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1. Introduction
As well understood, in heterogeneous co-channel network, control channel or data channel performance may be degraded in some scenarios, such as Macro UE interfered by Femto cell or Pico UE interfered by Macro cell. In RAN1 #62 meeting, time domain solutions, including almost blank subframe solution and MBSFN subframe solution, had been adopted as a baseline. In RAN1 #62bis, the related performance issues [1] ~ [8] were widely discussed. And it was shown that the remaining CRS in almost blank subframe may still degrade control channel or data channel performance. Moreover, aggressor cell have to transmit necessary system information in some subframe such as PSS/SSS/PBCH/paging/SIB1 and relative control signal employed in PDCCH/PDSCH, which may degrade performance further.
In this contribution, interference mitigation solutions considering CRS interference are summarized with emphases on specification and implementation impacts. Furthermore, CRS – PDCCH collision is investigated in detail.  
2. Discussion
2.1. Techniques for CRS interference mitigation
According to RAN1 discussion, available solutions for CRS interference mitigation include:
· Aggressor CRS power adjustment
Interfering cells (MeNB in Macro-Pico scenarios or HeNB in Macro-Femto scenarios) scale down the CRS transmit power in order to protect CCH or data channel in victim cells while the aggressor cell coverage reduces.
· Victim CCH or data channel power adjustment

Interfered cells (Pico in Macro-Pico scenarios or MeNB in Macro-Femto scenarios) boost transmit power of corresponding resource elements in order to improve CCH or data channel signal quality at receiver side.
· Aggressor sets ABS as MBSFN subframe as many as possible [1]
Some of almost blank subframes are configured as MBSFN subframe in order to eliminate CRS interference excluding the CCH symbol. 
· Victim cell transmit side RE muting

Possible operations would be:
1. Puncturing REs at the positions highly interfered by aggressor cell CRS. 

2. For better performance, victim cell do not take those highly interfered REs in to account when processing rate matching [7]. When performing RE mapping, these highly interfered REs can be null.
· UE receiver RE puncture/nulling [4][5][6]
UE receiver can discard those highly interfered resource elements or even null a whole OFDM symbol if CCH spreads several OFDM symbols [6]. Noted that it is the counterpart of transmit side RE muting.
· UE receiver RS-IC [6]
Assuming the system parameters of aggressor cell such as cell-ID, antenna port number are available at victim UE, UE can regenerate reference signal of a certain aggressor cell and its time/frequency locations to perform interference cancellation.
· Solutions for PCFICH
Due to the importance of PCFICH noticing control channel region, Static setting, implicit indication or semi-static Signalling for PCFICH were proposed [3][4][9].
To sum up, these solutions can be classified for interference from CRS of aggressor cell to signal and channels of victim cell in the following table:
	Victim

Aggressor
	CRS
	PCFICH/PHICH/PDCCH
	PBCH
	PDSCH

	CRS
	Impact: 
RLM/Channel estimation.

Solutions: 

 configured MBSFN subframe for CRS in data channel;

RS-IC;

Aggressor/victim   CRS power adjustment.
	Impact: 
Decoding performance.
Solutions: 
Transmit side RE muting;
UE RE puncture/nulling;

 RS-IC;

 aggressor CRS/victim CCH power adjustment;
Static setting, implicit indication or semi-static Signalling for PCFICH.
	Impact: 
PBCH performance degradation.
Solutions:
configured MBSFN subframe with subframe shift;

Transmit side RE muting;
 UE RE puncture/ nulling;

 RS-IC;

 Aggressor CRS/victim PBCH power adjustment.
	Impact: 
Decoding performance.
Solutions:
  configured MBSFN subframe;

Transmit side RE muting;

 UE RE puncture/ nulling;

 RS-IC;

 Aggressor CRS/  victim PDSCH power adjustment


2.2. Implementation and specification impact

Base on the above clarification, implementation and specification impacts are discussed as below:
1. Aggressor CRS power adjustment/ victim CCH or data channel power adjustment

Aggressor can scale down CRS power to mitigate interference but edge UE measurement/detection served by aggressor will be degraded. So it restricts Macro in Macro-pico scenario but may be applied by HeNB in Macro-femto scenario which requires coverage less. For victim cell, if boosting CCH or data channel power at victim cell [9], some resource element may be useless due to lack of power [8]., For both of them, power dynamic range should be kept according to[11], that limits the adjustable degree of power. 
 For power adjustment within power dynamic range, there is no specification impact except for HeNB power setting being discussed now.
2.  Aggressor sets some almost blank subframes as MBSFN subframe
Due to the lack of data region for MBSFN subframe, it benefits victim cell to transmit PBCH [1], PDSCH [2] and victim UE measurements based on CRS.
For MBSFN subframe, specification impact should be aligned with the almost blank subframe pattern/measurement design, and set as many almost blank subframe to MBSFN subframe as possible. Noted to solve PBCH interference, time shift needs to be associated.
3. Victim cell transmit side RE muting

The preliminary performance guarantee for victim cell employing RE muting is coding gain. 
Roughly puncturing RE means the corresponding signal SINR set to infinite low. If there is no additional coding gain, the transmission will be failed. Due to quality requirement of CCH, it may not be a robust solution. 
Rate matching treats RE stained by aggressor CRS as consumption. Those interfered REs can be null as they are not part of the resource allocated to victim UE. It may not be applied to constant coding rate channel such as PCFICH/PHICH. For PDCCH/PDSCH it needs to be evaluated more. 
For victim cell transmit side RE muting, victim cell should know the aggressor antenna port number for CRS location. Further, victim UE need to know the aggressor CRS locations to perform accurate detection which requires reliable PSS/SSS/PBCH detection for aggressor cell at victim cell or other additional signalings. 
4. UE receiver RE puncture/nulling 

As the counterpart of Tx RE muting, the preliminary performance guarantee also includes channel coding gain but considering the real channel environment.
For PCFICH, the collision ratio could be upto 50% if more than one cell-specific antenna port is applied in aggressor cell. For PHICH/PDCCH/PDSCH it varies according to the resources occupied. So the performance of RE puncture/nulling should be evaluated further.

For more accurate RE puncture/nulling, victim UE need to know the aggressor CRS locations to perform accurate detection which requires reliable PSS/SSS/PBCH detection for aggressor cell at victim cell or other additional signalings.  
5. UE receiver RS-IC 
UE can regenerate reference signal of aggressor cell and its time/frequency locations to perform interference cancellation. However, the performance gain versus complexity for possible scenarios should be evaluated further more.
For specification impact, system parameters of aggressor cell such as physical cell-ID, antenna port number should be available at UE, which requires reliable PSS/SSS/PBCH detection for aggressor cell at victim cell or other additional signalings.
· Solutions for PCFICH
For static CFI value, what value needed should be considered without sacrificing much flexibility of victim cell. 
For PHICH duration implicitly indicated CFI value, PBCH performance in victim cell should be guaranteed firstly 
For RRC signaling, more specification impacts are needed in different scenario [3][4] and signaling quality and possible delay should be considered. 
2.3. Investigation on CRS-PDCCH collision 
Reviewing on almost blank subframe solutions, CRS – PDCCH collision situation should be investigated in R8/9 famework. It is clearly that the main purpose is to create a “clean” channel for transmission in victim cell. To better PDCCH decoding, the PDCCH demand could be limited when the victim cell schedule victim UEs in low interfered subframe. Moreover, PCFICH always consume constant 4 REG size in the first OFDM symbols. Assuming few PHICHs is required the aggressor CRS to victim PDCCH collision case is analyzed. 
Table 1. System Parameter
	Aggressor cell ID
	91

	victim cell ID
	203

	Antenna port
	2/4 aggressor cell, 2 for victim cell.

	victim UE
	1, all possible aggregation levels (0/2/4/8)

	CCH OFDM symbols
	3


Noted that this is a CRS non-colliding, for CRS colliding case only CRS will be overlappedin CCH region.
An example of RE mapping for victim cell PDCCH employing aggregation level 8 CCE is shown bellow, each row contains 5 RBs (60 subcarriers):
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Figure 1. Aggregation level 8 CCE RE mapping in 10MHz bandwidth
Intuitionally, the information is spread over the entire bandwidth. PCFICH will be interfered by 50% REs. According to the PDCCH allocation rule in TS36.213, the remaining variables are n-RNTI from RRC signaling of victim UE, aggregation level by DCI format and which PDCCH candidate to be used in the chosen aggregation level. 
10000 C-RNTIs from 0x003D to 0x274D according to TS36.321 have been investigated. PDCCH RE collision ratio CDF are shown bellow:
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Figure 2. Aggressor 2 antenna port
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Figure 3. Aggressor 4 antenna port
Note that the results assume subframe #0. As shown above, we can see that proper combinations (about 10%~20%) of RNTI, aggregation level and candidate can perform less PDCCH-CRS collision. 
Inspired by this result, we can define detail collision utility function such as mean collision ratio threshold for more common cases through all subframes in a radio frame. This utility can be a function of different SNR conditions, co scheduled PDCCHs .etc.
The parameters such as aggressor antenna ports should be available at victim cell. 
It should be noted that it enables robust support for R8/9 UE PDCCH performance. When considering further techniques, utilization of R8/9 framework should be considered with higher priority.
3. Conclusion
In this contribution, we review available techniques for interference mitigation with emphases on CRS interference. CRS to PDCCH collision situation is investigated and conclude that proper RRM and PDCCH scheduling can help to mitigate aggressor CRS interference to victim PDCCH.
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