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1. General
1.1 Contributions list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.4.1
	R4-156983
	Discussion
	Discussion on the LTE DL Control Channels IM UE capabilities and CRS-Assistance signalling
	Intel Corporation

	7.4.1
	R4-157556
	Discussion
	UE procedure and signalling related for control channels interference mitigation
	Ericsson


1.2 Summary of proposals
	Company
	List of proposals

	Intel 
(R4-156983)
	Proposal #1: Further discuss DL Control Channel IM capabilities framework and address the following questions:

· Whether UE capabilities signalling is needed?

· Whether capabilities should be defined per each control channel or for all control channels?

· Whether separate UE capabilities should be defined for different receiver structures?

· Whether per UE or per CC UE capability signalling should be introduced?

Proposal #2: CRS-AssistanceInfo is used to trigger E-LMMSE-IRC and CRS-IC operation. In case CRS-AssistanceInfo is not provided, UE can fallback to the LMMSE-IRC and is not expected to make blind detection of the CRS Assistance information.
Proposal #3: Reuse Rel-13 CRS-IM WI agreements on the CRS assistant information applicability. The CRS-Assistance information for the Rel-13 CC-IM capable UEs can be provided for both PCell and SCell and applicable for all subframes without any restrictions.

	Ericsson
(R4-157556)
	Proposal 1: Take the assumption that CC-IM capable UE can reliably read NC PBCH and PCFICH.
Proposal 2: Without CRS assistant information the CC-IM capable UE should be still able to achieve the goal to get much better performance than legacy MMSE-MRC receiver, e.g. EIRC1 based on 1 RE.
Proposal 3: 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 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.


1.3 Discussion
· Control channel IM UE capabilities
· Is UE capabilities signalling needed?
· Should capabilities be defined per each control channel or for all control channels?

· Should separate UE capabilities be defined for different receiver structures?

· Capability signalling method (per UE, per CC)

· CRS Assistance information 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 in R4-156406 on the applicability of CRS assistance information be reused instead of Rel-11 (i.e. support SCell signalling, applicable to all subframes)?
2. Reference IM Receiver Structures

2.1 Contributions list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.4.2
	R4-156984
	Discussion
	Reference IM receiver structures for LTE DL Control Channels IM
	Intel Corporation

	7.4.2
	R4-157337
	Discussion
	Complexity analysis on various reference receiver options
	Samsung

	7.4.2
	R4-157394
	Discussion
	Discussion on reference receiver structure for control IM
	LG Electronics Inc.

	7.4.2
	R4-157499
	Discussion
	Discussion on reference IM receiver for DLCCH-IM
	ZTE

	7.4.2
	R4-157552
	Discussion
	Discussions on candidate receivers using EIRC for synchronous network for PDCCH/PCFICH/PHICH
	Ericsson

	7.4.2
	R4-157677
	Discussion
	Discussion and evaluation on the E-IRC receiver for PDCCH demodulation
	Huawei, HiSilicon

	7.4.2
	R4-157678
	Discussion
	Discussion and evaluation on the IRC receiver for PDCCH demodulation
	Huawei, HiSilicon

	7.4.2
	R4-157946
	Discussion
	Discussion on reference receiver for Control Channel IM
	Qualcomm Incorporated


2.2 Summary of proposals

	Company
	List of proposals

	Intel
(R4-156984)
	Proposal #1: 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 #2:
Use the following E-LMMSE-IRC receiver assumptions:

· E-LMMSE-IRC Type 2 for the Colliding CRS scenarios and Non-colliding CRS scenarios for OFDM symbols without CRS.

· E-LMMSE-IRC Type 1 for the Non-colliding CRS scenario first OFDM symbol.

Proposal #3:
The E-LMMSE-IRC performance requirements are defined under assumption that UE does not make interferer presence and power offset blind detection and interference covariance is reconstructed for the case of 100% interferer presence and 0 dB power boosting.

Proposal #4:
Define the performance requirements for the CFI = 1. FFS whether to introduce requirements for the CFI > 1 case and whether the minimum requirements mandate interferer PCFICH detection.

Proposal #5:
CRS-AssistanceInfo is used to trigger E-LMMSE-IRC and CRS-IC operation. In case CRS-AssistanceInfo is not provided, UE can fallback to the LMMSE-IRC and is not expected to make blind detection of the CRS Assistance information.

Proposal #6:
Define the minimum E-LMMSE-IRC + CRS-IC control channel demodulation performance requirements under assumption of using single interferer cell IS/IC.

Proposal #7:
4RX UEs are required to pass the 2RX UEs test cases.

	Samsung
(R4-157337)
	Observation 1: IRC processing over 1 RE acknowledges interference structure up to the level of currently defined PDSCH IRC. 
Observation 2: IRC processing over 2RE’s imposes significant burden for UE demod processing while its performance benefit is questionable at best.
Observation 3: IRC processing over 3RE’s imposes significant burden for UE demod processing while its performance benefit is questionable at best.
Observation 4: There is no clear way to realize EMMSE-IRC in non-colliding CRS case, and benefit would likely decrease further compared with colliding CRS case. Non-uniform serving CCH power boosting can also affect EMMSE-IRC performance. 
Proposal 1: RAN4 considers IRC processing over 1 RE as reference structure. If significant performance gain can be expected in the actual deployment scenarios, then IRC processing over 2 RE’s may be considered with additional capability signalling.
Proposal 2: RAN4 should not consider IRC processing over 3 or more RE’s as reference structure. EMMSE-IRC performance benefit needs to be verified in non-colliding CRS case when non-uniform serving CCH power boosting is present.

	LGE
(R4-157394)
	Proposal 1: Do dot introduce UE blind detection of interference control and data channel related parameters for control channel IM.

Observation 1: E-LMMSE-IRC receiver can only be applied for the 1st symbol.

Observation 2: LMMSE-IRC receiver has 1~2.3dB gain for PCFICH, 1.6~2.6dB gain for PHICH, and 1.2~2.3dB gain for PDCCH. E-LMMSE-IRC receiver has 2~5.4dB gain for PCFICH, 3.1~6dB gain for PHICH, and 1.3~2.7dB gain for PDCCH.

Observation 3: The large performance improvement for PCFICH - is superfluous. 

Observation 4: PDCCH performance improvement using E-LMMSE-IRC is limited.

Observation 5: The performance improvement by E-LMMSE-IRC receiver can only be observed in high INR condition.

Observation 6: For one symbol decoding processing, E-LMMSE-IRC receiver introduces high complexity for UE implementation perspective.

Observation 7: E-LMMSE-IRC receiver introduces additional power consumption during connected DRX. 

Proposal 2: LMMSE-IRC receiver should be considered as reference receiver for control channel IM.

	ZTE
(R4-157499)
	Proposal 1: EMMSE-IRC receiver with CRS-IC is used as reference IM receiver for DLCCH-IM.
Proposal 2: The number of co-processed REs for covariance matrix estimation of EMMSE-IRC receiver is two.
Proposal 3: The interferer control region duration is CFI = 2.
Proposal 4: Considering modeling interferer power boosting and partial loading case when defining performance requirements for DLCCH-IM.
Proposal 5: Blind detection of interferer power boosting and loading is up to UE implementation.
Proposal 6: Fallback to MRC when under noise limited scenarios.

	Ericsson
(R4-157552)
	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.
Proposal 2: EIRC2 with and without CRS-IC can be used under synchronous network for PHICH.
Proposal 3: Apply iterative channel estimation in order to further improve the performance of using E-IRC for colliding CRS under synchronous network.

	Huawei
(R4-157677)
	Proposal 1: It’s suggested for RAN4 to adopt the following assumptions for PDCCH EIRC receiver:
· 2 co-processed RE for colliding symbol 0 and other symbols; 3 co-processed RE for non-colliding symbol 0

· The PDCCH region duration is assumed to be dynamically obtained from neighbour cell PCFICH detection

· CCE-level power boosting and partial loading with continuous values of power values 

· Blind detections are assumed for power boosting, loading and CFI 

Observation 1: EIRC receive could provide significant performance gain than MRC receiver, and There are sufficient gains for UE to perform blind detection on power boosting and partial loading.

	Huawei
(R4-157678)
	Observation 1: MMSE-IRC without CRS-IC for PCFICH/PDCCH reception is not out-of-scope based on the description on Objective in RP-151107.

Observation 2: It’s questionable for PDCCH MMSE-IRC receiver to achieve significant and robustness performance than legacy receiver.

Observation 3: Technically, RAN4 should follow the proposed working plan for PDCCH-IRC receiver, if some requirements should be specified.
Observation 4: The PDCCH MMSE-IRC receiver could provide marginal performance gain, and meanwhile show some robustness issues.
Proposal 1: Don’t discuss the receiver of MMSE-IRC without CRS-IC in this WI.

	Qualcomm
(R4-157946)
	Observation 1: LMMSE-IRC receiver is widely applicable and operates under a small number of assumptions compared to E-LMMSE-IRC receiver. In absence of blind detection (or network assistance) of neighbour’s PCFICH, the scope of applying E-LMMSE-IRC is limited to CCEs which fall in the first OFDM symbol.
Observation 2a: From UE’s perspective significant improvement in reliability of control channel does not directly imply increase in link-layer throughput, as it is more likely that decoding PDSCH will be a bottleneck compared to decoding PDCCH. 

Observation 2b: In absence of blind detection (or network assistance) of neighbour’s PCFICH, E-LMMSE-IRC receiver will be limited to interference mitigation in first OFDM symbol. Hence, even from a network’s perspective, the probability that E-LMMSE-IRC receiver will reduce overall control overhead is low. 

Observation 3: E-LMMSE-IRC receiver is significantly more complex to implement compared to LMMSE-IRC receiver. Furthermore, UE needs to implement both E-LMMSE-IRC and LMMSE-IRC receiver to handle the case of CFI>1. 
Proposal 1: LMMSE-IRC receiver should be considered as the baseline receiver for control channel interference mitigation.


2.3 Discussion
IM receiver structures for PDCCH/PCFICH/PHICH in synchronous networks
· Candidate receiver structures
· Option 1: LMMSE-IRC 

· Option 2: LMMSE-IRC + CRS-IC

· Option 3: E-LMMSE-IRC

· Option 4: E-LMMSE-IRC + CRS-IC 

· Should same or different receiver structures be applied for PDCCH/PCFICH/PHICH?

· Should same or different receiver structures be used for Colliding and Non-Colliding CRS scenarios?
· Should separate UE capabilities be defined for different receiver structures?
· Note: Work on the E-LMMSE-IRC is prioritized based on the WID

QC: Have concerns on the complexity of E-LMMSE-IRC and lack of system-level benefits. Should use LMMSE-IRC.

Ericsson: In the WI motivation paper system-level gains were justified. Concerns should have been raised in the plenary. RAN4 needs to define performance requirements. Some companies provided complexity analysis. Have not seen such analysis from Qualcomm. Many companies show gains for E-LMMSE-IRC. 

LGE: Support QC’s comment. E-LMMSE-IRC has gains for the High INR conditions and the gains for Medium INR are not that big. High INR is specific to NAICS only.

E///: Should not couple with NAICS. We just reuse NAICS profiles. 

Huawei: RAN plenary decision confirmed the feasibility of system-level benefits. Would like to proceed with E-LMSE-IRC.

ZTE: Companies which have concerns on the system-level gains should bring more technical justification for this. Complexity is increased, but it is acceptable.

E///: E-LMMSE-IRC is feasible from the performance and complexity perspectives.

HW: Suggest to remove Option 1 (LMMSE-IRC) and Option 3 (E-LMMSE-IRC)
Ad-hoc chair: One possible solution is to define different capabilities for E-LMMSE-IRC and LMMSE-IRC

QC: it is not clear what would network do with this UE capabilities information

E///: UE capabilities signalling is needed and NW could adjust AL and power level to adjust control channel performance. Should not discuss separate capabilities now. Can proceed with multiple options.
Ad-hoc chair: What is the criteria for receiver downselection? 

E///: Sufficient gain
QC: Complexity, robustness
Agreements:

· Candidate receiver structures for PDCCH/PCFICH/PHICH in synchronous networks
· Option 1: LMMSE-IRC + CRS-IC

· Option 2: E-LMMSE-IRC 

· Option 3: E-LMMSE-IRC + CRS-IC 

· Potential criteria for selection: Performance gains, Complexity, Robustness
E-LMMSE-IRC receiver structure assu,ptioms
· Number of co-processed REs:
· Option 1: 1 RE for colliding and non-colliding CRS case

· Option 2: 2 REs for colliding CRS symbols #0,#1, #2 and non-colliding CRS symbols #1 and #2; 1 RE for non-colliding CRS case symbol #0.
· Option 3: 2 REs for colliding CRS symbols #0,#1, #2 and non-colliding CRS symbols #1 and #2; 3 REs for non-colliding CRS case symbol #0.
E///: Should also consider CRS-IC. If we use CRS-IC then Option 2 is fine to be used as baseline. Do not preclude other options.
Agreement: 
Number of co-processed REs for E-LMMSE-IRC is:

Option 1 

Colliding CRS: 2 REs for symbols #0, #1, #2 
Non-colliding CRS: 2 REs for symbols #1 and #2; 1 RE for symbol #0. 
Option 2 (for evaluation purpose): 

1 REs for both colliding and non-colliding CRS scenarios
· Can E-LMMSE-IRC receiver be applied without CRS-AssistanceInfo?

· Option 1: E-LMMSE-IRC receiver is used only when CRS-AssistanceInfo is provided
· Option 2: E-LMMSE-IRC receiver can be applied without CRS-AssistanceInfo
Huawei: Same issue as for CRS-IM. Requirements should be defined with CRS-AssistanceInfo provided

Possible agreement: The E-LMMSE-IRC and/or CRS-IC requirements are defined under assumption the CRS-AssistanceInfo is provided.
E///: Prefer to keep FFS. Should provide analysis (e.g. E-LMMSE-IRC with 1 RE may not require assistance). Enhanced control channel receiver should not be coupled with CRS-IM feature.
Conclusion: No consensus
· Assumptions on interferer PDCCH region duration
· Option 1: Blind detection of the interferer PDCCH region duration (CFI decoding)
· Option 2: Conservative processing under assumption of one symbol control region duration in interference cells

· Option 3: Up to UE implementation. Requirements are defined for CFI = 1.
QC: What is the motivation to use CFI = 1?

Intel: This is a compromise solution to leave this issue up to UE implementation.

HW: Prefer Option 1. PCFICH detection is feasible.

ZTE: Prefer Option 1.

LGE: Prefer Option 2. Do not agree with CFI – 1 scenario
QC: Do not agree with Options 1-3. 

Ad-hoc chair: What is the exact proposed method to solve the issue?


QC: No detailed solution.
MediaTek: Prefer to keep this open till next meeting.

Possible agreement #1: Requirements are defined for CFIS = CFII =2. Blind detection of the interferer PDCCH region duration is up to UE implementation.
Possible agreement #2: Requirements are defined at least for CFIS = CFII = 1. FFS whether to introduce requirements for CFI > 1.

Conclusion: No consensus.
· 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.
Huawei: Blind detection is feasible. Fine with Option 1. Test case should not penalize UE which makes blind detection.

Ericsson: Option 1.

Agreement: For the definition of the minimum performance requirements 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. Blind detection of the interferer signal power boosting and presence is up to UE implementation and not precluded by the test cases.
· Should UE make interferer PBCH blind detection?
Number of receive antennas at the UE

· Focus on 2 RX UEs

· Further discuss applicability to 4 RX UEs

Agreement: Define test cases for the 2RX antennas UEs only.

Receiver fallback

· Is any fallback needed? What’s the condition UE would fallback?

· Fallback receiver structure

· LMMSE-IRC
· LMMSE-MRC
QC: LMMSE-MRC

E///, HW: Fallback definition is not clear.

Agreement: UE operation in the noise-limited conditions will be verified by the legacy test case(s). No additional test cases in noise-limited conditions will be defined for the enhanced DL control channel receivers.

3. Scenarios, interference models and link-level evaluation assumptions

3.1 Contributions list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.4.3
	R4-156985
	Discussion
	Scenarios, interference models and link-level simulation assumptions for LTE DL Control Channels IM
	Intel Corporation

	7.4.3
	R4-157498
	Discussion
	Link level simulation assumptions for DLCCH-IM
	ZTE

	7.4.3
	R4-157500
	Discussion
	Discussion on interference modelling for DLCCH-IM
	ZTE

	7.4.2
	R4-157553
	Discussion
	Proposals on interference model for PDCCH/PCFICH/PHICH for synchronous network
	Ericsson

	7.4.2
	R4-157554
	Discussion
	Performance results with candidate receivers for ePDCCH and interference model
	Ericsson

	7.4.3
	R4-157555
	Discussion
	Discussions on candidate receivers using IRC for asynchronous network for PDCCH/PCFICH/PHICH and interference model
	Ericsson

	7.4.3
	R4-157676
	Discussion
	Discussion on interference modelling and simulation assumptions for downlink CCH-IM
	Huawei, HiSilicon


3.2 Summary of proposals

	Company
	List of proposals

	Intel
(R4-156985)
	Proposal #1:
Define enhanced DL Control channel performance requirements for both synchronous and asynchronous networks.

Proposal #2:
Reuse NAICS scenario 1, 40% RU, Low geometry interference profiles for the dominant interferers modelling for the Control channel IM studies

· 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

Proposal #3:
Use High INR profile to define minimum performance requirements for the performance gain test cases.
Proposal #4:
Use Cell ID patterns (0/6/1) and (0/1/6) for the colliding and non-colliding CRS scenarios, respectively.
Proposal #5:
Use 2x2 antennas configuration with low correlation and 2 CRS APs for all DL Control channel IM test cases
Proposal #6:
Define the test cases at least for the serving and interference cell CFI = 1. FFS whether additional scenarios should be considered.
Proposal #7:
Use the following PDCCH/PHICH/PCFICH interference model

· PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.

· Partial PDCCH/PHICH interference loading model with non-uniform power offsets is used.

Proposal #8:
Use partial PDSCH interference loading model. Combine verification of the EPDCCH LMMSE-IRC and CRS-IC functionality in one test case.

Proposal #9:
Interferer time and frequency offset model for synchronous networks: Reuse Rel-12 NAICS assumptions for performance gain test cases (Interference cell #1 – 2us, 200Hz, Interference cell #2 – 3us, 300Hz)
Proposal #10:
Interference model for asynchronous network scenarios: 1/3 and 2/3 subframes as timing offset for the 2 NCs. Interference cells have full PDSCH and PDCCH loading.

	ZTE
(R4-157498,

R4-157500)
	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.

	Ericsson
(R4-157553)
	Proposal 1: Keep 2 NCs modelled with 1 NC interference mitigated for PCFICH/PDCCH/PHICH under synchronous network using E-IRC receivers.
Proposal 2: Keep same timing and frequency offsets from NAICS scenarios on 2 NCs on control channels interference mitigation WI for synchronous network.
Proposal 3: Only consider aligned CFI case for E-LMMSE-IRC receiver under synchronous network. FFS for non-aligned CFI case with receiver type TBD.
Proposal 4: 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 5: Explicitly model PHICH with NG=1/6 on both SC and NCs.

Proposal 6: Consider full load on NCs on control channels by reusing NAICS test configuration.
Proposal 7: Consider partial load on NCs on control channels at least for non-colliding CRS case, 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. 50% load means 50% PDCCH on both NCs and PCFICH is always presented together with CRS on both NCs.
Proposal 9: Consider partial load with 50% load on both NCs together with power level randomly chosen from {-3, 0, 3dB} using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity changing for each subframe.

Proposal 10: Take Table 1 as interference model for PCFICH/PDCCH/PHICH under synchronous network.
Table 1 Interference model for PCFICH/PDCCH/PHICH for synchronous network

Synchronous network

Interference profile

NAICS high INR with 2 NCs modelled and 1 NC considered mitigated in E-MMSE-IRC receiver

Time offset

2, 3us for 2 NCs

Frequency offset

200, 300Hz for 2 NCs

CFI

Aligned CFI with CFI=2 for colliding CRS and CFI=1 for non-colliding CRS 

NC model

Random interference model with TM9 from NAICS

NC PDCCH model

Option 1: Full load reusing NAICS interference model on control regions

Option 2: Partial load with 50% load on both NCs together with power level randomly chosen from {-3, 0, 3dB} using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity
NC PHICH model

Explicitly modelled with NG=1/6 for both SC and NCs



	Ericsson
(R4-157554)
	Proposal 1: Both distributed and localized with colliding and non-colliding CRS under full NC loads with synchronous network should be considered for ePDCCH with MMSE-IRC, with sufficient gain observed.
Proposal 2: Both distributed and localized with non-colliding CRS under zero NC loads with synchronous network should be considered for ePDCCH with MMSE-IRC+CRS-IC, with sufficient gain observed.
Proposal 3: Both distributed and localized with non-colliding CRS under full NC loads with asynchronous network should be considered for ePDCCH with MMSE-IRC, with sufficient gain observed.
Proposal 4: Reuse NAICS TM9 random interference model for ePDCCH tests for both synchronous and asynchronous network.
Proposal 5: Change the agreement on CFI and keep the CFI number from the existing tests with CFI reusing CFI=2 for distributed tests and CFI=1 for localized tests for synchronous network.
Proposal 6: Confirm NAICS profile as high INR with 2 NCs modelled and 2NCs considered in MMSE-IRC receiver to be used in the test configuration.
Proposal 7: Confirm timing offsets as 1/3 and 2/3ms for the 1st and 2nd NCs for asynchronous network to be used in the test configuration.
Proposal 8: Test list is listed in Table 1 and interference model for ePDCCH in Table 2 (from R4-157554).
Proposal 9: For CC-IM capable UE the legacy ePDCCH tests defined without interference modelled could be skipped once the new tests defined with interference modelled are executed.

	Ericsson
(R4-157555)
	Proposal 1: Non-colliding CRS under full NC loads with asynchronous network should be considered for PCFICH/PDCCH with MMSE-IRC, with sufficient gain observed.

Proposal 2: Interference model is proposed as in Table 1 with Type A receiver TM3 interference model on NCs and the interference changes modulation, PMI, RI per subband.

Proposal 3: Test list is listed for PCFICH/PDCCH and PHICH in Table 2 and 3.

	Huawei
(R4-157676)
	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. 


3.3 Discussion
· Interference power profiles to define performance requirements.
· Option 1: Rel-12 NAICS WI for Scenario 1, Low SINR, 40% RU, High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB)
· Interference CRS pattern

· 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)

· Antenna configuration and number of CRS APs

· Option 1: 2x2 antenna configuration with low correlation, 2 CRS APs
· Interference model for synchronous networks
· 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

· Serving and interference cell CFI value

· Option 1: CFIS = 1, CFII = 1
· Option 2: CFIS = 2, CFII = 1, 2, 3
· Option 3: CFIS = 2, CFII = 2
· Should parameters be same for all scenarios?

· Control region duration in the serving and interference cells for EPDCCH
· Last meeting agreement
· Aligned control regions in the serving and interference cells

· Serving and interference cell CFI value is 3

· Should CFI be modified to align with the legacy EPDCCH FRCs? (“Change the agreement on CFI and keep the CFI number from the existing tests with CFI reusing CFI=2 for distributed tests and CFI=1 for localized tests for synchronous network”)
· PDCCH/PDCCH/PHICH interference model 
· PDCCH interference model:

· 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 model: 

· Option 1: Explicitly modelled

· Option 2: Not modelled
· PDCCH/PHICH/PCFICH interference loading model

· Option 1: Full load reusing NAICS interference model on control regions
· Option 2: Consider partial load (50%, 75% load)
· PDCCH/PHICH/PCFICH interference power boosting model

· Option 1: No power boosting modelled

· Option 2: Random uniform distribution of power boosting from subset of values 

· -3 dB, 0 dB, 3dB 

· 0dB, 3dB
· Option 2: Random uniform distribution of power boosting from a range of values (form -6 dB to 6 dB)

· Interference model for EPDCCH (for synchronous networks)
· Option 1: PDSCH interference

· Full or partial loading

· Reuse the PDSCH interference modelling of type-A receiver
· Reuse NAICS TM9 random interference model
· Option 2: No interference (i.e. no co-channel PDSCH, EPDCCH transmissions)

· Time and frequency offset model (for synchronous networks)
· Option 1: Reuse Rel-12 NAICS assumptions for performance gain test cases (i.e. Interference cell #1 – 2us, 200Hz, Interference cell #2 – 3us, 300Hz)
· 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).

· Other parameters
· Parameters for the PDCCH/PCFICH/PHICH/EPDCCH modelling
· PDCCH: AL, power boosting, DCI format

· PHICH: Number of PHICH groups, PHICH duration, PHICH FRC (User roles, Resource allocation, Power offsets, Payload)
· EPDCCH: AL, Distributed or Localized mode, DCI format, EPDCCH sets parameters, EPDCCH subframe pattern, EPDCCH starting symbol

· Channel model (EPA5, EVA5, EVA70)

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

	7.4.4
	R4-156986
	Discussion
	Simulation results for LTE DL Control Channels IM
	Intel Corporation

	7.4.4
	R4-157397
	Discussion
	Performance evaluation for control IM
	LG Electronics Inc.


4.2 Summary of proposals

	Company
	List of proposals/observations

	Intel
(R4-156986)
	Observations #1 (PDCCH):

· Synchronous networks

· LMMSE-IRC receivers provide noticeable performance improvement over LMMSE-MRC receivers in all investigated scenarios. Depending on the scenario the gains vary from 0 dB to 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 6 - 7 dB.
· Colliding CRS scenario:
· 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 scenario:

· For scenarios with CFI=1, LMMSE-IRC + CRS-IC and E-LMMSE-IRC + CRS-IC receivers have approximately same performance. In scenarios with CFI=3 E-LMMSE-IRC + CRS-IC receivers provide performance improvement over LMMSE-IRC + CRS-IC receiver (up to 3 dB)
· CRS-IC provides relatively small performance gains on top of the LMMSE-IRC and E-LMMSE-IRC receivers for the scenarios with CFI = 3, except 0% interference loading case. For the CFI = 1 case, CRS-IC provides strong additional performance improvement (up to 6 dB for LMMSE-IRC, up to 4 dB for E-LMMSE-IRC).
· Enhanced IS/IC receivers allow achieving performance improvement for different serving cell transmission parameters and interference environments:
· 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. However, still substantial performance gains over LMMSE-MRC are observed.

· In Scenario #4 with no dominant interferer PDCCH transmissions enhanced IS/IC receivers may also provide performance improvement vs LMMSE-MRC for the non-colliding CRS scenarios.
· Asynchronous networks

· LMMSE-IRC receivers provide noticeable performance improvement over LMMSE-MRC receivers in scenarios with asynchronous transmissions in the neighbouring cells (up to 3 dB for the High INR conditions).

Observations #2 (PCFICH):
· Synchronous networks

· 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. Gains can reached up to 6 dB.
· Using colliding CRS-IC provides rather small performance improvement over E-LMMSE-IRC in all considered scenarios. The additional performance gains are up to 1.5 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 + CRS-IC receivers provide better performance than LMMSE-IRC + CRS-IC.

· Asynchronous networks

· LMMSE-IRC receivers provide noticeable performance improvement over LMMSE-MRC receivers in scenarios with asynchronous network (up to 3 dB). 
· For the High INR conditions the reliable PCFICH performance is achieved at -4 dB SINR for the legacy receiver and -6 dB for the enhanced receiver. Both test points are not testable.

· The absolute PCFICH demodulation performance is much better than the PDCCH demodulation performance and the PCFICH demodulation will not have impacts on the PDCCH demodulation performance. Therefore, using enhanced IS/IC receivers for the PCFICH processing may be not testable

Observation #3 (PHICH):

· Synchronous networks

· 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 + CRS-IC receivers provide better performance than LMMSE-IRC + CRS-IC.

· Asynchronous networks

· LMMSE-IRC receivers provide noticeable performance improvement over LMMSE-MRC receivers in scenarios with asynchronous network (up to 3 dB). 
· Under assumption of using enhanced IS/IC receivers the operating PHICH SINR point for the PHICH configuration 1 with 0 dB power offset is very low and not testable. Using PHICH configuration 2 with -4 dB power reduction allows to increase the SINR operating point and can be used for the test case definition.
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. The CRS-IC receivers provide testable gains in case of 50% PDSCH loading scenario.
· 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 4 and 8 comparing to the AL 2.

· Using enhanced IS/IC receivers shifts the operating SINR point to a low SINR regions. The following setups allow testing the enhanced receivers with SINR operating point > -3 dB:

· Synchronous Scenario #1 (full load): AL 2 + Localized EPDCCH, AL 4 + Distributed EPDCCH
· Synchronous Scenario #2 (50% load): AL 2 + Localized EPDCCH

· Synchronous Scenario #3 (0% load): NA
· Asynchronous scenario: AL 2/8 + Localized EPDCCH, AL 4 + Distributed EPDCCH

	LGE
(R4-157397)
	CFI [Serving interference] = [1 1 1], 2CCE, no power boosting, 100% PDCCH interference loading
· Observation 1: In high INR condition, performance improvement of E-LMMSE-IRC receiver is over 3dB in comparison LMMSE-IRC receiver for all control channels.

· Observation 2: In medium INR condition, the performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is about 1~1.5dB for all control channels.

· Observation 3: Depending on INR condition, the gain of E-LMMSE-IRC receiver has large fluctuation.

CFI [Serving interference] = [1 1 1], 2CCE, no power boosting, 50% PDCCH interference loading
· Observation 4: The performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is about 2.2~2.5dB in high INR condition and 0.6~1.2dB in medium INR condition for all control channels.

· Observation 5: Comparing zero power boosting, the performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is decreased about 1dB in high INR condition.

CFI [Serving interference] = [3 1 1], 2CCE, no power boosting, 100% PDCCH interference loading
· Observation 6: In high INR condition, PDCCH performance of E-LMMSE-IRC receiver has 0.5dB gain in comparison with LMMSE-IRC receiver since only the 1st symbol of PDCCH is applied by E-LMMSE-IRC and LMMSE-IRC is used for the 2nd / 3rd symbols. 

· Observation 7: In medium INR condition, the performance of LMMSE-IRC and E-LMMSE-IRC receivers is similar.

CFI [Serving interference] = [3 1 1], 2CCE, 3dB power boosting, 100% PDCCH interference loading
· Observation 8: For PCFICH and PHIC performance, the performance gap between E-LMMSE-IRC and LMMSE-IRC receivers is reduced about 0.6~1dB in comparison the performance gap with zero power boosting of interfering control channel.


5. UE Demodulation requirements and test cases

5.1 Contributions list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.4.5
	R4-156987
	Discussion
	UE demodulation requirements for LTE DL Control Channels IM
	Intel Corporation


5.2 Summary of proposals

	Company
	List of proposals/observations

	Intel
(R4-156987)
	Proposal #1:
Define performance gain test cases to ensure performance benefits of enhanced IS/IC DL control channel receivers.

Proposal #2:
Do not introduce robustness test cases for enhanced IS/IC DL control channel receivers.

Proposal #3:
Agree on the general test case list in Table 1 (from R4-156987).
#

Control channel

INR

Network Type
Duplexing

CRS pattern

Type

PDCCH / PCFICH

High
Synchronous

FDD

Colliding

Gain

Non-Colliding

Gain

TDD

Colliding

Gain

Non-Colliding

Gain

Asynchronous

FDD

NA

Gain

PHICH

High
Synchronous

FDD

Colliding

Gain

Non-Colliding

Gain

TDD

Colliding

Gain

Non-Colliding

Gain

Asynchronous

FDD

NA

Gain

EPDCCH

High
Synchronous

FDD

Non-Colliding

Gain

TDD

Non-Colliding

Gain

Asynchronous

FDD

NA

Gain




5.3 Discussion

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

· Robustness test cases

· Set of test cases for the link-level simulations performance alignment in the next meeting
6. Main session agreements summary (for information)
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