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Introduction
In work item RP-151107 [1], it was proposed to use advanced receiver architectures for control channel interference mitigation. The advanced reference receiver needs to be evaluated under a reasonable interference model for control channel. In this contribution, we describe possible interference models for control channel interference. 

Interference Modelling
In this section, we describe parameters that critically influence interference modeling for control channel interference. 
Power levels
The interfering neighbours can be classified into two groups (a) dominant interferer(s) and (b) non-dominant interferers. A UE equipped with an advanced receiver like MMSE-IRC, CRS-IC or eMMSE-IRC will try to mitigate interference from the dominant interferers, while treat the interference from non-dominant interferer(s) as AWGN. We can define dominant neighbours through their received power levels relative to the sum of noise power and power of all the non-dominant interferers. Following [2], we first define  
, 					
where  is received power spectral density of the jth  strongest base station measured at UE on the CRS RE locations of the serving cell. Specifically,  denotes the received power spectral density of the serving cell and  denotes the received power spectral density of  dominant neighbor. NBS denotes the total number of base-stations and M denotes the number of dominant neighbours. Note that, we can think of  as the “elevated” noise-floor observed at the UE on the CRS RE locations of the serving cells.
For the purpose of modelling interference, we can assume that the transmitted tone power of the CRS tones, control channel tones, data tones, etc. are the same, i.e., the TPR for all the interferers is 1. Further, we can assume that  is received power spectral density under full loading. Thus, the interference profile of the dominant interference cells can be defined by the ratio  (interference-to-noise ratio, INR), while the serving cell profile is defined by the ratio  (signal-to-noise ratio, SNR). 
For interference profile, we would like to propose to reuse the system level study result in [2] which was obtained for homogeneous network deployment. 
Proposal 1. Reuse system level study result from CRS-IM WI for interference profile with two explicitly modelled dominant interference cells. 

 CFI
In order to model control channel interference, we need to define CFI of the interfering cells. The number of PDCCH symbols of the interfering cell can be less than, equal to or greater than the number of PDCCH symbols of the serving cell. In case the number of PDCCH symbols of the interfering cell is less than that of the serving cell, UE will observe interference from control channel tones, CRS tones as well as data tones of the interfering cell, on its control channel tones. On the other hand, if the number of PDCCH symbols of the interfering cell is greater than or equal to the number of PDCCH symbols of the serving cell, then the UE will observe interference only from the control channel tones and CRS tones of the interfering cell.
Since the modulation and spatial structure of the interference due to data tones of the interfering cells can be significantly different from the CRS tones & control channel tones, handling of PDSCH interference would cause significant increase in receiver complexity. Hence, we would like to propose to limit the scenario scenarios where CFI of interfering cell is greater than or equal to that of serving cell. Since the objective of [1] is to identify the impact of control channel interference mitigation, we can further limit the scenarios to cases where CFI of the interfering cell is same as that of the serving cell.
Proposal 2. Assume that CFI of interfering cell is same as that of serving cell. 
Resource-utilization (loading)
In context of control channels, resource utilization of an interfering neighbour is the fraction of CCEs (among the total number CCEs) that are scheduled by the interfering cells. Note that, the number of available CCEs at the interfering cell will depend upon the CFI of interfering cell, PHICH density etc. It is possible to define resource utilization for each interferer (dominant as well as non-dominant). 
If we assume fractional resource utilization of the non-dominant interferers, then the  will need to be modified as follows
,
where  is the resource utilization of the jth non-dominant interferer. For simplicity, we can assume that the resource utilization of all the non-dominant interfering users is same, i.e., , and accordingly compute . 
For purpose of evaluating the impact of advanced receivers like MMSE-IRC and eMMSE-IRC, it is important to consider a fractional resource utilization for dominant interferers. Fractional resource utilization reflects a practical scenario. Also, with an eMMSE-IRC receiver, UE needs to estimate TPR of the dominant interfering cells at a per-CCE level granularity [3]. Hence, fractional resource utilization at the interfering cell (implying TPR=0 for some of the CCEs that are not scheduled) will help verify proper TPR estimation capability of eMMSE-IRC receiver.
Since advanced receiver to be investigated in the WI has CRS-IC and MMSE/eMMSE-IRC operation, RAN4 should consider both high and low resource utilization factor. 
Proposal 3. Consider RU=10%, 50% and 80% as candidate RUs to determine interference profile.
Colliding vs. non-colliding CRS 
The impact of advanced receivers like CRS-IC and MMSE/eMMSE-IRC will depend on the location of CRS tones of the dominant interferer(s) relative to the CRS tones of the serving cell. Hence, we need to consider both the cases where (1) CRS tones of dominant interferer is colliding and (2) CRS tones of dominant interferer is non-colliding. For second dominant interferer, we can consider different CRS collision than first dominant interferer. 
Proposal 4. Consider both (colliding, non-colliding) and (non-colliding, colliding) CRS configuration in the investigation. 
TPR
TPR for PDCCH can be changed in eNB as a part of control channel outer loop to maintain reasonable control channel demodulation performance per UE. Also, we pointed out that operation of eMMSE-IRC receiver requires TPR per-CCE TPR estimation [3]. Therefore, TPR of PDCCH in interference cell should be modeled as dynamically changing per UE in each subframe. RAN4 should determine TPR range of PDCCH based on the input from operators and infra vendors. 
Proposal 5. Interference model should include random TPR variation with per UE and per subframe granularity. 
Control channel modeling
For proper evaluation of eMMSE-IRC receiver performance, we should have explicit modeling of PCFICH, PHICH and PDCCH. For simplicity, PHICH can be modeled as random ON/OFF in subframe granularity with ON probability equal to RU. For PDCCH, for each RU, we can specify number of control channels and aggregation level for each control channel to achieve target RU. We can also specify a few candidates for control channel allocation on CCEs to allow randomization of resource allocation in different subframes. 
Proposal 6. Explicitly model PCFICH, PHICH and PDCCH in the interferer cell. 
Conclusion 
In this contribution, we described the critical parameters that are required for modelling interference in control channel. Our proposals are

Proposal 1. Reuse system level study result from CRS-IM WI for interference profile with two explicitly modelled dominant interference cells. 
Proposal 2. Assume that CFI of interfering cell is same as that of serving cell. 
Proposal 3. Consider RU=10%, 50% and 80% as candidate RUs to determine interference profile.
Proposal 4. Consider both (colliding, non-colliding) and (non-colliding, colliding) CRS configuration in the investigation. 
Proposal 5. Interference model should include random TPR variation with per UE and per subframe granularity. 
Proposal 6. Explicitly model PCFICH, PHICH and PDCCH in the interferer cell. 
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