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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.

In this contribution we provide views on deployment scenarios and interference model for downlink control channel interference mitigation WI.

2. Deployment scenarios

2.1  Scenarios
In LTE-A, a lot of deployment scenarios were introduced for different features such as eICIC/FeICIC, CoMP, Small cell enhancement, advanced receiver (MMSE-IRC), NAICS and CRS-IM. The downlink control channel interference mitigation WI is to suppress inter-cell interference, so we focus on the co-channel deployment scenarios.

For eICIC/FeICIC, Configuration #4b in TR36.814 was used.
· Configuration #4b in TR36.814: Macro + sparse Non-cluster outdoor LPN

· Fix the total number of users, Nusers, dropped within each macro geographical area, where Nusers is 30 or 60 in fading scenarios and 60 in non-fading scenarios.
-
 4 LPNs randomly and uniformly dropped within each macro geographical area
-
 2/3 UEs randomly and uniformly dropped within a 40 m radius of each low power node, 1/3 UEs randomly and uniformly dropped to the entire macro geographical area of the given macro cell (including the LPN user dropping area).
For CoMP (TR36.819), four scenarios were evaluated.
· Scenario 1: Homogeneous network with intra-site CoMP.
· Scenario 2: Homogeneous network with high Tx power RRHs.
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs as the macro cell.

· Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.

Scenario 1/2 is homogeneous deployment and is basically the same as 3GPP case 1 in terms of interference . Scenario 3/4 is homogeneous deployment and is basically the same as Configuration #4b for eICIC/FeICIC. 
For SCE (TR36.872), four scenarios were evaluated but only scenario #1 is co-channel deployment.

· Definition of SCE scenario #1

· The small cells are deployed in the presence of an overlaid macro network

· Co-channel deployment of the macro cell and small cells

· Outdoor small cell deployment

· Small cell cluster is considered

· The small cells of a cluster are denser than scenarios considered for Rel-10 eICIC, Rel-11 FeICIC/ CoMP 

· Details regarding the number/ density of small cells per cluster, backhaul assumptions for the evaluation of coordination techniques among small cells and time synchronization assumptions among small cells are provided in Annex A

· Both ideal backhaul and non-ideal backhaul are considered for the following interfaces:

· between the small cells within the same cluster

· between a cluster of small cells and at least one macro eNB

· Non-ideal backhaul is assumed for all other interfaces

SCE scenario #1 is almost the same as scenario for eICIC/FeICIC except the denser LPNs.
For NAICS (TR36.866) three scenarios were evaluated and are described in Figure 1.

-
NAICS Scenario 1:
-
Homogeneous network, macro only, ISD = 500m

-
ITU UMa channel model

-
Non-ideal backhaul between sites (same assumptions as for SCE SI [TR 36.872])

-
Coordination assumptions:

-
Intra-site information exchange is possible

-
Inter-site information exchange is subject to the backhaul latency

-
Note: This scenario is similar to CoMP scenario 1 in TR36.819

-
NAICS Scenario 2a:
-
SCE Scenario 1, with the modification that the small cell deployment is sparse not clustered 

-
Backhaul assumptions:

-
Between macro-cell and small cells within its coverage, and small nodes under the coverage of one macro: Non-ideal 

-
Between macros of different sites: Non-ideal

-
Coordination assumptions:

-
Intra-site information exchange is possible

-
Inter-site information exchange is subject to the backhaul latency

-
NAICS Scenario 2b:
-
Same as NAICS Scenario 2a, with the following exceptions:

-
Backhaul assumptions between macro and small nodes within its coverage, and between small nodes under the coverage of one macro: “fibre access 4” as per TR36.932

-
Coordination assumptions: 

-
According to the backhaul assumptions, information exchange is possible in the following cases:

-
Intra-site 
-
Between a macro and a small node within its coverage

-
Among small nodes within the coverage of the same macro
-
According to the backhaul assumptions, the information exchange is subject to the backhaul latency in the following cases:

-
Inter-site between macros 

-
Between a  macro and a small node outside its coverage

-
Among small nodes within the coverage of different macros 
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	NAICS scenario 2a
	NAICS scenario 2b
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Figure 1: NAICS scenarios

For advanced receiver (MMSE-IRC receiver, TR 36.829) and CRS-IM (TR 36.869), homogenous deployment based on 3GPP case 1 was used for evaluation.

Considering all of the scenarios that were evaluated in different LTE-A features, both homogenous network and heterogeneous network are covered. For some features, such as advanced receiver and CRS-IM, only homogenous network was used as the scenario to be evaluated. For some features, such as eICIC/FeICIC and SCE, only heterogeneous network was used as the scenario to be evaluated.  For some other features, such CoMP and NAICS, both homogeneous network and heterogeneous network were evaluated. CoMP is mainly for inter-cell interference coordination whereas NAICS is for inter-cell interference suppression and cancellation.
Interference mitigation for downlink control channels aim to define performance requirements of control channels under inter-cell interference limited scenarios, which is common for both of homogeneous network and heterogeneous network, so both of them should be covered in the WI. NAICS scenarios are for inter-cell interference suppression and include both homogeneous network and heterogeneous network. Therefore NAICS scenarios can be used for defining performance requirements for UEs with advanced receiver to demodulate downlink control channels.

Proposal 1: Consider using NAICS scenario 1 and NAICS scenario 2a/2b as the scenarios for defining performance requirements for downlink control channel interference mitigation WI.

2.2  Network synchronization
Most of the features in LTE/LTE-A are designed for asynchronous network. For example eICIC/FeICIC, CoMP, Small cell enhancement, NAICS and CRS-IM can only work under synchronous network. Though advanced receiver (MMSE-IRC) can work with both synchronous and asynchronous network, the performance requirements are designed for synchronous network.
The candidate receiver for downlink control channel estimation is MMSE-IRC receiver or enhanced MMSE-IRC receiver and CRS-IC. In our companion contribution on reference receiver for downlink control channel IM enhanced MMSE-IRC plus CRS-IC is suggested for legacy controls. The WI objectives also prioritize the enhanced MMSE-IRC receiver. Both of enhanced MMSE-IRC receiver and CRS-IC receiver can only work under synchronous network. The reference receiver for ePDCCH would be MMSE-IRC or MMSE-IRC plus CRS-IC. If only MMSE-IRC is used then such receiver can work under both synchronous and asynchronous network. In summarize, only MMSE-IRC receiver can be used for asynchronous network.

Although MMSE-IRC receiver in asynchronous network means lower gains compared with that in synchronous network, there still may be some gains compared to MMSE receiver. Considering asynchronous network is still practical  deployment and there was WI on BS MMSE-IRC receiver that is try to define requirements for asynchronous network, we suggest also consider asynchronous network in downlink control channel IM WI but with lower priority.

Proposal 2: Performance requirements are defined for synchronous network. Consider defining performance requirement for asynchronous network with lower priority.
3. Interference Model

Once the deployment scenarios are determined, system level simulations can be conducted to collect interference profiles. There have been lots of system level evaluations for downlink for different LTE features, such as eICIC/FeICIC, advanced receiver (MMSE-IRC), NAICS and CRS-IM. Different interference profile was identified for different features as deployment scenario and methodology is different. 

To model the interference profile, two categories of methodologies were used.

· DIP (Dominant Interferer Proportion)
The DIP was used for defining performance requirements of advanced receiver (MMSE-IRC receiver) as in TR36.829 and was defined as the ratio of the power of a given interfering cell over the total other cell interference power
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 is the average received power from the i-th strongest interfering cell involved in the requirement scenario (
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 is assumed to be the power spectral density associated with the serving cell), 
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 is the thermal noise power over the received bandwidth and 
[image: image8.wmf]N

 is the total number of cells involved in a given requirement scenario.
· INR (Interference noise ratio) 

INR was used for defining performance requirements for NAICS, CRS-IM and FeICIC. It is defined as the ratio of the power of the dominant interferer over the total received power of all the other non-dominant interferers plus the thermal noise. INR can be described as Ik/Noc given the power of k-th dominant interferer under full-buffer is Ik and Noc is the total received power excluding the power of explicitly modelled dominant interferers. Considering the partial loading scenario, then Noc is defined based on the resource utilization factor α.
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Although the two categories are inter-changeable, INR is more widely used especially under the case where CRS-IC is used. The INR method is more suitable for the partial loading case and resource utilization factor can be modelled in Noc calculation to address the partial loading case. No matter the physical data channel or the physical control channel, partial loading is the common case. Hence INR methodology is more suitable for defining performance requirements for advanced receiver of downlink control channels.

Proposal 3: INR methodology is used as interference modelling for defining performance requirements for interference mitigation of downlink control channels.
4. Interference Profile

As discussed above NAICS scenario 1/2 is suggested to be used as scenarios for downlink control channel IM and same interference model as in NAICS is also suggested to be used. The next step is to determine the interference profile. A lots system level simulation has been done in NAICS to investigate the interference statistics in NAICS scenarios. The step to derive SINR, I1/Noc(α) and I2/Noc(α) are as follows.

Three ranges of SINRs, defined under full loading as SINR=Es/[I1+I2+Noc(α=1)], are identified as the SINRs of interest (i.e., 5-25%, 40-60%, and 75-95%). For each SINR range, three values for I1/Noc(α) are defined, corresponding to 20/50/80%-tile points based on the distribution of I1/Noc(α).  Note that the distribution of I1/Noc(α)  is obtained from all the UEs in that SINR range and Noc(α) is obtained as 
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 . For each of the three I1/Noc(α) values at 20/50/80%-tile, both the mean and median of the conditioned I2/Noc(α) were obtained and compared, where the mean/median I2/Noc(α) is obtained from all I2/Noc(α) whose corresponding I1/Noc(α) fall within ±5%-tile of 20/50/80% (i.e., 15~25%, 45~55%, 75~85%).
The Agreed settings on SINR, I1/Noc(α) and I2/Noc(α) for scenario-1 and scenario-2 in TR36.866 are copied below.

Table 1: Agreed settings on SINR, I1/Noc, and I2/Noc (in dB) for NAICS scenario-1
	5-25% geometries

	SINR_min
	-3.70
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	1.14
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	3.28
	diff=
	I1/Noc(40%)@50%-tile
	7.77
	diff=
	I1/Noc(40%)@80%-tile
	13.91
	diff=

	Conditioned median I2/Noc
	0.74
	2.54
	Conditioned median I2/Noc
	2.29
	5.47
	Conditioned median I2/Noc
	3.34
	10.56

	I1/Noc(60%) @20%-tile 
	1.94
	diff=
	I1/Noc(60%) @50%-tile
	6.33
	diff=
	I1/Noc(60%)@80%-tile
	12.33
	diff=

	Conditioned median I2/Noc
	-0.56
	2.50
	Conditioned median I2/Noc
	0.76
	5.57
	Conditioned median I2/Noc
	1.67
	10.66

	40-60% geometries

	SINR_min
	3.89
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	8.06
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	2.26
	diff=
	I1/Noc(40%)@50%-tile
	6.24
	diff=
	I1/Noc(40%) @80%-tile
	12.95
	diff=

	Conditioned median I2/Noc
	0.15
	2.11
	Conditioned median I2/Noc
	1.54
	4.70
	Conditioned median I2/Noc
	3.47
	9.48

	I1/Noc(60%) @20%-tile 
	0.87
	diff=
	I1/Noc(60%) @50%-tile
	4.75
	diff=
	I1/Noc(60%) @80%-tile
	11.37
	diff=

	Conditioned median I2/Noc
	-1.23
	2.10
	Conditioned median I2/Noc
	-0.11
	4.86
	Conditioned median I2/Noc
	1.85
	9.52

	75-95% geometries 

	SINR_min
	12.01
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	19.26
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	1.42
	diff=
	I1/Noc(40%)@50%-tile
	6.73
	diff=
	I1/Noc(40%) @80%-tile
	17.49
	diff=

	Conditioned median I2/Noc
	0.69
	0.73
	Conditioned median I2/Noc
	5.09
	1.64
	Conditioned median I2/Noc
	16.19
	1.31

	I1/Noc(60%) @20%-tile 
	-0.02
	diff=
	I1/Noc(60%) @50%-tile
	5.18
	diff=
	I1/Noc(60%) @80%-tile
	16.00
	diff=

	Conditioned median I2/Noc
	-0.76
	0.74
	Conditioned median I2/Noc
	3.63
	1.54
	Conditioned median I2/Noc
	14.71
	1.28


Table 2: Agreed settings on SINR, I1/Noc, and I2/Noc (in dB) for NAICS scenario-2
	5-25% geometries

	SINR_min
	-3.28
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	1.63
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	5.41
	diff=
	I1/Noc(40%)@50%-tile
	11.39
	diff=
	I1/Noc(40%)@80%-tile
	18.46
	diff=

	Conditioned median I2/Noc
	2.79
	2.62
	Conditioned median I2/Noc
	5.45
	5.94
	Conditioned median I2/Noc
	7.09
	11.37

	I1/Noc(60%) @20%-tile 
	3.81
	diff=
	I1/Noc(60%) @50%-tile
	9.67
	diff=
	I1/Noc(60%)@80%-tile
	16.71
	diff=

	Conditioned median I2/Noc
	1.09
	2.72
	Conditioned median I2/Noc
	3.71
	5.96
	Conditioned median I2/Noc
	5.34
	11.38

	40-60% geometries

	SINR_min
	4.48
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	8.75
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	6.01
	diff=
	I1/Noc(40%)@50%-tile
	11.31
	diff=
	I1/Noc(40%) @80%-tile
	17.34
	diff=

	Conditioned median I2/Noc
	3.15
	2.86
	Conditioned median I2/Noc
	4.83
	6.47
	Conditioned median I2/Noc
	6.06
	11.28

	I1/Noc(60%) @20%-tile 
	4.30
	diff=
	I1/Noc(60%) @50%-tile
	9.57
	diff=
	I1/Noc(60%) @80%-tile
	15.61
	diff=

	Conditioned median I2/Noc
	1.28
	3.02
	Conditioned median I2/Noc
	3.08
	6.50
	Conditioned median I2/Noc
	4.38
	11.23

	75-95% geometries 

	SINR_min
	13.00
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	23.10
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	4.63
	diff=
	I1/Noc(40%)@50%-tile
	8.89
	diff=
	I1/Noc(40%) @80%-tile
	14.21
	diff=

	Conditioned median I2/Noc
	2.42
	2.21
	Conditioned median I2/Noc
	3.92
	4.97
	Conditioned median I2/Noc
	5.49
	8.72

	I1/Noc(60%) @20%-tile 
	2.89
	diff=
	I1/Noc(60%) @50%-tile
	7.18
	diff=
	I1/Noc(60%) @80%-tile
	12.50
	diff=

	Conditioned median I2/Noc
	0.68
	2.21
	Conditioned median I2/Noc
	2.15
	5.02
	Conditioned median I2/Noc
	3.75
	8.75


I1/Noc(α)=13.91 dB, I2/Noc(α) = 3.34 dB and I1/Noc(α) = 3.28 dB, I2/Noc(α) = 0.74 dB were used to define performance requirements for NAICS receiver.
The interference profile for data channel region and control channel region is no difference in terms of statistics. The results for data channel in NAICS can be reused for control channel. The loading factor for data channel region and control channel region may be different, but in our view α=40% and α=60% are also reasonable partial loading cases for control channels. By reusing the interference profiles in NAICS study no system level evaluation is needed for interference profile for downlink control channel IM. It is for FFS what exact interference profile(s) to be used.

Proposal 4: Re-use interference profiles that identified in NAICS study for defining performance requirements for interference mitigation of downlink control channels.
5. Conclusions
In this contribution we provided views on deployment scenarios and interference model for downlink control channel interference mitigation WI. Following proposals are presented.

Proposal 1: Consider using NAICS scenario 1 and NAICS scenario 2a/2b as the scenarios for defining performance requirements for downlink control channel interference mitigation WI.

Proposal 2: Performance requirements are defined for synchronous network. Consider defining performance requirement for asynchronous network with lower priority.
Proposal 3: INR methodology is used as interference modelling for defining performance requirements for interference mitigation of downlink control channels.
Proposal 4: Re-use interference profiles that identified in NAICS study for defining performance requirements for interference mitigation of downlink control channels.
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