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1. General
1.1 Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.4.1
	R4-155606
	Approval
	Work plan for WI on Interference Mitigation for Downlink Control Channels of LTE
	Intel Corporation, ZTE

	7.4.1
	R4-155683
	Discussion
	Discussion on test applicability and UE behavior for downlink CCH-IM receiver
	Huawei, HiSilicon

	7.4.1
	R4-155920
	Discussion
	UE capability and signaling related for control channels interference mitigation
	Ericsson

	7.4.1
	R4-156279
	Discussion
	On the interference mitigation for downlink control channels
	Nokia Networks


1.2 Summary of proposals
	Company
	List of proposals

	Intel, ZTE (R4-155606)
	The proposed work plan for WI on Interference mitigation for downlink control channels of LTE is as follows:
· RAN4 #76bis (October 2015) – 1 TU

· Agree on the work plan for definition of performance requirement for Interference mitigation for downlink control channels of LTE.
· Identify/confirm applicability of the candidate advanced IS/IC receivers (MMSE-IRC, E-MMSE-IRC, CRS-IC) to different DL control channels. Discuss reference receiver assumptions for different DL control channels.

· Identify the deployment scenarios and simulation assumptions for the development of the realistic interference models for definition of performance requirement for DL control channels, i.e. PCFICH/PDCCH/PHICH/EPDCCH for UE with advanced IS/IC receivers.
· Consider the following scenarios and corresponding evaluation assumptions as a starting point for discussion:

· NAICS scenario 1

· NAICS scenario 2a/2b 

· Focus on the synchronous deployments. Discuss whether asynchronous deployments to be considered.
· Discuss link-level simulation assumptions and interference models for DL control channels modelling 

· Discuss possible reuse of interference models from the previous 3GPP studies (e.g. Rel-12 NAICS SI/WI).

· If required discuss additional prioritization of work on different DL control channels.

· RAN4 #77 (November 2015) – 1 TU

· Provide initial link-level performance evaluation of the reference advanced IS/IC receivers for different DL control channels.

· Continue discussions on link-level simulation assumptions and interference models. 

· Agree on interference models for link-level simulation, taking into account the identified deployment scenarios.
· Agree on initial link-level simulation scenarios and assumptions for alignment simulations in the next meeting.
· RAN4 #78 (February 2016) – 0.5 TU

· In case still needed, continue the discussion on link-level simulation assumptions and interference models.

· Provide alignment link-level evaluation results for reference advanced IS/IC receivers for corresponding control channels for the agreed simulation scenarios and assumptions.
· Initiate discussions on test cases for the DL control channels, i.e. PCFICH/PDCCH/PHICH/EPDCCH, for UE with advanced IS/IC receivers.

· RAN4 #78bis (April 2016) – 0.5 TU

· Continue definition of the demodulation performance requirements and test cases for DL control channels.

· Provide alignment and impairments results for the DL control channels demodulation performance.

· Draft initial CRs for the DL control channel demodulation performance requirements and test cases.

· RAN4 #79 (May 2016) – 0.5 TU

· Finalize definition of the demodulation performance requirements and test cases for the DL control channels.

· Provide final alignment and impairments results for the DL control channels demodulation performance.

· Agree CRs on demodulation requirements and test cases for the DL control channels, i.e. PCFICH/PDCCH/PHICH/EPDCCH, for UE with advanced IS/IC receivers.

	Huawei 
(R4-155683)
	Proposal 1: It’s suggested for RAN4 to study the following issues before introducing test requirements.

· Whether the UE capability signaling is needed for PDCCH-IM receiver

· What’s the condition the UE would fallback to legacy MRC receiver

· The feasibility of robustness test

· What the expected UE behavior for 2 TX/4TX and 2RX/4RX?

· What’s the expected UE behavior of PDCCH-IC receiver for multiple-carrier?

	Ericsson (R4-155920)
	Proposal 1: Follow the decision on Rel-13 CRS-IM WI on how to reuse the CRS assistant information instead of Rel-11, in order to better adapt the general deployment scenarios.

Proposal 2:  Specification change related to RAN2 should be prioritized within core part time frame in Rel-13.

Proposal 3: Without CRS assistant information the UE with capability to mitigate the interference for control channels should be able to still achieve the goal to get much better performance than legacy MMSE-MRC receiver.

Proposal 4: Define control channel interference mitigation as an optional feature for Rel-13 and define UE capability signalling to indicate if such interference mitigation can be supported by the UE or not.
Proposal 5: Take Option 1 with one general capability to indicate the feature for all control channels per CC.

· Option 1: One general capability to indicate the interference mitigation for all control channels per CC.

· Option 2: Separated capabilities to indicate the interference mitigation for each control channels per CC.

	Nokia Networks (R4-156279)
	Observation 1: It might not be straight forward the practical applicability of the NAICS interference scenarios.

Proposal 1: Consider CRS IC as mandatory in defining new performance requirements for PDCCH.

Proposal 2: Investigate the performance benefits of both MMSE-IRC and E-MMSE-IRC receivers.

Proposal 3: Consider both colliding and non-colliding CRS.

Proposal 4: Utilize the current available network assistance for the advanced receivers.

Proposal 5: Confirm that it is out of scope of this WI the introduction of new network assistance for advanced receivers considered in this work.

Proposal 6: Study the PDCCH and EPDCCH load of the interferers.

Proposal 7: The interference structure affecting EPDCCH should be studied.

Proposal 8: Consider synchronous operation as main priority.

Proposal 9: Focus on 2Tx and 4Tx deployments with 2Rx at the UE side. Further discuss the utilization of 4Rx antennas.

Proposal 10: Include performance of 2 and 4 CCEs allocation with/without advanced receiver and in same antenna setup in the work

Proposal 11: the interference mitigation should be considered for PCFICH/PDCCH/EPDCCH/PHICH.

Proposal 12: Further discuss if there is a need to duplicate the test cases of interference mitigation of control channels when FeICIC and CoMP are configured.


1.3 Discussion
· Work plan [R4-155606]
· Work plan in R4-155606 approved in the online session
· NOTE: Except for the part about the prioritization of sync and async scenario, the work plan in this document is agreeable to the group.
· Control channel IM UE capabilities
· What are the timelines for the UE capabilities discussion?
· Is UE capability signalling needed for enhanced control channels receivers?

· Should UE capabilities be defined on a per-UE or a per-CC basis? 
· CRSAssistanceInfo signaling
· Based on the WID "CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction.”
· Should Rel-13 CRS-IM WI decisions on how to reuse the CRS assistant information be reused instead of Rel-11 (e.g. SCell signalling)?
· Common WI short abbreviation
· Companies use different short abbreviations for the WI and associated receivers (CCIM, CC-IM, CCH-IM, PDCCH-IC, etc). Any downselection?

2. Reference IM Receiver Structures

2.1 Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.4.2
	R4-155607
	Discussion
	Reference IM receiver structures for LTE DL Control Channels IM
	Intel Corporation

	7.4.2
	R4-155681
	Discussion
	Discussion on reference receiver for downlink CCH-IM
	Huawei, HiSilicon

	7.4.2
	R4-155739
	Discussion
	Views on reference advanced receiver structure for DL control channel IM
	ZTE

	7.4.2
	R4-155916
	Discussion
	Discussions on different candidate receivers for control channels interference mitigation
	Ericsson

	7.4.2
	R4-156145
	Discussion
	Discussion on reference receiver for control channel interference mitigation
	LG Electronics Inc.

	7.4.2
	R4-156460
	Discussion
	Reference receiver for control channel interference mitigation
	Qualcomm Incorporated

	7.4.1
	R4-156279
	Discussion
	On the interference mitigation for downlink control channels
	Nokia Networks

	7.4.3
	R4-156126
	Discussion
	Discussion on demodulation requirements for interference mitigation for downlink control channels
	NTT DOCOMO INC.


2.2 Summary of proposals

	Company
	List of proposals

	Intel
(R4-155607)
	Proposal #1:
Consider the following baseline receiver assumptions:

· PDCCH: LMMSE-MRC receiver

· PCFICH/PHICH: ML or MMSE based receivers without interference pre-whitening

· EPDCCH: LMMSE-MRC receiver

Proposal #2:
Consider the following reference IS/IC receiver structures for PDCCH/PCFICH/PHICH:

· Synchronous network scenarios: E-LMMSE-IRC + CRS-IC

· Asynchronous network scenarios: LMMSE-IRC

Proposal #3:
Consider the following reference IS/IC receiver structures for the EPDCCH

· Synchronous network scenarios: LMMSE-IRC + Non-colliding CRS-IC

· Asynchronous network scenarios: LMMSE-IRC

Proposal #4:
Define the minimum E-LMMSE-IRC + CRS-IC control channel demodulation performance requirements under assumption of using single interferer cell IS/IC.

Proposal #5:
PDCCH, PCFICH, PHICH: CRS-AssistanceInfo is used to trigger E-LMMSE-IRC + CRS-IC operation. In case CRS-AssistanceInfo is not provided, UE can fallback to the LMMSE-IRC.


EPDCCH: CRS-AssistanceInfo is used to trigger LMMSE-IRC + CRS-IC operation. In case CRS-AssistanceInfo is not provided, UE can use LMMSE-IRC.

Proposal #6:
Further discuss UE assumptions on the interference cell PDCCH region duration.

Proposal #7:
Apply enhanced PDCCH/PCFICH/PHICH IS/IC processing under assumption that the interferer has uniform power distribution with 0 dB boosting vs the CRS power and also have 100% RU.

Proposal #8:
Define enhanced requirements for the 2RX chain UEs.

	Huawei 
(R4-155681)
	Proposal 1: RAN4 focus on the following reference receiver in this CCH-IM WI

· MMSE-IRC + CRS-IC for PCFICH/PDCCH/PHICH

· E-MMSE-IRC + CRS-IC for PCFICH/PDCCH/PHICH

· MMSE-IRC for ePDCCH, CRS-IC depending on CRS-configuration
Proposal 2: Further study is needed to clarify the reference receiver of MMSE-IRC + CRS-IC receiver for PCFICH/PDCCH.PHICH before evaluation alignment.

Proposal 3: Further clarification is needed to clarify the UE behaviour for E-MMSE-IRC receiver on PDCCH, at least on

· How to achieve interference covariance  matrix, given partial loading and power bursting of neighbour cell PDCCH transmission

· How to achieve interference covariance  matrix in the second/third symbol, given the presence of neighbour cell PDSCH transmission

Proposal 4: Reuse the type-A receiver for PDSCH TM9 as baseline receiver for ePDCCH MMSE-IRC.

	ZTE 
(R4-155739)
	Observation 1: Enhance MMSE-IRC receiver and CRS-IC is feasible for control channels PCFICH/PDCCH/PHICH in interference limited scenarios. 

Observation 2: Only MMSE-IRC receiver and CRS-IC is feasible for ePDCCH in interference limited scenarios. 

Proposal 1: Enhance MMSE-IRC receiver as well as CRS-IC is used as reference advanced receiver for defining performance requirements for legacy control channel, i.e. PCFICH/PDCCH/PHICH.

Proposal 2: MMSE-IRC receiver as well as CRS-IC is used as reference advanced receiver for defining performance requirements for ePDCCH.

	Ericsson
(R4-155916)
	Observation 1: For non-colliding CRS EIRC3 gives the best performance with ideal channel estimation but similar performance with EIRC1 with CRS-IC and practical channel estimation with sufficient gain compared to MRC receiver. 

Observation 2: For non-colliding CRS EIRC1 gives the best performance without CRS-IC and practical channel estimation with sufficient gain compared to MRC receiver. 

Observation 3: For colliding-CRS EIRC2 gives the best performance under all conditions, with no need of CRS-IC and sufficient gain compared to MRC receiver. 

Observation 4: For non-colliding CRS the iterative channel estimation can further improve the performance.

Observation 5: MMSE-IRC can be considered for asynchronous network.

Proposal 1: EIRC2 without CRS-IC can be used for colliding CRS case and EIRC3 with CRS-IC or EIRC1 without CRS-IC can be used for non-colliding CRS case under synchronous network. MMSE-IRC can be used for asynchronous network for PDCCH/PCFICH.

Proposal 2: EIRC1 with and without CRS-IC can be used under synchronous network and MMSE-IRC can be used for asynchronous network for PHICH.

Proposal 3: MMSE-IRC with or without CRS-IC can be used for ePDCCH.

	LGE

(R4-156145)
	Proposal 1: MMSE-IRC receiver should be prioritized for reference advanced receiver for control channel IM.

Proposal 2: Reference receiver for control channel IM can be categorized by two features: 

· MMSE-IRC for synchronous and asynchronous networks 

· MMSE-IRC + CRS-IC for synchronous network
Proposal 3: To make minimum performance requirement, same CFI and channel bandwidth between serving and interfering cells should be considered.

Proposal 4: If 4Tx case is considered, RAN4 needs to investigate 4 CRS-IC performances.

Proposal 5: Do not introduce additional blind detection of interference channel parameters such as PDSCH starting symbol and PMI for control channel IM.

Proposal 6: Both low and high loading of interference control need to be considered for performance evaluation.

	Qualcomm
(R4-156460)
	In this contribution, we described the baseline MMSE receiver, and two possible advanced receivers (1) MMSE-IRC+CRS-IC and (2) eMMSE-IRC + CRS-IC receivers for control channel interference mitigation. For CRS-IC, UE will need PCID of the dominant neighbors. For MMSE-IRC, UE will need to estimate covariance matrix at per-RB granularity and it will require TPR estimation only for the serving cell. In contrast, for eMMSE-IRC, UE will need to estimate covariance matrix at per-RE granularity and it will require per-CCE level TPR estimates of all the dominant neighbors, in addition to the TPR of the serving cell.

	Nokia Networks (R4-156279)
	Proposal 1: Consider CRS IC as mandatory in defining new performance requirements for PDCCH.

Proposal 2: Investigate the performance benefits of both MMSE-IRC and E-MMSE-IRC receivers.

Proposal 4: Utilize the current available network assistance for the advanced receivers.

Proposal 5: Confirm that it is out of scope of this WI the introduction of new network assistance for advanced receivers considered in this work.

Proposal 11: the interference mitigation should be considered for PCFICH/PDCCH/EPDCCH/PHICH.

Proposal 12: Further discuss if there is a need to duplicate the test cases of interference mitigation of control channels when FeICIC and CoMP are configured.

	NTT DOCOMO (R4-156126)
	Proposal 2: Potential reference receiver would be the E-LMMSE-IRC (or MMSE-IRC) with CRS-IC for the synchronous network and the MMSE-IRC without CRS-IC for the asynchronous network.
Proposal 4: Explicit modelling of power boosting of the control channels and a feasibility of the blind detection should be investigated.

Proposal 5: As a first step, the performance of MMSE-IRC without CRS-IC should be evaluated when reusing the interference model of the Rel.11 MMSE-IRC for asynchronous network.


2.3 Discussion
· Baseline Rel.8-12 control channel receiver structures
· Does RAN4 need any clarifications or agreements on the baseline receiver structures?
· PDCCH: LMMSE-MRC receiver

· PCFICH/PHICH: ML or MMSE based receivers without interference pre-whitening

· EPDCCH: LMMSE-MRC receiver

· IM receiver structures for PDCCH/PCFICH/PHICH in synchronous networks
· Should same or different receiver structures be applied for PDCCH/PCFICH/PHICH?

· Colliding CRS scenario

· Option 1: LMMSE-IRC 
· Option 2: LMMSE-IRC + CRS-IC
· Option 3: E-LMMSE-IRC
· Option 4: E-LMMSE-IRC + CRS-IC 
· Non-Colliding CRS scenario

· Option 1: LMMSE-IRC 
· Option 2: LMMSE-IRC + CRS-IC
· Option 3: E-LMMSE-IRC
· Option 4: E-LMMSE-IRC + CRS-IC 

· Note: Work on the E-LMMSE-IRC is prioritized based on the WID
· IM receiver structures for PDCCH/PCFICH/PHICH in asynchronous networks

· Option 1: LMMSE-IRC receiver

· IM receiver structures for EPDCCH 
· Main session agreements


Consider the following reference IS/IC receiver structures for the EPDCCH

· 
Synchronous network scenarios: LMMSE-IRC + Non-colliding CRS-IC

· Asynchronous network scenarios: LMMSE-IRC

· Number of handled interference for E-LMMSE-IRC and CRS-IC
· Option 1: Single dominant interferer is handled
· E-LMMSE-IRC receiver structure
· Are any clarifications on the E-LMMSE-IRC receiver structures needed in terms of the type of the reconstructed covariance matrix and number of co-processed REs (e.g. EIRC1, EIRC2, … in R4-155916)?
· Can E-LMMSE-IRC receiver be applied without CRS-AssistanceInfo?

· Option 1: E-LMMSE-IRC receiver is used only when CRS-AssistanceInfo is signalled
· Option 2: E-LMMSE-IRC receiver can be applied without CRS-AssistanceInfo
· Assumptions on interferer PDCCH region duration
· Does E-LMMSE-IRC receiver need to have knowledge on the interferer PDCCH region?
· Option 1: Blind detection of the interferer PDCCH region duration (CFI decoding)
· Option 2: Conservative processing under assumption of 1 symbol control region duration in interference cells

· Option 3: Up to UE implementation. Requirements are defined for CFI = 1.

· Assumptions on interferer PDCCH/PHICH/PCFICH power boosting and loading

· Option 1: Apply E-LMMSE-IRC processing under assumption that the interferer has uniform power distribution with 0 dB boosting vs the CRS power and also have 100% RU.

· Option 2: Perform blind detection of the interferer signal power boosting and presence on a per REG level.
· Number of receive antennas at the UE
· Focus on 2 RX UEs

· Further discuss applicability to 4 RX UEs

· Receiver fallback

· Is any fallback needed? What’s the condition UE would fallback to legacy MRC receiver?
3. Scenarios, interference models and link-level evaluation assumptions

3.1 Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.4.3
	R4-155608
	Discussion
	Scenarios and interference models for LTE DL Control Channels IM
	Intel Corporation

	7.4.3
	R4-155682
	Discussion
	Discussion on interference modelling for downlink CCH-IM
	Huawei, HiSilicon

	7.4.3
	R4-155738
	Discussion
	Link level simulation assumptions for DL control channel IM
	ZTE

	7.4.3
	R4-155740
	Discussion
	Discussion on scenarios and interference modelling for DL control channel IM
	ZTE

	7.4.3
	R4-155917
	Discussion
	Consideration on interference model for control channels interference mitigation
	Ericsson

	7.4.3
	R4-155919
	Discussion
	Test list with scenarios and scopes for control channels interference mitigation
	Ericsson

	7.4.3
	R4-156126
	Discussion
	Discussion on demodulation requirements for interference mitigation for downlink control channels
	NTT DOCOMO INC.

	7.4.3
	R4-156459
	Discussion
	Interference model for control channel interference mitigation
	Qualcomm Incorporated

	7.4.1
	R4-156279
	Discussion
	On the interference mitigation for downlink control channels
	Nokia Networks

	7.4.2
	R4-156145
	Discussion
	Discussion on reference receiver for control channel interference mitigation
	LG Electronics Inc.


3.2 Summary of proposals

	Company
	List of proposals

	Intel 

(R4-155608)
	Proposal #1:
Consider the following prioritization of the work on control channels performance requirements (in the order of priority): PDCCH/PCFICH > PHICH > EPDCCH.

Proposal #2:
Consider to define enhanced requirements in application to the following deployment scenarios (in the order of priority)

1) Homogeneous (NAICS scenario 1)

2) Heterogeneous (NAICS scenario 2a/b)

3) Heterogeneous with CRE (NAICS scenario 2a/2b with CRE)

Proposal #3:
Prioritize work on the definition of enhanced requirements in application to the synchronous networks. Further consider asynchronous networks with lower priority.

Proposal #4:
Use the following geometry and interference profiles for the definition of the enhanced demodulation requirements:

· Two dominant interferers are explicitly modelled

· Reuse NAICS scenario 1, 60% RU, Low geometry interference profiles for the dominant interferers

· Low INR: I1/Noc = 1.94 dB, I2/Noc = -0.56 dB

· Medium INR: I1/Noc = 6.33 dB, I2/Noc = 0.76 dB

· High INR: I1/Noc = 12.33 dB, I2/Noc = 1.67 dB

Proposal #5:
Define enhanced requirements for both colliding and non-colliding CRS scenarios. Use Cell ID patterns (0,6,1) and (0,1,6) for colliding and non-colliding CRS scenarios, respectively. 

Proposal #6:
Define enhanced PDCCH/PHICH/PCFICH demodulation requirements for the case of aligned control region sizes in the serving and interference cells

Proposal #7:
Use the following PDCCH/PHICH/PCFICH interference model

· PDCCH interference

· Option 1: PDCCH signal emulation using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.

· Option 2: Explicit interferer PDCCH signal modelling.

· Partial PDCCH loading model with non-uniform PDCCH power distribution

· PHICH interference is not explicitly modelled

· PCFICH interference is explicitly modelled

· CRS interference is explicitly modelled

Proposal #8:
Define enhanced EPDCCH demodulation requirements for the case of aligned control region sizes in the serving and interference cells and for the case of PDSCH co-channel interference

	Huawei
(R4-155682)
	Proposal 1: The interference modelling for PCFICH/PDCCH/PHICH should at least take the following realistic aspects into consideration:

· interference level and number of explicitly modelled interference cells

· partial loading of CCH region

· UE specific power busting of CCH 

· Interference type in OFDM symbol 1 and 2.

Proposal 2: Both mixed interference modelling and certain interference condition modelling are needed to verify the feasibility and performance of PDCCH-IM receiver.

Proposal 3: Reuse the interference modelling of type-A receiver to verifying the performance for ePDCCH MMSE-IRC receiver. 

	ZTE 

(R4-155738)
	Proposal 1: Consider 2 explicitly modelled interferers.

Proposal 2: Use interference profile for NAICS performance requirements, i.e. I1/Noc(α)=13.91 dB and I2/Noc(α) = 3.34 dB, as start point to evaluate the gains of reference receiver for downlink control channel IM. Other possible interference settings are for further study.
Proposal 3: TDM ON/OFF interference modelling are used, the probability of ON subframes is equal to the partial loading ratio.
Proposal 4: PDCCH of serving cell and interference cells is assumed to be aligned.
Proposal 5: Consider both CRS colliding case and CRS non-colliding case for defining performance requirements for legacy control channels. For ePDDCH only CRS colliding case is considered.

Proposal 6: EVA channel model is considered for link level evaluation and defining performance requirements.

Proposal 7: FFS whether requirements for 4Rx UE is needed or not.

	ZTE 

(R4-155740)
	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.

	Ericsson 

(R4-155917)
	Proposal 1: Keep 2 NCs modelled with 1 NC interference mitigated for control channels interference mitigation WI with NAICS scenario reused with high INR.

Proposal 2: Keep same timing and frequency offsets from NAICS scenarios on 2 NCs on control channels interference mitigation WI.
Proposal 3: Only consider aligned CFI case for E-LMMSE-IRC receiver and non-aligned CFI or async network with MMSE-IRC receiver for case whenever PDSCH is taken as interference.

Proposal 4: Model PDSCH interference as asynchronous network with full load and CFI not aligned, e.g. CFI=3 on SC and CFI=1 on NCs with timing offsets as 1/3 and 2/3 subframes for 2 NCs, for MMSE-IRC receiver performance requirement.
Proposal 5: Use CFI=1 for non-colliding CRS case and CFI=2 for colliding CRS case for CFI aligned case between SC and NCs for E-LMMSE-IRC receiver.

Proposal 6: Consider full load on NCs on control channels by reusing NAICS test configuration as 1st priority.

Proposal 7: Consider partial load on NCs on control channels as 2nd priority at least for non-colliding CRS case with details to be decided later from performance results, including gain from CRS-IC as well.

Proposal 8: For partial load cases, assume same number of load on both NCs but the RE allocation can be random, as long as following the standard way, e.g. 30% load means 30% PDCCH on both NCs and PCFICH is always presented together with CRS on both NCs.

Proposal 9: Study the impact of different power levels for different UEs on the NCs interference modelling by the proposed example below.

· Assume 3 UEs on 1st dominant NC with power level as 0dB for all. 
· Assume 3 UEs on 1st dominant NC with power level as -3, 0, 3dB for each.

Proposal 10: For ePDCCH interference model, full load PDSCH interference can be considered when no CRS-IC is used and zero load PDSCH interference can be considered when CRS-IC is used.

	Ericsson 

(R4-155919)
	Proposal 1: Targeted scenarios for control channel interference mitigation should be homogeneous network as common deployment scenarios.

Proposal 2: Reuse existing tests with Tx diversity with 2Tx and 4Tx for PDCCH/PCFICH and with 2Tx for PHICH.
Proposal 3: Reuse existing test scenarios for ePDCCH on distributed and localized transmission targeting at cell edge SINR.
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Proposal 4: Reuse NAICS test scenarios with 2 interfering cells and high INR for control channel interference mitigation requirements.

Proposal 5: Both synchronous and asynchronous network should be considered with this WI.
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Proposal 6: Reuse NAICS test scenarios with time and frequency offsets for synchronous network as above.

Proposal 7: Consider at least one PDCCH/PCFICH test under asynchronous network with MMSE-IRC with 1/3 and 2/3 subframes as timing offset for the 2 NCs.

Proposal 8: Both colliding and non-colliding CRS test cases should be considered with this WI.

Proposal 9: Reuse NAICS test scenarios on colliding and non-colliding CRS test configurations.

Proposal 10: Define tests with advanced receiver performance without CRS-assistant info.

Proposal 11: The overall test lists are proposed as following for all required control channels within this WI (for more details see R4-155919). Further downsize of the tests can be further discussed.

	NTT DOCOMO (R4-156126)
	Proposal 1: Synchronous and asynchronous network should be treated with equal priority.

Proposal 2: Potential reference receiver would be the E-LMMSE-IRC (or MMSE-IRC) with CRS-IC for the synchronous network and the MMSE-IRC without CRS-IC for the asynchronous network.
Proposal 3: The following aspects should be considered in this work item.

1) Verifying performance gain from the enhanced receiver

2) Verifying the no performance loss by the enhanced receiver

Proposal 4: Explicit modelling of power boosting of the control channels and a feasibility of the blind detection should be investigated.

Proposal 5: As a first step, the performance of MMSE-IRC without CRS-IC should be evaluated when reusing the interference model of the Rel.11 MMSE-IRC for asynchronous network.

	Qualcomm (R4-156459)
	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. 

	Nokia Networks

(R4-156279)
	Proposal 3: Consider both colliding and non-colliding CRS.

Proposal 6: Study the PDCCH and EPDCCH load of the interferers.

Proposal 7: The interference structure affecting EPDCCH should be studied.

Proposal 8: Consider synchronous operation as main priority.

Proposal 9: Focus on 2Tx and 4Tx deployments with 2Rx at the UE side. Further discuss the utilization of 4Rx antennas.

Proposal 10: Include performance of 2 and 4 CCEs allocation with/without advanced receiver and in same antenna setup in the work

	LGE 
(R4-156145)
	Proposal 3: To make minimum performance requirement, same CFI and channel bandwidth between serving and interfering cells should be considered.

Proposal 6: Both low and high loading of interference control need to be considered for performance evaluation.


3.3 Discussion
· Physical control channels prioritization
· Based on the WID enhanced performance requirements need to be defined for PDCCH/PCFICH, PHICH and EPDCCH
· Is any prioritization of RAN4 work/discussions needed?

· Option 1: PDCCH/PCFICH > PHICH > EPDCCH
· Option 2: No prioritization

E///: Prioritization needed. PDCCH/PCFICH > PHICH
ZTE: Option 2

Huawei: Why do we need prioritization?


Ad-hoc chair: Limited WI timelines

HW: PDCCH/PCFICH have higher priority

QC: Option 1

Agreement: PDCCH/PCFICH has higher priority than PHICH
· Target deployment scenarios

· Homogeneous

· Heterogeneous

· Heterogeneous with CRE (FeICIC)

E///: Focus on Homogeneous

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

· Option 1: Consider synchronous networks only

· Option 2: Prioritize synchronous networks, Consider Asynchronous networks as 2nd priority

· Option 3: Consider synchronous and asynchronous networks with equal priority

HW: Option 1

QC, Intel, ZTE, HW (2nd preference), LGE: Option 2

E///, DOCOMO: Option 3

HW: Based on WID E-LMMSE-IRC is prioritized. E-LMMSE-IRC is possible in sync network only. LMMSE-IRC may not provide sufficient gains.

E///: Async is an important scenario. LMMSE-IRC provides sufficient gains.

Possible agreement: Consider synchronous networks; FFS whether to define requirements for asynchronous networks.
Summary: No consensus. Contribution driven approach is used.
· Number of explicitly modelled interference cells

· Option 1: Two interference cells are explicitly modelled
· Number of handled interferers for E-LMMSE-IRC and CRS-IC
· Option 1: Single dominant interferer is handled

E///: Agree in case NAICS power profiles are used. For other profiles we may need to cancel 2 interferers.
Summary: No consensus.
· Interference power profiles

· Main session agreements

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

· Option 1: Reuse interference power profiles from Rel-12 NAICS WI for Scenario 1, Low SINR, 40% RU

· Option 2: Reuse interference power profiles from Rel-12 NAICS WI for Scenario 1, Low SINR, 60% RU

· Option 3: Reuse interference power profiles from Rel.13 CRS-IM WI

QC: Would prefer to keep open
QC: Can we reuse the NAICS interference profiles? Is it realistic?

E///: There might be some difference from PDSCH. NAICS is a valid assumption. Limited time and not time for additional system-level studies.

ZTE: What is the practical RU for PDCCH?
QC: Need some data from infra vendors on the loading.

E///: Neighbouring cell PDCCH load may vary a lot in real networks. NAICS profiles reflect typical case.

Chairman: Is there any company other company except QC against using NAICS profiles

Answer: No

Intel: Do not understand concerns from QC. This is a WI. We do not need to justify the gains. We need to define the requirements.

QC: Not sure NAICS scenario is practical.

E///: Have shown gains for different conditions including full load. Don’t share QC’s concerns. Need a reasonable starting point (NAICS)

Majority view: Use NAICS power profiles as baseline. Other power profiles are not precluded.


QC: Do not agree

Ad-hoc chair: Suggest to come back in the main session
· Interference CRS pattern (for synchronous networks)

· Main session agreements

· Consider both colliding and non-colliding CRS

· Colliding CRS Cell ID pattern: 0/6/1 (S/I1/I2)

· Non-Colliding CRS Cell ID pattern: 0/1/6 (S/I1/I2)

HW: Too early to agree

Summary: No consensus
· Number of transmit antennas at the eNB side and # CRS APs

· Option 1: Consider 2 Tx scenarios only with 2 CRS APs

· Option 2: Consider 2 Tx and 4 Tx scenarios with 2 and 4 CRS APs, respectively

· Option 3: Consider 2 Tx scenarios with 2 CRS APs. 4 Tx scenarios are FFS.

QC :4TX should not be introduced

E///: 4Tx does not necessarily imply CRS-IC. Should not exclude 4Tx scenarios.

Agreement:  Consider 2 Tx scenarios with 2 CRS APs. 4 Tx deployment scenarios are not precluded at the moment.
· Channel model:
· Option 1: EPA5

· Option 2: EVA70

· Option 3: ETU70

· Control region duration in the serving and interference cells for PDCCH/PCFICH/PHICH
· 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 value

· Option 1: 1

· Option 2: 2

· Option 3: 3

· Should it be same for all scenarios?

· Control region duration in the serving and interference cells for EPDCCH
· Focus on aligned control regions in the serving and interference cells

· Serving and interference cell CFI value
· Option 1: 1

· Option 2: 2

· Option 3: 3

· PDCCH/PDCCH/PHICH interference model

· PDCCH interference:

· Option 1: Explicitly modelled

· Option 2: Emulated via using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity
· PHICH interference: 

· Option 1: Explicitly modelled

· Option 2: Not modelled

· PCFICH interference: 

· Option 1: Explicitly modelled

· Option 2: Not modelled

· CRS interference: 

· Explicitly modelled

· PDCCH/PHICH/PCFICH interference loading model

· Option 1: Focus on full loading scenario

· Option 2: Model partial loading with per subframe granularity

· PDCCH/PHICH/PCFICH interference power boosting model

· Option 1: No power boosting modelled

· Option 2: Random uniform distribution (-3 dB, 0 dB, 3dB)

· Interference model for EPDCCH
· Option 1: PDSCH interference

· Option 2: EPDCCH interference

· Option 3: No interference (i.e. no co-channel PDSCH, EPDCCH transmissions)

· Time and frequency offset model

· Option 1: Reuse Rel-12 NAICS assumptions for performance gain test cases

· Interference model for asynchronous network scenarios
· Option 1: 1/3 and 2/3 subframes as timing offset for the 2 NCs (i.e. same as for Rel.11 MMSE-IRC).

4. Initial link level performance evaluations
4.1 Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.4.3
	R4-155609
	Discussion
	Initial simulation results for LTE DL Control Channels IM
	Intel Corporation

	7.4.3
	R4-155918
	Discussion
	Performance results for different receiver types on different control channels
	Ericsson


4.2 Summary of proposals

	Company
	List of proposals/observations

	Intel
(R4-155609)
	Observations #1 (PDCCH):

· LMMSE-IRC receivers provide noticeable performance improvement over LMMSE-MRC receivers in all investigated scenarios. Depending on the scenario the gains vary from 0.1 dB to 2.2 dB.

· E-LMMSE-IRC receivers provide further improvement on top of the LMMSE-IRC receivers, especially for the high INR conditions in both colliding and non-colliding CRS conditions. The overall E-LMMSE-IRC receivers gains can reach up to 5 - 6 dB.

· Colliding CRS-IC provides limited performance improvement for the case of using E-LMMSE-IRC receiver in the majority of the scenarios. The noticeable performance improvement is achieved for a subset of scenarios only.

· Non-colliding CRS-IC provides relatively small performance gains on top of the E-LMMSE-IRC receiver for all investigated scenarios.

· Enhanced IS/IC receivers allow achieving performance improvement for different serving cell transmission parameters and interference conditions

· In scenario #2 with non-uniform interferer PDCCH power distribution the performance gains from using IS/IC receivers are slightly reduced comparing to the Scenario #1 with uniform power distribution.

· In scenario #3 with partial interferer PDCCH loading the performance gains from using IS/IC receivers are reduced especially for the E-LMMSE-IRC based receivers.

Observations #2 (PCFICH):

· Enhanced LMMSE-IRC receivers provide relatively small performance improvement over baseline receivers in all investigated scenarios. 

· Enhanced E-LMMSE-IRC receivers provide noticeable performance improvement on top of LMMSE-IRC receivers, especially for the high INR conditions.

· Using colliding CRS-IC provides small performance improvement over E-LMMSE-IRC in all considered scenarios. The performance gains for the high INR conditions are up to 1.3 dB.

· Using non-colliding CRS-IC provides noticeable additional performance improvement for both LMMSE-IRC and E-LMMSE-IRC receivers for all considered scenarios:

· In the scenarios with Low and Medium INR in case of using non-colliding CRS-IC, LMMSE-IRC and E-LMMSE-IRC receivers have approximately the same performance.

· In the scenarios with High INR, E-LMMSE-IRC receivers provide better performance than LMMSE-IRC.

· The absolute PCFICH demodulation performance is much better than the PDCCH demodulation performance. 

Observation #3 (PHICH):

· Enhanced LMMSE-IRC receivers provide relatively small performance improvement over baseline receivers in all investigated scenarios.

· Enhanced E-LMMSE-IRC receivers provide noticeable performance improvement on top of LMMSE-IRC receivers, especially for the high INR conditions.

· Using colliding CRS-IC provides small performance improvement over E-LMMSE-IRC in all considered scenarios. The performance gains for the high INR conditions are up to 1 dB.

· Using non-colliding CRS-IC provides noticeable additional performance improvement for both LMMSE-IRC and E-LMMSE-IRC receivers for all considered scenarios:

· In the scenarios with Low and Medium INR in case of using non-colliding CRS-IC, LMMSE-IRC and E-LMMSE-IRC receivers have approximately the same performance.

· In the scenarios with High INR, E-LMMSE-IRC receivers provide better performance than LMMSE-IRC.

Observations #4 (EPDCCH):

· LMMSE-IRC receivers provide noticeable performance improvement over LMMSE-MRC in case of full and partial PDSCH loading. In case of 0% interferer PDSCH loading (i.e. no PSDCH) the LMMSE-MRC receivers have nearly same performance as LMMSE-IRC receivers.

· Using CRS-IC can provide performance improvement in the non-colliding CRS scenarios, especially for the case of no PSDCH transmissions in the aggressor cell. In case of 100% interferer PSDCH loading, the performance benefits are very limited.

· Enhanced IS/IC receivers provide performance improvement for different serving and interference transmission parameters:

· The testable performance gains are observed for the Medium and High INR conditions.

· Larger gains are observed for the serving cell EPDCCH AL 8 comparing to the AL 2.

	Ericsson
(R4-155918)
	Proposal 1: Both colliding CRS and non-colliding CRS w/wo CRS-IC should be considered for test scenarios as proposed with test list in [4] with sufficient gain observed.

Proposal 2: Both distributed and localized with colliding and non-colliding CRS under full NC loads should be considered for ePDCCH with MMSE-IRC, with sufficient gain observed.

Proposal 3: Both distributed and localized with non-colliding CRS under zero NC loads should be considered for ePDCCH with MMSE-MRC+CRS-IC, with sufficient gain observed.


4.3 Discussion
5. UE Demodulation requirements and test cases

5.1 Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.4.3
	R4-155610
	Discussion
	UE demodulation requirements for LTE DL Control Channels IM
	Intel Corporation

	7.4.3
	R4-156126
	Discussion
	Discussion on demodulation requirements for interference mitigation for downlink control channels
	NTT DOCOMO INC.

	7.4.1
	R4-155683
	Discussion
	Discussion on test applicability and UE behavior for downlink CCH-IM receiver
	Huawei, HiSilicon


5.2 Summary of proposals

	Company
	List of proposals/observations

	Intel
(R4-155610)
	Proposal #1:
Define performance gain test cases to ensure performance benefits of enhanced IS/IC control channel receivers. 

Proposal #2:
FFS whether robustness test cases are needed for enhanced IS/IC control channel receivers.

Proposal #3:
Further discuss prioritization of control channels and scenarios to reduce the number of test cases.

	NTT DOCOMO (R4-156126)
	Proposal 3: The following aspects should be considered in this work item.

1) Verifying performance gain from the enhanced receiver

2) Verifying the no performance loss by the enhanced receiver

	Huawei 
(R4-155683)
	Proposal 1: It’s suggested for RAN4 to study the following issues before introducing test requirements.

· …
· The feasibility of robustness test

· …


5.3 Discussion

· Test case types to be introduced in the Control channel IM WI
· Performance gains tests cases

· Robustness test cases
6. Main session agreements summary (for information)

R4-155606
Work plan for WI on Interference Mitigation for Downlink Control Channels of LTE
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Source: Intel Corporation, ZTE

NOTE: Except for the part about the prioritization of sync and async scenario, the work plan in this document is agreeable to the group.
Decision:

Approved
Consider both colliding and non-colliding CRS
Consider the following reference IS/IC receiver structures for the EPDCCH

· 
Synchronous network scenarios: LMMSE-IRC + Non-colliding CRS-IC

· Asynchronous network scenarios: LMMSE-IRC

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