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1 Introduction
In RAN1#67, the following conclusions were achieved [1]: 

· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signaling is FFS

· Cell detection principles

· Network assistance to simplify UE implementation of cell detection for 9 dB CRE bias

· Higher-layer signaling is utilized to aid the UE

· RAN1 continues discussion about the details of necessary specification changes

· Handling of CRS interference 

· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

· Information on number of CRS ports of neighbor cell(s) is needed

· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed

· FFS the additional need for rate matching around CRS of neighbor cell(s) – also discussed in CoMP WI

In this contribution, the issue of CRS interference handling is addressed. We discuss how a UE can obtain the prior knowledge for CRS interference cancellation (IC).
2 Discussion on CRS IC

2.1 Prior knowledge of CRS IC
To perform CRS IC, the UE needs to know at least the following information:

· The list of interfering cells. Whether this information is signalled by higher layer or found by UE itself is still under discussion. If the latter, the UE may perform cell search to find out the list. In normal operations, a UE is informed of a list of neighbouring cells to perform RRM measurements, i.e. MeasObjectEUTRA information element. This information element is helpful to explore the list. Our views on the necessity of this information signalling are given in [2].
· Number of CRS antenna ports of each interfering cell. The number of CRS ports is generally static or rarely changed. In some cases, the UE is aware of the number of CRS ports of the interfering cell, e.g. the UE was previously connected to the interfering cell. Whether this information is signalled by higher layer or found by UE itself is still undecided. If the latter, the UE can either read the PBCH of the interfering cell or use the CRS sequence to do correlation in the frequency-domain received signal. 

· MBSFN configuration of each subframe for each interfering cell. The interfering cell may configure some of its ABS as an MBSFN subframe to avoid generating CRS interference. For an MBSFN subframe, CRS are present in the first two OFDM symbols. The information may be either signalled by higher layer or found by UE itself. If the latter, the UE can use the CRS sequence to do correlation in the frequency-domain received signal. 

We investigate the detection problems for acquiring the information in the second and third bullets in Sections 2.1 and 2.2, respectively.
2.2 Detection of number of CRS ports
There are at least two ways to detect the number of CRS ports, i.e. reading PBCH and observing the received signal at CRS REs. We elaborate these two methods in the following.

2.2.1 Reading PBCH

The information of the cell ID, timing offset, and frequency offset of an interfering cell is available after the UE has completed the cell search procedure. With these information, the UE can read the PBCH and then determine the number of CRS ports, where the number of CRS ports is carried in the PBCH CRC mask. The disadvantages of getting the number of CRS ports by PBCH reading include:

· When the timing offset between interfering and serving cells is large to some extent, reading interfering cell’s PBCH requires a different OFDM observation window from that of the serving cell.
· It may take more than one radio frames to complete the task.
2.2.2 Observing received signal at CRS REs
A detector to acquiring the number of CRS ports can be designed by observing the received signal at the CRS REs. The performance is shown in Fig. 1, where the simulation assumptions are given in TABLE I.
	TABLE I. Simulation assumptions 

	Parameter
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	ETU 70km/hr

	Deployment
	Serving cell plus one interfering cell

	Number of Rx antennas in UE
	2

	Received power difference between serving and interfering cells (higher interfering power)
	9 dB

	CRS allocation
	Collided CRS for the serving and interfering cells

	Number of CRS antenna ports
	Uniform in {1, 2, 4} for both the serving and interfering cells 
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	Fig. 1. Detection performance for the number of CRS antenna ports of the interfering cell


The horizontal axis of Fig. 1 is the SNR of the serving cell, and the vertical axis is the probability that the detected number of CRS antenna ports of the interfering cell is correct. There are two curves in Fig. 1. For the curve “ABS”, the detection is performed on interfering cell’s ABS; for the curve “non-ABS”, the detection is performed on interfering cell’s normal subframes, and all of the PRBs carry data. Assume the number of CRS antenna ports is 2. For the detection corresponding to the ABS-curve, the REs designated for 2nd and 3rd CRS ports are empty. On the other hand, for the detection corresponding to the non-ABS curve, these REs are carrying PDSCH. It is seen that the detection probability when observing REs without data is higher than that observing REs with data. This is consistent with intuition as the power difference between the two hypotheses of “with CRS” and “without CRS” is larger in the former case. 
2.3 Detection of MBSFN configuration
After detecting the number of CRS antenna ports, the UE measures the received signals at the REs for configured CRS to judge whether the current subframe is configured as MBSFN or not. The performance of this detection is shown in Fig. 2. The horizontal axis is the SNR of the serving cell. The vertical axis represents the probability of the detection result, where both the detection probability and false alarm probability are depicted. The simulation assumptions also follow TABLE I.
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	Fig. 2. Detection performance for MBSFN configuration of the interfering cell


Based on the simulation results in Figs. 1 and 2, we have the following observation: 

Observation: Preliminary results on UE detecting the number of CRS ports and MBSFN configuration of the interfering cell look positive. More study is needed to confirm whether a UE can detect these information by itself without the need of higher layer signaling.
3 Conclusion

In this contribution, simulations were employed to assess whether a UE can obtain the prior knowledge for CRS IC by itself. According to the simulation results, we had the observation of:
Observation: Preliminary results on UE detecting the number of CRS ports and MBSFN configuration of the interfering cell look positive. More study is needed to confirm whether a UE can detect these information by itself without the need of higher layer signaling.
4 References
[1] Chairman notes of RAN1#67.

[2] R1-121168, “Cell search under 9dB cell selection bias,” MediaTek.










3/3

