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1 Introduction
A CRS IC receiver has been agreed as the baseline for data and control channel demodulation in release 11 FeICIC [1]. In RAN1#68bis meeting, RAN1 sent LS to RAN4 [4]: saying that 
For the purpose of CRS interference handling, RAN1 has concluded that the “needed information” indicated in [1] can be provided from the serving cell via higher layer signalling, i.e:

· List of cell ID(s)
· Parameters for each cell in the list of cell ID(s):
•
Number of CRS ports

•
Subframes containing CRS in the data region (e.g. the cell MBSFN configuration)
However, a number of issues regarding RAN4 test cases involving CRS IC receiver are still open that inlude 
· Number of cells from which CRS interference to be cancelled

· RRM/RLM

· Cell detection

· PDSCH

· First and second (if more than one cell is decided) strongest interferer powers
· Es/Iot and Es/Noc3 side conditions for cell detection
In this contribution we provide our considerations and proposals regarding some of those open questions.

2 Discussion
2.1 Scenarios
We consider the following scenarios shown in Fig .1.
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Fig. 1 Cell 0: serving cell, Cell 1: first interfering cell and Cell 2: second interfering cell. Cell 0 is a pico cell inside a macro cell Cell 1. In addition, in the left, Cell 2 is a pico cell inside Cell 1. In the right, Cell 2 is a neighbor macro cell. 
2.2 Feasibility of CRS IC receiver
2.2.1 Typical CRS IC receiver
Regarding implementation of CRS IC receiver complexity is a concern. The complexity is usually over estimated based on the following trivial implementation idea:

Let us consider synchronous systems and for example N interfering cells. The cell IDs and antenna ports are known to the UE. In addition, colliding CRS for all cells is assumed. The trivial method for CRS IC would be: 

a. The receiver knows the cell ID and CRS ports. So, a reference signal for CRS based channel estimation  for each cell is available

b. estimate the channel for an interferer from the received signal that includes signals from serving cell and N interfering cells plus thermal noise
c. based on the channel estimate in b) re-produce the interfering signal and subtract the recreated interfering signal from the received signal
d. To estimate the channel for remaining interfering signals, this can be done in serial or parallel processes. In serial process, each of the interference is estimated and subtracted to finally get the estimate of the desired signal. In parallel process the channel for all interfering signals can be estimated from the received signal. Serial process costs time and parallel process costs extra hardware. Serial process is susceptible to error propagation and parallel process loses some of its accuracy as it uses the received signal to estimate channels for all interfering signals.
e. Serving cell is estimated from the remaining signal
2.2.2 Complexity for colliding/non-colliding CRS
In the subsection above, we have considered colliding CRS for all cells. Colliding CRS assumption helps to address this IC problem more tractably. First of all, note that cancelling interference only at CRS resource element (RE) location is much simpler than doing that at all other REs. In the colliding CRS case, an added advantage is that the CRS of all colliding cells are known. In a non-colliding case, data/control symbol will collide with the CRS and would be the source of the interference. Since those data/control symbols are unknown, the problem is more complicated. For accurate cancellation of this interference, the channel of that cell needs to be estimated at non-colliding CRS and then interpolated to demodulate the interfering data/control symbol. Only then the interfering data/control symbol can be recreated to subtract from the received signal. Unfortunately, since the channel estimation and demodulation will take place in an interfering situation, the accuracy will be degraded. In addition, the colliding CRS can be ensured So, we make the following proposal:
Proposal 1: Consider CRS IC receiver only for colliding CRS cases.
2.2.3 Reduced complexity CRS IC receiver
However, using the above implementation method is not the only approach. Relatively less complex implementation could be also possible. A less complex implementation idea could be
a. The receiver knows the cell ID and CRS ports. So, a reference signal for CRS based channel estimation for each cell is available. However, rather than using the individual reference signals independently, the receiver calculates weighted sum of the reference signals for interfering cells to form a single combined reference signal.
b. estimate a virtual combined channel for all interferers from the received signal (that includes signals from serving cell and N interfering cells) by using the combined reference signal produced in the previous step. This is 1/N th of the complexity that the trivial method above needs additional to MMSE complexity..
c. based on the channel estimate in b) re-produce the summed N interfering signals in a single step.  This is also 1/N th the complexity of the trivial method above.
d. Subtract the recreated summed N interfering signals from the received signal and now estimate the channel for serving cell from the remaining signal. This is also 1/N th the complexity of the trivial method above.
So, we believe the complexity of CRS IC receiver implementation is not formidable and accuracy of low complexity implementation would be good enough as long as the number of interfering cells are not many. 
Proposal 2: Consider reduced complexity CRS IC receiver as a baseline.
Proposal 3: Consider upto 2 cells for CRS interference cancellation.

2.2.4 Complexity Comparison

The complexity of a CRS IC receiver for a single interference cell with colliding CRS is approximately 30% more than an MMSE-IRC receiver. However, the complexity of a CRS IC receiver for properly cancelling two interference cells with colliding CRS is approximately 100% more than an MMSE-IRC reciver. In this regard the reduced complexity CRS IC receiver presented in section 2.3.3 would have a complexity that is approximately 30% more than an MMSE-IRC receiver, in other words, of the level of a single cell cancelling CRS IC receiver.
3 Conclusions

In this contribution we discussed our concerns regarding FeICIC PDSCH demodulation test cases involving CRS IC receiver. We make the following proposals:

Proposal 1: Consider CRS IC receiver only for colliding CRS cases.
Proposal 2: Consider reduced complexity CRS IC receiver as a baseline.

Proposal 3: Consider upto 2 cells for CRS interference cancellation.
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