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1. DL Control Channel IM UE Capabilities
1.1 Contributions list

	Agenda
	Tdoc
	Type
	Title
	Source

	6.3.1
	R4-161573
	Discussion
	General Issues for LTE DL Control Channel IM
	MediaTek Inc.

	6.3.1
	R4-161636
	Discussion
	LTE DL Control Channels IM: UE Capabilities
	Intel Corporation


1.2 Summary of proposals
	Company
	List of proposals

	MediaTek
(R4-161573)
	Proposal 1: One single bit as the general capability of CCIM which assumes IRC decoding for all control channels and one additional bit to indicate whether UE supports eIRC decoding on PCFICH/PDCCH/PHICH in synchronous network.

Proposal 2: Do not introduce separate CCIM capability signalling for different physical control channels.

Proposal 3: CCIM capability signal should be per CC.

	Intel
(R4-161636)
	Proposal #1: UE capabilities signalling should be introduced for the DL Control Channel IM feature.
Proposal #2: A single UE capability should be defined for different DL control channels.

Proposal #3: Type A capability is the pre-requisite capability for Type B receiver. Type B receiver should support Type A processing.

Proposal #4: Define a single capability bit for Type A (LMMSE-IRC) and Type B (E-LMMSE-IRC) based enhanced receivers. Depending on the implementation UE should pass either Type A or Type B requirements.

Proposal #5: Define CCIM UE capabilities on a per UE basis under assumption that UE is required to support feature on at least one CC.


1.3 Open questions
Question #1: Is UE capabilities signalling needed?

· Option 1: Needed

Question #2: 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

Question #3: Should separate UE capabilities be defined for different receiver structures?

· Option 1: Single capability bit for Type A (LMMSE-IRC) and Type B (E-LMMSE-IRC) receivers. Depending on the implementation UE should pass either Type A or Type B requirements.
· Option 2: One single bit as the general capability of CCIM which assumes IRC decoding for all control channels and one additional bit to indicate whether UE supports EIRC decoding.
Discussion

Intel: fine with both

Option 1: HW, LGE, QC

Option 2: ZTE, E///

Question #4: Capability signalling method

· Option 1: Per UE on at least one CC
· Option 2: Per CC


Discussion

Option 1: QC, Intel, LGE, HW, MTK (slightly prefer)

Option 2: E///
1.4 Agreements
UE capabilities signalling is needed

Single UE capability should be defined for all DL control channels

Will continue discussion this week
2. Reference IM Receiver Structures
2.1 Contributions list

	Agenda
	Tdoc
	Type
	Title
	Source

	6.3.1
	R4-161933
	Discussion
	Discussion on UE Behavior in C-DRX for Control Channel IM
	LG Electronics Inc.

	6.3.1
	R4-161934
	Discussion
	WF on CCIM UE Behavior during C-DRX
	LG Electronics Inc.

	6.3.1
	R4-161980
	Discussion
	Discussion on UE and network cooperation
	Huawei, HiSilicon

	6.3.2
	R4-161637
	Discussion
	LTE DL Control Channels IM: Reference IM receiver structures
	Intel Corporation

	6.3.2
	R4-161982
	Discussion
	Discussion on reference receiver in asynchronous network
	Huawei, HiSilicon

	6.3.2
	R4-162193
	Discussion
	Discussions and evaluation on candidate receivers for asynchronous network for PDCCH/PCFICH/PHICH
	Ericsson


2.2 Summary of proposals

	Company
	List of proposals

	MediaTek
(R4-161573)
	Proposal 4: UE should be allowed to fall back to MRC in connected DRX mode.

	LGE
(R4-161933, R4-161934)
	Proposal 1: When UE which has CCIM capability switches over C-DRX mode for power saving, CCIM receiver should be allowed fallback to baseline receiver as its behavior during OnDuration.

	Huawei, HiSilicon
(R4-161980)
	· There is no need to mandate both BS and UE behavior to support control channel IM in OnDuration period in DRX for connected mode.

· There is no need to specify the UE control channel IM demodulation performance requirement in OnDuration period in DRX for connected mode.

	Intel
(R4-161637)
	Proposal 1: UEs with Type B CCIM receivers are expected to support Type A receive processing for the test scenarios where Type B requirements are not defined.

Proposal 2: Use Type A LMMSE-IRC receiver as the reference PDCCH/PCFICH/PHICH IM receiver under asynchronous network scenarios.

Proposal 3: Further discuss PDCCH/ PHICH reference IM receiver assumptions in terms of the PDSCH interference handling.

Proposal 4: eNB is expected to take into account possible CCIM receiver fallback under C-DRX operation.

	Huawei,

HiSilicon
(R4-161982)
	Proposal 1: The steps should be followed to evaluate the reference IM receiver structure for PDCCH/PCFICH/PHICH in asynchronous network.

· Identify the reference receiver

· Identify the scenarios

· Evaluate the performance and robustness to verify the feasibility of the identified receiver in identified scenario

Proposal 2: The identified reference receivers for DL IM in asynchronous network could be:

· MMSE-IRC receiver

· Time-domain CRS-IC

Proposal 3: reference receiver of MSE-IRC receiver is:

· Ruu matrix is calculated within 2 PRB and #0

	Ericsson
(R4-162193)
	Observation 1: It is fully up to UE implementations on how many OFDM symbols are to be used for control channel decoding, e.g. either on channel estimation or noise estimation.  But it is reasonable  to assume for the UE to not use the full subframe in order to decode PDCCH as early as possible, e.g. to use only the 1st OFDM symbol or the first 4 OFDM symbols containing CRS to perform channel estimation and noise estimation.

Observation 2: Same assumptions on UE implementation should be applied for both MMSE-IRC and MMSE-MRC in order to have a fair comparison for the relative gain, e.g. if we assume to use all CRSs available within the whole subframe or to only use CRS from the 1st OFDM symbol to decode PDCCH.

Observation 3: It’s up to UE implementation if the same assumption used for PDSCH is also used for PDCCH, e.g. the number of PRBs used for channel estimation and noise estimation in frequency domain. Different number of PRBs in frequency domain can be considered for channel estimation and noise estimation.

Observation 4: Adaptive filter for channel estimation and noise estimation depending on the Doppler could be considered as reasonable UE implementation to achieve better performance for MMSE-IRC receiver for PDCCH decoding.
Observation 5: No obvious performance loss is observed comparing taking the current full subframe for channel and noise estimation to only using the first 4 OFDM symbols with adaptive filter for control channel decoding.

Proposal 1: Define proper requirements under asynchronous network for control channels with a practical UE implementation on channel and noise estimation.

Proposal 2: Non-colliding CRS under 100% NC loads with asynchronous network should be considered for PCFICH/PDCCH with MMSE-IRC, with sufficient gain observed with AL=2.

Proposal 3: Non-colliding CRS under 100% NC loads with asynchronous network should be considered for PHICH with MMSE-IRC, with sufficient gain observed with AL=2.


2.3 Open questions
Question #1: DL Control Channel IM receiver fallback 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
· Option 2: There is no need to mandate both BS and UE behavior to support control channel IM in OnDuration period in DRX for connected mode.

Question #2: DL Control Channel IM for asynchronous networks

a) Reference IM receiver structure

· Option 1: LMMSE-IRC

· Option 2: Time-domain CRS-IC

· Option 3: FFS

b) Reference control channel IM receiver assumptions (channel, interference and noise estimation granularity).

c) Should enhanced DL control channel performance requirements be introduced for asynchronous networks?

· Option 1: Yes
· Option 2: No

· Option 3: FFS
Question #3: DL Control Channel IM for synchronous networks

a) PDSCH interference handling

· Option 1: Introduce test cases to verify PDSCH interference handling for LMMSE-IRC and E-LMMSE-IRC receivers

· Option 2: Do not introduce test cases to verify PDSCH interference handling for LMMSE-IRC and E-LMMSE-IRC receivers

2.4 Agreements

Not discussed
DL Control channel IM for PDCCH/PCFICH/PHICH in asynchronous network to be discussed offline on Thu
3. UE demodulation
3.1 Contributions list

	Agenda
	Tdoc
	Type
	Title
	Source

	6.3.3
	R4-161574
	Discussion
	Discussion on Interference Model and Simulation Assumptions
	MediaTek Inc.

	6.3.3
	R4-161638
	Discussion
	LTE DL Control Channels IM: Interference models
	Intel Corporation

	6.3.3
	R4-161639
	Discussion
	LTE DL Control Channels IM: UE demodulation test cases
	Intel Corporation

	6.3.3
	R4-161983
	Discussion
	Discussion on interference modeling and simulation assumptions for downlink CCH-IM
	Huawei, HiSilicon

	6.3.2
	R4-161982
	Discussion
	Discussion on reference receiver in asynchronous network
	Huawei, HiSilicon

	6.3.3
	R4-162114
	Discussion
	Link level simulation results for MMSE IRC receiver for DLCCH-IM
	ZTE

	6.3.3
	R4-162116
	Discussion
	Discussion on remaining open issues for DLCCH-IM
	ZTE

	6.3.3
	R4-162194
	Discussion
	Performance results with candidate receivers for ePDCCH for synchronous and asynchronous networks
	Ericsson

	6.3.2
	R4-162192
	Discussion
	Evaluation on candidate receivers for synchronous network for PDCCH/PCFICH/PHICH and interference model
	Ericsson


3.2 Summary of proposals

	Company
	List of proposals

	MediaTek
(R4-161574)
	Proposal 1: CFIS = 3, CFII = 1 should not be considered before RAN4 reaching a consensus on UE’s assumption and/or detection on neighbouring cell CFI.

Proposal 2: the selection of the different modelings for the 50% loading can be based on companies’ alignment results.

Proposal 3: To keep a fair comparison among different receiver types, make the PDCCH-occupied REGs have the same average power as those REs carrying CRS.

Proposal 4: Transmit TM2 OCNG with 100% loading and without power boosting on the unwanted REGs in the serving cell.

	Intel
(R4-161638)
	Proposal #1: Use CFIS = 1, CFII = 1 scenario for the LMMSE-IRC + CRS-IC receiver verification

Proposal #2: Use Per-CCE level PDCCH interference presence and power boosting modeling

Proposal #3: Use normalized interference power model

Proposal #4: Use the following interference loading modelling methodology: Guaranteed 50% interference loading on a subframe basis. For each subframe 50% of all available REGs/CCEs are chosen to be active, while the remaining subframes are assigned to be inactive.

Proposal #5: 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.

· Rel-11 Type A receiver asynchronous interference model (TS 36.101 B.5.2).

	Intel
(R4-161639)
	Proposal #1:
Type A and Type B CCIM receivers are required to pass the same set of test demodulation test cases.

Proposal #2:
Introduce a new EPDCCH test cases for the synchronous networks with full PDSCH loading and colliding CRS patterns to verify LMMSE-IRC implementation.

Proposal #3:
Introduce PDCCH/PCFICH/PHICH test cases for the asynchronous deployments to verify enhanced IM receivers performance.

	Huawei
(R4-161983)
	Proposal 1: use the Log domain random discussion and un-normalized interference power

Proposal 2: use the CCE-level PDCCH interference modelling, based on the conditions that:

Technical reasons using this modelling

Technical reasons not using this modelling

REG-level

No

preclude the potential advanced UE implementation, such as CCE-level PA estimation

CCE-level

matching the realistic interference

No

Proposal 3: use proposed CCE-level PDCCH interference modelling

· Step 1: achieve the number 
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 of available CCEs for interference cell with given CFI/PHICH configuration. for example, the available CCE are:
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· Step 2: achieve the number 
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 of used PDCCH CCE, with given CCH partial loading ratio 
[image: image4.wmf]%

x

, for example 


[image: image5.wmf]ë

û

%)

1

(

*

X

N

M

-

=


· Step 3: achieve the index of used PDCCH CCEs, with the number 
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 of available CCEs and the number 
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 of used CCE. For example, the used PDCCH CCE is:
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In which, 
[image: image10.wmf]K

is a random value from
[image: image11.wmf]]

1

0

[

-

N

 to ensure the random PDCCH interference.

· Step 4: achieve the index of used REGs based on the used PDCCH CCE in step 3, and perform REG-level random power assignment based on approved power level modelling



	Huawei,

HiSilicon
(R4-161982)
	Proposal 5: Both system and link level evaluation are needed for the target scenarios. 

Proposal 6: The link level assumptions should include the following scenarios

· Different time-offset between asynchronous cells

· Case 1: serving cell is about 1or2 symbol ahead the interference cell

· Case 2: coarse synchronous between serving and interference, such as serving cell is about 2 CP ahead the interference cell 

· The PDSCH transmission

TM4 rank-1, different/random PMI used for adjacent subframes.

	ZTE
(R4-162114)
	Proposal 1: Use (CFIS = 3, CFII = 1) to define performance requirements for MMSE IRC receiver.

Proposal 2: Distributed ePDCCH is to be used to define performance requirements for zero loading PDSCH interference scenarios.

	ZTE
(R4-162116)
	Proposal 1: Interference presence and power boosting modeling granularity is per-CCE to define the tests.

Proposal 2: Using power normalization factor -3dB for interference power boosting.

Proposal 3: Define enhanced performance requirements for localized ePDCCH for synchronous network if it is agreed to define performance requirements for zero loading PDSCH interference by using distributed ePDCCH.

	Ericsson
(R4-162194)
	Proposal 1: 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 2: Distributed with non-colliding CRS under full NC load with asynchronous network should be considered for ePDCCH with MMSE-IRC, with sufficient gain observed.

Proposal 3: 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
(R4-162192)
	Proposal 1: Take per REG as the interference model.

Proposal 2: Apply unequal power level per REG randomly as uniform distribution in log domain from [-6, 6]dB with normalization within control region to achieve 0dB in average.

Proposal 3: Take Model 2a with guaranteed 50% interference loading on a subframe basis (50% of all available REGs/CCEs are chosen to be active)

Proposal 4: Specify proper requirements for both E-MMSE-IRC+CRS-IC and MMSE-IRC+CRS-IC receivers for PDCCH/PCFICH and PHICH with sufficient gain observed.

Proposal 5: Use CFI=1-1 for E-MMSE-IRC+CRS-IC and CFI=3-1 for MMSE-IRC+CRS-IC.

	Ericsson
(R4-162193)
	Proposal 1: Define proper requirements under asynchronous network for control channels with a practical UE implementation on channel and noise estimation.

Proposal 2: Non-colliding CRS under 100% NC loads with asynchronous network should be considered for PCFICH/PDCCH with MMSE-IRC, with sufficient gain observed with AL=2.

Proposal 3: Non-colliding CRS under 100% NC loads with asynchronous network should be considered for PHICH with MMSE-IRC, with sufficient gain observed with AL=2.


3.3 Open questions
Question #1: PDCCH/PHICH/PCFICH interference model (synchronous networks)
a) Control region duration in the serving and interference cells for LMMSE-IRC test
· Option 1: CFIS = 1, CFII = 1

· Option 2: CFIS = 3, CFII = 1

· Option 3: CFIS = 3, CFII = 3
Discussion

QC, MTK are against Option 2

Samsung: for Option 2 and 3 CFI detection assumptions may matter

E///: CFI detection does not matter

ZTE: what is the problem with Option 2?

QC: what is the issue with other Options?

ZTE: Option 2 is practical one

Option 1: CFIS = 1, CFII = 1 (QC, LGE, HW, Samsung, MTK, Intel)
Option 2: CFIS = 3, CFII = 1 (E///, ZTE)

Option 3: CFIS = 3, CFII = 3 (MTK, ZTE, E///, QC)
b) PDCCH/PHICH interference presence and power level modeling granularity
· Option 1: Per-REG level
· Option 2: Per-CCE level
c) PDCCH/PHICH interference model for partial loading

· Option 1: Average 50% interference loading.

· Option 2: Guaranteed 50% interference loading on a subframe basis.

· Option 3: Guaranteed 50% interference loading for the wanted signal resources.
Discussion

Anritsu: Ok with Option 2

d) Interference power model
· Interference CRS TX power is derived based on the INR

· Interference PCFICH TX power is equal to the CRS power

· Interference PDCCH/PHICH TX power

· Interference PDCCH/PHICH power boosting has uniform distribution in log domain in the range from -6dB to 6dB (agreed in the main session)
· Interference PDCCH/PHICH power normalization

· Option 1: Use power normalization
· Option 2: Do not use power normalization

e) Methodology for PDCCH/PHICH interference power normalization

· Option 1: Apply normalization within active PDCCH/PHICH REs in a symbol.
· 
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· α is the normalization factor;
· NRE is the total number of active PDCCH/PHICH REs in a symbol (excl. CRS, PCFICH and un-allocated REs)
· P(i) is the power boosting coefficient of the i-th PDCCH/PHICH RE in a symbol in the linear domain before normalization;
· Pnorm(i) is the power boosting coefficient of the i-th PDCCH/PHICH RE in a symbol in the linear domain after normalization.
· Option 2: Apply single power normalization factor [X] dB.

· Option 3: Modify the power distribution range to ensure normalized average power level
Discussion

Anritsu: Prefer Option 3

QC, ZTE: Option 2 and 3 are identical

E///: originally we wanted to have per-subframe normalization
Question #2: Interference model for asynchronous networks (PDCCH/PHICH/PCFICH tests)
a) Time offset assumptions

· Option 1: Reuse interference model from Rel-11 Type A receiver requirements.

· Option 2: Serving cell is about 1 or 2 symbol  ahead the interference cell

· Option 3: Coarse synchronous between serving and interference, such as serving cell is about 2 CP ahead the interference cell

b) Interference structure

· Option 1: Reuse interference model from Rel-11 Type A receiver requirements.
· Option 2: TM4 rank-1, different/random PMI used for adjacent subframes
To be discussed in coffee break offline discussion on Thu
Question #3: UE demodulation test cases and parameters
a) Should additional test cases (for synchronous networks) be introduced?

· EPDCCH test cases for the synchronous networks with full PDSCH loading and colliding CRS patterns to verify LMMSE-IRC implementation
Discussion

Samsung: has concern on MU allocation for EPDCCH

E///: Yes we should introduce

QC: We introduced asynch instead

Yes: E///, ZTE, Intel, HW

No: QC, Samsung

b) Should additional test cases (for asynchronous networks) be introduced?

· PDCCH/PCFICH/PHICH test cases for the asynchronous deployments to verify enhanced IM receivers performance
c) PDCCH/PCFICH test cases parameters

· Should PDCCH AL be modified to increase the SINR test point?
Discussion

Common view: No changes needed. The requirements are testable.
d) PHICH test cases parameters

· Any test case parameters modification needed?
Discussion

Common view: No changes needed. The requirements are testable.
e) EPDCCH test cases parameters

· FRC downselection for EPDCCH test case #1 (synchronous networks, no PDSCH interference, non-colliding CRS)
· Option 1: FRC #1 (AL 2, Localized EPDCCH)

· Option 2: FRC #2 (AL 4, Distributed EPDCCH)
3.4 Agreements

· Control region duration in the serving and interference cells for LMMSE-IRC test

· Option 1: CFIS = 1, CFII = 1

· Option 3: CFIS = 3, CFII = 3 

· PDCCH/PHICH interference presence and power level modeling granularity

· Per-CCE level

· PDCCH/PHICH interference model for partial loading

· Guaranteed 50% interference loading on a subframe basis.

· Interference power model

· Interference CRS TX power is derived based on the INR

· Interference PCFICH TX power is equal to the CRS power

· Interference PDCCH/PHICH TX power

· Interference PDCCH/PHICH power boosting has uniform distribution in log domain in the range from -6dB to 6dB
· Interference PDCCH/PHICH power normalization is used

· Methodology for PDCCH/PHICH interference power normalization

· Option 1: Apply single power normalization factor [TBD] dB.

· Option 2: Modify the power distribution range to ensure normalized average power level
· Note: technically the options are identical and the question is how to capture them in the TS
· Introduce new EPDCCH test case
· Synchronous networks with full PDSCH loading and colliding CRS patterns to verify LMMSE-IRC implementation
· TDD only
· To be confirmed in RAN4 #79
· EPDCCH test cases parameters

· EPDCCH test case #1 (synchronous networks, no PDSCH interference, non-colliding CRS)
· Use FRC #1 (AL 2, Localized EPDCCH)

· EPDCCH test case #3 (synchronous networks, PDSCH interference, colliding CRS)
· Use FRC #2 (AL 4, Distributed EPDCCH)

4. Simulation results

4.1 Contributions list

	Agenda
	Tdoc
	Type
	Title
	Source

	6.3.2
	R4-161981
	Discussion
	Evaluation on the reference receiver for PCFICHPDCCH
	Huawei, HiSilicon

	6.3.3
	R4-161557
	Discussion
	CC-IM simulation results
	Samsung

	6.3.3
	R4-161575
	Discussion
	CCIM Simulation results
	MediaTek Inc.

	6.3.3
	R4-161640
	Discussion
	LTE DL Control Channels IM: Simulation results
	Intel Corporation

	6.3.3
	R4-161935
	Discussion
	Simulation results for CCIM in Asynchronous network
	LG Electronics Inc.

	6.3.3
	R4-161936
	Discussion
	Simulation results for CCIM in Synchronous network
	LG Electronics Inc.

	6.3.3
	R4-162113
	Discussion
	Link level simulation results for EMMSE IRC receiver for DLCCH-IM
	ZTE

	6.3.3
	R4-162114
	Discussion
	Link level simulation results for MMSE IRC receiver for DLCCH-IM
	ZTE

	6.3.3
	R4-162115
	Discussion
	Discussion on Asynchronous networks for DLCCH-IM
	ZTE

	6.3.3
	R4-162633
	Discussion
	Simulation results for  reference receivers for Control Channel Interference Mitigation
	Qualcomm Incorporated


5. Draft CRs
5.1 Contributions list

	Agenda
	Tdoc
	Type
	Title
	Source

	6.3.3
	R4-161641
	Endorsement
	Draft CR on Introduction of the LTE DL Control Channels IM - PDCCH/PCFICH performance requirements
	Intel Corporation

	6.3.3
	R4-161642
	Endorsement
	Draft CR on Introduction of the LTE DL Control Channels IM - Interference models
	Intel Corporation

	6.3.3
	R4-162117
	Endorsement
	CR on Definitions for DL control channel IM
	ZTE

	6.3.3
	R4-162118
	Endorsement
	CR on PHICH performance requirements for DL control channel IM
	ZTE

	6.3.3
	R4-162119
	Endorsement
	CR on ePDCCH performance requirements for DL control channel IM
	ZTE
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