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1.  Introduction
In RAN#68 meeting, the new work item [1] “Interference mitigation for downlink control channels of LTE” was approved. The general objectives for this WI are to specify UE demodulation requirements for control channels with practical interference aware receivers that can be used for inter-cell interference cancellation and suppression. Based on the objectives for the WI, one of the aspects is to identify scenarios and evaluation assumptions including interference model for defining performance requirements for control channels.
The detailed objectives of the work item include:

· The candidate advanced receivers to be considered for demodulation requirements are the existing PDSCH receiver structures defined in Rel-11/Rel-12, with capability of

· Linear suppression of control channel interference of interfering cells such as

· MMSE-IRC

· E-MMSE-IRC


And

· Cancellation of CRS interference of interfering cell

· Identify the scenarios and evaluation assumptions (including the reference receiver(s) for defining performance requirements depending on the gain for each of the control channels listed below) during the works

· Specify requirements on demodulation of PCFICH/PDCCH with above identified advanced receivers 

· Specify requirements on demodulation of EPDCCH with above identified advanced receiver with capability of MMSE-IRC and CRS-IC 

· Specify requirements on demodulation of PHICH with above identified advanced receivers 

· Realistic interference models for the downlink control channels should be considered. 

· CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction.

The work for E-MMSE-IRC is prioritized over that for MMSE-IRC.

According to the work item description performance gains should be evaluated by link level simulation for each of the control channels, i.e. PCFICH/PDCCH/PHICH and ePDCCH, for defining performance requirement for each of them. In this contribution we provide views on link level simulation assumptions for downlink control channel interference mitigation WI.

2. Discussion
Number of Interferers: 
In our companion paper [2] we propose to use NAICS scenarios 1/2 to be the scenarios and re-use the interference model of NAICS for downlink control channel IM WI. Two interferers were explicitly modelled in NAICS so it is naturally to model two interferes in downlink control channel IM WI.
Proposal 1: Consider 2 explicitly modelled interferers.
Interference loading and profile
Interference loading is a key parameter to determine the interference profile. Two interference loading factors were evaluated in NAICS to derive the interference settings. One is for 40% partial loading and another is for 60% partial loading. As one of the interference settings for 40% partial loading was used for defining performance requirements for NAICS, it can be directly used for DL control channel IM as a starting point. Other possible interference settings can be for further study.
Not only partial loading but also full loading should be investigated in link level evaluation.
Proposal 2: Use interference profile for NAICS performance requirements, i.e. I1/Noc(α)=13.91 dB and I2/Noc(α) = 3.34 dB, as start point to evaluate the gains of reference receiver for downlink control channel IM. Other possible interference settings are for further study.
Interference modelling
In NAICS and CRS-IM study, TDM ON/OFF model was used to evaluate the link level performance for partial loading scenarios. For the partial loaded control channels it is also feasible to reuse this methodology. Note that when ON the interferer is assumed to be fully loaded and when OFF the interferer is assumed to transmit CRS only. For REs in the control region in fully loaded subframes, precoding for transmit diversity for the number of antenna ports shall be applied to QPSK randomly modulated layer symbols.
Given the partial loading ratio, such as 40%, it means 40% of subframes in a radio frame of the dominant interferes are ON and the remaining 60% of the subframes are OFF. If two dominant interferers are modelled, the ON/OFF of the two interferers are independent.

Proposal 3: TDM ON/OFF interference modelling are used, the probability of ON subframes is equal to the partial loading ratio.
PDCCH alignment
There was discussion on PDCCH alignment in NAICS because PDSCH demodulation performance would be different for NAICS receiver if PDCCH is not aligned. However, there will be no difference of legacy control channel demodulation performance for UE with enhanced MMSE-IRC receiver for CRS colliding case no matter whether PDCCH is aligned or not. Even for CRS non-colliding case if covariance matrix is estimated based on the first OFDM symbol no demodulation performance difference is still stands. For ePDCCH as MMSE-IRC is assumed to be the reference receiver then the PDCCH alignment has negligible impact on demodulation performance of ePDDCH.

Proposal 4: PDCCH of serving cell and interference cells is assumed to be aligned.
Network cell ID planning
Both CRS colliding case and CRS non-colliding case is the practical cell ID planning in network. For FeICIC and NAICS CRS colliding was assumed for defining performance requirement as larger gains were observed under this case. UE has different implementation on enhanced MMSE-IRC and CRS-IC for CRS colliding case and CRS non-colliding case, so it’s better to have both cases included for defining performance requirements for legacy control channels. As it is based on DMRS to estimate covariance matrix for ePDCCH only CRS colliding case is considered for defining performance requirements for ePDCCH.
Proposal 5: Consider both CRS colliding case and CRS non-colliding case for defining performance requirements for legacy control channels. For ePDDCH only CRS colliding case is considered.
Network synchronization
As it is discussed in our companion paper [1] synchronous network is prioritized. Also consider to define performance requirements for asynchronous network with lower priority if time permits.
Channel Model and antenna configuration 
According to TS 36.101 section 8.4 EVA5 is used for both of serving cell and interference cells for defining performance requirements of PDCCH for FeICIC,.

According to TS 36.101 section 8.5 EPA5 is used for serving cell and EVA5 is used for interference cells for performance requirements of PHICH for FeICIC,.

According to TS 36.101 section 8.8 EVA5 and EVA70 is used for defining performance requirements of ePDCCH.

Therefore EVA channel model is considered for link level evaluation and defining performance requirements. 
For control channels 2x2 low antenna configuration is used. Since 4Rx UE will be in the market in the near future, it is worth to further discuss whether requirements for 4Rx UE are needed or not.
Proposal 6: EVA channel model is considered for link level evaluation and defining performance requirements.

Proposal 7: FFS whether requirements for 4Rx UE is needed or not.

Reference receiver
In our companion paper [2] it is proposed that Enhance MMSE-IRC receiver as well as CRS-IC is used as reference advanced receiver for defining performance requirements for legacy control channel, i.e. PCFICH/PDCCH/PHICH. MMSE-IRC receiver as well as CRS-IC is used as reference advanced receiver for defining performance requirements for ePDCCH.
Test Metrics
Same test metric as legacy requirements for control channels is reused. 
For PDCCH/ePDCCH it is the SNR that average probability of a missed downlink scheduling grant (Pm-dsg) is 1%.

For PHICH it is the SNR that average probability of a miss-detecting ACK for NACK (Pm-an) is 0.1%.
3. Simulation assumptions

3.1 Simulation assumptions for PDCCH

Simulation assumptions for PDCCH are summarized in Table 1.
Table 1 Assumptions for PDCCH link level evaluation
	Parameters
	Value
	Notes

	Carrier frequency
	2GHz
	

	System bandwidth
	10MHz for both serving cell and interfering cells
	

	Number of interferers
	2 interfering cells
	

	Interference Profile
	Option 1: I1/Noc(α)=13.91 dB and I2/Noc(α) = 3.34 dB
Option 2: FFS
	

	Cell ID
	(0, 6, 2), (0, 1, 2)
	CRS colliding case and CRS non-colliding case

	CRS ports
	Port 0 and 1
	

	Legacy control region
	2 OFDM symbols
	CFI = 2

	PDCCH Aggregation Level
	8CCE, 4CCE
	

	PDCCH information bits
	DCI format 1, 34bit
	

	PDCCH loading in interfering cells
	Option 1: 40% for interfering cells

Option 2: FFS
	

	PHICH duration
	extended
	

	Number of PHICH groups
	1
	

	Antenna configuration and correlation matrix
	2x2, low correlation

FFS 2x4, low correlation
	

	Channel model and Doppler frequency 
	Option 1: EVA5 for serving cell, EVA5, EVA5 for interfering cells

Option 2: FFS
	Use different channel seed for between cells

	Unused REs and PRBs
	OCNG
	

	Network synchronization
	All cells are synchronized
	

	Cyclic prefix
	normal
	

	TDD UL/DL configuration
	1
	

	Duplex
	FDD, TDD
	

	Tx EVM and Noc
	6% and -98 dBm/15khz
	

	Reference Receiver
	Enhanced MMSE-IRC + CRS-IC
	

	Metric
	SNR at 1% BLER
	

	Simulation output
	Sweep BLER vs SNR

SNR = -5:15dB
	PDCCH and PCFICH are jointly demodulated.

	Simulation length
	10000 sub-frames at minimum
	


3.2  Simulation assumptions for PHICH

Simulation assumptions for PHICH are summarized in Table 2.
Table 2 Assumptions for PHICH link level evaluation
	Parameters
	Value
	Notes

	Carrier frequency
	2GHz
	

	System bandwidth
	10MHz for both serving cell and interfering cells
	

	Number of interferers
	2 interfering cells
	

	Interference Profile
	Option 1: I1/Noc(α)=13.91 dB and I2/Noc(α) = 3.34 dB
Option 2: FFS
	

	Cell ID
	(0, 6, 2), (0, 1, 2)
	CRS colliding case and CRS non-colliding case

	CRS ports
	Port 0 and 1
	

	Legacy control region
	2 OFDM symbols
	CFI = 2

	PDCCH Aggregation Level
	8CCE, 4CCE
	

	PDCCH information bits
	DCI format 1, 34bit
	

	PDCCH loading in interfering cells
	Option 1: 40% for interfering cells

Option 2: FFS
	

	PHICH RMC
	R.19
	In TS36.101

	PHICH duration
	normal
	

	Number of PHICH groups
	1
	

	Antenna configuration and correlation matrix
	2x2, low correlation

FFS 2x4, low correlation
	

	Channel model and Doppler frequency 
	Option 1: EPA5 for serving cell, EVA5, EVA5 for interfering cells

Option 2: FFS
	Use different channel seed for between cells

	Unused REs and PRBs
	OCNG
	

	Network synchronization
	All cells are synchronized
	

	Cyclic prefix
	normal
	

	TDD UL/DL configuration
	1
	

	Duplex
	FDD, TDD
	

	Tx EVM and Noc
	6% and -98 dBm/15khz
	

	Reference Receiver
	Enhanced MMSE-IRC + CRS-IC
	

	Metric
	SNR at 0.1% BLER
	

	Simulation output
	Sweep BLER vs SNR
	

	Simulation length
	10000 sub-frames at minimum
	


3.3  Simulation assumptions for ePDCCH

Simulation assumptions for ePDCCH are summarized in Table 3 and Table 4 for distributed and localized respectively. The simulation assumptions in below tables are based on [3] and section 8.8 in TS36.101 [4].
Table 3 Assumptions for distributed ePDCCH link level evaluation

	Parameters
	Value
	Notes

	Carrier frequency
	2GHz
	

	System bandwidth
	10MHz
	For both serving cell and interfering cells

	Number of interferers
	2 interfering cells
	

	Interference Profile
	Option 1: I1/Noc(α)=13.91 dB and I2/Noc(α) = 3.34 dB
Option 2: FFS
	

	Cell ID
	(0, 6, 2)
	CRS colliding case 

	CRS ports
	Port 0 and 1
	

	PHICH duration
	Normal
	

	EPDCCH Starting Symbol
	Starting symbol is decided by decoding PCFICH (CFI = 2) and EPDCCH starts from Symbol 2
	

	ECCE Aggregation Level
	· 16ECCE

· 4 ECCE
	

	Number of EREGs per ECCE
	· FDD: 4

· TDD: 4 for normal subframe and 8 for special subframe
	

	Number of EPDCCH Sets
	2 non-overlapping distributed sets
	

	Number of PRB pair per EPDCCH
	· 4 PRB pairs for the first set

· 8 PRB pairs for the second
	

	EPDCCH PRB pair allocation
	Uniformly distributed across the bandwidth.
	The two sets are distributed EPDCCH sets and non-overlapping with PRB = {3, 17, 31, 45} for the first set and PRB = {0, 7, 14, 21, 28, 35, 42, 49} for the second set.

	EPDCCH scheduling
	Randomly select the candidate within a fixed EPDCCH:

· The first set with 4PRB pairs: EPDCCH test with aggregation level 4 ECCE

· The second set with 8PRB pairs: EPDCCH test with aggregation level 16 ECCE:
	

	DCI format
	DCI format 2A
	42 bits for FDD and 45 bits for TDD

	Precoder update granularity
	1 PRB and 1ms
	

	Beamforming Pre-Coding
	Annex B. 4.4
	In TS 36.101

	PDSCH transmission mode
	TM3
	

	Monitoring SF configuration
	Not configured (i.e. default behaviour)
	

	Antenna configuration and correlation matrix
	2x2, low correlation

FFS 2x4, low correlation
	

	Channel model and Doppler frequency 
	EVA5 for serving cell for aggregation level 4 ECCE, EVA5, EVA5 for interfering cells

EVA70 for serving cell for aggregation level 16 ECCE, EVA5, EVA5 for interfering cells

Other options are FFS
	Use different channel seed for between cells

	Unused REs and PRBs
	OCNG
	

	Network synchronization
	All cells are synchronized
	

	Cyclic prefix
	normal
	

	TDD UL/DL configuration
	0
	

	TDD special SF configuration
	1
	

	Duplex
	FDD, TDD
	

	Tx EVM and Noc
	6% and -98 dBm/15khz
	

	Reference Receiver
	MMSE-IRC + CRS-IC
	

	Metric
	SNR at 1% BLER
	

	Simulation output
	Sweep BLER vs SNR
	

	Simulation length
	10000 sub-frames at minimum
	


Table 4 Assumptions for Localized ePDCCH link level evaluation

	Parameters
	Value
	Notes

	Carrier frequency
	2GHz
	

	System bandwidth
	10MHz
	For both serving cell and interfering cells

	Number of interferers
	2 interfering cells
	

	Interference Profile
	Option 1: I1/Noc(α)=13.91 dB and I2/Noc(α) = 3.34 dB
Option 2: FFS
	

	Cell ID
	(0, 6, 2)
	CRS colliding case 

	CRS ports
	Port 0 and 1
	

	PHICH duration
	Normal
	

	EPDCCH Starting Symbol
	EPDCCH starts from Symbol 2
	The starting symbol for EPDCCH is signalled with epdcch-StartSymbol-r11. However, CFI is set to 1.

	ECCE Aggregation Level
	· 2ECCE

· 8 ECCE
	

	Number of EREGs per ECCE
	· FDD: 4

· TDD: 4 for normal subframe and 8 for special subframe
	

	Number of EPDCCH Sets
	2 Overlapping Sets: 1 distributed + 1 localized
	

	Number of PRB pair per EPDCCH
	· 2 PRB pairs for the first set

· 8 PRB pairs for the second
	

	EPDCCH PRB pair allocation
	Uniformly distributed across the bandwidth.
	The first set is distributed transmission with PRB = {0, 49} and the second set is localized transmission with PRB = {0, 7, 14, 21, 28, 35, 42, 49}.

	EPDCCH scheduling
	Randomly select the candidate within the second set

	EPDCCH is scheduled in every SF. UE is required to monitor ePDCCH for UE-specific search space only in SFs configured by subframePatternConfig-r11. Legacy PDCCH is not scheduled.

	DCI format
	DCI format 2C
	44 bits for FDD and 47 bits for TDD

	Precoder update granularity
	1 PRB and 1ms
	

	Beamforming Pre-Coding
	Annex B. 4.5
	In TS 36.101

	PDSCH transmission mode
	TM9
	

	Monitoring SF configuration
	UE is required to monitor ePDCCH for UE-specific search space only in SFs configured by subframePatternConfig-r11.
	

	Antenna configuration and correlation matrix
	2x2, low correlation

FFS 2x4, low correlation
	

	Channel model and Doppler frequency 
	EVA5 for serving cell, EVA5, EVA5 for interfering cells

Other options are FFS
	Use different channel seed for between cells

	Unused REs and PRBs
	OCNG
	

	Network synchronization
	All cells are synchronized
	

	Cyclic prefix
	normal
	

	TDD UL/DL configuration
	0
	

	TDD special SF configuration
	1
	

	Duplex
	FDD, TDD
	

	Tx EVM and Noc
	6% and -98 dBm/15khz
	

	Reference Receiver
	MMSE-IRC + CRS-IC
	

	Metric
	SNR at 1% BLER
	

	Simulation output
	Sweep BLER vs SNR
	

	Simulation length
	10000 sub-frames at minimum
	


4. Conclusions
In this contribution we provided views on link level simulation assumptions for downlink control channel interference mitigation WI. Simulation assumptions for link level evaluation of PCFICH/PDCCH/PHICH and ePDCCH are provided in Table 1, Table 2 and Table 3 respectively. Following proposals are presented.

Proposal 1: Consider 2 explicitly modelled interferers.

Proposal 2: Use interference profile for NAICS performance requirements, i.e. I1/Noc(α)=13.91 dB and I2/Noc(α) = 3.34 dB, as start point to evaluate the gains of reference receiver for downlink control channel IM. Other possible interference settings are for further study.
Proposal 3: TDM ON/OFF interference modelling are used, the probability of ON subframes is equal to the partial loading ratio.
Proposal 4: PDCCH of serving cell and interference cells is assumed to be aligned.
Proposal 5: Consider both CRS colliding case and CRS non-colliding case for defining performance requirements for legacy control channels. For ePDDCH only CRS colliding case is considered.

Proposal 6: EVA channel model is considered for link level evaluation and defining performance requirements.

Proposal 7: FFS whether requirements for 4Rx UE is needed or not.
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