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1. Introduction
In RAN1#61 meeting, a way forward was agreed in [1] regarding the Macro-Femto and Femto-Femto co-channel deployment, and this WF presented that enhanced interference management is needed because Rel-8/9 ICIC techniques are not fully effective in mitigating control channel interference. And to solve the dominant interference problem existing in Macro-Femto and Femto-Femto cases, various time-domain and frequency-domain eICIC solutions have been proposed and discussed in RAN1#61 and #61bis meeting. [2]
This contribution provides simulation results and our views about solving CRS interference problem of MUE (or victim UE). In this contribution, in order to see the MUE throughput performance which is impacted by CRS of HeNB cell (or aggressor cell), the almost blank subframe configuration (which means CRS only transmission) in the HeNB cell is assumed. 

2. Discussions
2.1. CRS interference by HeNB cell’s CRS
Almost blank subframe
One of the solutions to solve interference problem is the almost blank subframe[2],[3]. In this scheme, HeNB does not transmit PDCCH in some subframes that are configured as almost blank subframe. There is no PDSCH transmission in the configured subframes as a consequence of almost blanking. HeNB only transmit CRS (and some essential signals such as PBCH, PSS, SSS) in almost blank subframe in order to alleviate dominant interference to the channels of the MUE. Figure 1 shows an example of almost blank subframe configuration. [2]
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Figure 1. An example of eICIC based on almost blank subframe with subframe alignment
In this contribution, we assume almost blank subframe in the HeNB cell in order to focus on CRS interference, but HeNB cell’s CRS interference still influence MUE performance in normal subframe case of the HeNB cell.
CRS interference
Figure 2 shows an example of resource mapping which is configured by MeNB and HeNB. In this example, HeNB only transmit CRS and this CRS is shifted by 1 subcarrier to avoid collision between MeNB cell’s CRS and HeNB cell’s CRS. In this case, PDCCH and PDSCH of Macro cell suffer interference from HeNB cell’s CRS and Macro cell’s throughput performance is severely decreased. Simulation results related to this CRS interference impact are shown in the next section.
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Figure 2. Resource mapping in Macro-Femto co-channel deployment
2.2. The eICIC for control channel
OFDM symbol level shifting for Control channel performance
In [4],[5], it was shown that error protection for control channels is important, since the  performance of control channel is severely degraded when HeNB cell’s CRS interferes with control channel of MUE. We propose the OFDM symbol level shifting for solving CRS interference in Macro cell’s control channel by HeNB cell. In this solution, the subframe boundary of HeNB is shifted by one or more OFDM symbols relatively to that of MeNB as depicted in Figure 3. This symbol level shift enables the control channel detection of the MUE without being interfered by HeNB’s CRS. [2] This section also shows the simulation results with/without symbol level shift.
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Figure 3. Some examples of OFDM symbol shift between MeNB and HeNB
Simulation results for HeNB cell’s CRS impact on Control channel of MeNB cell
The simulation assumptions are shown in Section 5. The RE mapping of MeNB and HeNB cells, which are depicted in Figure 2 and Figure 3, is assumed for link level simulation. 

Because PCFICH indicates the number of OFDM symbols for PDCCH, PCFICH should be decoded first among control channels (which consist of PDCCH, PCFICH and PHICH). So, we took PCFICH as an example of the control channel performance in this section noting that the error rate of PCFICH can be regarded as a lower bound of the whole control channel decoding failure probability.
Figure 4 presents MUE’s PCFICH performance when the subframe boundaries of MeNB and HeNB are aligned and the HeNB’s subframes are configured as the almost blank subframe and in case of OFDM symbol level shifting. There are 4 cases for testing impact of CRS interference on MUE PCFICH performance, including:

· No interference 

·  The OFDM symbol level shifting is used for mitigating HeNB cell’s CRS impact.

· With CRS interference (0dB)

· With CRS interference (8dB)

· With CRS interference (16dB) 
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Figure 4. MUE’s PCFICH performance with HeNB’s CRS interference 
In RAN4 specification [5] for requirements, the requirement for PDCCH/PCFICH demodulation is defined as the average probability of a missed downlink scheduling grant, and its reference value is 1%. It means that PDCCH and PCFICH are tested jointly, i.e. a miss detection of PCFICH implies a miss detection of PDCCH. 

From Figure 4, we can see that increasing HeNB cell’s CRS power causes significantly degradation of PCFICH performance. Even if high SNR is guaranteed, MUE could not demodulate the PCFICH because of error floor. And it shows that if HeNB cell’s CRS power is more than 8 dB, we cannot satisfy the requirement for PDCCH/PCFICH although correct PDCCH decoding is assumed. 

2.3. The eICIC for data channel
Rate matching for PDSCH performance
Because CRS is always transmitted and exists all of the transmitted RBs, there are no perfect solutions to solve the CRS interference problem of MeNB cell’s PDSCH demodulation in non-CA based mechanism. (The exceptional case is the MBSFN subframe configuration, but the CRS located in control region is still transmitted. So CRS impact to the MUE’s performance is not deleted but just decreased in the MBSFN subframe configuration). So the appropriate solution for HeNB’s CRS interference problem is to minimize the CRS impact. 
To minimize the CRS interference problem, we propose the rate matching should be applied to the REs which are aligned with HeNB cell’s CRS position. For example, the MeNB transmits rate matched signal considering HeNB cell’s CRS and signals rate matching pattern to MUE which is in close proximity of HeNB. The MBSFN subframe configuration in HeNB cell can be applied to mitigate CRS interference and HeNB does not transmit CRS in PDSCH region. But if OFDM symbol level shifting [2] (which is depicted in Figure 3) is used to HeNB cell, Macro cell’s PDSCH is still impacted by CRS of PDCCH region in HeNB cell. And in case of coordinated cell deployment, the MBSFN subframe is not always configured for HeNB cell because of HARQ timing and transmission constraint. Figure 5 is an example of RE mapping when rate matching is used for MUE’s performance. Figure 5(a) shows the possible RE mapping for MeNB cell when almost blank subframe is configured in HeNB cell and HeNB cell’s CRS is shifted by 1 subcarrier. And Figure 5(b) presents the RE mapping when almost blank subframe with MBSFN subframe is configured in HeNB and HeNB’s subframe is shifted by 2 OFDM symbols. 
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Figure 5. Examples of RE mapping for Macro cell’s PDSCH
Simulation results for HeNB cell’s CRS impact on PDSCH of MeNB cell
The simulation assumptions are shown in Section 5 and correct control channel decoding for PDSCH case is assumed. The RE mapping of MeNB and HeNB cells, which are depicted in Figure 2 and Figure 5, is assumed for link level simulation. 

Figure 6 shows MUE’ PDSCH performance when the subframe boundaries of MeNB and HeNB are aligned and the HeNB’s subframes are configured as the almost blank subframe. There are 5 cases for testing impact of CRS interference on MUE PDSCH performance, including: 
· With CRS interference (0dB) 

·  (HeNB cell’s CRS power / MeNB cell’s PDSCH power to MUE) = 0dB
· With CRS interference (5dB)

· With CRS interference (10dB)

· With CRS interference (10dB) and Using rate matching to decrease impact by CRS interference

· Without CRS interference
Figure 7 shows MUE’ PDSCH performance when the subframe boundaries of HeNB are shifted by 2 OFDM symbols and the HeNB’s subframes are configured as the almost blank subframe with MBSFN subframe. The number of test cases is same to Figure 6 for testing impact of CRS interference on MUE PDSCH performance. 
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Figure 6. MUE’s PDSCH performance with HeNB’s CRS interference (Subframe alignment and almost blank subframe configuration in HeNB cell)
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Figure 7. MUE’s PDSCH performance with HeNB’s CRS interference (Almost blank subframe configuration with MBSFN subframe and 2 OFDM shifting in HeNB cell)

As shown in Figure 6, MUE performance with CRS interference is very poor, especially in case of strong CRS interference. On the other hands, if the rate matching on HeNB cell’s CRS position is used at MeNB cell’s PDSCH, MUE performance is significantly increased. The performances using proposed rate matching are almost same without reference to CRS interference power. Because rate matching wastes available resources, this scheme has also performance degradation as compared to the case without CRS interference. But the performance degradation by CRS interference can be minimized by using rate matching. Figure 7 shows that even if almost blank subframe configuration with MBSFN subframe is used for mitigating CRS interference in HeNB cell, the HeNB cell’s CRS still interferes with MUE’s PDSCH performance when HeNB cell’s subframe is shifted by 2 OFDM symbols. So the proposed rate matching for MUE’s PDSCH performance might be also needed in this environment (which is described by OFDM symbol shifting of HeNB cell’s subframe and almost blank subframe configuration with MBSFN subframe in HeNB cell).
3. Conclusion
We have discussed CRS interference in Macro-Femto co-channel deployment with some simulation results. Considering all of the aspects mentioned above we propose the followings;
Proposal 1: For victim cell’s control channel demodulation, aggressor cell’s subframe boundary should be shifted by the number of OFDM symbols which cannot impact on victim cell’s control channels.

Proposal 2: The rate matching of victim cell’s resource that is located on aggressor cell’s CRS position should be used for avoiding victim cell’s PDSCH performance degradation by CRS interference.
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5. Simulation Parameters and Assumptions
The followings are simulation parameters used for the Macro-downlink with other cell’s CRS interference link level simulation evaluations.

Table 1. Simulation Parameters for Macro PDSCH link simulation
	Parameter
	Value

	Carrier Frequency
	2.0 GHz

	Bandwidth
	5MHz (25RB)

	Allocated RB size
	4 RB

	Channel Model
	LTE-ETU (uncorrelated)

	Fading Speed
	3 km/Hr

	Antenna configuration
	(2Tx MeNB,HeNB and 2Rx MUE) and 

(4Tx MeNB,HeNB and 4Rx MUE)

	HARQ Combining
	IR Combining

	Receiver Algorithm
	MMSE

	Feedback measurement RS
	Ideal estimation

	Scheduling + CSI feedback delay
	10ms

	Interference Estimation
	Ideal interference power estimation

	Demodulation channel estimation
	Real channel estimation

	Target block error rate
	10%

	Outer loop link adaptation
	Yes,

modified MCS to received CQI mapping according to actual long term BLER


Table 2. Simulation Parameters for Macro PCFICH link simulation

	Parameter
	Value

	Simulation Cases
	LTE ETU

	Carrier Frequency
	2.0 GHz

	Bandwidth
	10MHz (50RB)

	Fading Speed
	3km/hr

	Antenna configuration
	2x2

	PCFICH Transmission Scheme and Mapping
	SFBC (as defined in 36.211)

	PCFICH Receiver Algorithm
	ML decoding

	Interference
	Single/Two Interence cell at 0,8,16dB signal compared to serving cell
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