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1. Enhanced CRS-IM performance requirements
Contributions list

	Agenda
	Tdoc
	Type
	Title
	Source

	7.27.1
	R4-1703428
	discussion
	Discussion on eCRS-IM UE capability and network assistant info
	Ericsson

	7.27.1.1
	R4-1702906
	discussion
	Enhanced CRS-IM and SU-MIMO IM UE capabilities
	Intel Corporation

	7.27.1.1
	R4-1703155
	other
	Capability signaling and CRS assistance signaling for enhanced CRS-IM UE
	Qualcomm Incorporated

	7.27.2
	R4-1702907
	discussion
	Enhanced CRS-IM network assistance framework
	Intel Corporation

	7.27.2.1
	R4-1702908
	discussion
	Enhanced CRS-IM PDSCH performance requirements
	Intel Corporation

	7.27.2.1
	R4-1703031
	discussion
	PDSCH demodulation performance of Enhanced CRS-IM
	CATT

	7.27.2.1
	R4-1703154
	other
	Simulation results for PDSCH demodulation performance of enhanced CRS-IM receiver UE
	Qualcomm Incorporated

	7.27.2.1
	R4-1703252
	discussion
	Simulation results for PDSCH performance of enhanced CRS-IM 
	LG Electronics Inc.

	7.27.2.1
	R4-1703308
	discussion
	Simulation results for eCRS-IM PDSCH demodulation
	ZTE, ZTE Microelectronics

	7.27.2.2
	R4-1702912
	discussion
	Enhanced CRS-IM DL control channels performance requirements
	Intel Corporation

	7.27.2.2
	R4-1703032
	discussion
	Control channels demodulation performance of Enhanced CRS-IM
	CATT

	7.27.2.2
	R4-1703153
	other
	Simulation results PDCCH demodulation performance of enhanced CRS-IM receiver UE
	Qualcomm Incorporated

	7.27.2.2
	R4-1703253
	discussion
	Simulation results for control channels performance of enhanced CRS-IM
	LG Electronics Inc.

	7.27.2.2
	R4-1703309
	discussion
	Control channel demodulation tests on enhanced CRS-IM
	ZTE, ZTE Microelectronics


1.1 UE Feature list and Capabilities signalling

Summary of proposals

	Company
	List of proposals

	Ericsson
(R4-1703428)
	Proposal 2: No separated capability is needed between support of control channels and data channels.
Proposal 3: No separated capability is needed between support of 2Tx an 4Tx.
Proposal 4: No separated capability is needed between support of 2Rx an 4Rx.
Proposal 5: Reuse the Rel-13 CRS-IM UE capability for Rel-14 enhanced CRS-IM feature.

	Intel
(R4-1702906)
	Proposal #1:
Define the following UE features framework for R14 Enhanced CRS-IM

1) CRS-IM for 2RX for PDSCH and 4 CRS APs

2) CRS-IM for 2RX for DL Control channels and 4 CRS APs

3) CRS-IM for 4RX for PDSCH and 1/2 CRS APs

4) CRS-IM for 4RX for PDSCH and 4 CRS APs

5) CRS-IM for 4RX for DL Control and 1/2 CRS APs

6) CRS-IM for 4RX for DL Control and 4 CRS APs

7) Support of blind detection of base CRS assistance information (# of CRS-APs)


Open Issues
· UE features for CRS-IM

· 2RX and 4RX CRS-IM

· Option 1: Define separate features

· Option 2: Do not differentiate features
· Data and control channels

· Option 1: Define separate CRS-IM features for PDSCH and DL Control channels

· Option 2: Do not differentiate between PDSCH and DL Control channels CRS-IM features
· Number of CRS APs

· Option 1: Define separate features for CRS-IM for 1/2 and 4 CRS APs. 2 CRS APs features is a pre-requisite for the 4 CRS APs features.

· Option 2: Do not differentiate between 2 and 4 ports CRS-IM features
· Support of blind detection of base CRS assistance information (# of CRS-APs)
· Candidate set of features
· #1: PDSCH non-colliding CRS-IM receiver for 2RX and 4 CRS APs 
· #2: PDSCH non-colliding CRS-IM receiver for 4RX and 2 CRS APs 
· #3: PDSCH non-colliding CRS-IM receiver for 4RX and 4 CRS APs 
· #4: Type A CCIM receiver for 2RX and 4 CRS APs for DL Control Channels
· #5: Type A CCIM receiver for 4RX and 2 CRS APs for DL Control Channels
· #6: Type A CCIM receiver for 4RX and 4 CRS APs for DL Control Channels
· #7: Blind detection of base CRS assistance information including number of CRS-APs
· Capability signalling

· Option 1: Define per-UE capability signalling for each feature: 

· Indicate support of CRS-IM on at least one CC. 

· FFS if any constrains on the max CC CA configuration should be signaled.

· Option 2: Define per-UE capability signalling a combination of features 

· Other options are not precluded

Discussion
· Features #5 and #6 (DL Control Channel with 4RX)
· QC: feature introduction depends on the final test case set
· E///: it is beneficial to introduce test case
· UE capability signalling
· QC: Prefer to generic global capability for CRS-IM. No need to indicate max CA band combination. The purpose of capability is to ask NW to provide CRS assistance
Agreements

· Set of UE features
· #1: PDSCH non-colliding CRS-IM receiver for 2RX and 4 CRS APs 

· #2: PDSCH non-colliding CRS-IM receiver for 4RX and 2 CRS APs 

· #3: PDSCH non-colliding CRS-IM receiver for 4RX and 4 CRS APs 

· #4: Type A CCIM receiver for 2RX and 4 CRS APs for DL Control Channels

· FFS depending on the test case introduction

· #5: Type A CCIM receiver for 4RX and 2 CRS APs for DL Control Channels

· #6: Type A CCIM receiver for 4RX and 4 CRS APs for DL Control Channels

· FFS depending on the capability signalling discussion

· #7: Blind detection of base CRS assistance information including number of CRS-APs

1.2 Network assistance

Summary of proposals

	Company
	List of proposals

	Ericsson
(R4-1703428)
	Proposal 1: Blind detection of network assistant info is good to be considered with the possibility to remove both network assistant info and UE capability, as long as the CQI reporting is following the demodulation performance.
Proposal 6: Keep the existing CRS assistant information to be used for Rel-14 enhanced CRS-IM feature.

	Qualcomm
(R4-1703155)
	Observation 1. Blind detection of neighbor cell CRS information requires substantial processing burden and also leads to sub-optimal CRS-IM performance. 

Proposal 1. RAN4 should specify CRS-IM performance requirement with CRS assistance signaling. 

Proposal 2. Introduce simplified CRS assistance signaling for uniform CRS configuration. 

· PCID of neighbor cell is detected by UE’s neighbor cell search.

· When serving cell and neighbor cells have same CRS configuration, eNB provides 1 bit flag for number of CRS ports and 1 bit flag for MBSFN subframe configuration indicating same CRS configuration.

· When serving cell and neighbor cells have different CRS configuration, 

· Behavior 1: eNB provides 1 bit flag for number of CRS ports and 1 bit flag for MBSFN subframe configuration indicating different CRS configuration. UE should rely on blind CRS information detection for CRS-IM operation. 

· Behavior 2: eNB falls back to Rel-13 CRS assistance signaling. 
Proposal 3. Introduce per-UE capability signaling for all CRS-IM and CCIM operation as a trigger for CRS assistance signaling. 

Proposal 4. Qualcomm’s proposal is similar to Intel’s proposal in overall procedure but does not require UE’s blind detection for number of CRS ports at the expense of marginal increase in signaling overhead. 

	Intel
(R4-1702907)
	Network assistance

Observation #1: Solution #1 may potentially achieve larger CRS assistance signalling overhead reduction comparing to Solution #2 at the cost of additional UE implementation complexity.
Observation #2: UEs with support of CRS APs blind detection may operate in the legacy networks.
Observation #3: Solution #2 requires new CRS Assistance signalling which may not be introduced in Rel-14.
Observation #4: Solutions #1 and #2 do not contradict each other and can both co-exist in the same networks.
Proposal #1: Introduce CRS Assistance signalling reduction based on Solution #1
Blind detection of the number of CRS APs

Observation #5: Number of neighbouring cell CRS APs can be detected using neighbouring cell PBCH decoding or direct CRS presence detection.
Observation #6: Baseline PBCH receiver allows PBCH decoding for SINR of up to -5dB in noise limited scenarios. PBCH-IC receiver allows PBCH decoding for SINR of up to -10dB in interference limited scenarios.
Observation #7: Regular NC PBCH decoding can be used for the purpose of blind detection of number of CRS APs for the first dominant interferer. PBCH-IC decoding can be used for the purpose of blind detection of number of CRS APs for the second dominant interferer. 

Proposal #2: Confirm reliability of using neighbouring cell PBCH decoding for the purpose of CRS APs blind detection


Open Issues
CRS assistance signalling enhancements
· Solution #1: 

· Introduce optional UE capability of CRS assistance information blind detection of PCID and Number of CRS APs. 

· No MBSFN subframe configuration blind detection is used

· Companies are encouraged to provide analysis on reliability of blind detection of Number of CRS APs

· eNBs provide CRS Assistance to the blind detection capable UEs only when 

· Option A: neighbouring cell use MBSFN subframes 

· Option B: neighbouring cells MBSFN configuration is different from the serving cell

· Solution #2:

· eNBs provide reduced size CRS assistance information for the cells using same configuration as the serving cell
· When serving cell and neighbor cells have same CRS configuration, eNB provides 1 bit flag for number of CRS ports and 1 bit flag for MBSFN subframe configuration indicating same CRS configuration.

· When serving cell and neighbor cells have different CRS configuration, 

· Behavior 1: eNB provides 1 bit flag for number of CRS ports and 1 bit flag for MBSFN subframe configuration indicating different CRS configuration. UE should rely on blind CRS information detection for CRS-IM operation. 

· Behavior 2: eNB falls back to Rel-13 CRS assistance signaling. 

Blind detection of number of CRS APs

· Option #1: Confirm feasibility in terms of performance and complexity

· Option #2: Do not confirm feasibility in terms of performance and complexity

CRS assistance assumptions for requirements definition
· Option 1: Define the minimum Enhanced CRS-IM requirements under assumption that full CRS assistance is provided
· Option 2: Define the minimum Enhanced CRS-IM requirements for the case of full CRS assistance and reduced CRS assistance 
Discussion
CRS assistance signalling enhancements
· E///: Need to see clear benefit to trigger changes
· QC: Propose alternative signalling. Old signalling can still be used.
· E///: Need to implement additional signalling which needs to be justified
· QC: Under which scenarios NW does not have benefits?
· E///: This is a matter of additional BS implementation

· QC: UE impacts from CRS-IM are much larger
· QC: we can have a solution that combines both Solution #1 and Solution #2

· Ad-hoc chair: Which exact date E/// needs?
· E///: Need to check MBSFN networks roadmap to make decision
Agreements

· No conclusions. Continue discussion during the week.
1.3 CRS-IM for PDSCH
Summary of proposals

	Company
	List of proposals

	Intel
(R4-1702908)
	Proposal #1:
Use MCS 21 for Test 4.
Proposal #2:
Confirm performance gains of CRS-IM Receiver #2 for Test case #5. Do not define performance requirements for Test case #5.
Proposal #3:
Confirm performance gains of CRS-IM Receiver #2 for Test case #6. FFS if performance requirements need to be defined.
Proposal #4:
Agree on test parameters in Tables 3 and 4.

	CATT
(R4-1704166)
	Observation 1: 
CRS-IM processing can achieve testable performance gain (about 1.5-3dB) over baseline receiver under various configurations of non colliding scenarios.
· Larger performance gain can be achieved from 4 CRS APs rather than 2CRS APs, which shows the necessity of using CRS-IM functionality in the 4CRS APs scenarios.
· For the evaluated scenario TM9 Rank 1 + 64QAM case, only about 1dB performance gain is observed from simulation, not feasible for a test purpose.
· For 4 CRS APs with 4Rx chains scenario, MCS21 can get a more practical SINR working point than MCS19.
Observation 2: 

CRS-IM processing can achieve certain performance gain over baseline receiver of colliding scenarios.

· For Test Case 5, Receiver#2 can achieve a better performance (>0.5dB) than Receiver#1.
· For Test Case 6, Receiver#2 can provide almost no performance gain in all interference configurations, further evaluation is needed.

	Qualcomm
(R4-1703154)
	Proposal 1. Deprioritize test 5 since CRS-IM provides only marginal gain in colliding CRS interference scenario. 

Proposal 2. Deprioritize test 6 since noise/covariance estimation using CRS port 2/3 cannot be considered as reference receiver. 

Proposal 3. Consider CRS-IM test applicability in table 3. 

Table 3. Test applicability for CRS-IM PDSCH demodulation tests

scenario

2 AP serving / 2 AP intf non-colliding CRS

4 AP serving / 4 AP intf non-colliding CRS

2 Rx UE with 2 AP CRS-IM support

TM4, TM9 test with 2x2 antenna configuration
N/A

2 Rx UE with 4 AP CRS-IM support

TM9 with 2x2 antenna configuration
TM4 test with 4x2 antenna configuration
4 Rx UE with 2 AP CRS-IM support

TM4, TM9 with 2x4 antenna configuration
N/A

4 Rx UE with 4 AP CRS-IM support

TM9 with 2x4 antenna configuration
TM4 test with 4x4 antenna configuration


	LGE

(R4-1703252)
	Observation 1: Target SINR level for Test 1~3 with MCS 19 is reasonable.
Observation 2: Target SINR level for Test 4 with MCS 19 and 21 is around -4dB and -2dB, respectively.
Proposal: prefer MCS 21 for Test 4.

	ZTE
(R4-1703308)
	Provide the simulation results for PDSCH with non-colliding CRS for enhanced CRS-IM.


Open Issues
· Candidate scenarios (RAN4 #82)
	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	Serv. cell
	Interf. cell

	Test cases for performance requirements definition

	1
	TM4
	Non Colliding
	2
	4
	4

	2
	TM4
	Non Colliding
	4
	2
	2

	3
	TM9
	Non Colliding
	4
	2
	2

	4
	TM4
	Non Colliding
	4
	4
	4

	Test cases for additional analysis / discussion

	5
	TM4
	Colliding
	2
	4
	4

	6
	TM4
	Colliding
	2
	4
	2


· Test case 5

· Background: CRS-IM receiver 
· CRS-IM Receiver #1: LMMSE-IRC with 1 Cell CRS-IM to improve channel estimation

· CRS-IM Receiver #2: LMMSE-IRC with 1 Cell CRS-IM to improve channel and interference estimation

· Conclusions
· Option 1: Confirm performance gains of CRS-IM Receiver #1 or #2 for Test case #5
· Option 2: Do not confirm performance gains of CRS-IM Receiver #1 or #2 for Test case #5
· Performance requirements

· Option 1: Do not define performance requirements

· Option 2: Define performance requirements
· Test case 6

· Background: CRS-IM receiver 
· CRS-IM Receiver #1: LMMSE-IRC with covariance matrix estimation on serving cell APs 0-3 + 1 Cell CRS-IM

· CRS-IM Receiver #2: LMMSE-IRC with covariance matrix estimation on serving cell APs 2-3+ 1 Cell CRS-IM

· Conclusions
· Option 1: Confirm performance gains of CRS-IM Receiver #1 or #2 for Test case #6
· Option 2: Do not confirm performance gains of CRS-IM Receiver #1 or #2 for Test case #6
· Performance requirements

· Option 1: Do not define performance requirements

· Option 2: Define performance requirements
· Further refinement of test parameters for Test cases 1, 2, 3, 4

· MCS for Test 4:

· Option 1: MCS 21

· Other parameters

Discussion
· TBA
Agreements

· Test case 5

· Conclusions for TR: Confirm performance gains of CRS-IM Receiver #2 based on summary of alignment results. TR should also mention blind detection (QC to provide comments on robustness for the TR)

· Performance requirements: Do not define performance requirements

· Test case 6

· Conclusions for TR: Confirm performance gains of CRS-IM Receiver #1 and #2 based on summary of alignment results. 

· Performance requirements: Do not define performance requirements

· MCS for Test 4: MCS 21

1.4 CRS-IM for DL Control Channels
Summary of proposals
	Company
	List of proposals

	Intel
(R4-1702912)
	Proposal #1:
Confirm performance benefits and feasibility of using CRS-IM for PDCCH/PCFICH Test #3. Define the PDCCH/PCFICH demodulation performance requirements for Test 2 and Test 3 under Medium antenna correlation assumptions.
Proposal #2:
Confirm performance benefits and feasibility of using CRS-IM for PHICH Test #3. Define the PHICH demodulation performance requirements for Test 2 and Test 3 under Medium antenna correlation assumptions.

	CATT
(R4-1703032)
	Observation 1: (PDCCH)

For scenarios of 4CRS APs and 2RX chains, the testable performance gain of LMMSE-IRC+CRS-IM receiver (about 3dB) can be achieved over the LMMSE-MRC baseline receiver.

· The gain of CRS-IM processing is more obvious than the gain of IRC processing.
For scenarios of 4CRS APs and 4RX chains, large performance gains of LMMSE-IRC+CRS-IM receiver (about 5dB) can be achieved over the LMMSE-MRC baseline receiver.

· The gain of the IRC processing is more obvious than the gain of CRS-IM processing.
· It can provide a more practical SINR working point for AL=1 case rather than AL=2 case.
Observation 2: (PHICH)

For scenarios of 4CRS APs and 2RX chains, the testable performance gain of the LMMSE-IRC+CRS-IM receiver (> 2dB) can be achieved over the LMMSE-MRC baseline receiver.

· The gain of CRS-IM processing is more obvious than the gain of IRC processing.
For scenarios of 4CRS APs and 4RX chains, large performance gain of the LMMSE-IRC+CRS-IM receiver (about 4dB) can be achieved over the LMMSE-MRC baseline receiver.

· The performance gain mainly comes from the IRC processing.

	Qualcomm
(R4-1703153)
	Proposal 1. Don’t specify PDCCH demodulation test for 4x4 antenna configuration. 

Proposal 2. Don’t specify PHICH demodulation performance requirements for 4 CRS ports and 4 Rx UE. 

	LGE
(R4-1703253)
	Observation 1: PDCCH performance difference between MMSE-IRC and eCRS-IM is small using AL = 1. 
Observation 2: Target SINR level for PDCCH performance using eCRS-IM under AL = 2 is around -8.5dB.
Observation 3: Target SINR level for PHICH performance using eCRS-IM is around -7dB, and the performance gap between MMSE-IRC and eCRS-IM is less 1dB.
Proposal: do not introduce control channel performance requirements for 4x4 antenna configuration.

	ZTE
(R4-1703309)
	Observation1: For PDCCH and PHICH, CRS-IM can provide the significant performance gain for both test 1 and test 3.
Observation2: For PDCCH test 3, the required SNR at test point for AL=1 is higher and the relevant CRS-IM gain is less compared to AL=2. 

Observation3: The configuration of test 1 is used to verify 4 CRS ports IM while test 3 is used to verify 4 Rx CRS-IM.

Proposal1: AL=2 is more suitable for PDCCH test requirement.
Proposal2: Besides test 1, test 3 can be defined for both PDCCH and PHICH requirements.


Open Issues
PDCCH/PCFICH

· Test 3 (4 RX antennas + 4 CRS APs)
· Background (RAN4 82)

· Continue studies for additional PDCCH/PCFICH TC3 (investigate both performance and complexity). 

· Conclusions

· Option 1: Confirm performance gains of CRS-IM 

· Option 2: Do not confirm performance gains of CRS-IM 

· Performance requirements

· Option 1: Do not define performance requirements

· Option 2: Define performance requirements

· Test parameters
· Option 1: AL 1, Low antenna correlation

· Option 2: AL 2, Low antenna correlation

· Option 3: AL 2, Medium antenna correlation

· Test 2 (4 RX antennas + 2 CRS APs)
· Background (RAN4 82)

· Deprioritize work for TC2 

· Performance requirements

· Option 1: Do not define performance requirements (confirm last meeting agreement)
· Option 2: Define performance requirements for different test parameters
· Test parameters

· Option 1: AL 2, Medium antenna correlation

PHICH

· Test 1 (2 RX antennas + 4 CRS APs)
· Background (RAN4 82)

· Confirm performance gains for PHICH TC 1. FFS if performance requirements need to be introduced. 

· Performance requirements

· Option 1: Do not define performance requirements 

· Option 2: Define performance requirements

· Test 2 (4 RX antennas + 2 CRS APs)
· Background (RAN4 82)

· Deprioritize work for TC2 

· Performance requirements

· Option 1: Do not define performance requirements (confirm last meeting agreement)
· Option 2: Define performance requirements for different test parameters
· Test parameters

· Option 1: Medium antenna correlation

· Test 3 (4 RX antennas + 4 CRS APs)
· Background (RAN4 82)

· Continue studies for additional PHICH TC3 (investigate both performance and complexity). 

· Conclusions

· Option 1: Confirm performance gains of CRS-IM 

· Option 2: Do not confirm performance gains of CRS-IM 

· Performance requirements

· Option 1: Do not define performance requirements

· Option 2: Define performance requirements

· Test parameters

· Option 1: Low antenna correlation

· Option 2: Medium antenna correlation

Discussion
· PDCCH Test 3 (4 RX antennas + 4 CRS APs)
· QC: First preference is not introduce requirements. Second preference is to use LMMSE-IRC only. CRS-IC implies addition burden

· E///: what is the gain? 

· Chair: up to 1.4 dB

· LGE: May consider Medium correlation
· PDCCH Test 3

· Option 1: Deprioritize test case (QC, CATT

· Option 2: Provide additional analysis for Medium correlation channel model (Intel, E///)

· Option 3: Define perf requirement based on IRC only for low correlation (LGE, E///)
PHICH test cases: 

QC: Are PDCCH and PHICH CRS-IC receiver implementations different?

Intel, E///: PHICH RX implementation may be different from PDCCH

LGE: can define PHICH test for 4x2 test and replace existing CCIM test 
QC: PHICH test cases are redundant. PDCCH test cases are sufficient

Agreements

· PDCCH Test 3
· Option 1: Deprioritize test case 

· Option 2: Provide additional analysis for Medium correlation channel model 
· Option 3: Define perf requirement based on IRC only for low correlation 
PHICH Tests: No consensus to introduce new test case to verify CRS-IM performance

2. Enhanced SU-MIMO IM performance requirements
Contributions list

	Agenda
	Tdoc
	Type
	Title
	Source

	7.27.1.1
	R4-1702906
	discussion
	Enhanced CRS-IM and SU-MIMO IM UE capabilities
	Intel Corporation

	7.27.3
	R4-1702805
	discussion
	Evaluation of Demodulation Performance for SU-MIMO IM Receiver
	Samsung

	7.27.3
	R4-1702914
	discussion
	Enhanced SU-MIMO IM demodulation requirements
	Intel Corporation

	7.27.3
	R4-1702915
	discussion
	Enhanced SU-MIMO IM CSI reporting requirements
	Intel Corporation

	7.27.3
	R4-1703033
	discussion
	Allignment simulation results of PDSCH demodulation performance on Enhanced SU-MIMO IM
	CATT

	7.27.3
	R4-1703034
	discussion
	Further evaluation results of PDSCH demodulation performance on Enhanced SU-MIMO IM
	CATT

	7.27.3
	R4-1703156
	other
	Simulation results for PDSCH demodulation tests for enhanced SU-MIMO
	Qualcomm Incorporated

	7.27.3
	R4-1703251
	discussion
	Further evaluation and analysis for enhanced SU-MIMO demodulation performance
	LG Electronics Inc.

	7.27.3
	R4-1703427
	discussion
	Discussion on eSU-MIMO CSI tests
	Ericsson

	7.27.3
	R4-1703776
	discussion
	Simulation results for enhanced SU-MIMO test cases
	Huawei, HiSilicon

	7.27.3
	R4-1703777
	discussion
	Discussion on enhanced SU-MIMO further study cases
	Huawei, HiSilicon


2.1 UE Feature list and Capabilities signalling

Summary of proposals

	Company
	List of proposals

	Intel
(R4-1702906)
	Proposal #2:
Rel-14 Enhanced SU-MIMO IM UE features

· Define a single feature for rank 2,3,4 SU-MIMO IM 

· 2RX R-ML is the pre-requisite feature for 4RX R-ML

	Qualcomm

(R4-1703156)
	Proposal 2: Define separate SU-MIMO feature group for rank 2 and rank 3/4 PDSCH demodulation. 

Proposal 3: For rank 2 SU-MIMO feature, specify common feature group for 2 Rx and 4 Rx UE. 

Proposal 4: Consider following test applicability rule for SU-MIMO feature. 

2 Rx UE supporting rank 2 SU-MIMO

4 Rx UE supporting rank 2 SU-MIMO

4 Rx UE supporting rank 2 and rank 3/4 SU-MIMO

Common SU-MIMO test

Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference

Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference

Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference

Rank 2 SU-MIMO test

Rank 2 TM4 test with 2 Rx

Rank 2 TM9 test with 2 Rx

Rank 2 TM4 test with 4 Rx

Rank 2 TM9 test with 4 Rx

Rank 2 TM4 test with 4 Rx

Rank 2 TM9 test with 4 Rx

Rank 3 SU-MIMO test

N/A

N/A

Rank 3 TM3 test with 4 Rx



	LGE
(R4-1703251)
	Proposal 2: prefer Option 1 as single feature for rand 2,3,4 SU-MIMO IM


Open Issues
· Enhanced SU-MIMO IM feature list
· Option 1 : Single feature for rank 2,3,4 SU-MIMO IM

· Option 2 : Two features

· 4RX SU-MIMO for rank 2

· 4RX SU-MIMO for rank 3,4
Discussion
TBA
Agreements

Define a single UE feature for rank 2,3,4 SU-MIMO IM
2.2 Scenarios for further studies

Summary of proposals

	Company
	List of proposals

	Samsung
(R4-1702805)
	Simulation results for alignment test cases

	Intel
(R4-1702914)
	Proposal #1:
Confirm SU-MIMO IM feasibility and define requirements for TS #1, #2, #5 and #6
Proposal #2:
Introduce test cases for TS #1/2 (Rank 2 + 64QAM + ULA Med A + 3% TX EVM) to verify 4RX SU-MIMO IM performance under reduced TX EVM assumptions.

	CATT
(R4-1703033)
	Observation 1: Testable performance gain of the R-ML receiver can be achieved over the LMMSE receiver under the 3 scenarios for performance requirements for FDD.
Observation 2: Testable performance gain of the R-ML receiver can be achieved over the LMMSE receiver under the 3 scenarios for performance requirements for TDD, the performance gain is comparable with that of FDD.

	CATT
(R4-1703034)
	Observation 1: For TM4 & TM9 with 64QAM scenarios, the performance gains of the R-ML receiver are feasible for performance test in ULA Medium channel condition.

Observation 2: For TM4 & TM9 with 64QAM scenarios, the gains over the baseline receiver are too small to test in ULA Medium A channel condition.

Observation 3: ForTM4 &TM9 with 256QAM scenarios, the performance gains are not feasible for performance tests.

Observation 4: For TM9 with 16QAM scenario, the R-ML receiver can provide testable gain under the XPOL Medium A channel condition.

	Qualcomm

(R4-1703156)
	Observation 1: For rank 2 PDSCH with 64QAM and 256QAM modulation, it is not feasible to specify performance requirement due to either marginal performance gain or too high operating SNR.  

Observation 2: For rank 4 PDSCH with 16QAM, it is not feasible to specify performance requirement in XPOL medium A correlation channel due to marginal performance gain of R-ML receiver over LMMSE.  

Proposal 1: Deprioritize rank 2 PDSCH demodulation test with 64/256QAM and rank 4 PDSCH demodulation test.  

	LGE
(R4-1703251)
	Observation 1: For Medium correlation scenario, TM4 and TM9 provide performance gains, but target SNR point is high over 22dB. 

Observation 2: For Medium A correlation scenario, the performance gain for TM4 and TM9 is 1.3dB and 1.9dB, respectively. 
Observation 3: For both Low and Medium A correlation scenarios, there are no performance gap between MMSE and RML receivers for both TM4 and TM9.
Observation 4: The performance gain by RML receiver could be observed about 1.5dB and 2.5dB for TM4 and TM9, respectively.
Proposal 1: Consider following additional test cases for performance requirements for enhanced SU-MIMO. 
Rank

Transmission mode

Modulation order

Antenna configuration

Channel correlation

Rank 2

TM9

64QAM

2X4 EPA5
Medium A

Rank 4

TM4

16QAM

4X4 EPA5
XPOL Medium A

TM9

16QAM

4X4 EPA5
XPOL Medium A



	Huawei
(R4-1703776,
R4-1703777,)
	Proposal 1: Consider to introduce TS2 with 64QAM, medium A correlation as the test case and do not introduce TS5 and TS6 as the test cases.


Open Issues
· Scenarios for further studies (RAN4 82)
	Test scenario
	Rank
	Descriptions of other parameters
	Antenna correlations

	TS #1
	Rank 2
	TM4 64QAM 1/2 EPA5 4x4
	ULA Medium A / Medium

	TS #2
	
	TM9 64QAM 1/2 EPA5 4x4
	ULA Medium A / Medium

	TS #3
	
	TM4 256QAM 0.62 EPA5 4x4
	ULA Low / Medium A 

	TS #4
	
	TM9 256QAM 1/2 EPA5 4x4
	ULA Low / Medium A 

	TS #7
	Rank4
	TM4 16QAM 1/2 EPA5 4x4
	XPL Medium A

	TS #8
	
	TM9 16QAM 0.57 EPA5 4x4
	XPL Medium A


· Feasibility studies conclusions

· Proposals summary

	Test scenario
	Rank
	Descriptions of other parameters
	ULA, Low
	XPL, Med A
	ULA, Med A
	ULA, Med

	TS #1
	Rank 2
	TM4 64QAM 2x4
	N/A
	N/A
	
	Intel, CATT

	TS #2
	
	TM9 64QAM 2x4
	N/A
	N/A
	LGE, Huawei
	Intel, CATT

	TS #3
	
	TM4 256QAM 4x4
	
	N/A
	
	N/A

	TS #4
	
	TM9 256QAM 4x4
	
	N/A
	
	N/A

	TS #7
	Rank 4
	TM4 16QAM 4x4
	N/A
	Intel, LGE
	N/A
	N/A

	TS #8
	
	TM9 16QAM 4x4
	N/A
	Intel, CATT, LGE
	N/A
	N/A


· Qualcomm: Deprioritize rank 2 PDSCH demodulation test with 64/256QAM and rank 4 PDSCH demodulation test. 

· eNB TX EVM assumptions
· Option 1: Consider legacy TX EVM values only 

· Option 2 (Intel): Introduce test cases for TS #1/2 (Rank 2 + 64QAM + ULA Med A + 3% TX EVM) to verify 4RX SU-MIMO IM performance under reduced TX EVM assumptions.
· Test case applicability
· Option 1 (Qualcomm): Consider following test cases applicability for performance requirements for enhanced SU-MIMO.
	
	2 Rx UE supporting rank 2 SU-MIMO
	4 Rx UE supporting rank 2 SU-MIMO
	4 Rx UE supporting rank 2 and rank 3/4 SU-MIMO

	Common SU-MIMO test
	Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference
	Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference
	Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference

	Rank 2 SU-MIMO test
	Rank 2 TM4 test with 2 Rx

Rank 2 TM9 test with 2 Rx
	Rank 2 TM4 test with 4 Rx

Rank 2 TM9 test with 4 Rx
	Rank 2 TM4 test with 4 Rx

Rank 2 TM9 test with 4 Rx

	Rank 3 SU-MIMO test
	N/A
	N/A
	Rank 3 TM3 test with 4 Rx


Discussion
QC: Need to double check rank 4 results by May meeting

QC: for rank 2 suggest to replace one of the 16QAM tests by 64QAM test
Agreements

· Additional scenarios for requirements definition

· Rank 2

· Option 1: Keep 16QAM test cases only (TC#1 and TC#2)

· Option 2: Replace TC#1 (TM4 16QAM rank 2) with TS#1 (TM4 64QAM rank 2). 

· Antenna model is FFS between ULA Med A or ULA Med

· Rank4: Postpone decision on rank 4 test cases

	Test scenario
	Rank
	Descriptions of other parameters
	ULA, Low
	XPL, Med A
	ULA, Med A
	ULA, Med

	TS #1
	Rank 2
	TM4 64QAM 2x4
	N/A
	N/A
	
	Intel, CATT

	TS #2
	
	TM9 64QAM 2x4
	N/A
	N/A
	LGE, Huawei
	Intel, CATT

	TS #3
	
	TM4 256QAM 4x4
	
	N/A
	
	N/A

	TS #4
	
	TM9 256QAM 4x4
	
	N/A
	
	N/A

	TS #7
	Rank 4
	TM4 16QAM 4x4
	N/A
	Intel, LGE
	N/A
	N/A

	TS #8
	
	TM9 16QAM 4x4
	N/A
	Intel, CATT, LGE
	N/A
	N/A


2.3 CSI reporting

Summary of proposals

	Company
	List of proposals

	Intel
(R4-1702915)
	Proposal #1:
Confirm that 4RX R-ML capable UE can pass the legacy 4RX performance requirements.
Proposal #2:
Further study the possible scenarios for additional SU-MIMO CSI performance requirements definition.

	Ericsson
(R4-1703427)
	Proposal 1: CSI reporting of SU-MIMO receivers should be based on a post-IC type which calculates the CSI based on information after SU-MIMO receiver.
Proposal 2: Evaluate under SU-MIMO concept the SU-MIMO such as ML should still pass all the legacy CSI tests defined for single cell scenario with legacy MMSE receiver. At least certain CQI tests defined for 4Rx and the rank tests should be evaluated.
· 9.9.1
CQI reporting definition under AWGN conditions
· 9.9.2
CQI reporting definition under fading conditions
· 9.9.4
Reporting of Rank Indicator (RI)

Proposal 3: Evaluate the test scenarios agreed from demodulation part where the SU-MIMO receiver gain is identified to follow the same CQI reporting requirement methodology to check the CQI distribution of median CQI, median CQI+1, median CQI-1 together with a BLER criteria for different SU-MIMO receivers.
Proposal 4: Also based on the test scenarios agreed from demodulation part where the SU-MIMO receiver gain is identified evaluate follow CQI/PMI/RI case where we apply all different receiver types to check the difference on the gain including the following receiver combinations.
· MMSE on demod and CSI

· ML on demod and MMSE on CSI

· ML on demod and CSI


Open Issues
· CSI tests
· Background (RAN4 82): Companies are encouraged to provide analyses on CSI tests in next meeting
· Legacy CSI test cases

· Option 1: Confirm 4RX R-ML capable UE can pass the legacy 4RX performance requirements.
· Option 2: Further study if 4RX R-ML capable UE can pass the legacy 4RX performance requirements.
· Additional CSI reporting requirements
· Option 1: Do not defined additional SU-MIMO CSI performance requirements due to testability issues.
· Option 2: Further study if additional SU-MIMO CSI performance requirements need to be defined.
Discussion
TBA
Agreements
Continue discussion during the week
3. TPs and CRs
	Agenda
	Tdoc
	Type
	Title
	Source

	7.27.1
	R4-1703961
	other
	TR 36.747 text proposal on Enhanced CRS-IM
	Intel Corporation

	7.27.1
	R4-1703962
	other
	TR 36.747 text proposal on Enhanced 4RX SU-MIMO IM
	Intel Corporation

	7.27.3
	R4-1703778
	other
	Draft CR for enhanced SU-MIMO
	Huawei, HiSilicon

	7.27.3
	R4-1703779
	other
	Draft CR for MIMO correlation matrices
	Huawei, HiSilicon

	7.27.3
	R4-1703780
	other
	TP for enhanced SU-MIMO IM receiver
	Huawei, HiSilicon


Discussion

Agreements
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