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1.  Introduction
In RAN4#77 meeting, there were discussions on interference modeling for downlink control channel IM [1-6]. A way forward [6] on interference modelling was agreed.
· Interference power profile
· Rel-12 NAICS WI for Scenario 1, Low SINR, 40% RU
· Option 1: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) 

· Option 2: Medium INR (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB) 

· Interference CRS pattern
· Colliding CRS Cell IDs pattern: Cell ID 0/6/1 (S/I1/I2)
· Non-Colliding CRS Cell IDs pattern: Cell ID 0/1/6 (S/I1/I2)
· May be further revisited in case technical issues are identified 
· Antenna configuration and number of CRS APs 
· 2x2 antenna configuration with low correlation, 2 CRS APs
· PDCCH/PDCCH/PHICH interference model for synchronous networks 
· The following serving and interference cell CFI values are used
· Option 1: CFIS = 1, CFII = 1
· Option 2: CFIS = 3, CFII = 3
· Option 3: CFIS = 3, CFII = 1
· PDCCH interference is emulated using random QPSK-modulated symbols with the SFBC-based precoding.
· Working assumption: PHICH interference is emulated using random QPSK-modulated symbols with the SFBC-based precoding. 
· Companies can bring inputs on the explicit PHICH interference model in the next meeting. 
· Partial PDCCH/PHICH interference loading is used. Loading level is FFS (e.g. 50 or 75%).
· Non-uniform PDCCH/PHICH power boosting is used. Details FFS (e.g. random value from -6 to 6 dB)
· Interference presence and power boosting modeling granularity is FFS between per-REG and per-CCE level. 
· Time and frequency offset model: Reuse Rel-12 NAICS assumptions for performance gain test cases (i.e. Interference cell #1 – 2us, 200Hz, Interference cell #2 – 3us, 300Hz)
· Both colliding and non-colliding CRS scenarios are considered. 
· EPDCCH interference model for synchronous networks 

· Control region duration in the serving and interference cells

· Previous agreements are revised to align with the existing EPDCCH FRCs

· Distributed EPDCCH: CFI=2, EPDCCH starting symbols is derived from CFI

· Localized EPDCCH: The EPDCCH starting symbol is 2. CFI = 1. EPDCCH starting symbol is RRC configured. 

· Aligned control regions and EPDCCH starting symbols in the serving and interference cells

· Non-colliding CRS scenarios is considered only

· PDSCH interference model

· Interference structure

· Option 1: Reuse PDSCH interference model from Rel-11 Type A receiver requirements

· Option 2: TM9 QPSK RI = 1

· Partial loading model is used.

· Option 1: per-TTI level partial level model (i.e. on/off interference model)

· Option 2: per-PRB model

· Loading level is FFS (e.g. 50%)
In this contribution, we provide views on interference modelling for downlink control channel interference mitigation.
2. Discussion
2.1 Interference power profiles

Figures 1-4 show the PDCCH BLER curves for all the candidate receivers in different interference levels. It can be observed that under high INR EMMSE-IRC receiver shows significant gains over baseline receiver, and there are about 6dB gain in colliding CRS and 5dB in Non-colliding CRS scenarios. In medium INR, gains are obviously decreased due to the decrease of interference power. It’s better to define performance requirements based on the case in which significant gain is shown. Therefore high INR is more feasible to define performance requirement for downlink control channel IM.

It is observed in [3] that for EMMSE-IRC receiver in almost all of the cases gains of high INR are much significant than that of medium INR. From performance requirements point of view, it’s more attractive to select high INR. Of course if test cases are carefully designed it is also feasible to use medium INR. It seems no special needs to select medium INR interference profile.
Proposal 1: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) is used as interference profile to define performance requirements.
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	Figure 1 Results for different candidate receivers, colliding CRS, High INR
	Figure 2 Results for different candidate receivers, non-colliding CRS, High INR
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	Figure 3 Results for different candidate receivers, colliding CRS, Medium INR
	Figure 4 Results for different candidate receivers, non-colliding CRS, Medium INR


2.2 Interference cell CFI values 

Three options of CFI values, i.e. (CFIS = 1, CFII = 1), (CFIS = 3, CFII = 3) and (CFIS = 3, CFII = 1) were listed for further down select. Figures 5 ~ 6 show the PDCCH BLER of EMMSE-IRC and MRC receivers for option 1 and option 2 respectively. EMMSE-IRC receiver of both option 1 and option 2 can provide significant gains. For option 3 performance degradation compared to option 2 is expected as on symbols #1 and #2 only MMSE-IRC can be used. In general all of the options are practical cases in real network and are feasible to define performance requirements. The cons of option1 is that it cannot verify that UE is to use advanced IM receiver on other symbols in control region other that symbol #0. This should be avoided when defining performance requirements. The pro of option 2 is that it can verify the performance of advanced IM receiver under the case when control region of serving cell and interference cell is aligned and is larger than 1 symbol. In this case significant gains can be observed so it is an important case that performance requirement should be defined. For option 3 there is not any benefit compared to option 2 with respect to verify the performance of advanced IM receiver. It is only the case that different IM receiver is used on different symbols in control region.
Based on above observation, we proposal to use option 2, i.e. aligned control region with CFIS = CFII = 3, to define performance requirements for advanced IM receiver.
Proposal 2: Serving and interference cell CFI values are CFIS = 3, CFII = 3 .
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	Figure 5 6 CFI(CFIS = 1, CFII = 1), 100% PDCCH interference loading, Uniform power distribution  4CCE
	Figure 6 CFI(CFIS = 3, CFII = 3), 100% PDCCH interference loading, Uniform power distribution  4CCE




2.3 PHICH interference modeling
As mentioned in [4], the difference of interference modelling between PHICH and PDCCH is that BPSK is used for PHICH whereas QPSK is used for PDCCH from demodulation perspective. What matters for MMSE-IRC receiver and EMMSE-IRC receiver is the channel characteristics and power of interference. Modulation of interference will not bring difference to (E)-IRC receivers. Therefore the same interference modelling as PDCCH, i.e. random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity, is used for PHICH interference modelling.
Proposal 3: PHICH interference is modelled by using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.
2.4 Partial loading modeling

From figure 8 to 11, when PDCCH/PHICH interference loading is 50% and power boosting is non-uniform (random value from -6 to 6 dB), EMMSE-IRC receiver also shows significant gains over baseline receiver. And when PDCCH/PHICH interference loading is 20% and power boosting is non-uniform (random value from -6 to 6 dB), EMMSE-IRC receiver shows very small gains over baseline receiver. It is feasible to define performance requirements as there are enough gains. Considering partial loading and non-uniform is common case in real network, it is necessary to show how the performance gain is under such scenario. Generally if the loading level is high, most of the gains come from E-IRC receiver, if the loading level is low the most of the gains come form CRS-IC receiver. 50% loading level seems to be a good choice to verify both of the E-IRC and CRS-IC receivers. Regarding the power boosting the current assumption, i.e. random value from -6 to 6 dB, is some kind of practical and feasible.

Proposal 4:Partial loading is considered to define requirements and Loading level is 50%. Non-uniform PDCCH/PHICH power boosting is used ( random value from -6 to 6 dB).
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	Figure 8 Results for full loading & no power boosting, colliding CRS, 
	Figure 9 Results for 80% loading & Non-uniform power boosting(random value from -6 to 6 dB), colliding CRS
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	Figure 10 Results for 50% loading & Non-uniform power boosting(random value from -6 to 6 dB), colliding CRS
	Figure 11 Results for 20% loading & Non-uniform power boosting(random value from -6 to 6 dB), colliding CRS


There were also discussions that Interference presence and power boosting should be per-REG granularity or per-CCE granularity. It was agreed no blind detection of power boosting is assumed when defining performance requirements, so there is no difference of gains achieved by advanced IM receiver regarding to the two methodologies. Per-REG based methodology is easier to implement. It is reasonable to define performance requirements based on Per-REG method. It might also need to clarify in the spec that actual test cases are implemented based on per-CCE methodology. 
Proposal 5:Interference presence and power boosting modeling granularity is per-REG.
2.5 PDSCH interference model for ePDCCH in synchronous network
Regarding the interference structure, there are two options. 
· Option 1: Reuse PDSCH interference model from Rel-11 Type A receiver requirements

· Option 2: TM9 QPSK RI = 1

We did some investigation on both of the options as interference modeling. Performance difference of the two options is completely neglectable. It’s natural to reuse PDSCH interference model from Rel-11 Type A receiver requirements in order to minimum spec change is required.

Proposal 6: Reuse PDSCH interference model from Rel-11 Type A receiver requirements as the interference structure for ePDCCH.
Regarding partial loading model, there are two options. One is per-TTI level and the other one is per-PRB level.
·  Option 1: per-TTI level partial level model (i.e. on/off interference model)

· Option 2: per-PRB model

· Loading level is FFS (e.g. 50%)
Simulation results of distributed ePDCCH for different partial loading, 20%, 50% and 80%, are provided in Figures 12~14 respectively. It can be seen that if loading level is high, such as 80%, the performance difference is very small between the two options. When interference loading decreases, it seems to be some differences between the two options. Anyway both of the two options are feasible to define the performance requirement. Per-PRB level partial level model is slightly preferable. 
Regarding partial loading level, as discussed in PDCCH part, 50% loading level seems to be a good choice to verify the performance of both IRC and CRS-IC receivers.

Proposal 7: per-PRB model is used for ePDCCH and loading level is 50%.
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Figure 12 Distributed ePDCCH, 50%
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Figure 13 Distributed ePDCCH, 20%
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3. Conclusions
In this contribution, we provide views on the interference modeling for downlink control channel interference mitigation. Following proposals are present.

Proposal 1: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) is used as interference profile to define performance requirements.
Proposal 2: Serving and interference cell CFI values are CFIS = 3, CFII = 3 .
Proposal 3: PHICH interference is modelled by using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.

Proposal 4:Partial loading is considered to define requirements and Loading level is 50%. Non-uniform PDCCH/PHICH power boosting is used ( random value from -6 to 6 dB).
Proposal 5:Interference presence and power boosting modeling granularity is per-REG.

Proposal 6: Reuse PDSCH interference model from Rel-11 Type A receiver requirements as the interference structure for ePDCCH.
Proposal 7: per-PRB model is used for ePDCCH and loading level is 50%.
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