and M=1 for PDSCH muting based solution.
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Appendix: Simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Average user throughput, cell-edge user throughput

	Deployment scenarios
	Heterogeneous network with low power RRHs within the macro-cell coverage; 1 macro-cell with 4 low-power nodes

	Simulation case
	ITU UMa for macro, UMi for low power node

	
	3GPP channel model case 1

	High power RRH Tx power
	46 dBm in a 10MHz carrier

	Low power RRH Tx power
	30 dBm in a 10MHz carrier

	eICIC ABS ratio
	Adaptive according to LPN association ratio

	Number of UEs per cell
	30 for Config 4b, 25 for Config 1

	System bandwidth
	10 MHz

	Transmission schemes in DL
	TM9

	CSI-RS period
	10 ms

	CSI/CQI delay
	5 TTIs

	Overhead 
	3 OFDM symbols for DL CCHs，2 CRS ports outside PDCCH region, 10 REs/RB every 10ms for CSI-RS, 12 REs/RB for DM-RS

	Number of Tx at eNB
	2

	Number of antennas at UE
	2

	Antenna pattern
	3D for macro eNB

	
	Omni-directional for low-power node

	eNB Antenna tilt
	12 degrees for macro eNB

	
	10 degrees for low-power node

	Channel estimation
	Ideal

	UE receiver
	Traditional receiver

	Traffic model
	Full buffer
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