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1 Introduction

It has been well recognised that the CRS design in LTE/LTE-Advanced may result in severe interference in HetNet scenarios, even when Rel-10 eICIC function is employed. In order to mitigate the negative effect imposed by CRS interference on the achievable eICIC performance, further enhanced ICIC methods needs to be studied. In addition, the following items were agreed at RAN1 66bis meeting [1]:
	· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias

· Zero and reduced power ABS
· Receiver-based solutions 

· PDSCH muting as described in R1-113573
· Relation with PDCCH is studied.
·  Impact on overhead should be studied.


In this contribution, we will discuss the specification impact from employment of the CRS interference cancellation (IC) mechanisms in FeICIC.
2 Discussion
In [2], we have shown the simulation results of using CRS IC for enhancing the system performance of FeICIC. The simulation results are summarized in Table 1 and Table 2, where gains over the non-ICIC benchmark scenario and performance degradation from the ideal CRS IC case are portrayed, respectively.
Table 1: Gains of Rx-based CRS IC schemes (Bias = 12dB)
	
	Gain over non-ICIC

	
	ITU conf.1 
	ITU conf.4b
	3GPP conf. 1
	3GPP conf. 4b

	
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge

	No IC
	-6.43%
	79.73%
	1.47%
	57.87%
	-0.71%
	59.72%
	2.14%
	89.60%

	Rx IC - 1
	0.66%
	97.35%
	6.59%
	83.26%
	2.70%
	67.04%
	9.93%
	105.73%

	Rx IC - 2
	1.20%
	110.39%
	7.78%
	96.99%
	3.96%
	67.04%
	12.03%
	112.33%

	Rx IC - 4
	1.68%
	109.05%
	8.31%
	98.95%
	4.93%
	72.90%
	13.20%
	114.38%

	Full IC
	2.07%
	110.39%
	8.22%
	102.17%
	5.45%
	74.75%
	14.05%
	114.61%


Table 2: Rx IC performance degradation from full IC (Bias = 12dB)
	
	Degradation from Full IC

	
	ITU conf.1 
	ITU conf.4b
	3GPP conf. 1
	3GPP conf. 4b

	
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge

	No IC
	-8.33%
	-14.57%
	-6.24%
	-21.91%
	-5.84%
	-8.60%
	-10.44%
	-11.66%

	Rx IC - 1
	-1.38%
	-6.20%
	-1.51%
	-9.35%
	-2.60%
	-4.41%
	-3.61%
	-4.14%

	Rx IC - 2
	-0.85%
	0.00%
	-0.41%
	-2.56%
	-1.41%
	-4.41%
	-1.77%
	-1.06%

	Rx IC - 4
	-0.38%
	-0.64%
	0.09%
	-1.59%
	-0.49%
	-1.06%
	-0.74%
	-0.10%


As indicated in Table 2, the presence of CRS interference degrades the cell-edge performance by up to about 10% ~ 22% in cell edge performance. However, most of the impact can be removed by cancelling the CRS interference from one or two dominant interfering neighbour cells, which results in up to 4% degradation from the ideal CRS IC case.
Observation 1: Most of the impact of CRS interference can be removed by cancelling the interference from one or two dominant interfering neighbour cells.
There are mainly two categories of CRS IC schemes, namely receiver (Rx) based schemes and transmitter (Tx) based schemes. In Rx-based methods, a Successive Interference Cancellation (SIC)-like processing is usually invoked, as illustrated in Fig. 1. When CRE is enabled, the signal strength of the interferer (i.e. the aggressor) at the cell edge is usually much stronger than that of the serving cell (i.e. the victim). In this case, the estimation of the CRS interference from aggressor can be quite accurate, which helps to improve the corresponding SIC performance.
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Fig. 1: The typical procedure of Rx-based CRS IC schemes.
With respect to Tx-based solutions, for instance the PDSCH muting scheme, the victim cell needs to exclude the REs corresponding to the neighbour cells’ CRS transmissions from its PDSCH transmission. Then, the victim cell’s UE can be free from CRS interference, as illustrated in Fig. 2.

	[image: image2.emf] CRS port 0

 CRS port 1

 Polluted RE due to interfering CRS

 data RE


(a) RB grid before PDSCH muting
	[image: image3.emf] CRS port 0

 CRS port 1

 Polluted RE due to interfering CRS

 data RE

 Null RE


(b) RB grid after PDSCH muting


Fig. 2: The Tx-based PDSCH muting scheme for 2 antenna ports.
It is worth pointing out that no matter a Tx-based or a Rx-based solution is used, some CRS related information, such as PCI, number of CRS ports, CP type of the interfering cells, etc. should be available at the victim eNBs and/or victim UEs, such that the location of the polluted REs in the RB is known. Therefore, we suggest that:
Proposal 1: The interfering cells’ CRS-related configuration information, including PCI, number of CRS ports and CP type should be provided to victim eNB or victim UE.
Proposal 2: Only a limited number of interfering cells need to provide their CRS-related configuration information to the victim cells, where the number should be no more than two.
In the Rx-based solutions, in order to extract the interfering CRS (i.e. C1 in Fig. 1), the UE has to know the timing of interfering cell before channel estimation on the interfering cell and SIC processing can be invoked. Obviously, the complexity of UE implementation will be increased compared with Tx-based solutions. Furthermore, the corresponding receiver requirements should be defined. Therefore, RAN4 should be consulted on whether the Rx-based CRS IC schemes are acceptable.
Proposal 3:  RAN1 is kindly asked to send an LS to RAN4 to confirm whether the current UE requirements can be satisfied if Rx-based CRS IC schemes are adopted.
By contrast, advanced receivers are not mandatory for PDSCH muting based schemes shown in Fig. 2, which is favourable from the perspective of UE implementation. The disadvantage for this scheme is the performance loss due to puncturing the polluted REs. However, according to the simulation results in Table 3 (extracted from [2]), in most typical scenarios evaluated, the performance degradation at cell edge seems to be acceptable in comparison to the scenario, where ideal CRS IC is employed. Therefore, we propose that PDSCH muting scheme should not be precluded.
Table 3: Tx IC performance degradation from full IC (Bias = 12dB)
	　
	Degradation from Full IC

	
	ITU conf.1 
	ITU conf.4b
	3GPP conf. 1
	3GPP conf. 4b

	
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge
	Avg Cell
	Cell edge

	No IC 
	-8.33%
	-14.57%
	-6.24%
	-21.91%
	-5.84%
	-8.60%
	-10.44%
	-11.66%

	Tx IC - 1
	-7.38%
	-8.29%
	-5.28%
	-14.15%
	-4.52%
	-6.08%
	-7.48%
	-6.65%

	Tx IC - 2
	-8.34%
	-8.29%
	-8.79%
	-19.75%
	-5.37%
	-6.74%
	-9.62%
	-6.20%


Observation 2: The cell edge performance loss (compared to ideal CRS IC scheme) in PDSCH muting scheme is acceptable.
Proposal 4:  PDSCH muting scheme should not be precluded as candidate resolution for CRS interference issues in HetNet.
Last but not least, CRS interference on the victim PDCCH region remains even when PDSCH muting scheme is exploited. However, the ongoing RAN1 work on PDCCH enhancements as well as on new carrier types can provide viable solutions to this issue.
Proposal 5: Studies on the issue of CRS interference on victim PDCCH is the second priority in FeICIC WI.
3 Conclusion

In this contribution, we discussed the specification impacts from employment of the CRS IC mechanisms for FeICIC through analysis and system level simulations. The Tx-based and Rx-based schemes were compared according to simulation results. We suggest RAN1 accept the following proposals:
Proposal 1: The interfering cells’ CRS-related configuration information, including PCI, number of CRS ports and CP type should be provided to victim eNB or victim UE.
Proposal 2: Only a limited number of interfering cells need to provide their CRS-related configuration information to the victim cells, where the number should be no more than two.
Proposal 3:  RAN1 is kindly asked to send an LS to RAN4 to confirm whether the current UE requirements can be satisfied if Rx-based CRS IC schemes are adopted.
Proposal 4:  PDSCH muting scheme should not be precluded as candidate resolution for CRS interference issues in HetNet.
Proposal 5: Studies on the issue of CRS interference on victim PDCCH is the second priority in FeICIC WI.
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