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1.  Introduction
In RAN4#76bis meeting, there were discussions on interference modelling for downlink control channel IM [1-7]. A way forward [8] was agreed. The agreements were as below.
· PDCCH/PCFICH has higher priority than PHICH

· Use interference profiles for Homogeneous deployments. Note: Enhanced receivers can be applied in both Homogeneous and Heterogeneous networks

· Two interference cells are explicitly modelled

· INR methodology is used as interference modelling for defining performance requirements for interference mitigation of downlink control channels.

· Consider both colliding and non-colliding CRS scenarios

· Consider 2 Tx scenarios with 2 CRS APs. 4 Tx deployment scenarios are not precluded at the moment
· Interference CRS pattern (for synchronous networks) 
· Agreement: Consider both colliding and non-colliding CRS scenarios
· Cell ID patterns 
· Colliding CRS Cell IDs pattern: 
· Option 1: Cell ID 0/6/1 (S/I1/I2)
· Non-Colliding CRS Cell IDs pattern: 
· Option 1: Cell ID 0/1/6 (S/I1/I2)
· Other options are not precluded 
· Number of transmit antennas at the eNB side and # CRS APs
· Agreement:  Consider 2 Tx scenarios with 2 CRS APs. 4 Tx deployment scenarios are not precluded at the moment.
· Baseline for simulation in the next meeting: 2x2 antennas configuration with low correlation, 2 CRS APs
In this contribution, we provide views on the other open issues of interference modeling for downlink control channel interference mitigation.
2. Discussion
Network Synchronization
There are there options for network synchronization assumptions.
· Option 1: Synchronous networks only
· Option 2: Prioritize synchronous networks, Consider Asynchronous networks as 2nd priority
· Option 3: Consider synchronous and asynchronous networks with equal priority
It was agreed that MMSE-IRC receiver is used as reference receiver for asynchronous network scenario. Although MMSE-IRC receiver in asynchronous network means lower gains compared with that in synchronous network, there still may be some gains compared to MRC receiver. Considering asynchronous network is still practical deployment and there was WI on BS MMSE-IRC receiver that is try to define BS requirements for asynchronous network, we suggest also consider asynchronous network in downlink control channel IM WI.
The performance requirements for the asynchronous network are some kind of straight forward. The only difference to define performance requirement between synch network and async network is timing offset for the neighbour cells and maybe reference receiver. After test cases setup for the sync network is finalized, it is can be re-used for the async network. It was agreed 1/3 and 2/3 subframes as timing offset for the 2 NCs (i.e. same as for Rel.11 MMSE-IRC) for the async network. Based on the test cases for the sync network, by using different timing offset and different reference receiver, performance requirements for async network can be defined. The only issue is how to downselect the test cases for async network. Therefore async network could be lower priority.
Proposal 1: Consider synchronous and asynchronous network and synchronous network has lower priority.

Interference power profiles

· Baseline for simulations in the next meeting: Rel-12 NAICS profiles for Scenario 1, Low SINR, [40]% RU
· Low INR: I1/Noc = 3.28 dB, I2/Noc = 0.74 dB
· Medium INR: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB
· High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB 

· Other power profiles are not precluded and companies can bring inputs on other interference profiles
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Figure 1 Results for High INR, colliding CRS, full loading
	Figure 2 Results for High INR, non-colliding CRS, full loading[image: image2.emf]0 5 10 15
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Figure 3 Results for Medium INR, colliding CRS, full loading
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Figure 4 Results for Medium INR, non-colliding CRS, full loading
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Figure 5 Results for Low INR, colliding CRS, full loading
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Figure 6 Results for Low INR, non-colliding CRS, full loading


It is observed that under high INR case EMMSE-IRC receiver shows significant gains. With lowering the INR, gains are also decreased. From the results of the three sets of INR, we can have some insight of how the INR will impact the demodulation performance. At low INR, the gain of EMMSE-IRC receiver is very small and this scenario can be considered to define fallback requirement. At high INR it can be used to define performance requirement.
Proposal 2: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) is used as interference profile to define performance requirements.
Control region duration
· Control region alignment
· Option 1: Aligned control regions in the serving and interference cells
· Option 2: Unaligned control regions in the serving and interference cells
· Option 3: Unaligned control regions in the serving and interference cells with variable duration
· Serving and interference cell CFI values are FFS
As it was discussed in [9], due to no PDSCH interference parameters blind detection the interferer PDCCH region duration should be no less than the serving cell PDCCH region.
It was agreed in the previous meeting that PDSCH interference parameters blind detection is out of the scope of this WI. Therefore the interferer PDCCH region duration should be no less than the serving cell PDCCH region. CFI = 2 and CFI = 3 are the most common cases in practical network. It was proposed in the previous meeting that performance of 4CCE and/or 2CCE should be evaluated for enhanced IM receiver. Legacy requirements for 4CCE/2CCE are based on 2 OFDM symbols in control region. Thus CFI = 2 can be used for interferer control region duration.

Proposal 3: Control region duration of interference cell is 2 and of serving cell is 1or 2 .
PDCCH/PCFICH/PHICH interference model
There are two options for the PDCCH interference modeling. Option 1 is using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity and option 2 is explicitly model the PDCCH transmission. From performance perspective the two options don’t have much performance difference for EIRC or IRC receiver, so either of them can be used to model PDCCH interference.
However there are also discussions on power boosting model.
· PDCCH/PHICH/PCFICH interference power boosting model
· Option 1: No power boosting modelled
· Option 2: Power boosting modelled, for example
· Different PDCCH transmissions or PDCCH REGs may have different power boosting
· Power boosting model is FFS including set of possible power boosting values used by the eNB 
In our view power boosting should be modelled based on our analysis in [9]. Though when defining performance requirements no blind detection of power boosting is required, UE implementation has the freedom of blind detection on power boosting to get better performance. Due to power boosting is UE specific different PDCCH transmissions may have different power boosting. From practical boosting of PDDCH perspective we slightly prefer to have PDCCH explicitly modelled and different PDCCH transmission may have different power boosting.
For the PDCCH interference loading model we think partial loading should be considered when defining performance requirements as it’s practical scenario. Full loading should also be considered as a case of high loading. Except full loading case we think 50% loading can be used for the partial loading case.
There are two possible interference modelling methods for partial loading. One is frequency domain modelling where some of the PDCCH transmissions are not present. The desired PDCCH may suffer interference from different interferer PDCCHs. If explicitly modelling of PDCCH interference is used, the final loading of the desired PDCCH may be different from the loading we wanted. For example, if we try to model 50% partial loading and 50% of interferer PDCCHs is not transmitted in a subframe the resulted loading for the desired PDCCH maybe less than or greater than 50%. The other one is to model partial loading in the time domain where interferer PDCCHs are transmitted only in 50% of subframe with a radio frame (10 subframes) if 50% loading is to be modelled. In this way perfect partial loading can be modelled.
The difference between PHICH and PDCCH is that BPSK is used for PHICH whereas QPSK is used for PDCCH from demodulation perspective. For IRC receiver or E-IRC receiver there is not much difference if interference is BPSK or QPSK. Therefore there is no need to model PHICH interference.
Proposal 4: PDCCH interference is explicitly modeled and different PDCCH transmission may have different power boosting.
Proposal 5: Partial loading is modeled with time domain ON/OFF model.
Proposal 6: PHICH interference is not explicitly modeled.
Interference model for EPDCCH (synchronous networks)
· Option 1: PDSCH interference. FFS whether full or partial PDSCH loading is used.
· Option 2: No interference (i.e. no co-channel PDSCH, EPDCCH transmissions)
The reference receiver for EPDCCH is LMMSE-IRC + Non-colliding CRS-IC. Regarding interference model for EPDCCH maybe PDSCH interference should be considered because it’s the more practical case especially for distributed EPDCCH. If no PDSCH or EPDCCH interference is modelled it is not sure if there will be enough gains for the reference receiver. It can also be considered that distributed EPDCCH and localized EPDCCH is using different interference model. For distributed EPDCCH full loading PDSCH interference is modelled and for localized EPDCCH no PDCCH/EPDCCH interference is modelled. In this way the performance of reference IM receiver for EPDCCH can be evaluated under different possible scenarios.
Proposal 7: For distributed EPDCCH full loading PDSCH interference is modelled and for localized EPDCCH no PDCCH/EPDCCH interference is modelled.
Channel model

· Option 1: EPA5
· Option 2: EVA70
· Option 3: ETU70
	Figure 7 Results for different channel model, colliding CRS, full loading[image: image7.emf]-5 -4 -3 -2 -1 0 1 2 3 4 5
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Figure 8 Results for different channel model, non-colliding CRS, full loading


It is observed from Figure 7 and Figure 8 that both of baseline receiver and advanced IM receiver under EVA70 and EVA5 have similar performance and gains whereas performance under EPA is a little bit worse than under EVA channel at 1% PDCCH BLER verification point. 
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. 
Proposal 8: EVA channel model is considered for defining performance requirements.

Interferer time and frequency offset model

· Option 1: Reuse Rel-12 NAICS assumptions for performance gain test cases
· Other options are not precluded
As we propose to use NAICS scenario as the baseline for DLCCH-IM it is feasible to reuse NAICS assumptions on interferer time and frequency offset model.
Proposal 9: Reuse Rel-12 NAICS assumptions on interferer time and frequency offset model for performance gain test cases for DLCCH-IM.
3. Conclusions
In this contribution, we provide views on the other open issues of interference modeling for downlink control channel interference mitigation. Following proposals are present.

Proposal 1: Consider synchronous and asynchronous network and synchronous network has lower priority.

Proposal 2: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) is used as interference profile to define performance requirements.
Proposal 3: Control region duration of interference cell is 2 and of serving cell is 1or 2 .
Proposal 4: PDCCH interference is explicitly modeled and different PDCCH transmission may have different power boosting.
Proposal 5: Partial loading is modeled with time domain ON/OFF model.
Proposal 6: PHICH interference is not explicitly modeled.
Proposal 7: For distributed EPDCCH full loading PDSCH interference is modelled and for localized EPDCCH no PDCCH/EPDCCH interference is modelled.
Proposal 8: EVA channel model is considered for defining performance requirements.

Proposal 9: Reuse Rel-12 NAICS assumptions on interferer time and frequency offset model for performance gain test cases for DLCCH-IM.
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