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1. General
1.1 Contributions list
	Agenda
	Tdoc
	Type
	Title
	Source

	6.4.1
	R4-160454
	Discussion
	Discussion on UE and Network Operation for Control Channel IM
	LG Electronics Inc.

	6.4.1
	R4-161109
	Discussion
	LTE DL Control Channels IM: UE capabilities and CRS-Assistance signalling
	Intel Corporation


1.2 Summary of proposals
	Company
	List of proposals

	LGE
(R4-160454)
	Proposal 1: When UE which has CCIM capability switches over C-DRX mode,

· UE operation: CCIM receiver should fallback to MRC receiver.

· Network operation: PDCCH should be scheduled by consideration of baseline MRC receiver performance even if UE has CCIM receiver capability
Proposal 2 : To prevent control channel decoding problem due to mismatch between UE and eNB awareness for synchronous and asynchronous networks,

· Alt1: additional signaling for synchronous or asynchronous network from UE side should be considered.

· Alt2: One CCIM reference receiver for both synchronous and asynchronous networks should be considered. 

	Intel
(R4-161109)
	Proposal #1:
UE capabilities signalling should be introduced for DL Control Channel IM.
Proposal #2:
A single UE capability should be defined for all DL control channels.
Proposal #3:
Do not define separate UE capabilities for different DL Control Channel IM receiver structures
Proposal #4:
Further discuss whether per UE or per CC UE capability signalling should be introduced
Proposal #5:
Introduce DL Control Channel IM performance requirements for the single carrier case
Proposal #6:
CRS-AssistanceInfo is expected to be provided for all candidate DL Control Channel IM receiver structures under synchronous network scenarios
Proposal #7:
Inform the RAN2 WG on the RAN4 agreements on the CRS Assistance signalling for the DL Control Channels IM.



1.3 Discussion
· UE capabilities
· Is UE capabilities signalling needed?
· Option 1: Needed

· Should UE capabilities be defined per each DL control channel or jointly for all control channels?
· Option 1: Single UE capability should be defined for all DL control channels
· Should separate UE capabilities be defined for different receiver structures?

· Option 1: Do not define separate UE capabilities for different DL Control Channel IM receiver structures
· Capability signalling method

· Option 1: per UE

· Option 2: per CC
· DL Control channel IM and CA
· Option 1: Define requirements for the single carrier case only

· CRS Assistance applicability

· Option 1: CRS-AssistanceInfo is expected to be provided for all candidate DL Control Channel IM receiver structures under synchronous network scenarios
· Should RAN4 send an LS to the RAN2 WG on the RAN4 agreements on the CRS Assistance signalling for the DL Control Channels IM?

· DL Control Channel IM for Connected DRX mode

· Option 1: CCIM receiver should fallback to MRC receiver. PDCCH should be scheduled by consideration of baseline MRC receiver performance even if UE has CCIM receiver capability
· Mismatch between UE and eNB awareness for synchronous and asynchronous networks
· Is there any control channel decoding problem due to mismatch between UE and eNB awareness for synchronous and asynchronous networks?
· Potential solutions to solve the problem (if identified)
· Option 1: Additional signaling for synchronous or asynchronous network from UE side should be considered.

· Option 2: One CCIM reference receiver for both synchronous and asynchronous networks should be considered.
2. Reference IM Receiver Structures

2.1 Contributions list
	Agenda
	Tdoc
	Type
	Title
	Source

	6.4.2
	R4-160127
	Discussion
	LTE DL Control Channels IM: Reference IM receiver structures
	Intel Corporation

	6.4.2
	R4-160453
	Discussion
	Discussion on reference receiver for control channel IM
	LG Electronics Inc.

	6.4.2
	R4-160481
	Discussion
	Discussion on reference IM receiver for DLCCH-IM
	ZTE

	6.4.2
	R4-160755
	Discussion
	Discussion and evaluation on the reference receiver for PDCCH demodulation
	Huawei, HiSilicon

	6.4.2
	R4-160995
	Discussion
	Discussion on reference receiver structures for Control Channel Interference Mitigation
	Qualcomm Incorporated


2.2 Summary of proposals

	Company
	List of proposals

	Intel
(R4-160127)
	Proposal #1:
Use E-LMMSE-IRC + CRS-IC reference IM receiver structure for PDCCH/PCFICH/PHICH in synchronous networks.
Proposal #2:
Use E-LMMSE-IRC Type 2 receivers with 2 co-processed REs for the Colliding CRS scenarios and Non-colliding CRS scenarios for OFDM symbols without CRS.
Proposal #3:
Define the performance requirements for the CFIS = 1. FFS whether to introduce requirements for the CFIS > 1 case and E-LMMSE-IRC with Blind detection of the interferer PDCCH region duration.

	LGE
(R4-160453)
	Observation 1: High performance gain for EIRC receiver can be achieved only under all of the following conditions:
· High INR
· Colliding CRS
· Serving cell CFI is 1. 
Observation 2: IRC receiver has reasonable performance gain in comparison with MRC receiver in most scenarios. 
Observation 3: The additional complex multiplication of IRC+CRS-IC receiver is required almost 9.8 times comparing with baseline MRC receiver.
Observation 4: The additional complex multiplication of full size FFT based EIRC+CRSIC receiver is dramatically increased.
Observation 5: Even if using reduce size FFT based CRS-IC operation is used for EIRC+CRSIC receiver, it is additionally required 17.6 times in comparison with MRC receiver.
Proposal 1: IRC receiver should be considered for CCIM reference receiver, and conditionally EIRC receiver could be considered when the UE has NAICS capability.

	ZTE
(R4-160481)
	Observation 1: E-LMMSE-IRC receivers provide substantial improvement on top of the LMMSE-IRC receivers, especially for the high INR conditions. CRS-IC also brings some gains.

Proposal 1: EMMSE-IRC receiver with CRS-IC is used as reference IM receiver for DLCCH-IM.
Observation 2: Option 1 has about 2dB gains and 1 dB gains than Option 2 respectively in colliding CRS scenarios and non-colliding CRS scenarios.

Proposal #2:
Regarding the number of co-processed REs for E-LMMSE-IRC, Option 1is used.
Observation 3: Blind CFI decoding brings significant gains with slight complexity. Conservative processing would cause big performance loss.

Proposal 3: Blind detection of interferer CFI is assumed.

Proposal 4: CRS-AssistanceInfo is needed for the E-LMMSE-IRC Type 1 receivers (with 1 RE processing), but don’t consider defining performance requirements only based on the E-LMMSE-IRC Type 1reference receiver.

	Huawei
(R4-160755)
	Proposal 1: Use E-LMMSE-IRC + CRS-IC as IM receiver structure for PDCCH/PCFICH/PHICH
Proposal 2: Blind detection of the interferer PDCCH region is assumed for E-LMMSE-IRC receiver.
Proposal 3: CRS assistance information is available for PDCCH/PCFICH/PHICH reference IM receivers.

	Qualcomm
(R4-160995)
	Proposal 1: MMSE-IRC + CRS-IC should be considered as the reference receiver for PDCCH/PCFICH/PHICH for non-colliding CRS scenario. Performance requirement should be accordingly set.
Proposal 2: MMSE-IRC + CRS-IC should be considered as the reference receiver for PDCCH/PCFICH/PHICH for colliding CRS scenario. Performance requirement should be accordingly set. 

Proposal 3:  MMSE-IRC receiver should be considered as the reference receiver for EPDCCH.


2.3 Discussion
IM receiver structures for PDCCH/PCFICH/PHICH in synchronous networks
· Last meeting agreements

· Candidate receiver structures
· 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. Companies are expected to provide analysis on those aspects in the next RAN4 meeting.

· Selection of receiver structures will be done in the next RAN4 meeting. The following approaches will be considered:

· Option 1: Downselect one reference IM receiver structure 

· Option 2: Select several reference receivers and define different UE capabilities for different receiver structures 
· Note: Work on the E-LMMSE-IRC is prioritized based on the WID

Discussion

Candidate receiver structures

Option 1: LMMSE-IRC + CRS-IC 

Supporting companies: QC, LGE. MTK, Samsung

Option 3: E-LMMSE-IRC + CRS-IC 

Supporting companies: E///, Huawei, ZTE, Intel

ZTE: What are the reasons to choose Option 1?

LGE: Complexity, Can further discuss it in the next meeting. 
LGE: E-LMMSE-IRC provides gains under limited set of scenarios.

QC: What are eNB assumptions for PDCCH scheduling?

MTK: When CFI is not aligned the E-LMMSE-IRC performance is close to LMMSE-IRC. So there is a robustness issue for E-LMMSE-IRC.

Intel: There is not robustness issue for E-LMMSE-IRC based on our results. E-LMMSE-IRC provides gains under multiple scenarios.
E///: Need to make decisions based on technical inputs (simulation results). Another option is to define different requirements for different receivers (i.e. different capabilities for Option 1 and Option 3)

Ad-hoc chair: Are there any results to show that LMMSE-IRC may outperform E-LMMSE-IRC or are there any robustness issues with E-LMMSE-IRC?
QC: Need to reach tradeoff between complexity and performance


Intel: The complexity is acceptable from our side. Can proceed with the E-LMMSE-IRC.
ZTE: E-LMMSE-IRC has large gains over LMMSE-IRC which justify the additional complexity. Can compromise to define different capabilities.

Intel: Lack of detailed inputs on the complexity from the proponents. The group needs to focus more on technical results to make decision.

E///: Can go with 2 sets of requirements. It will allow each UE vendor to choose to go with one or another option.
QC: Have concerns on whether the eNB can correctly capture the network gains for scenarios with CFIS > CFII
E///: 2 sets of requirements can help (i.e. different capabilities)
Possible agreement: Select several reference receivers and define different UE capabilities for different receiver structures

LGE: Prefer single receiver structure

E///: This could be the compromise solution

ZTE: Agree with proposal in order to achieve progress.

Intel: Agee. This is a compromise solution which allows UE vendors to implement the solution which is acceptable from the complexity perspective and achieve performance/complexity tradeoff.

QC: Do not see the value in defining two set of requirements

Ad hoc chair: What are the technical concerns on using separate capabilities?

QC: Not clear how eNB can take use of E-LMMSE-IRC without knowledge of neighbouring cell CFI

E///: We can use an assumption that the serving and neighbouring cells have aligned CFI (based on loading information). See benefit of using more advanced receiver from the network side.
Huawei: eNB can assume that neighbouring cell has CFI = 1 and still achieve substantial gains

Ad hoc chair: NW can use time domain filtering to perform link adaptation on the PDCCH to capture the advanced receivers gains. The E-LMMSE-IRC will have advantage over LMMSE-IRC.
Ad hoc chair: Are there any other technical concerns on the proposal?
QC: Still have concerns. Do not agree with explanations.
LGE: Have concerns on system-level gains and the real gap between LMMSE-IRC and E-LMMSE-IRC
E///: We should not repeat discussions on system-level gains. Should not preclude using more advanced receiver structures.

Summary: No consensus reached on the receiver downselection
E-LMMSE-IRC receiver structure assumptions
· Number of co-processed REs:
· 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: 

· 1 REs for both colliding and non-colliding CRS scenarios

· E-LMMSE-IRC receiver structure 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 (i.e. use E-LMMSE-IRC for symbol #0, use LMMSE-IRC for the remaining symbols)

· Option 3: Leave it up to UE implementation and define the requirements for the CFIS = 1 only.
Not discussed in the ad-hoc
3. Interference models and Link-level simulation assumptions
3.1 Contributions list
	Agenda
	Tdoc
	Type
	Title
	Source

	6.4.3
	R4-160906
	Discussion
	Evaluation on candidate receivers for synchronous network for PDCCH/PCFICH/PHICH and interference model
	Ericsson

	6.4.3
	R4-160907
	Discussion
	Evaluation on candidate receivers for asynchronous network for PDCCH/PCFICH/PHICH
	Ericsson

	6.4.3
	R4-160908
	Discussion
	Performance results with candidate receivers for ePDCCH for synchronous and asynchronous networks
	Ericsson

	6.4.3.1
	R4-160128
	Discussion
	LTE DL Control Channels IM: Interference models
	Intel Corporation

	6.4.3.1
	R4-160410
	Discussion
	Analysis on Interference from Neighboring Cell PHICH
	MediaTek Inc.

	6.4.3.1
	R4-160482
	Discussion
	Discussion on interference modelling for DLCCH-IM
	ZTE

	6.4.3.1
	R4-160756
	Discussion
	Discussion on interference modeling and simulation assumptions for downlink CCH-IM
	Huawei, HiSilicon

	6.4.3.2
	R4-160129
	Discussion
	LTE DL Control Channels IM: UE demodulation test cases and link-level simulation assumptions
	Intel Corporation


3.2 Summary of proposals

	Company
	List of proposals

	Ericsson
(R4-160906)
	Observation 1: Similar gain from different advanced receivers compared to legacy receiver for aggregation level=2 or 4 both colliding and non-colliding CRS conditions. A higher SNR can be achieved by AL=2. 

Observation 2: Up to 5dB with full load and 4dB with 50% random load can be achieved for EIRC receivers for both colliding and non-colliding CRS conditions.
Observation 3: For colliding CRS EIRC2 provides 3dB better performance than EIRC1 and MMSE-IRC receivers while EIRC1 and MMSE-IRC receivers give the same performance.
Observation 4: For non-colliding CRS EIRC3 and EIRC2 provide the best performance with or without CRS-IC. With CRS-IC it provides obvious performance improvement to MMSE-IRC receiver but not EIRC receivers.
Observation 5: With aligned CFI more gain can be achieved by EIRC receivers and with unaligned CFI still sufficient gain can be achieved by a combination of EIRC and MMSE-IRC receivers. 
Proposal 1: Define test with EIRC2 without CRS-IC for colliding CRS case and EIRC3 or EIRC2 with CRS-IC for non-colliding CRS case for PCFICH/PDCCH under synchronous network.

Proposal 2: Define test with MMSE-IRC without CRS-IC for colliding CRS case and MMSE-IRC+CRS-IC for non-colliding CRS case for PCFICH/PDCCH under synchronous network.

Proposal 3: Both full load and 50% random load can be used for interference model for PCFICH/PDCCH.

Proposal 4: Aligned CFI=3 can be used for verifying EIRC receivers and unaligned CFI=3-1 can be used for verifying MMSE-IRC+CRS-IC receivers.

	Ericsson
(R4-160907)
	Proposal 1: Non-colliding CRS under 100% or 50% NC loads with asynchronous network should be considered for PCFICH/PDCCH with MMSE-IRC, with sufficient gain observed.
Proposal 2: Non-colliding CRS under 100% or 50% NC loads with asynchronous network should be considered for PHICH with MMSE-IRC, with sufficient gain observed.

	Ericsson
(R4-160908)
	Observation 1: With different loads as 100%, 50%, 0% for synchronous network sufficient gain can be observed for proper requirements.
Observation 2: With 50% load it’s not sufficient gain between MMSE-IRC+CRS-IC and MMSE-IRC only so it’s not fulfilling the verification of CRS-IC implementation with 50% load.

Observation 3: With different loads as 100%, 50% for asynchronous network sufficient gain can be observed for proper requirements.
Proposal 1: Both distributed and localized with 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 load or 50% load with asynchronous network should be considered for ePDCCH with MMSE-IRC, with sufficient gain observed.
Proposal 4: Test list is listed in Table 1.
Table 1 Test list for ePDCCH

Test number

Bandwidth 

Localized / Distributed

Colliding CRS/ Non-dolliding CRS

Synchronous network/ Asynchronous network

W/wo CRS assistant information

Receiver type

FDD/TDD

NC load

1 

10 MHz

Distributed

Colliding

Sync

Without

MMSE-IRC

Both

100%

2

10 MHz

Distributed

Non-colliding

Sync

With

MMSE-IRC + CRS-IC

Both

0%

3

10 MHz

Distributed

Non-colliding

Async

Without

MMSE-IRC

FDD

100%/50%

4 

10 MHZ

Localized

Colliding

Sync

Without

MMSE-IRC

Both

100%

5 

10 MHZ

Localized

Non-colliding

Sync

With

MMSE-IRC + CRS-IC

Both

0%

6 

10 MHZ

Localized

Non-colliding

Async

Without

MMSE-IRC

FDD

100%/50%

Proposal 5: 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.

	Intel

(R4-160128)
	Proposal #1:
Use High INR power profile to define minimum performance requirements for the performance gain test cases (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB).

Proposal #2:
PDCCH/PCFICH/PHICH interference model for synchronous networks

· The following serving and interference cell CFI values are used

· CFIS = 1, CFII = 1

· FFS whether additional scenarios should be considered.

· Partial PDCCH/PHICH interference loading model

· Per-CCE presence and power boosting granularity

· 50 % loading level

· Random PDCCH/PHICH power boosting from -6 to 6 dB range

· PDSCH interference model

· CFIS ≤ CFII: PDSCH is emulated via OCNG

· CFIS > CFII: Reuse Rel-11 Type A receiver interference model with per-PRB partial level model. 50% loading is used.

· Confirm working assumption: PHICH interference is emulated using random QPSK-modulated symbols with the SFBC-based precoding. 

Proposal #3:
PDSCH interference model for EPDCCH tests in synchronous networks

· Per-PRB partial level model with 50% loading

· Reuse PDSCH interference parameters from Rel-11 Type A receiver requirements (test case 8.3.1.1A). The probability of occurrence of transmission rank 1, 2 is 80% and 20%, respectively.

Proposal #4:
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.

· Reuse interference model from Rel-11 Type A receiver requirements.

	MediaTek

(R4-160410)
	Observation: Using random QPSK-modulated symbols with the SFBC-based precoding cannot reflect the actual impact from neighboring cell PHICH interference, but leads to some overestimates of the actual receiver performance (at least for eIRC) in real network. 

Proposal: RAN4 to further discuss if the working assumption is kept. 

	ZTE

(R4-160482)
	Proposal 1: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) is used as interference profile to define performance requirements.

Proposal 2: Serving and interference cell CFI values are CFIS = 3, CFII = 3 .

Proposal 3: PHICH interference is modelled by using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.

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

Proposal 5: Interference presence and power boosting modeling granularity is per-REG.

Proposal 6: Reuse PDSCH interference model from Rel-11 Type A receiver requirements as the interference structure for ePDCCH.

Proposal 7: per-PRB model is used for ePDCCH and loading level is 50%.

	Huawei

(R4-160756)
	Proposal 1: Using high INR for 2CCE PDCCH requirement and medium INR for 4CCE PDCCH requirements.

Proposal 2: Using option 3 (CFIS = 3, CFII = 1) if PCIFH detection is assumed, or option 1 (CFIS = 1, CFII = 1) if PCFICH detection is not agreed.

Proposal 3: No power boosting for PDCCH/PHICH modelling

Proposal 4: Pre-CCE level PDCCH interference is used.

Proposal 5: Adopt the proposed per-CCE level PDCCH interference modelling

	Intel

(R4-160129)
	Proposal #1:
Define performance gain test cases to ensure performance benefits of DL control channel IM receivers.
Proposal #2:
Do not introduce robustness test cases for the DL control channel IM receivers.
Proposal #3:
Agree on the general DL control channel IM test case list in Table 1.
#

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

PHICH

High
Synchronous

FDD

Colliding

Gain

Non-Colliding

Gain

TDD

Colliding

Gain

Non-Colliding

Gain

EPDCCH

High
Synchronous

FDD

Non-Colliding

Gain

TDD

Non-Colliding

Gain

Asynchronous
FDD
NA
Gain




3.3 Discussion
· Interference power profiles to define performance requirements.

· Option 1: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) for all tests
· Option 2: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB) for 2CCE PDCCH, Medium INR ((I1/Noc = 7.77 dB, I2/Noc = 2.29 dB)) for 4CCE PDCCH
· PDCCH/PHICH/PCFICH interference model (synchronous networks)
· Control region duration in the serving and interference cells
· Option 1: CFIS = 1, CFII = 1

· Option 2: CFIS = 3, CFII = 1

· Option 3: CFIS = 3, CFII = 3

· PDCCH/PHICH interference loading
· Option 1: Full

· Option 2: Partial (50%)

· PDCCH/PHICH interference granularity
· Option 1: Per-REG level
· Option 2: Per-CCE level
· PDCCH/PHICH interference power boosting

· Option 1: Random from -6 to 6 dB range

· Option 2: No power boosting
· PHICH interference model: 

· Current working assumption: “PHICH interference is emulated using random QPSK-modulated symbols with the SFBC-based precoding”

· Option 1: Confirm working assumption (default)
· Option 2: PHICH is explicitly modelled

· PDSCH interference model for PDCCH
· Option 1:

· CFIS ≤ CFII: PDSCH is emulated via OCNG

· CFIS > CFII: Reuse Rel-11 Type A receiver interference model with per-PRB partial level model. 50% loading is used.

· PDSCH interference model for EPDCCH (for synchronous networks)

· PDSCH loading 

· Option 1: Full PDSCH interference model (for LMMSE-IRC verification)

· Option 2: No PDSCH interference model (for CRS-IRC verification)

· Option 3: Per-PRB partial loading interference model with 50% loading (for joint LMMSE-IRC and CRS-IRC verification)

· PDSCH transmission parameters

· Option 1: Reuse PDSCH interference parameters from Rel-11 Type A receiver requirements (test case 8.3.1.1A). The probability of occurrence of transmission rank 1, 2 is 80% and 20%, respectively.
· Interference model for asynchronous networks

· Option 1: Reuse interference model from Rel-11 Type A receiver requirements.
Not discussed in the ad-hoc
4. Simulation results
4.1 Contributions list
	Agenda
	Tdoc
	Type
	Title
	Source

	6.4.3.3
	R4-160130
	Discussion
	LTE DL Control Channels IM: Simulation results
	Intel Corporation

	6.4.3.3
	R4-160449
	Discussion
	Simulation results for control channel IM
	LG Electronics Inc.

	6.4.3.3
	R4-160480
	Discussion
	Link level simulation results for DLCCH-IM
	ZTE

	6.4.3.3
	R4-160996
	Discussion
	Simulation results for possible reference receivers for Control Channel Interference Mitigation
	Qualcomm Incorporated
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