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1 Introduction

In the RAN4 76bis meeting, the interference modelling for CCH-IM receiver was discussed, and besides the agreements achieved online, WF [1] was also approved with consensus and candidate options on interference modelling. 

In this contribution, we would like to discuss the open issues for interference modelling and assumptions for downlink CCH-IM receiver. 
2 Discussion 

2.1 General interference modelling and assumption
In this section, we would like to discuss the common assumptions for downlink CCH-IM receiver.
Antenna configuration
As indicated in WID, CRS-IC would be implemented together with advanced downlink CCH-IM receiver. As we know, in the previous discussion, the CRS-IC functionally is tested with 2 CRS port and 2RX antenna scenarios, so for the purpose of not consuming much effort on the CRS-IC behaviour, we would like to focus on 2x2 antenna configuration for this topic. Of course, other antenna configurations are not precluded and could be triggered if the 2x2 works are accomplished.
Proposal 1: RAN4 focus on 2x2 antenna configurations in this WI, and other antenna configurations could be considered if 2x2 works are finished.

Propagation channel
In the current PCFICH/PDCCH demodulation requirement, EVA channel is widely used. And considering the inter-cell interference, usually, the time-frequency offset are also introduced. With respect to the offset values, we would like to reuse the reference in NAICS, such as [2us 200Hz].
Proposal 2: using EVA propagation channel, [2us 200Hz] time-frequency offset for interference modelling.

Network synchronization
In network deployment, the synchronization network would be more popular because it could benefit from more advanced features, such NAICS, CRS-IC and so on, and meanwhile the legacy unsynchronization network would be upgraded into synchronization one step by step, so from the network deployment point of view, it would be more valuable to concentrate our effort on the synchronization network.

Furthermore, Based on the description in WID, CRS-IC and EIRC receiver was highlighted as candidate receiver and high priority works in this work item, so considering that CRS-IC and EIRC was only valid in synchronization network, we would like to focus on synchronization network only in this topic.

Proposal 3: Study the synchronization network only in this WI
2.2 Interference modelling for PCFICH/PDCCH/PHICH
In this section, we will discuss the open issues on interference modelling for PCFICH/PDCCH/PHICH.
Firstly of all, in this topic, the object is developing feasible advanced receiver for LTE UE to handle the inter-cell LTE interference. So, it’s better to exclude any other unrealistic artificial interference structures out of the WI scope, such as 

· Non-LTE interference, such as GSM interference, not OFDM-based transmission mode

· Wrong LTE structure interference , for example, the CCE mapping for PDCCH doesn't match the specification; the CCH length is not equal to CFI

The unrealistic interference structure couldn’t test the UE behaviour and performance in realistic network, because it will lead to wrong UE implementation which is just good at handle this unrealistic interference, and it might prevent UE capturing more advanced receiver which could perform better with realistic interference but fail with unrealistic interference.  So, from this point of view, we couldn’t find any reason not to explicitly model the CCH interference. 

Observation 1: Explicitly model the PCFICH/PDCCH/PHICH interference for CCH-IM receiver.
As the serving cell PCFICH/PDCCH/PHICH would be aggressed by following different channels and signalling, we would like to discuss than separately:
· PDCCH

· PCFICH

· PHICH

· CRS

· PDSCH/ePDCCH

PDCCH interference modeling
There are several key issues for PDCCH modelling, which should be captured into interference modelling: 
· Partial PDCCH loading:  in realistic network, it could be expected that the PDCCH resource are not fully occupied. As this feature would have impacts on the feasibility study of CCH advanced receiver, such as affect the accuracy of interference covariance matrix, so we need explicitly modelling this partial loading

· PDCCH power boosting: the PDCCH power boosting is not specified but really exists in eNB implementation, for the purpose of compensating the SNR gap between UE SNR condition and the required SNR threshold for certain DCI and CCE level. As this feature also affects the accuracy of interference covariance matrix, so, it’s should be modelled.

· CCE-level interference granularity: as the PDCCH resource allocation are per CCE(s) level for each UE and the worst case is that each CCE are used by different UE, so we could have the CCE level interference modelling for Partial loading and Power boosting.
Obviously, due to the limitation of maximum eNB transmission power, it’s technically reasonable to expect the PDCCH power boosting would occur together with Partial PDCCH loading, such as 100% RU with 0dB power boosting, and 50% RU with 3dB power boosting.

So, based on above analysis, we propose that:

Proposal 4: Explicitly model the PDCCH interference with considering on: 

· Partial PDCCH loading, such as 100%, 50% PDCCH RU
· PDCCH power boosting, such as 0dB, 3dB
· CCE level interference granularity

PCFICH interference modeling
As it’s already agreed in [1] that PCFICH interference signal is explicitly modelled, so it’s reasonable to assume the CCH length is aligned with CFI. Regarding the power boosting for PCFICH, we could tentatively use 0dB power boosting unless other specific issues was identified.

Another issues is how to configure the CFI during testing, there are several related aspects:

· Taking 2 CRS port and CRS-non-colliding for example, it’s already discussed in last meeting that the implementation of EIRC receiver might be different for symbol 0 and others, because of un-matched CRS RE inserted. So, from this point of view, it’s better to cover both CFI=1 and other CFIs.

· Taking smaller interference cell CFI for example, in this situation, the serving cell PDCCH will be aggressed by interference cell PDSCH. Obviously, this PDSCH interference is hard to be handled for some advanced receiver, so it's better to cover this case for the purpose of verifying the robustness.
So, based on above analysis, we propose that:
Proposal 5: Explicitly model the PCFICH interference with considering on: 

· 0dB power boosting
· CFI equal to the length of PDCCH region
· Combinations of CFI values, such as serving cell CFI=2, interference cell CFI=1,2,3
PHICH interference modeling
As the PHICH interference has different structure as PCFICH and PDCCH, for example, we could not assume the QPSK modulation order for PHICH. This might affect the EIRC receiver, such as the power boosting estimation. In other hand, this PHICH transmission is related to uplink data transmission which could be present independent of downlink transmission. So, we could tentatively have the on/off modelling of PHICH. Of course, FFS could be needed for others parameters, such as PHICH configurations in PBCH, power boosting, number of PHICH in a PHICH resource
Proposal 6: Explicitly model the PHICH interference with considering on:

· On/off modelling of PHICH

· FFS on other parameters, such as PHICH configurations in PBCH, power boosting, number of PHICH in a PHICH resource

PDSCH interference modeling

Regarding the PDSCH interference, it’s already agreed in [2] that PDSCH interference parameters blind detection is out of the scope, but unfortunately, we don’t have consensus on solutions for candidate receivers how to solve the PDSCH interference. So, from this point of view, for the purpose of verifying the robustness and performance gain of candidate receivers, we should explicitly model the PDSCH interference. 

Of course, there would need some discussion on how to explicitly model the PDSCH interference. For simplicity, we could firstly discuss the robustness and feasibility of candidate receiver to handle PDSCH interference, if we have consensus on certain receiver which is able to PDSCH interference but still have sufficient gain, it would be not necessary to model the PDSCH interference, for example:

· EIRC receiver with PCFICH detection. As this receiver could know the number of PDCCH symbol, so it could perform eIRC receiver for CCH interference, and MRC receiver for possible PDSCH interference. 

· IRC receiver with interference covariance matrix calculated with symbol 0. As this receiver only know the valid interference covariance matrix for symbol 0, and doesn't know the length of CCH region, it might perform MMSE-IRC receiver for symbol 0, and MRC receiver for other symbols. In this situation, whether there is sufficient gain of IRC over MRC would be questionable, so we would need PDSCH modelling for verification. 
Based on the above analysis, we propose that:

Proposal 7: Explicitly model the PDSCH interference unless certain advanced receiver is justified to be able to handle the PDSCH interference still with sufficient gain.

2.3 Interference modelling for ePDCCH

As the ePDCCH would suffer interference from the neighbour cell PDSCH/ePDCCH, from UE implementation point of view, the UE behaviour would be the same when the ePDCCH is affected by neighbour cell PDSCH and ePDCCH. Further more, from interference correlation matrix point of view, the interferences between ePDCCH and PDSCH are similar with each others. 
So, for the purpose of simplifying the works for ePDCCH IM receiver, we tentatively suggest reusing all the interference modelling in type-A receiver, such as the interference level (DIP value) and others. 
Proposal 8: Reuse the PDSCH interference modelling of type-A receiver to verifying the performance for ePDCCH MMSE-IRC receiver. 
3 Conclusion
In this contribution, we initially provide our analysis and views on the interference modelling for CCH region and ePDCCH, and based on our analysis, we propose that:

Proposal 1: RAN4 focus on 2x2 antenna configurations in this WI, and other antenna configurations could be considered if 2x2 works are finished.

Proposal 2: using EVA propagation channel, [2us 200Hz] time-frequency offset for interference modelling.

Proposal 3: Study the synchronization network only in this WI
Observation 1: Explicitly model the PCFICH/PDCCH/PHICH interference for CCH-IM receiver.

Proposal 4: Explicitly model the PDCCH interference with considering on: 

· Partial PDCCH loading, such as 100%, 50% PDCCH RU

· PDCCH power boosting, such as 0dB, 3dB

· CCE level interference granularity

Proposal 5: Explicitly model the PCFICH interference with considering on: 

· 0dB power boosting

· CFI equal to the length of PDCCH region
· Combinations of CFI values, such as serving cell CFI=2, interference cell CFI=1,2,3

Proposal 6: Explicitly model the PHICH interference with considering on:

· On/off modelling of PHICH

· FFS on other parameters, such as PHICH configurations in PBCH, power boosting, number of PHICH in a PHICH resource.
Proposal 7: Explicitly model the PDSCH interference unless certain advanced receiver is justified to be able to handle the PDSCH interference still with sufficient gain.

Proposal 8: Reuse the PDSCH interference modelling of type-A receiver to verifying the performance for ePDCCH MMSE-IRC receiver. 

4 References

[1] R4-156627, “WF on DL Control Channel IM Scenarios and Interference Models”, Intel Corporation, ZTE, 3GPP TSG-RAN WG4 Meeting #76bis
[2] R4-156628, “WF on DL Control Channel IM Reference IM Receivers”, ZTE, Intel Corporation, Samsung, Qualcomm, Ericsson, 3GPP TSG-RAN WG4 Meeting #76bis
[3] RP-151107, “New WI proposal: Interference mitigation for downlink control channels of LTE”, Intel Corporation, ZTE, 3GPP TSG RAN meeting#68

[4] R4-154151, “Work plan for WI on Interference Mitigation for Downlink Control Channels of LTE”, Intel Corporation, ZTE, 3GPP TSG RAN4 meeting#76

