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1. Enhanced CRS-IM performance requirements
Contributions list

	Agenda
	Tdoc
	Type
	Title
	Source

	7.31.1
	R4-1700656
	discussion
	Test equipment complexity - update for Enhanced CRS & SU-MIMO IM
	ANRITSU LTD

	7.31.1
	R4-1701745
	discussion
	Discussion on Enhanced CRS-IM and SU-MIMO IM UE capabilities
	Intel Corporation

	7.31.2
	R4-1700542
	discussion
	Discussion on Enhanced CRS-IM
	Intel Corporation

	7.31.2
	R4-1700942
	discussion
	Reference receiver on enhanced CRS-IM
	ZTE

	7.31.2
	R4-1701746
	discussion
	Discussion on Enhanced CRS-IM network assistance
	Intel Corporation

	7.31.2.1
	R4-1700511
	other
	Further evaluation of PDSCH demodulation performance of enhanced CRS-IM receiver UE
	Qualcomm Incorporated

	7.31.2.1
	R4-1700543
	discussion
	Enhanced CRS-IM performance analysis for PDSCH
	Intel Corporation

	7.31.2.1
	R4-1700935
	discussion
	Simulation results for PDSCH performance of enhanced CRS-IM
	LG Electronics Inc.

	7.31.2.1
	R4-1700941
	discussion
	PDSCH test requirements on enhanced CRS-IM
	ZTE

	7.31.2.1
	R4-1701470
	discussion
	PDSCH demodulation performance on Enhanced CRS-IM
	CATT

	7.31.2.2
	R4-1700512
	other
	Further evaluation of control channel demodulation performance of enhanced CRS-IM receiver UE
	Qualcomm Incorporated

	7.31.2.2
	R4-1700544
	discussion
	Enhanced CRS-IM performance analysis for DL control channels
	Intel Corporation

	7.31.2.2
	R4-1700936
	discussion
	Simulation results for control channels performance of enhanced CRS-IM
	LG Electronics Inc.

	7.31.2.2
	R4-1700940
	discussion
	Control channel tests on enhanced CRS-IM
	ZTE

	7.31.2.2
	R4-1701471
	discussion
	Control channels demodulation performance on Enhanced CRS-IM
	CATT


Summary of proposals
	Company
	List of proposals

	Intel
(R4-1701745)
	Proposal #1:
Define the following UE capabilities/features framework for R14 Enhanced CRS-IM

· Define separate capabilities for Data and Control channels

· Define separate capabilities for 2RX and 4RX CRS-IM

· Define separate capabilities for CRS-IM for 2 and 4 CRS APs. 2 CRS APs capability is a pre-requisite for the 4 CRS APs capability.

· Per-UE capability signalling. Indicate support of CRS-IM on at least one CC. FFS if any constrains on the max CC CA configuration should be signaled.

· Consider to define a separate feature for blind detection of CRS assistance information.

	Intel
(R4-1700542)
	Proposal #1:
Explicitly model 1 dominant interferer for the scenarios with 4 RX chains and 4 CRS APs in the interference cells. 
Proposal #2:
Define PDSCH CRS-IM demodulation requirements for the scenarios in Table 2. Continue feasibility analysis for the scenarios in Table 3. Use simulation assumptions in Table 4.
Table 2. PDSCH demodulation test cases for performance requirements definition
Test
TM
CRS pattern
Number of UE RX chains
Number of CRS APs
Serv. cell
Interf. cell
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
Table 3. PDSCH demodulation test cases for additional analysis / discussion
Test
TM
CRS pattern
Number of UE RX chains
Number of CRS APs
Serv. cell
Interf. cell
5

TM4

Colliding

2

4

4

6

TM4

Colliding

2

4

2

7

TM4

Colliding

2

2

4

Proposal #3:
Define PDCCH/PCFICH CRS-IM demodulation requirements for the scenarios in Table 5. Use simulation assumptions in Table 6.

Table 5. PDCCH/PCFICH demodulation test cases

Test
CRS pattern
Number of UE RX chains
Number of CRS APs
Serv. cell
Interf. cell
1

Non Colliding

2

4

4

2

Non Colliding

4

2

2

3

Non Colliding

4

4

4

Proposal #4:
Define PHICH CRS-IM demodulation requirements for the scenarios in Table 7. Use simulation assumptions in Table 8.
Table 7. PHICH demodulation test cases

Test
CRS pattern
Number of UE RX chains
Number of CRS APs
Serv. cell
Interf. cell
1
Non Colliding
2
4
4
2
Non Colliding
4
2
2
3

Non Colliding

4

4

4

Proposal #5:
Define EPDCCH CRS-IM demodulation requirements for the “2CRS APs + 4RX”scenario. Use simulation assumptions in Table 8.
Proposal #6:
Do not specify the exact receiver type (full/reduced complexity) for the performance requirements definition for the 4 CRS APs case.
Proposal #7:
Further investigate receiver enhancements for the Colliding CRS scenarios.

	ZTE
(R4-1700942)
	For CRS-IM for 4 CRS APs,
Observation1: There is a clear gap of throughput curves between full complexity CRS-IM and reduced complexity CRS-IM.

Observation2: The reduced complexity CRS-IM appears performance deterioration in high SNR.

For colliding with 4 APs serving cell and 2 APs interference cell,

Observation3: CRS Port 2-3 based Rnn evaluation shows the better demodulation performance compared to CRS Port 0-3 based Rnn evaluation.
Observation4: Using CRS Port 2-3 based Rnn can reduce evaluation complexity.
Proposal 1: Apply full complexity CRS-IM for all the demodulation tests with 4 CRS ports interference.

Proposal 2: CRS Port 2-3 based Rnn evaluation can be used for colliding scenario with 4 CRS ports serving cell and 2 CRS ports interference cell.

	Intel
(R4-1701746)
	Proposal #1: Introduce Rel-14 UE capability of CRS assistance information (Cell ID and number of CRS APs) blind detection.

Proposal #2: eNBs provide CRS Assistance (at least MBSFN subframe configurations) to the blind detection capable UEs only under conditions when serving and/or neighbouring cells use MBSFN subframes.

	Qualcomm
(R4-1700511)
	Proposal 1. Select test 1 as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify CRS-IM for 4 CRS ports. Consider revising MCS to find appropriate CINR test point. 

Proposal 2. Select test 2 with 64QAM as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify 4 Rx CRS-IM in CRS TM. 

Proposal 3. Select test 3 with 64QAM as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify 4 Rx CRS-IM in DM-RS TM

Proposal 4. Select test 4 as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify 4 Rx CRS-IM for 4 CRS ports. Consider revising MCS to find appropriate CINR test point.  

Proposal 5. For test 4, consider test set up with one interference cell. 

Proposal 6. Deprioritize test 5 since CRS-IM provides only marginal gain in colliding CRS interference scenario. 

Proposal 7. Deprioritize test 6 since noise/covariance estimation using CRS port 2/3 cannot be considered as reference receiver. 

Proposal 8. Deprioritize test 7 since deployment scenario is not generic and test 1 can provide test coverage for this case. 

Proposal 8. Consider CRS-IM test applicability in table 2. 

Table 2. 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 2 Rx test

N/A

2 Rx UE with 4 AP CRS-IM support

TM9 2 Rx test

TM4 2 Rx test

4 Rx UE with 2 AP CRS-IM support

TM4, TM9 4 Rx test

N/A

4 Rx UE with 4 AP CRS-IM support

TM9 4 Rx test

TM4 4 Rx test

Proposal 10. Consider separate CRS-IM capability for Rel-14 CRS-IM UE. 

· 2 Rx UE with 2 AP CRS-IM support
· 2 Rx UE with 4 AP CRS-IM support + 4 Rx UE with 2 AP CRS-IM support
· 4 Rx UE with 4 AP CRS-IM support

	LGE
(R4-1700935)
	Observation 1: For TM4 16QAM modulation order, sufficient gain to define performance requirement could be provided. 

Observation 2: Test scenario for TM9 64QAM modulation order could be considered to define performance gain considering implementation margin. 
Proposal : consider 16QAM for TM4 and 64QAM for TM9

	ZTE
(R4-1700941)
	Observation1: CRS-IC gain with 64QAM is less than with 16QAM because the higher SNR is needed for 64QAM demodulation.
Observation2: Test 4 shows the largest CRS-IC gain for 64QAM demodulation.
Observation3: For colliding scenario, CRS-IC causes the performance deterioration when SNR is more than 12dB in Test 5 and more than 13dB in Test 7.
Observation4: For 4x2 antenna configuration in both serving cell and interference cell, CRS-IC gain in colliding Test 5 is obviously less than non-colliding Test 1.
Proposal 1: The following test cases can be applied for eCRS-IM PDSCH demodulation:
· Test 1: Non-colliding, TM4, 4x2, 4x2, 16QAM

· Test 2: Non-colliding, TM4, 2x4, 2x4, 16QAM

· Test 3: Non-colliding, TM9, 2x4, 2x4, 16QAM

· Test 4: Non-colliding, TM4, 4x4, 4x4, 64QAM

· Test 6: Colliding, TM4, 4x2, 2x2, 16QAM

	CATT
(R4-1701470)
	Observation 1: CRS-IM processing can achieve testable performance gain (about 2dB) over baseline receiver under various configurations of non colliding scenarios.
· The largest performance gain ( >3dB ) is observed from TM4 with the configuration of 2CRS APs and 4RX antennas
· For the evaluated scenario TM9 Rank 1 + 64QAM case, only 1dB performance gain is observed from simulation.
Observation 2: CRS-IM processing can achieve testable performance gain (about 1.5dB) over baseline receiver of colliding scenarios.

	QC
(R4-1700512)
	Observation 1. In homogeneous network, 4 Rx MMSE-IRC UE can decode PDCCH with worst case inter-cell interference. It is not necessary for 4 Rx UE to implement CRS-IM for further PDCCH demodulation performance improvement. 

Proposal 1. Don’t specify PDCCH demodulation performance requirements for 4 CRS ports CRS-IM receiver. 

Proposal 2. Don’t specify PDCCH demodulation performance requirements for 4 Rx UE. 

Proposal 3. Don’t specify PHICH demodulation performance requirements for 4 CRS ports and 4 Rx UE. 

Proposal 4. RAN4 should deprioritize EPDCCH demodulation test in enhanced CRS-IM WI.

	LGE
(R4-1700936)
	PDCCH/PCFICH

For 4X2 antenna configuration, 
Observation 1: For 4X2 antenna configuration, enhanced CRS-IM receiver provides over 2dB performance gain in comparison with MRC and MMSE-IRC receivers. 

For 2X4 antenna configuration

Observation 2: For CFI = 1, the performance gain for CRS-IM receiver has about 2.5dB and 5.4dB in comparison with MRS and MMSE-IRC receivers, respectively.

Observation 3: For CFI = 1, MMSE-IRC receiver provides about 2.5dB performance gain comparing MRC receiver.

Observation 4: For CFI = 3, there is 2dB performance improvement by CRS-IM receiver comparing MRC receiver. However, the performance gap between CRS-IM and MMSE-IRC is insignificant. 
Proposal 1: Consider CFI = 2 and CFI=1 to define performance requirement for PDCCH/PCFICH under 4X2 and 2X4 antenna configuration, respectively.

PHICH

Observation 5: For 4X2 antenna configuration, CRS-IM receiver can achieve 2dB performance gain in comparison with MRC receiver, but performance difference between CRS-IM and MMSE-IRC receivers is lees then 1.5dB. 
Observation 6: For 2X4 antenna configuration, CRS-IM receiver provides testable performance gain. 
Proposal 2: Need to discuss whether performance requirement for MMSE-IRC receiver without CRS-IC is considered or not.

Proposal 3: Consider Table 2 scenarios to define performance requirement for PHICH, and need further discussion on how to distinguish MMSE-IRC receiver performance. 

	ZTE
(R4-1700940)
	Observations:
· For all PDCCH and PHICH test cases, CRS-IM receiver shows obvious gain compared to MRC receiver. 

· For test cases with 4Tx and 2Rx, the gain is mainly from CRS-IM and LMMSE-IRC cannot provide performance enhancement.

· For test cases with 2Tx and 4Rx, both CRS-IM and LMMSE-IRC can perform large performance gain.

· For PDCCH test 1, the gain with CFI2 is 1.6dB more than CFI3; For PDCCH test 2, the gain with CFI1 is 2.4dB more than CFI3.

Proposal 1: For PDCCH, it can be considered to apply CFI2 for test 1 and CFI1 for test 2.
Proposal 2: For PHICH, the simulation configurations for test 1 and test 2 are feasible.

	CATT
(R4-1701471)
	Observation 1: ( PDCCH )

For scenarios of 4CRS APs and 2RX chains, the testable performance gain of LMMSE-IRC+CRS-IM receiver (about 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.
· The performance gain of CRS-IM in case of CFI=2 is larger than that of the case of CFI=3.
For scenarios of 2CRS APs and 4RX chains, large performance gain of LMMSE-IRC+CRS-IM receiver (about 3-7dB) can be achieved over the LMMSE-MRC baseline receiver.

· The performance gain mainly comes from the IRC processing.
· The performance gain of CRS-IM in case of CFI=1 is larger than that of the case of CFI=3.
Observation 2: ( PHICH )

For scenarios of 4CRS APs and 2RX chains, the testable performance gain of the LMMSE-IRC+CRS-IM receiver (about 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 2CRS APs and 4RX chains, large performance gain of the LMMSE-IRC+CRS-IM receiver (about 3-6dB) can be achieved over the LMMSE-MRC baseline receiver.

· The performance gain mainly comes from the IRC processing.
Observation 3: ( EPDCCH )
LMMSE-IRC +CRS-IM receiver can achieve large performance gain (>5dB) over baseline receiver LMMSE-MRC receiver in all 3 configurations.

With the increase of RU loading from 0% to 50%, the gain of CRS-IM processing is decreasing.


Discussion
CRS-IM for PDSCH

· Candidate scenarios in RAN4 #81

	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

	7
	TM4
	Colliding
	2
	2
	4


· Simulation results summary 
	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Modulation
	CRS-IM SINR, dB
	CRS-IM gain vs IRC, dB

	
	
	
	
	Serv. cell
	Interf. cell
	
	
	

	Test 1-1
	TM4
	Non Colliding
	2
	4
	4
	16QAM
	-4.7
	2.6

	Test 1-2
	
	
	
	
	
	64QAM
	0.5
	2.0

	Test 2-1
	TM4
	Non Colliding
	4
	2
	2
	16QAM
	-6.4
	2.5

	Test 2-2
	
	
	
	
	
	64QAM
	-2.8
	2.3

	Test 3-1
	TM9
	Non Colliding
	4
	2
	2
	16QAM
	-6.2
	2.3

	Test 3-2
	
	
	
	
	
	64QAM
	-2.0
	1.8

	Test 4-1
	TM4
	Non Colliding
	4
	4
	4
	16QAM
	-7.6
	2.9

	Test 4-2
	
	
	
	
	
	64QAM
	-3.1
	2.4

	Test 5-1
	TM4
	Colliding
	2
	4
	4
	16QAM
	-3.8
	1.2

	Test 5-2
	
	
	
	
	
	64QAM
	0.4
	1.3

	Test 6-1
	TM4
	Colliding
	2
	4
	2
	16QAM
	-5.3
	1.4

	Test 6-2
	
	
	
	
	
	64QAM
	-1.0
	1.8

	Test 7-1
	TM4
	Colliding
	2
	2
	4
	16QAM
	-0.7
	1.1

	Test 7-2
	
	
	
	
	
	64QAM
	2.2
	1.0


· Feasibility studies conclusions
· Test cases for performance requirements definition

· Option 1: Confirm CRS-IM feasibility and gains for TCs 1-4. Proceed with requirements definition

Agreement: Confirm CRS-IM feasibility and gains for PDSCH TCs 1-4. Proceed with requirements definition for these test cases.

· Test cases for additional analysis / discussion 
· Option 1: Confirm feasibility for TC 5, 6, 7

· Option 2: Continue feasibility studies for TC 5, 6, 7

· Option 3: Deprioritize work on TC 5, 6, 7

Discussion

· Intel: Continue TC 5,6

· QC: Option 3

· ZTE: Ok to continue. What is the difference vs prev meeting?

· Intel: other scenarios, 0% PDSCH loading

· CATT: Can continue studies for TC 5,6

· No other companies interested to continue the work on the Colliding CRS scenarios

· Possible additional scenarios for TC 5,6:
· Intel
· Low PDSCH loading (e.g. 0%)
· Verify improved Rnn estimation using CRS-IC
· Low INR case to check robustness (QC)
· Note: Intel to provide detailed simulation assumptions in the WF

Agreement: Continue feasibility studies for PDSCH TC 5, 6 for additional scenarios

· PDSCH FRC for each test case
· Option 1: MIMO Rank 1 + 16QAM 1/2

· Option 2: MIMO Rank 1 + 64QAM 1/2

· Option 3: other

Agreement: 

PDSCH FRC 
Baseline for alignment: MIMO Rank 1 + 64QAM ½. 

Companies can bring inputs to further tune the MCS.
· Test applicability for CRS-IM PDSCH demodulation tests

· Rapporteur: Suggest to discuss once have agreements on UE capabilities

· Option 1 (Qualcomm)
	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 2 Rx test
	N/A

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

	4 Rx UE with 2 AP CRS-IM support
	TM4, TM9 4 Rx test
	N/A

	4 Rx UE with 4 AP CRS-IM support
	TM9 4 Rx test
	TM4 4 Rx test


CRS-IM for DL control channels

· Simulation results summary

	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	CFI
	INR1, INR2
	SINR CRS-IM, dB
	CRS-IM gain vs MRC, dB
	CRS-IM gain vs IRC, dB

	
	
	
	Serv. cell
	Interf. cell
	
	
	
	
	

	PDCCH test 1-1
	Non Colliding
	2
	4
	4
	2
	13.91, 3.34
	-2.5
	2.7
	2.3

	PDCCH test 1-2
	
	
	
	
	
	8.36, 1.66
	-1.9
	2.0
	1.6

	PDCCH test 1-3
	
	
	
	
	3
	13.91, 3.34
	-2.0
	1.8
	1.3

	PDCCH test 1-4
	
	
	
	
	
	8.36, 1.66
	-1.7
	1.5
	1.0

	PDCCH test 2-1
	Non Colliding
	4
	2
	2
	1
	13.91, 3.34
	-9.1
	6.0
	2.1

	PDCCH test 2-2
	
	
	
	
	
	8.36, 1.66
	-7.1
	3.8
	1.5

	PDCCH test 2-3
	
	
	
	
	3
	13.91, 3.34
	-7.5
	4.1
	0.4

	PDCCH test 2-4
	
	
	
	
	
	8.36, 1.66
	-6.1
	2.9
	0.2

	PHICH test 1-1
	Non-Colliding
	2
	4
	4
	3
	13.91, 3.34
	-1.9
	1.7
	1.3

	PHICH test 1-2
	
	
	
	
	
	8.36, 1.66
	-2.1
	1.3
	0.9

	PHICH test 2-1
	Non-Colliding
	4
	2
	2
	1
	13.91, 3.34
	-8.4
	5.5
	1.8

	PHICH test 2-2
	
	
	
	
	
	8.36, 1.66
	-6.7
	3.8
	1.4

	EPDCCH test 1-1
	Non-Colliding
	4
	2
	2
	1
	13.91, 3.34 
	-10.1
	5.1
	5.5

	EPDCCH test 1-2
	Non-Colliding
	4
	2
	2
	
	10.44, 4.57  
	-5.8
	6.3
	2.3

	EPDCCH test 1-3
	Non-Colliding
	4
	2
	2
	
	8.36, 1.66 
	-3.0
	5.2
	1.2


PDCCH/PCFICH
· Candidate scenarios in RAN4 #81
	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	Serv. cell
	Interf. cell

	1
	Non Colliding
	2
	4
	4

	2
	Non Colliding
	4
	2
	2


· Feasibility studies conclusions

· Option 1: Confirm feasibility and define requirements for TC 1, 2. (LGE, ZTE, Intel)

· Option 2: Do not define requirements for TC 1, 2. (Qualcomm)
Agreements 
Confirm feasibility and define requirements for PDCCH/PCFICH TC 1. 
Deprioritize work for PDCCH/PCFICH TC2 (Observation: CRS-IM has low SINR operating point)
· Candidate scenarios for further feasibility studies

Agreement: Continue studies for additional PDCCH/PCFICH TC3 (investigate both performance and complexity).
	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	Serv. cell
	Interf. cell

	3
	Non Colliding
	4
	4
	4


· Interference power profile
· Previous agreements

· Option 1: Reuse Rel-13 CCIM interference power profiles. I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.

· Option 2: Reuse Rel-13 CRS-IM interference power profiles. I1/Noc = 8.36 dB; I2/Noc = 1.66 dB (RU=50%, 50%-tile from 36.863)

· Option 1: Reuse Rel-13 CCIM interference power profiles. I1/Noc = 13.91 dB; I2/Noc = 3.34 dB (LGE, ZTE, Intel)
Agreement: Reuse Rel-13 CCIM interference power profiles. I1/Noc = 13.91 dB; I2/Noc = 3.34 dB

· Test 1 PDCCH parameters

· CFI = 2
· PDCCH AL 2

· Test 2 PDCCH parameters

· CFI = 1

· PDCCH AL 

· Option 1: 2 (LGE, ZTE)

· Option 2: Further study between 1 and 2 (Intel)
PHICH

· Candidate scenarios in RAN4 #81

	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	Serv. cell
	Interf. cell

	1
	Non Colliding
	2
	4
	4

	2
	Non Colliding
	4
	2
	2


· Feasibility studies conclusions
· Option 1: Confirm feasibility and define requirements for TC 1, 2. (LGE, ZTE, Intel)
· Option 2: Do not define requirements for TC 1, 2. (Qualcomm) 
Agreement: 

Confirm performance gains for PHICH TC 1. FFS if performance requirements need to be introduced. 
Deprioritize work for PHICH TC2 (Observation: CRS-IM has low SINR operating point)
· Candidate scenarios for additional feasibility studies

Agreement: Continue studies for additional PHICH TC3 (investigate both performance and complexity).
	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	Serv. cell
	Interf. cell

	3
	Non Colliding
	4
	4
	4


· Interference power profile

· Option 1: Reuse Rel-13 CCIM interference power profiles. I1/Noc = 13.91 dB; I2/Noc = 3.34 dB (LGE, ZTE)
· Option 2: Reuse Rel-13 CRS-IM interference power profiles. I1/Noc = 8.36 dB; I2/Noc = 1.66 dB (RU=50%, 50%-tile from 36.863) 
Agreement: Reuse Rel-13 CCIM interference power profiles. I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.
EPDCCH

Agreement: Deprioritize the work on EPDCCH

· E///, QC: Reason to deprioritize is lack of market interest and no chipset support 

· Candidate scenarios in RAN4 #81

	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	Serv. cell
	Interf. cell

	1
	Non Colliding
	4
	2
	2


· Feasibility studies conclusions

· Option 1: Confirm feasibility and define requirements for TC 1. (Intel)

· Option 2: Do not define requirements. (Qualcomm)
· Option 3: Continue feasibility studies for additional scenarios/parameters

· Interference model:

· Option 1: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB, no PDSCH interference
· Option 2: I1/Noc = 10.44 dB; I2/Noc = 4.57  dB, 20% interference loading (Intel)
· Option 3: I1/Noc = 8.36 dB; I2/Noc = 1.66 dB, 50% interference loading 
Number of explicitly modelled interference cells for 4x4 scenarios:

· Option 1: 1 (Intel, Qualcomm)
CRS-IM reference receiver assumptions
· CRS-IM for 4 CRS APs ports processing

· Option 1: Requirements will be based on Full complexity CRS-IM
· Option 2: Requirements will be based on Reduced complexity CRS-IM
· Option 3: Do not specify the exact receiver type
· CRS-IM for scenarios with Colliding CRS and mix of 4/2 CRS APs

· Option 1: CRS Port 2-3 based Rn evaluation

· Option 2: CRS Port 0-3 based Rn evaluation
· Option 3: Do not specify the exact receiver type
· CRS-IM for colliding CRS

· Option 1: LMMSE-IRC with 1 Cell CRS-IM to improve channel estimation
· Option 2: LMMSE-IRC with 1 Cell CRS-IM to improve channel and interference estimation
· Option 3: Do not specify the exact receiver type
CRS-IM assistance information signalling

· Option #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: neighboring cell use MBSFN subframes 
· Option B: neighboring cells MBSFN configuration is different from the serving cell
· Option #2:
· eNBs provide reduced size CRS assistance information for the cells using same configuration as the serving cell
· Option #3: Keep legacy CRS Assistance framework

Discussion:

· QC: Cannot agree on Option 1 due to changes in UE implementation

· LGE: What happens if UE supports BD of CRS Assistance information + NAICS? 

· E///: We have separate signalling for CRS-IM and NAICS

· E///: 

· Benefits of Option 2 are unclear. 

· First preference is pure blind detection + no assistance

· Interested how to define CRS-Assistance for R14

· QC:  CRS Assistance is used to maximize the benefits of CRS-IM. In legacy networks UEs can already use blind detection. Cannot agree on anything for Option 1. Fine to continue analysis.
UE capabilities/features framework
· Discuss whether same or different capabilities should be used for 

· CRS-IM for data and control channels

· CRS-IM for 2RX and 4RX UEs

· CRS-IM for 2 and 4 CRS APs

· UEs supporting CRS-IM assistance information blind detection

· Possible capabilities in terms of number of RX chains and CRS APs:

· 2 RX UE with 2 AP CRS-IM support

· 2 RX UE with 4 AP CRS-IM support 
· 4 RX UE with 2 AP CRS-IM support

· 4 RX UE with 4 AP CRS-IM support
· Signalling method
· Option 1: Per UE

2. Enhanced SU-MIMO IM performance requirements
Contributions list
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	Tdoc
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	discussion
	Discussion on Enhanced CRS-IM and SU-MIMO IM UE capabilities
	Intel Corporation

	7.31.3
	R4-1700513
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	Further evaluation of PDSCH demodulation performance of enhanced SU-MIMO receiver UE
	Qualcomm Incorporated

	7.31.3
	R4-1700547
	discussion
	Discussion on Enhanced SU-MIMO IM
	Intel Corporation

	7.31.3
	R4-1700548
	discussion
	Enhanced SU-MIMO IM performance analysis
	Intel Corporation

	7.31.3
	R4-1700934
	discussion
	Discussion and simulation results for enhanced SU-MIMO
	LG Electronics Inc.

	7.31.3
	R4-1701124
	discussion
	Discussion on feasibility study for 2-layer enhanced SU-MIMO
	Huawei, HiSilicon

	7.31.3
	R4-1701125
	discussion
	Discussion on feasibility study for 3-layer enhanced SU-MIMO
	Huawei, HiSilicon

	7.31.3
	R4-1701126
	discussion
	Discussion on feasibility study for 4-layer enhanced SU-MIMO
	Huawei, HiSilicon

	7.31.3
	R4-1701128
	discussion
	Discussion on SU-MIMO test with interference
	Huawei, HiSilicon


Summary of proposals

	Company
	List of proposals

	Intel
(R4-1701745)
	Proposal #2:
Further discuss the Rel-14 Enhanced SU-MIMO IM UE capabilities

· Is capability signalling needed? 

· Should capability be optional / mandatory for 4 RX capable UEs? 

· Whether the support of 2RX R-ML implies the support of 4RX R-ML? 

· Whether the support of 4RX R-ML implies the support of 2RX R-ML? 

· Capability signalling method (per UE, per CC)

	QC
(R4-1700513)
	Proposal 1. Specify TM4 and TM9 rank 2 PDSCH demodulation tests for 4 Rx SU-MIMO receiver UE. 

Proposal 2. Specify test applicability rule for SU-MIMO tests so that 4 Rx UE that fulfills rank 2 4 Rx SU-MIMO tests can skip corresponding 2 Rx SU-MIMO tests.
Proposal 3. Specify TM3 rank 3 PDSCH demodulation tests with 16QAM 1/2 in ULA medium A correlation channel. 

Observation 1. In ULA Medium A correlation channel, effective CINR shows large imbalance among MIMO layers, which seems to cause BLER floor.

	Intel
(R4-1700547)
	Proposal #1:
Confirm SU-MIMO IM feasibility and define requirements for the following scenarios

· MIMO Rank 2 + 16QAM

· MIMO Rank 3 + 16QAM

· MIMO Rank 3 + 64QAM

· MIMO Rank 4 + 16QAM

Proposal #2:
Further study SU-MIMO IM feasibility and testability of for the following scenarios

· MIMO Rank 2 + 64QAM

· MIMO Rank 2 + 256QAM

Proposal #3:
Further study SU-MIMO IM performance and testability for the interference limited scenarios. Define at least some of the test cases under interference-limited conditions.

Proposal #4:
Further evaluate SU-MIMO performance under reduced TX EVM assumptions

	LGE
(R4-1700934)
	Rank 2 with 64QAM and 256QAM
Observation 1: For TM4, the performance gain by RML receiver is small to define performance requirements.

Observation 2: For TM9, reasonable performance gains are provided by RML receiver considering Medium and Medium A correlation condition, so these scenarios are feasible to define performance requirements.

Observation 3: Medium A correlation scenario for TM4 has suitable performance gain and is testable.

Observation 4: For TM9, Low correlation scenario is feasible to define performance requirements. 

Observation 5: ForTM9 Medium A correlation scenario, testable performance gain could be achieved by RML receiver, but target SNR at 70%-tile is high as around 25dB.

Rank 3 with 16QAM and 64QAM
Observation 6: For 16QAM, sufficient gain under Medium A correlation scenario can be achieved RML receiver.

Observation 7: For 64QAM, the performance improvement for RML receiver is not enough to define performance requirement. 

Rank 4 with 16QAM
Observation 8: For TM4 and TM9, only XPOL Medium A correlation scenario can provide reasonable performance gain to define performance requirements.

From observations, feasible test scenarios could be decided as follows:

16QAM

64QAM

256QAM

Rank 2

TM4 ULA Medium (2X4)

TM9 ULA Medium (2X4)
TM9 ULA Medium (2X4)

TM9 ULA Medium A (2X4)
TM4 ULA Medium A (4X4)

TM4 ULA Low (4X4)
Rank 3

TM3 ULA Medium A (4X4)
Infeasible for test
Infeasible for test
Rank 4

TM4 XPOL Medium A (4X4)

TM9 XPOL Medium A (4X4)
Infeasible for test
Infeasible for test
Then we propose

· Proposal 1: Consider test scenarios to define performance requirement for enhanced SU-MIMO based on Table 6.

· Proposal 2: Consider following test cases for performance requirements for enhanced SU-MIMO(Table 7)
Test Case

Rank

Transmission mode

Modulation order

Antenna configuration

Channel correlation

1

Rank 2

TM4

16QAM

2X4 EPA5
Medium

2

TM9

64QAM

2X4 EPA5
Medium A

3

TM4

256QAM

4X4 EPA5
Medium A

4

TM9

256QAM

4X4 EPA5
Low

5

Rank 3

TM3

16QAM

4X4 EVA70
Medium A

6

Rank 4

TM4

16QAM

4X4 EPA5
XPOL Medium A

7

TM9

16QAM

4X4 EPA5
XPOL Medium A



	Huawei
(R4-1701124)
	Proposal 1:  For 2-layer enhanced SU-MIMO test, consider to select TS1 for 64QAM test and TS4 for 256QAM test.

	Huawei
(R4-1701125)
	Proposal 1:  For 3-layer enhanced SU-MIMO test, consider to select TS5 test.

	Huawei
(R4-1701126)
	Proposal 1: Deprioritize 4-layer cases for enhanced SU-MIMO.

	Huawei
(R4-1701128)
	Proposal 1: Introduce one test case with interference after most of the test cases decided.


Discussion

· Scenarios for further studies in RAN4 #82
	Test scenario
	Rank
	Descriptions of other parameters
	Antenna correlations

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

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

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

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

	TS #5
	Rank3
	TM3 16QAM 1/2 EVA70 4x4
	ULA Low / Medium A / Medium; XPL Medium A

	TS #6
	
	TM3  64QAM 1/2 EPA5 EVA5
	ULA Low / Medium A / Medium; XPL Medium A

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

	TS #8
	
	TM9 16QAM 0.57 EPA5 4x4
	ULA Low / Medium A / Medium; XPL Medium A


· Feasibility studies conclusions (noise limited case)
· 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
	
	Huawei

	TS #2
	
	TM9 64QAM 2x4
	
	N/A
	LGE
	

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

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

	TS #5
	Rank 3
	TM3 16QAM 4x4
	
	
	Qualcomm, Intel, Huawei, LGE
	Huawei

	TS #6
	
	TM3 64QAM 4x4
	
	
	Intel (FFS)
	

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

	TS #8
	
	TM9 16QAM 4x4
	Intel
	Intel, LGE
	
	


· Scenarios for further feasibility studies
· Option 1: 4x4 + MIMO Rank 2 + 64QAM

· Option 2: 4x4 + MIMO Rank 2 + 256QAM

· Interference limited scenarios
· Option 1: Introduce one test case with interference after most of the test cases decided
· Option 2: Do not introduce test cases under interference limited scenarios
· eNB TX EVM assumptions
· Option 1: Consider legacy TX EVM values only 

· QPSK, 16QAM, 64QAM: 6% TX EVM

· 256QAM: 3% TX EVM

· Option 2: Further study EVM impact on SU-MIMO IM performance (Intel) 

· 16QAM/64QAM:

· Reduced EVM: [3] %

· Typical EVM: 6 %

· 256QAM:
3.5 %

· Reduced EVM: [1.5] %

· Typical EVM: 3 %
· Test case applicability
· Option 1 (Qualcomm): Specify test applicability rule for SU-MIMO tests so that 4 Rx UE that fulfills rank 2 4 Rx SU-MIMO tests can skip corresponding 2 Rx SU-MIMO tests.
· UE capabilities
· Is capability signalling needed? 

· Should capability be optional / mandatory for 4 RX capable UEs? 

· Whether the support of 2RX R-ML implies the support of 4RX R-ML? 

· Whether the support of 4RX R-ML implies the support of 2RX R-ML? 

· Capability signalling method (per UE, per CC)
Agreements
TBA
3. TPs
	Agenda
	Tdoc
	Type
	Title
	Source

	7.31.1
	R4-1701569
	other
	TP for enhanced CRS-IM feasibility study
	HuaWei Technologies Co., Ltd

	7.31.3
	R4-1701127
	other
	TP for enhanced SU-MIMO feasibility study
	Huawei, HiSilicon
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PAGE  
9/14

