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Introduction
In Rel-10, the time-domain techniques were used for enhanced inter cell interference coordination (eICIC) in heterogeneous network, where macro cells transmit almost blank subframes (ABSs) to reduce their interference to pico UEs. From [1], the interference to pico UEs cannot be ignored when macro BSs transmit ABSs due to the embedded CRSs in these subframes. To address this issue, different solutions were proposed in previous RAN1 meetings, which can be divided into two categories: Tx-based solutions and Rx-based solutions. In this contribution, we evaluate the link level performance of the Tx-based PDSCH muting scheme [2], and compared it with the Rx-based PDSCH puncturing scheme [3]. 
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Tx-Based Solution: PDSCH Muting 
Consider the macro-pico deployment scenario, where the macro BSs use ABSs to reduce their interference to the pico UEs. To handle the CRS interference from the macros when they transmit ABSs, the pico BSs can perform PDSCH muting on the resource elements (REs) which suffer strong CRS interference from the macros. In Fig. 1, we show an example for non-colliding CRS case. In this example, the pico RB is assigned to a UE who still suffers strong CRS interference from the macro when the macro is configured for ABS transmission. Assume the CRS pattern of the macro is known at the pico. The pico avoids the REs which are aligned with the CRS positions of the macro by muting and rate matching. In this way, the heavily polluted REs are dropped in PDSCH transmission and thus the throughput performance is improved. 


Since the CSI-RS muting is already supported in Rel-10, the similar mechanism can be reused to support PDSCH muting for FeICIC. Considering UE mobility, the positions of the muted REs and the corresponding PDSCH muting pattern are changing over time. Extra control signalling support may be needed for the pico to inform its associated UEs of their PDSCH muting patterns constantly. 
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Rx-Based Solution: PDSCH Puncturing

Different from PDSCH muting scheme as described in Section 2, the Rx-based scheme depends on UE receiver to eliminate the CRS interference. As shown in Fig. 2, the pico uses all available REs for PDSCH transmission. However, the UE receiver will estimate the CRS interference and discard the REs with strong CRS interference (the REs with red color as shown in Fig. 2) before decoding. In this way, the overall interference is reduced and thus the throughput performance is improved. 
In non-colliding CRS case, UE may be well aware of the locations of the REs with strong CRS interference and thus could determine whether to performance PDSCHU puncturing or not. Therefore, no specification change may be needed in this case. In colliding CRS case, the transmitter assistant and extra signalling enhancement may be needed. 
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Fig. 1 The Tx-based PDSCH muting scheme
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Fig. 2 The Rx-based PDSCH puncturing scheme
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Simulation Assumptions
In this section, we describe the simulation assumptions for evaluating the performance of the Tx-based and Rx-based FeICIC schemes as described in Sections 2 and 3, respectively. In the simulation, we assume that a pico BS transmits packets to a UE, who suffers strong interference from one neighbouring macro BS. For simplicity, we assume that the macro BS always transmits ABSs such that the pico UE only suffers CRS interference from the macro BS, where CRS interference strength is measured by the ratio (denoted by I/S) between the received CRS interference power (at the UE) from the macro and the received signal power from the pico. Besides, only the non-colliding CRS cases as shown in Fig. 1 and Fig. 2 are assumed. The channel model used in the simulation is ETU with 5Hz Doppler frequency shift. 10000 subframes are simulated for each run. Other simulation parameters are listed in the appendix. Note that in the simulation, we only add the CRS interference to the REs who are interfered by the macro before decoding the packets, which is more accurate than averaging the CRS interference over all REs in [4]. 
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Simulation Results

In this section, we show the link-level simulation results for the Tx-based and Rx-based schemes as described in Sections 2 and 3. In Fig. 3, we draw the BLER curves of the above-mentioned FeICIC schemes over different values of SNRs. For comparison, we also show the BLER performance of the baseline scheme (which does nothing for CRS interference) for different I/S ratios as well as the case without CRS interference. In the simulation, 6 PRBs are assumed for PDSCH and the MCS index is assumed to be 6 (QPSK). Form Fig. 3, we see that both Tx-based and Rx-based schemes provide significant performance improvement compared to the baseline scheme, especially for the case with strong CRS interference. Besides, the Tx-based scheme has slightly better performance than the Rx-based scheme. 
In Fig. 4, we draw the BLER curves of the Tx-based and Rx-based schemes for the same number of the scheduled PRBs as that in Fig. 3. The MCS Index is set to be 13 (16QAM) in the simulation. From Fig. 4, we see that the Rx-based scheme provides performance gain compared with the baseline scheme in the server CRS interference case (I/S = 12 dB). Furthermore, the Tx-based scheme provides non-trivial performance gain over the Rx-based scheme in this configuration.   

In Fig. 5 and Fig. 6, we draw the BLER curves of the Tx-based and Rx-based schemes for the scenario where the number of the scheduled PRBs is assumed to be 24. From these two figures, we can draw the similar conclusions as those in Fig. 3 and Fig. 4, which are summarized as follows: 

Observation 1:  Both Tx-based and Rx-based schemes provide significant performance gain over the baseline scheme, which does nothing for the CRS interference. 
Observation 2:  The Tx-based scheme provides non-trivial performance gain over the Rx-based scheme for a high MCS Index.  
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Conclusion

In this contribution, we provided the link-level simulation results for the Tx-based and Rx-based schemes and briefly discussed the potential standard impacts of the two schemes. From the simulation results, both eICIC schemes provide significant performance gain over the baseline scheme in terms of the BLER. The Tx-based scheme has non-trivial performance gain over the Rx-based scheme for a high MCS index, but may require extra signalling support. 
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Fig. 3 BLER for 6 PRBs (MCS Index = 6)
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Fig. 4 BLER for 6 PRBs (MCS Index = 13)

[image: image5.emf]-2 -1 0 1 2 3 4

10

-4

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

PDSCH Muting

PDSCH Puncturing

I/S=6dB

I/S=12dB

No CRS Interference


Fig. 5 BLER for 24 PRBs (MCS Index = 6)
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Fig. 6 BLER for 24 PRBs (MCS Index = 13)

Appendix 
	Parameter 
	Values used for evaluation 

	Carrier frequency
	2 GHz

	Channel  bandwidth
	10 MHz

	Antenna configuration
	2Tx2Rx

	Channel model 
	ETU

	Doppler frequency shift
	5Hz

	Transmission mode
	TM 4, rank 1 transmission

	Control region 
	3 OFDM symbols per subframe

	UE  receiver
	MRC

	HARQ 
	Chase combining, Maximum 3 retransmission 

	Channel estimation 
	2-D linear interpolation 
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