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1. TM3/4 4 layers MIMO support
Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source
	Decision

	7.8.1
	R4-152585
	Discussion
	Discussion on 3/4 layer support for CRS-based transmission
	Huawei,HiSilicon
	

	7.8.1
	R4-152895
	Discussion
	Proposal on capability of UE category to support TM3/4 with 4 layers
	Ericsson
	

	7.8.1
	R4-152896
	LS out
	LS to RAN1 on capability of UE category to support TM3/4 with 4 layers
	Ericsson
	

	7.8.1
	R4-153053
	LS out
	LS to RAN1 and RAN2 regarding rank3/4 in TM4 for additional UE categories
	Nokia Networks
	

	7.8.1
	R4-153485
	WF
	Way Forward on rank 3 and rank 4 in TM4 for additional UE Categories
	Nokia Networks
	

	7.8.1
	R4-153298
	Discussion
	On the specification support of MIMO capability
	Nokia Networks
	


Summary

· Huawei (R4-152585)
· Observation 1: With respect to rank3/4 PDSCH transmission, the TM3/4 is a better choice than TM9, because of less overhead, better demodulation performance, accurate CSI feedback and supportting high speed scenarios.
· Observation 2: With respect to realistic deployment scenarios, it’s better to solve the issues of TM3/4 for rank3/4 transmission in specification and leave it to operator to choose the network deployment.
· Observation 3: From the throughput performance point of view, the TM3/4 with 4 CRS-port could achieve better performance than TM9 with 2 CRS-port for eNB 4TX network.
· Proposal 1: RAN4 sends LS to RAN1/2 to ask for introducing the support for rank3/4 transmission at least for UE categories 6 and 7.
· Ericsson (R4-152895)
· Proposal 1: 3GPP should try to look for solution to fix capability signalling issue for practical UE categories to support TM3/4 with 4 layers operations.

· Proposal 2: A separated capability as supportedMIMO-CapabilityDL_TM3_TM4-r12 could be considered to fix the capability signalling for at least Rel-12 UE categories e.g. UE DL category 13, 15, 16 to support TM3/4 with 4 layers 4x4 MIMO.

· Proposal 3: Ask RAN1 to introduce support for TM3/4 with 4 layers (i.e. 4x4 MIMO) from Rel-12 and onwards by explicit capability and configuration signalling for the applicable UE categories.

· Proposal 4: A similar solution as above to have a Rel-12 capability applied to Rel-11 and onwards UE categories could be considered in case it’s necessary and confirmed by operators and other vendors.

· Ericsson (R4-152896)
· RAN4 respectfully asks RAN1 to consider introducing a separated capability signalling e.g. supportedMIMO-CapabilityDL_TM3_TM4-r12 to indicate the supported MIMO layers by UE with TM3 and TM4 from Rel-12 and at least covering the Rel-12 UE categories, e.g. UE DL category 13, 15, 16 to support TM3/4 with 4 layers MIMO.
· Nokia (R4-153053)
· To TSG RAN WG1 

· RAN4 kindly ask RAN1 to discuss to introduce support for Rank 3 and 4 for TM4 including UE categories 6 and higher.

· To TSG RAN WG2

· RAN4 kindly asks RAN2 to discuss to introduce signalling for supporting for Rank 3 and 4 for TM4 including UE categories 6 and higher.

· Nokia (R4-153298)
· Proposals: 

· Send an LS to RAN1 and RAN2 asking for technical discussions on enabling the support for high rank TM3/4 for CAT6 and beyond.

· Introduce the necessary UE performance requirements for high rank TM3/4.

Discussion
· Do we agree in RAN4 that 3GPP should look for solution to fix the signalling to enable TM3 and TM4 to support > 2 layers MIMO operation with UE categories other than 5, 8, 14?
· Yes

· No

· From which release such capability signalling should be introduced?

· Rel-10

· Rel-11

· Rel-12

· Rel-13

HW  : Would RAN1/2 follow the RAN4 agreement

E/// : Expects that RAN1/2 follow RAN4 unless they see some difficulty in the feasibility

Nokia : Propose not to discuss this extensively

· What UE categories are considered to be possible UE categories to support maximum 4 layers MIMO with TM3/4?

· UE categories 6, 7 and beyond

· UE categories 9, 10 and beyond

· UE categories 11, 12 and beyond

· UE DL categories 13, 15, 16 and beyond
Agreements

· TBD

2. Control channels
Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source
	Decision

	7.8.4.2
	R4-152582
	Discussion
	Discussion and evaluation on 4RX PDSCH demodulation requirements
	Huawei,HiSilicon
	

	7.8.4.2
	R4-152807
	Discussion
	PDCCH demodulation performance of 4 Rx UE
	Qualcomm
	

	7.8.4.2
	R4-153103
	Discussion
	PDCCH demodulation performance with 4Rx
	Ericsson
	

	7.8.4.2
	R4-153104
	Discussion
	Summary of PDCCH performance results for alignment and impairment
	Ericsson
	

	7.8.4.2
	R4-153105
	Discussion
	ePDCCH demodulation for 4Rx
	Ericsson
	

	7.8.4.2
	R4-153106
	Discussion
	PHICH and PBCH demodulation for 4Rx
	Ericsson
	

	7.8.4.2
	R4-153167
	Discussion
	Discussion on 4Rx control channel demodulation requirements
	ZTE
	

	7.8.4.2
	R4-153197
	Discussion
	Discussion on 4RX PCFICH/PDCCH demodulation test
	MediaTek
	

	7.8.4.2
	R4-153587
	Discussion
	Discussions on 4 Rx AP UE Control Channels Tests
	Intel
	


Summary

· Huawei (R4-152582)
· Proposal 1: The 4RX performance requirements for PCFICH/PDCCH/PHICH should be introduced, based on a common understanding on the UE fallback behaviour in RAN4.
· Proposal 2: The 4RX performance requirements for ePDCCH should be introduced.
· Proposal 3: The 4RX performance requirement for PBCH is not needed.
· Proposal 4: RAN4 adopts the following 4RX requirements for control channel, and down-selection might be needed:
· PCFICH/PDCCH, section 8.4.1.2.1, 10MHz, 4 CCE, R.16 FDD, EVA70, 2 x 2 Low

· PCFICH/PDCCH,section 8.4.1.2.2
5 MHz
, 2 CCE, R.17 FDD, EPA5, 4 x 2 Medium

· ePDCCH (distributed), section 8.8.1.1, 10 MHZ, 16 ECCE, 
R.56 FDD, EVA70, 2 x 2 Low

· ePDCCH (localized), section 8.8.2.1, 10 MHZ, 8 ECCE, R.58 FDD, EVA5, 2 x 2 Low

· PHICH, section 8.5.1.2.1, 10 MHz, R.19, EVA70, 2 x 2 Low

· PHICH, section 8.5.1.2.2, 5 MHz, R.20, EPA5, 4 x 2 Medium

· Qualcomm (R4-152807)
· Proposal 1. In case RAN4 agrees that UE needs to fulfill both 2 Rx and 4 Rx tests, define one 4 Rx test with 2 Tx antenna configuration. Otherwise, duplicate all 3 PCFICH/PDCCH tests for 4 Rx UE.
· Ericsson (R4-153103)
· Provide results for existing PDCCH/PCFICH tests scenarios with 2 and 4Rx
· Ericsson (R4-153104)
· Summary results for PDCCH/PCFICH with existing PDCCH/PCFICH tests scenarios with 2 and 4Rx
· Ericsson (R4-153105)
· Observation 1: From these simulations the indication is that there is a gain for ePDCCH performance from approximately 3 dB gain for ePDCCH, distributed transmission when going from 2Rx to 4Rx to between 4.5 to 6.5 dB for localized transmission.

· Proposal 1: Add new requirements for ePDCCH for a UE capable of 4Rx. Use the same test setup as for 2Rx in 36.101 chapter 8.8 and schedule PDSCH continuously during the test.

· Ericsson (R4-153106)
· Observation 1: The gain in PHICH performance for a UE with 4 receiver antennas, when 1Tx antennas are used (in 36.101, 8.5.1.1), is around 3.5 dB for Low correlation.

· Observation 2: The gain in PHICH performance for a UE with 4 receiver antennas, when 2Tx antennas are used (in 36.101, 8.5.1.2.1), is around 4 dB for Low Correlation and New Medium cross polarized antennas. 

· Observation 3: The gain in PHICH performance for a UE with 4 receiver antennas, when 4Tx antennas are used (in 8.5.1.2.2), is around 3 dB for both Medium correlation and New Medium, cross-polarized antennas. .

· Observation 4: The New Medium Correlation simulations for PHICH has a performance similar to the Low correlation in Tx Diversity case and 3.5 dB better performance than Medium when 4 transmitters are used.  

· Observation 5: The gain for PBCH performance for a UE with 4 receivers is improved by between 2 and 4.5 dB compared with a receiver with 2 receiver antennas.

· Observation 6: For the high correlation usecases there is a further gain of the PBCH performance, for a UE with Cross Polarized antennas, compared with a UE using 4 antennas in a linear array. 

· Proposal 1: Use the existing testcase configuration for PHICH, with the change of antenna configuration to use the New Medium Correlation with  cross-polarized antennas for a UE capable of 4Rx.

· Proposal 2: Adapt the existing testcase configuration for PBCH, adding cross-polarized antennas for new testcases for a UE capable of 4Rx.

· ZTE (R4-153167)
· Proposal1: Use 2x4 antenna configuration for 4Rx PDCCH and PHICH demodulation requirements.
· Proposal2: Define PCFICH/PDCCH test cases based on existing requirement section 8.4.1.2.1 (FDD) and 8.4.2.2.1 (TDD).
· Proposal3: Define PHICH test cases based on existing requirement section 8.5.1.2.1(FDD, 10MHz) and 8.5.2.2.1(TDD).
· MediaTek (R4-153197)
· Observation: Even with the agreement in last meeting, it still does not guarantee that UE is in 4RX mode at the beginning of the test

· Proposal: RAN4 needs to figure out a solution that can guarantee a 4RX UE to stay in 4RX mode before starting the test.

· Intel (R4-153587)

· Observation 1 : A 4-RX UE must make 4-RX UE performance requirements in any case. When the UE switches off to 2-RX AP UE, there is always risk for a 4-RX UE to violate performance requirements, and such risk reduces power saving efficiency. Also, such transparent manner of RX AP switching causes concerns regarding CSI and RRM measurements.
· Observation 2 : “Power preference indication” RRC signal and power saving mechanism already exist in the current TS 36.331 spec.
· Observation 3 : Network non-transparent manner of 4-RX AP switching is feasible without introducing new RRC signals. 
· Proposal 1 : Consider feasibility of non-transparent 4-RX AP switching method under the current spec and existed RRC signals as Figure 2. 
· Study feasibility of UEAssistanceInformation message usecase and power saving mechanism for non-DRX and DRX modes
· Proposal 2 : We want to discuss feasibility of non-transparent manner of 4-RX AP swiching for power saving purpose specifically as
· Discuss if “power preference indication” RRC signal can be used under non-DRX mode

· Under non-DRX mode, discuss if network can accomdodate a 4-RX AP UE to switch into 2-RX AP when an UE indicates that power saving gets high priority than performance.

· Under DRX mode, discuss if network can accomdodate 4-RX AP UE power saving as well as DRX cycle adjustment.

· Propose 3 : We propose PDCCH/PCFICH performance testcases as 
· 1-TX test by reusing testcase FDD 8.4.1.1  
· 2-TX test by resuing testcase FDD 8.4.1.2

· 4-TX test by resuing testcase FDD 8.4.1.2.2
· 1-TX test by reusing testcase TDD 8.4.2.1  
· 2-TX test by resuing testcase TDD 8.4.2.2

· 4-TX test by resuing testcase TDD 8.4.2.2.2
Discussion

· Test scenarios for PDCCH/PCFICH with 4Rx to be confirmed

· Collect alignment results if test scenarios are the existing ones with 2Rx and 4Rx

MTK : 4RX PDCCH demod performance can’t be tested if the UE stays in 2RX fallback

E/// : In test case the PDSCH is scheduled and the conditions are stable

Qualcomm : Thinks a warm up period would be needed to stay in 4RX

Intel : Think details of warm up period would need to be defined

Ericsson : Agreement from last time was to reuse existing test condition including RAN5 part. Initialisation should ensure that UE is in 4RX state. Test time uses 200,000 subframes, so there is a lot of time to get to a stable state. 

QC : Will check with RAN5 specifications the details of warm up period.

MTK : Agrees that there is a warm up period, not sure it is sufficient,
Alignment results in next meeting?

· Feasibility for other control channels with 4Rx
· ePDCCH

· Decision to be made in this meeting

QC , Intel, HW: Can agree ePDCCH test, test condition to be checked

DCM : Support

E///: extending existing test condition to 4RX as the starting point?

e///: 

Qualcomm : OK to start evaluation, think TM10 ePDCCH should be out of scope

E/// : What is the motivation to exclude TM10, could be decided in next meeting.

QC : TM10 test is specifically designed to verify rate matching and QCL, think it is already checked with 2RX tests

· PHICH

QC : Want to exclude as it is not related to PDSCH transmission, hard to determine the 4RX condition. Not sure how network benefits when UE does fallback

Ericsson : Our simulations show gain, 4RX would improve the uplink directly. It is also power contolled.

Intel : Agree with Qualcomm

Huawei : Supports PHICH requirements. Currently 0.1%BLER requirement so PHICH is not very reliable at low SNR. Think that PDCCH capacity can be enlarged. 

Qualcomm : WID indicates tradeoff between power consumption and system level benefit

E///: Compromise could be to configure downlink PDSCH in the test. Existing procedure configures PDCCH but no data. Could be specified in RAN4 test condition that there should be data

Qualcomm : Not a typical condition.  Thinks that PDCCH decoding would already give an indication of PHICH performance improvement and this test would be similar
Ericsson : Would also mean that there may be no issue from UE side if there was a PHICH test in the same condition as the PDCCH test. Could be benefit from 4RX PHICH requirement.

Ericsson invites companies to check the feasibility if PDSCH is scheduled in the 4RX test, bring feedback in next meeting
Ericsson : Intention is to check whether PDSCH scheduling is a suitable compromise. Following the direction of the WID

Qualcomm :  

· PBCH

Qualcomm : Analysis of coverage in 2RX in last meeting, think test is not needed

Huawei : Agree, not necessary.

Ericsson : No agreements in WF last meeting. Could study further in a later phase of the WI if there is time after ore part is done. 

Agreements
· For PDCCH/PCFICH : Previous agreement to reuse 2RX test procedures is confirmed, subject to companies checking the RAN5 specification aspects.
· Alignment results are invited in RAN4#76

· ePDCCH : Agree to develop ePDCCH test, further checking to be made for test conditions. Companies to verify if existing test procedure can be reused

· Study of PBCH feasibility is deprioritised during 4RX core part discussion
3. RLM
Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source
	Decision

	7.8.3
	R4-152846
	Discussion
	Feasibility of RLM requirements for 4RX
	Ericsson
	

	7.8.3
	R4-152847
	Discussion
	Draft text proposal for RLM core requirements for 4RX
	Ericsson
	

	7.8.3
	R4-152933
	Discussion
	Evaluation and Discussion on RLM for 4Rx
	Huawei,HiSilicon
	

	7.8.3
	R4-152934
	Discussion
	Wayforward on RLM requirements for 4RX
	Huawei,HiSilicon
	

	7.8.3
	R4-153070
	Discussion
	RLM for 4Rx UEs
	Qualcomm Incorporated
	

	7.8.3
	R4-153128
	Discussion
	Discussion on the RLM for DL 4 Rx antenna ports
	CATT
	

	7.8.3
	R4-153184
	Discussion
	Simulation results for RLM for 4Rx
	ZTE
	

	7.8.3
	R4-153194
	Discussion
	Feasibility discussion on 4-Rx RLM test
	MediaTek Inc.
	

	7.8.3
	R4-153212
	Discussion
	Further discussion on 4Rx RLM
	Nokia Networks
	

	7.8.3
	R4-153529
	Discussion
	Simulation result of RLM
	LG Electronics
	

	7.8.3
	R4-153579
	Discussion
	Simulation results for 4RX RLM
	Intel Corporation
	


Summary

· Ericsson (R4-152846)
· Proposal 1 : UE is tested for 4RX radio link monitoring under the assumption that PDSCH is always scheduled in the test

· Proposal 2 : Qin evaluation is based on 2RX

· Proposal 3 : For legacy requirements features without extensions of 4Rx are to be tested with 2 ports from system simulator splitted into 4 with pair-wise 100% correlation.

· Proposal 4 : Legacy test cases A.7.3.1 through A.7.3.25 are applied to 4RX UE with 2 ports

· Proposal 5 : 4RX variants of tests A.7.3.1 through A.7.3.4 are considered in the work item
· Ericsson (R4-152847)
· This text proposal is intened for discussion and review, to give an indication of the wording that could be used for the requirements for 4RX radio link monitoring. The initial draft requirements are for non-DRX operation, however it is intended that a similar wording could also be used for DRX operations, with appropriate evaluation periods. Main changes from 2RX RLM requirements text are highlighted
· Huawei (R4-152933)
· Proposal 1: New test case on RLM for 4Rx UE should be defined.
· Proposal 2: SNR level in 4Rx test should be derived by SNR4Rx= SNR2Rx  - △, where △ should be averaged among simulation results from companies. A tentative value of △ is [3] dB.
· Proposal 3: Defining test case on RLM for 4Rx would not lead to imbalance between UL/DL coverage.
· Huawei (R4-152934)
· Proposal 1: New test case on RLM for 4Rx UE should be defined.
· Proposal 2: SNR level in 4Rx test should be derived by SNR4Rx= SNR2Rx  - △, where △ should be averaged among simulation results from companies. A tentative value of △ is [3] dB.
· Proposal 3: Defining test case on RLM for 4Rx would not lead to imbalance between UL/DL coverage.
· Qualcomm (R4-153070)
· Proposal: Maintain the same SNR for out of sync and in sync for 4Rx UEs and 2Rx UEs.

· CATT (R4-153128)
· Proposal 1: Joint simulation of downlink and uplink can be carried out for confirming the necessary of specifying RLM requirements for 4Rx antennas.
· ZTE (R4-153184)
· Observation 1: New test cases for RLM for 4Rx should be introduced to guarantee that UE using 4Rx could still be capable of maintaining radio link when UE using 2Rx could not.
· MediaTek (R4-153194)
· Proposal : Before introducing 4RX RLM test, system simulation is required to justify 

· 1) The system gain brought by for 4RX RLM

· 2) Mismatch between 4RX DL coverage and cell handover boundary

· 3) Mismatch between 4RX DL coverage and UL coverage.

· Nokia (R4-153212)
· Observation 1: It is feasible to define RLM core requirements and/or test cases with 4Rx since UL coverage will be handled by eNB implementation.

· Observation 2: The 4Rx gain in PDCCH demodulation is 2.5dB.

· Proposal 1: For RLM, the 4Rx gain is reflected by lowering SNR condition under which UE can stay in the cell. 

· Proposal 2: UE should use same number of Rx for RLM as for PDCCH demodulation, and new signalling should be considered to make this number known to eNB.

· LG (R4-153529)
· Intel (R4-153579)
· Proposal 1: RLM core requirements based on 2Rx as baseline receiver [2] can be reusable for 4RX UE. 

· Proposal 2:  Based on the simulations results of OOS and IS above, it is proposed Qout and Qin for 4RX can be as :

	
	Channel 

model
	Antenna configuration
	((A, (B)
	DCI
	Aggregation level (CCE)
	Verification point
	SNR(dB)

	OOS


	AWGN


	1x4
	0dB
	1A
	8
	10%
	-12.0

	
	
	2x4
	-3dB
	1A
	8
	10%
	-14.6

	
	ETU70


	1x4
	0dB
	1A
	8
	10%
	-10.5

	
	
	2x4
	-3dB
	1A
	8
	10%
	-13.2

	IS


	AWGN

	1x4
	0dB
	1C
	4
	2%
	-10.2

	
	
	2x4
	-3dB
	1C
	4
	2%
	-13.1

	
	ETU70
	1x4
	0dB
	1C
	4
	2%
	-8.5

	
	
	2x4
	-3dB
	1C
	4
	2%
	-11.5


Discussion

· Summary of RLM results
Ericsson : Good alignment of delta between 2RX and 4RX in simulation results

· Decision on feasibility of 4RX RLM

Ericsson : Does decision on PDCCH demod provide some way to address power consumption issues?
Nokia : Does this mean the continuous PDSCH scheduling is used in the test

E/// : That was our proposal

Nokia Networks : Concerned that this does not address the real operation of RLM

E/// Tried to address that by also applying 2RX tests to 4RX UE in our paper

NN : 2RX does not solve concern, propose to introduce signalling. UE would indicate that it is using 4RX

E/// How does test work

NN : When UE indicates 2RX, the existing SNR is used, when UE indicates 4RX it passes 4RX test

NN UE capable of 2RX and 4RX should pass both 2RX and 4RX tests

Qualcomm : Would need to understand the details of signalling proposal. What are the criteria for using 2RX and 4RX. If those are known to the NW, the signalling is no longer needed

ALU : How often does the UE fallback, would it fall back right away if it is not scheduled? 

Qualcomm : Hard to say, don’t think it is very dynamic, maybe within 200ms Qout window. Can depend on traffic patterns

Intel : Why is NN concerned about the test with full buffer test. The chance to fall back in that condition is low

Nokia : Not concerned for the test, but what would the UE do when we are not in that condition? UE should decide and then let the NW know

Intel : UE can decide to fallback in the practical scenario, why is there NW concern?

Nokia : There is gain from 4RX, and wants NW to know about that. 

ALU : Periodic PDSCH as a compromise? Eg every 100ms

Intel : Suggest analysis for next meeting on impact of fallback

Huawei : Is ALU a compromise for testing, or to specify UE behaviour? We are talking about testing and there may be no problem for test to have continuous PDSCH

ALU : We try to find a way to make the test more relevant towards the real scenario

ALU : How about signalling in the other direction, rather than UE indicating to NW, UE is instead configured by NW

E/// : There is already agreement for PDCCH, this was a compromise? Signalling would be a specification change, gain needs to be checked?

Intel : Analysis for next meeting. Some existing signalling may be reused

Nokia : OK to use other ways as long as the correct UE behaviour can be tested

Nokia : View on clarifying UE behaviour? 

Intel : How would it be defined? Does it mean how frequently fallback is done or other condition?

Ericsson : We only have 3 meetings left for the core part. No consensus means no test. UE behaviour should not be the focus of the work item. 

Nokia : Thinks that defining a useful feature means that UE behaviour should be defined.

Ericsson Might be hard to agree UE behaviour in the remaining time

Ericsson Continuous scheduling is a valid use case. In other conditions it is up to UE implementation. 

Agreements

· Further analysis invited on possible test condition for 4RX RLM, and whether signalling is useful to address potential power consumption issue
4. Antenna configuration and channel correlation
Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source
	Decision

	7.8.4
	R4-153100
	Discussion
	Antenna configuration and correlation for 4Rx
	Ericsson
	

	7.8.4
	R4-153101
	Discussion
	Proposal for new  propagation conditions to handle 4 receivers in the UE
	Ericsson
	

	7.8.4
	R4-153299
	Discussion
	On the channel correlation matrices to be used in 4Rx
	Nokia Networks
	


Summary

· Ericsson (R4-153100)
· Observation 1: The current Medium correlation model seems to have a higher correlation than what can be assumed for a normal UE today. 

· Observation 2: The testing of 4Rx performance defines in which scenarios 4Rx needs to be activated, therefore it is important to test with a realistic model.

· Observation 3: The Low correlation model is not a realistic model for the UE.

· Observation 4: A Medium Correlation Model for the Cross Polarized Antennas is needed.

· Observation 5: A new more realistic Medium Correlation Model for ULA is needed where the correlation between the UE antennas is lower than 90%, same as used in the High Correlation model.
· Ericsson (R4-153101)
· Proposal 1: To update the channel matrices in 36.101 in order to support 4Rx (1Tx with 4 Rx, 2Tx with 4Rx, 4 Tx with 4Rx as well as 8Tx with 4 Rx). This is valid both for the static channels as the for the Multipath propagation conditions.

· Nokia (R4-153299)
· In this contribution we have presented link-level results for 4Rx AP TM4 operation with different correlation models. 
· Our results confirm the proposal that a new correlation model facilitates the testing possibilities for high rank operation.
Discussion

· Antenna configuration to be considered
· ULA

· Xpol

· to be prioritized

· Channel correlation to be considered

· Existing low, medium, high

· New medium correlation for both Xpol and ULA

· to be prioritized

· Update channel matric in 36.101 to support 4Rx

Agreements

· TBD

5. UE PDSCH Demodulation 
Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source
	Decision

	7.8.4.1
	R4-152583
	Discussion
	Discussion and evaluation on 4RX PDSCH demodulation requirements
	Huawei, HiSilicon
	

	7.8.4.1
	R4-152808
	Discussion
	4 Rx PDSCH demodulation performance requirements
	Qualcomm Incorporated
	

	7.8.4.1
	R4-153102
	Discussion
	PDSCH demodulation performance with 4Rx
	Ericsson
	

	7.8.4.1
	R4-153149
	Discussion
	Discussion on 4Rx APs Demodulation 
	LG Electronics Inc.
	

	7.8.4.1
	R4-153195
	Discussion
	Discussion on 4Rx MMSE-IRC demodulation test
	MediaTek Inc.
	

	7.8.4.1
	R4-153365
	Discussion
	View on demodulation requirements of PDSCH for 4Rx UE
	NTT DOCOMO INC.
	

	7.8.4.1
	R4-153586
	Discussion
	Discussion on 4 RX AP UE PDSCH Performances Testcases
	Intel Corporation
	


Summary

· Huawei (R4-152583) 
· Proposal 1: The new 4RX PDSCH requirements only cover TM2/3/4/9.
· Proposal 2: Adopt MMSE(-IRC) receiver as the baseline receiver for 4RX PDSCH demodulation requirements.
· Proposal 3: Study the feasibility on the complexity and performance for advanced receiver (such as R-ML and CWIC).
· Proposal 4: 256QAM should be covered by 4RX PDSCH performance requirements.
· Proposal 5: RAN4 adopts the following 4RX requirements for PDSCH, and other test cases are not precluded:
	Number
	Test cases
	Configurations for the purpose of simulation alignment

	1
	TM2
	10MHz, 2x2 medium, EVA5 (test 1 in section 8.2.1.2.1)

	2
	TM3
	10MHz, 2x2 low, EVA70, rank2 (test 1 in section 8.2.1.3.1)

	3
	TM4, single-layer
	10MHz, 2x2 low, EVA5, rank1 (test 2 in section 8.2.1.4.1)


	4
	TM4, dual-layer
	10MHz, 4x2 low, EPA5, rank2 (test 1 in section 8.2.1.4.3)

	5
	TM4, Type A receiver
	10MHz, 2x2 low, EVA5, rank1, two interference cells (section 8.2.1.4.1B)

	6
	TM9, single-layer
	10MHz, single layer, 2x2 low, EVA5 (test 1 in section 8.3.1.1)

	7
	TM9, dual-layer
	10MHz, dual layer, 2x2 low, ETU5 (test 1 in section 8.3.1.2)

	8
	TM9, four-layer SDR
	4x4, 4layer, DMSR port 7\8\9\10


· Qualcomm (R4-152808) 
· Observation 1. Capability signalling for 4 layer is allowed only for TM9 and TM10. 
· Proposal 1. Consider rank 1/2 PDSCH demodulation test in table 1 as candidate test cases for 4 Rx UE. 

· Proposal 2. Don’t combine 4 Rx feature with any other advanced features unless significant benefit is identified.

· Proposal 3. Consider introducing performance requirements for MMSE-IRC receiver for 4 Rx antenna. 

· Proposal 4. Evaluate test cases in table 2 as candidates for MMSE-IRC test for 4 Rx antenna UE. 

· Proposal 5. Consider MMSE-IRC receiver as reference receiver for rank 3/4 PDSCH demodulation. 

· Proposal 6. Introduce rank 3 and rank 4 PDSCH demodulation performance for TM9. 

· Proposal 7. Consider rank 3/4 PDSCH demodulation test in table 3 as candidate test cases for 4 Rx UE. 

· Proposal 8. All 2 Rx performance requirements should be applicable to 4 Rx UE.
· Ericsson (R4-153102)
· Observation 1: It is proposed that the testcases has a good coverage over different transmission modes and scenarios in order to guarantee that 4Rx is supported for all transmission modes. 

· Observation 2: The gain of TM1 testcase with 4Rx compared with 2Rx is 2.4 dB for New Medium Correlation and 3.3 dB for the Low Correlation. 

· Observation 3: For TM1 testcase the difference between the performance of the New Medium Correlation and the Low Correlation is quite low, 0.5 dB for 2Rx and 1.5 dB for 4Rx.

· Observation 4: The gain for TM2, IRC receiver, with 4Rx compared with 2Rx is 3.3 dB for New Medium Correlation and 3.9 dB for the Low Correlation. 

· Observation 5: For TM2 with IRC receiver the difference between the performance of the New Medium Correlation and the Low Correlation is very low, identical for 2Rx and 1.5 dB for 4Rx.

· Observation 6: The gain for TM3 with 4Rx compared with 2Rx is around 4.5 dB for New Medium Correlation and around 3.5 dB for the Medium Correlation. 

· Observation 7: The gain for TM3 with the advanced receiver types is limited, less than 1dB in these testcases with Medium antenna correlation and SNR around 10 dB.

· Observation 8: The gain for TM4, 1 Layer, with 4Rx compared with 2Rx is 3 dB for New Medium Correlation and 4 dB for the Low Correlation.

· Observation 9: For TM4, 1 Layer, the difference between the performance of the New Medium Correlation and the Low Correlation is very low, identical for 2Rx, 1 dB for 2x4 and 0.5 dB for antenna configuration 4x4.

· Observation 10: The gain for TM4, 2 Layer, with 4Rx compared with 2Rx is between 4.3 and 4.9  dB for New Medium Correlation and 3.2 and 3.4  dB for the Medium Correlation.

· Observation 11: The gain for the CWIC receiver compared with the MMSE receiver for TM4, 4x4 with 2 Layer, is 1.1 dB for New Medium Correlation and 1.3 dB for the Medium Correlation.

· Observation 12: The gain for TM9, 1 Layer and IRC receiver with 4Rx compared with 2Rx is 3.3 dB for New Medium Correlation and 4.1 dB for Low Correlation.

· Observation 13: For TM9, 1 Layer and IRC receiver the performance with New Medium Correlation and the with Low Correlation, are similar, for 2Rx antennas they are identical, for 4 Rx antennas the difference is 0.5 dB.

· Observation 14: The gain for TM9, 2 Layers with 4Rx compared with 2Rx is between 5,7 and 6.8 dB for New Medium Correlation and between 3.6 and 4.3 dB for Medium Correlation.

· Observation 15: The performance for TM9, 4x4 with 3 Layers is around SNR=14.5 dB at 70% of Max throughput for New Medium Correlation and around 17 dB for Medium Correlation.

· Observation 16: The gain for using advanced receivers in case of TM9 with 4Rx, X-Pol is small. 

· Observation 17: The SNR levels for a TM9, 4x4 test with 4 Layers is high, in the order of 20 dB or higher also for Low and Medium correlation.

· Proposal 1: Create a new testcases for 4Rx capable UEs for TM1 with antenna configuration 1x4 and Low Correlation based on the testcases in 36.101 section 8.2.1.1.1 and 8.2.2.1.1 as indicated below. 

· Proposal 2: Create a new testcases for 4Rx capable UEs for TM2 with antenna configuration 2x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.2.4 and 8.2.2.2.4 as indicated below. 

· Proposal 3: Create the testcase for TM2 based on 1 Layer, since the test is close to the cell border.

· Proposal 4: Create a new TM3 testcases for 4Rx capable UEs with antenna configuration X-Pol, 2x4 and New Medium Correlation with 2 Layers based on the testcases in 36.101 section 8.2.1.2.4 and 8.2.2.2.4 as indicated below. 

· Proposal 5: Create a new testcase for 4Rx capable UEs for TM4 with antenna configuration 2x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.4.1B and 8.2.2.4.1B as indicated below. 

· Proposal 6: Create a new testcases for 4Rx capable UEs for TM4, 2 Layers with antenna configuration 2x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.4.2 and 8.2.2.4.2 as indicated below. 

· Proposal 7: Create a new TM9 testcases for 4Rx capable UEs with 1 Layers with antenna configuration 4x4 and New Medium Correlation based on the testcases in 36.101 section 8.3.1.1A and 8.3.2.1A as indicated below. 

· Proposal 8: Create a new TM9 testcase for 4Rx capable UEs MMSE receiver, with antenna configuration 4x4, with 3 Layers, and New Medium Correlation based on the testcases in 36.101 section 8.3.1.2 and 8.3.2.3 as indicated below.

· Proposal 9: Specify a SDR test for TM9 with antenna configuration 4x4 with 4 Layers in section 8.7.

· LG (R4-153149)
· Proposal 1: Table 1 for 4Rx APs demodulation performance requirement can be considered, and special feature such as (F)eICIC, CoMP, CA, and NAICS should be excluded for demodulation performance requirement
· Proposal 2: For minimum performance requirement for 4 Rx APs demodulation, MMSE(-IRC) receiver should be considered.
· Proposal 3: β value of medium correlation for ULA antenna configuration should be redefined such as 0.5. 
· MediaTek (R4-153195)
· Proposal 1: reuse the same setup of 2RX IRC receiver test, and just to introduce an additional requirement for 4RX IRC receivers. 

· Proposal 2: FFS on whether to introduce new IRC receiver test with rank-2 PDSCH demodulation.

·  NTT Docomo (R4-151945)

· Proposal 1: Further limitation of the WI scope is needed for demodulation requirements of PDSCH to specify more important requirements certainly by the completion date..
· Proposal 2: Aim to specify demodulation requirements of PDSCH for not only non-CA feature but also CA-related features assuming 4Rx AP to ensure peak throughput.
· Observation 1: How to handle the requirements for (F)eICIC and CoMP assuming 4Rx AP is FFS.
· Proposal 3: Consider the following phased approach for demodulation requirements of PDSCH:
· Phase-1: Focus on non-CA features except (F)eICIC and CoMP:
· Single port transmission

· Transmission diversity
· Open-loop spatial multiplexing
· Closed-loop spatial multiplexing (CRS-based)

· Closed-loop spatial multiplexing (DMRS-based)

· Small Cell Enhancement (256QAM)

· Sustained Data Rate

· Advanced receiver (MMSE-IRC, R-ML, CWIC) 
· Phase-2: Focus on CA-related features:
· Carrier aggregation (w/ power imbalance, soft buffer)

· TDD FDD CA

· Dual Connectivity

· Phase-3 (if needed) : Focus on (F)eICIC and CoMP 
· Note that we can advance to next phase if a fundamental specification of previous phase is completed. In other words, the last of the phase-1 (phase-2) could be performed in parallel with the first of the phase-2 (phase-3). 
· For phase-1: 

· Observation 2: Test purpose of this WI includes
· Verification of the diversity gain assuming legacy layer (1 and/or 2)
· Verification of the performance of 4 layer spatial multiplexing
· Proposal 4: Above two purposes should be treated with equal priority.
· Proposal 5: Performance requirements assuming the following features should be specified at least for the flexible network deployment. Note that we do not intend to exclude other features.

· Transmission diversity
· Open loop spatial multiplexing

· Closed-loop spatial multiplexing (CRS-based)

· Closed-loop spatial multiplexing (DMRS-based)

· Proposal 6: Performance requirements for both FDD and TDD should be specified. 
· Observation 3: It would be reasonable that up to 64QAM is assumed to verify the fundamental demodulation capability of PDSCH.
· Observation 4: Performance requirements assuming 256QAM are also beneficial to verify the correct demodulation capability in high throughput region.
· Proposal 7: Some test cases assuming 256QAM should be specified in this WI to verify the correct demodulation capability in the region of high date rate.

· Proposal 8: SDR test should be specified to verify the peak throughput by 4 layer spatial multiplexing. 
· Proposal 9: MMSE-MRC receiver should be used as baseline receiver.
· Proposal 10: Enhanced performance requirement assuming multi-cell environment for MMSE-IRC receiver should be specified to suppress up to 3 inter-cell interference signals. 
· Proposal 11: Enhanced performance requirement for R-ML and CWIC receiver should be specified to cancel up to 3 inter-stream interference signals.
· For phase-2:
· Proposal 12: Specify performance requirement of PDSCH for legacy CA specified in up to Rel-11 assuming 4Rx AP firstly. This might include:
· Demodulation requirements of PDSCH with CA
· Soft buffer management

· Power imbalance
· Proposal 13: After above specification for CA, specify additional requirement for TDD FDD CA and DC-specific features.
· Intel (R4-153586)

· Observation 1 : TM2 with 4-layers is supportive under the current spec, and it has specific performance gain comparing to 2-TX. TM2 with 4-layer testcase needs to be introduced.
· Observation 2 : TM4 with 3/4-layers are under RAN1/4 discussions. Since RAN4 doesn’t preclude any possibility of the discussion development, 4x4 MIMO configuration to test full 4RX UE capabilities needs to be within the study scope. 
· Proposal 1:  
· -  Propose not to increase the number of UE testcases due to TX configurations regardless of UE tests. 
· -  RAN4 should avoid duplications in introducing both 4x4 and 2x4 testcases. We assume that UE tests with 4x4 MIMO mostly cover 2x4 MIMO test purpose with large testing scopes. 
· Proposal 2 :  Build Rel-13 TS36.101 4-RX UE testcases focusing on 4x4 MIMO configurations in order to fully test 4-RX UE performance and functions.
· Proposal 3 : Agree to introduce XPOL medium correlation model of [1] to TS36.101. For each 4-RX testcase, MIMO channel antenna correlations should be properly selected. Our proposals are captured in Table 1.
· Proposal 4 : Consider EVM 3% for Rel-13 4-RX UE test at least for TM9 3/4 layer tests and 256QAM test.
· Propose 5. We propose Rel-13 4-RX UE testcases as table 1
· Propose 6.  We don’t see special 4-RX UE behaviour under the TM10 testcases in terms of TM10 timing offset and frequency offset estimations. We propose to exclude TM10 testcases from Rel-13 4-RX AP UE tests.
· Propose 7.  In summary of Table 1, prioritize below PDSCH testcase studies first in RAN4:
	
	Demodulation of PDSCH

(Cell-Specific Reference Symbols)
	· Demodulation of PDSCH 
(User-Specific Reference Symbols)

	Bandwidth
	10Mhz
	· 10Mhz

	Transmission mode
	2,3,4,6
	· 9

	Number of TX antenna element
	4
	· (4 : TDD/FDD) and  (8 : TDD)

	Number of Cell specific antenna ports
	4
	· 2

	Number of NZP-CSIRS ports
	None
	· (4 : TDD/FDD) and  (8 : TDD)

	Number of MIMO layers
	( 1,2 : TM3/4 ),  (4 : TM2)
	· 1,2,3,4

	Baseline Detector Type
	MMSE-IRC, R-ML

	Antenna model
	Select one between ULA and XPOL antenna configurations per a testcase


· Proposal 8 : We propose to build testcases as below
· TM2 : TS36.101 testcase 8.2.1.2.2 has been designed for TM2 4-TX performance test, which improves transmitter diversity by utilizing SFBC-FSTD. We propose to reuse it for 4-RX UE tests.

· TM2 : TS36.101 testcase 8.2.1.2.4 has been designed for IRC performance test with TM2 2-TX. We propose to modify the testcase for 4-TX and 4-RX AP UE test.

· TM3 : TS36.101 testcase 8.2.1.3.2 has been designed for TM3 4-TX performance test. We propose to reuse the testcase for 4-RX AP UE test.

· TM3 : TS36.101 testcase 8.2.1.3.1C has been designed for IRC performance test with TM3 2-TX. We propose to modify the testcase for 4-TX and 4-RX AP UE test.

· TM4 : TS36.101 testcase 8.2.1.4.1A has been designed for TM4 4-TX performance test with a single layer. We propose to reuse the testcase for 4-RX AP UE test.

· TM4 : TS36.101 testcase 8.2.1.4.3 has been designed for TM4 4-TX performance test with dual layers. We propose to reuse the testcase for 4-RX AP UE test.

· TM6 : TS36.101 testcase 8.2.1.4.1B has been designed for IRC performance test with TM6 2-TX 1-layer. We propose to modify the testcase for 4-TX and 4-RX AP UE test.

· TM9 : TS36.101 testcase 8.3.1.1 has been designed for TM9 single layer with four NZP CSI-RS ports. It evaluates performance additionally for 256QAM too. We propose to reuse the testcase for 4-RX AP UE test. 

· TM9 : TS36.101 testcase 8.3.1.1A has been designed for TM9 single layer with IRC. We propose to reuse the testcase for 4-RX AP UE test. 

· TM9 : TS36.101 testcase 8.3.1.2 has been designed for TM9 dual layer with IRC. We propose to modify the testcase for 4-NZPCSIRS ports and 4-RX AP UE test. 

· TM9 : A new testcase needs to be introduced for TM9 three layers. We propose to revise test configurations of 8.3.1.2 for 4-TX 3-layer tests.

· TM9 : A new testcase needs to be introduced for TM9 four layers. We propose to revise test configurations of 8.3.1.2 for 4-TX 4-layer tests.

· Corresponding to the FDD testcases above, TDD testcases are proposed in Table 1 and summarized in Table 2.
Summary

	
	
	Ericsson
	Qualcomm
	Huawei
	LG
	Mediatek
	Intel

	TM1
	8.2.1.1.1
	x
	
	
	x
	Reuse all IRC tests
	

	TM2
	8.2.1.2.1
	
	x
	X
	x
	
	

	
	8.2.1.2.2
	
	
	
	
	
	x

	
	8.2.1.2.4
	x
	x
	
	
	
	x

	TM3
	8.2.1.3.1
	x
	x
	X
	x
	
	

	
	8.2.1.3.1C 
(Type C receiver)
	
	IRC test?
	
	
	
	x

	TM4
	8.2.1.4.1
	
	x
	X
	x
	
	

	
	8.2.1.4.1A
	
	
	
	
	
	x

	
	8.2.1.4.2
	x
	x
	
	x
	
	

	
	8.2.1.4.3
	
	
	X
	
	
	x

	TM6
	
	
	
	
	
	
	

	
	8.2.1.4.1B
	x
	x
	X
	
	
	x

	TM9
	8.3.1.1
	
	x
	X
	x
	
	x

	
	8.3.1.1A
	x
	x
	
	
	
	x

	
	8.3.1.2, +more layers
	x
	x
	X
	x
	
	x


Discussions:

· Test lists for PDSCH
· TM1

· TM2

· TM3

· TM4

· TM9
· Candidate receiver
· MMSE-IRC

· R-ML

· CWIC

· Number of layers to be included
· 256QAM tests

· SDR tests

Agreements:
· TBD

6. UE CSI 
Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source
	Decision

	7.8.5
	R4-152584
	Discussion
	Discussion and evaluation on 4RX CSI requirements
	Huawei, HiSilicon
	

	7.8.5
	R4-153107
	Discussion
	CSI tests for 4Rx
	Ericsson
	

	7.8.5
	R4-153198
	Discussion
	Discussion on 4Rx CSI tests
	MediaTek Inc.
	

	7.8.5
	R4-153371
	Discussion
	View on CSI requirements for 4Rx UE
	NTT DOCOMO INC.
	


Summary

· Huawei (R4-152584)
· Proposal 1: At least fading channel CSI requirements, RAN4 firstly evaluate the benefit of high rank under realistic assumptions and then determine whether to introduce rank3/4 CSI requirements.
· Proposal 2: The CQI definition tests (with rank1/2/3/4) and the Type-A receiver fading tests (with rank1) should be introduced for 4RX UE. 
· Proposal 3: Take the test setup as candidate cases in table 1 and 2 for 4RX CQI requirements. 
· Proposal 4: Regarding the PMI reporting for 4RX, it’s proposed that:
· Not introduce any PMI requirements in section 9 TS36.101 for 2TX and 4TX, but implicitly verify the PMI measurement in TM4 demodulation requirements in section 8 TS36.101.
· Introduce PMI requirements for 8TX
· Proposal 5: The rank tests for rank1/2 should be included in 4RX rank requirements.
· Proposal 6: Take the test setup and requirements as candidate cases in table 3/4 for 4RX CQI requirements.
· Ericsson (R4-153107) 

· Observation 1: Simulation results show that it is feasible to test TM9 with PUCCH 1-1 reporting for 4Rx with both 2 and 4 layers.
Table 1 Proposed new CQI tests to be investigated.

	Propagation condition
	Reporting 
	TM
	Proposed new antenna configuration
	Based on current 2Rx requirement section

	AWGN
	PUCCH 1-1
	TM9
	4x4
	9.2.3: Minimum requirement PUCCH 1-1 (CSI Reference Symbols)

	EPA5
	PUCCH 1-1
	TM9
	4x4
	Extension of current 9.3.2.2: Minimum requirement PUCCH 1-1 (CSI Reference Symbol) with 4 Layers.

	EPA5
	PUCCH 1-0
	TM1
	1 x 4
	9.3.5.1: Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbol) for Enhanced receiver Type A

	EPA5
	PUCCH 1-1
	TM9
	2x4 
	9.3.5.2: enhanced receiver Type A

	EVA5
	PUSCH 3-2
	TM6
	4x4 
	9.3.7 Test 1

	EVA5
	PUSCH 3-2
	TM9
	4x4 
	9.3.7 Test 2

	EVA5
	
	TM9
	4x4 
	Enhanced Receiver Type C


Table 5 Proposed new PMI test.

	Propagation condition
	TM
	Proposed new antenna configuration
	Based on current 2Rx requirement section

	EVA5
	TM9
	4x4 or 8x4  
	9.4.2.3


Table 6 Proposed new RI tests.

	Propagation condition
	Reporting 
	TM
	Proposed new antenna configuration
	Based on current 2Rx requirement section

	EPA5
	PUCCH 1-1
	9
	4x4 
	9.5.2 Test1,


· Proposal 1: The tests above shall be considered for the CSI tests. 

· MediaTek (R4-153198) 

· Observation 1: 4RX rank-1 CQI definition test can directly reuse the existing test in section 9.2.1.1.

· Observation 2: To reuse the existing test in section 9.2.2.1 for 4RX rank-2 CQI definition test, the SNR points need to be changed.

· Observation 3: It is feasible to extend the test configurations in 9.2.3.1 to 4RX rank-3 and rank-4 CQI definition test.

· Observation 4: It is feasible to directly reuse the test in 9.4.1.3.1 to 4RX for rank-1 PMI test. Further studies are required on the feasibility for ranks 2, 3 and 4.
· NTT Docomo (R4-153371)
· Observation 1: Test purpose of CSI requirements might include

· Verification of correct CSI reporting including diversity gain assuming legacy layers, i.e. 1 and 2 layers
· Verification of correct CSI reporting assuming new layers, i.e. 3 and 4 layers
· Proposal 1: Above two purposes should be treated with equal priority.

· Proposal 2: Specify CSI requirements assuming both Cell-specific Reference Symbols and CSI Reference Symbols.
· Proposal 3: Further limitation of WI scope is needed for CSI requirements to specify it certainly.
· Proposal 4: Specify CSI requirements for not only non-CA feature but also CA-related features assuming 4Rx AP.
· Observation 2: How to handle the requirements for (F)eICIC and CoMP assuming 4Rx AP are FFS.
· Proposal 5: Consider the following phase approach to specify CSI requirements certainly:
· Phase-1: Focus on non-CA features except (F)eICIC and CoMP:
· CQI reporting under AWGN and/or fading channel conditions
· Single and/or multiple PMI reporting 
· RI reporting up for to 4 layers
· CSI reporting for MMSE-IRC, R-ML and CWIC receivers
· Phase-2: Focus on CA-related features:
· Carrier aggregation 

· TDD FDD CA

· Dual Connectivity (if needed)
· Phase-3 (if needed) : Focus on (F)eICIC and CoMP  
Discussions:

· Test purpose to be considered
· Test cases to be considered
· CQI

· PMI

· RI

Agreements:
· TBD
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