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1
Introduction
In this contribution, we describe CRS interference issues encountered with eICIC [1] and provide high level overview of the possible transmitter based solutions and simulate how they compare to UE based techniques.
2
Sources of Interference
Major source of interference encountered with eICIC that needs special handling is interference created by CRS. The data and DL control portion of the subframe can be muted by configuration of Almost Blank Subframes (ABS). However, CRS has to be transmitted to support UE measurements and reporting of the legacy UEs. 

2.1 Handling of CRS interference

Under even moderate bias values, CRS interference is detrimental for the demodulation of a number of channels as shown in [2]. CRS interference can be avoided by the transmitter or removed by the receiver.

2.1.1Transmitter based muting and rate matching
The main idea behind the transmitter based techniques for handling CRS interference is to avoid RE by muting and rate matching. The idea is illustrated in Figure 1 for non-colliding CRS case. Basically, in case of non-colliding CRS, the transmitter needs to avoid RE with strong CRS interference. This technique is possible for the PDSCH region, but due to legacy issues for Rel 10 UEs, not feasible for the DL control region. Since the rate matching is required not only for the DL data, but also for DL control channels, new DL control channel design is needed that allows for rate matching around CRS REs. 

Note that due to UE mobility, the location of impacted REs will change as UEs move in the network. There are effectively two options to solve this problem. Either transmitter constantly reconfigures the PDSCH muting patterns or conservatively mutes around both CRS offsets, effectively eliminating 3 OFDM symbols from the data region or reconfigures RE muting and rate matching patterns as the UE moves. The reconfigurations are always subject to loss of data as there is always transitional period when UE and eNB may not be in sync.    
In case of colliding CRS, there is no need to avoid CRS interference from the perspective of DL control or data REs. However, CRS interference remains and leads to poor channel estimation. Therefore CRS tones effectively need to be discarded and UE need to rely on DM-RS only. This means that the new DL control channel design that explicitly avoids CRS is necessary. In case of DL data channel, one can rely on DM-RS and TM9. However, the issue of CSI feedback remains as long as interference estimation is based on CRS. It should also be noted that when evaluating DM-RS based techniques, DM-RS overhead needs to be taken into account.  

Observation 1: Transmitter based techniques to handle CRS interference require new design for both DL control and DL data channels.
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Figure 1: Illustration of RE muting for non-colliding CRS scenario for non-MBSFN and MBSFN subframes.

2.1.2 Receiver based techniques 

The receiver based techniques rely on UE processing to eliminate dominant CRS interference. In general, UE is well aware of the strong interferers and it can therefore determine when it is best to remove CRS interference. For example, when CRS interference is strong, UE can estimate CRS interference well and therefore cancel it well. When CRS interference is weak, it may be difficult to estimate it well and hence it should not be cancelled. But if the interfering cell is weak, CRS interference from that cell does not significantly contribute to the overall interference and hence there is little harm neglecting it at the receiver. 

3 
System simulations results
In order to estimate the system performance of the transmitter based techniques, we simulated TM9 for 3GPP Model 1, configuration 1 according to [3]. Due to lack of network planning, for pico UEs in CRE region, 1/3 of the time dominant interference comes from the cell with the same CRS shift, resulting in a colliding CRS scenario. We show the performance in Table 1 and Figure 2.  As it can be seen from the table, significant performance loss (13.5% in total serve throughput at 50% PRB utilization) is observed when performance is compared to the receiver that utilizes CRS IC.  

Table 1: Relative performance comparison of the rate matching algorithm vs IC for simulation assumptions given in [6]. FTP traffic model.

	
	Served Throughput 

(50% PRB utilization)
	Served Throughput 

(30% PRB utilization)

	TM9, with rate matching compared to IC
	-13.4%
	-20%
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Figure 2: Served throughput vs. PRB utilization for transmitter-based and IC solutions.

Observation 2: Compared to the transmitter based techniques with rate matching, the receiver based techniques provide better systems performance.
4
Conclusions

In this contribution, reviewed the transmitter based techniques and compare them to available UE based receiver methods. We observed the following: 

Observation 1: Transmitter based techniques to handle CRS interference require new design for both DL control and DL data channels.
Observation 2: Compared to the transmitter based techniques with rate matching, the receiver based techniques provide better systems performance.
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