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1. Work plan
Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source
	Decision

	7.8.4
	R4-151971
	Discussion
	Work plan for 4Rx WI on RRM core and UE demodulation and CSI part
	Ericsson
	


Agreements

· Already agreed in main meeting
2. Radio Link Monitoring
Contribution list
	Tdoc
	Type
	Title
	Source
	Decision

	R4-151368
	Discussion
	Radio link monitoring requirements for 4RX UE
	Ericsson
	

	R4-151397
	Discussion
	Discussion on 4Rx in RRM aspect
	LG Electronics
	

	R4-151571
	Discussion
	RLM for 4Rx UEs
	Qualcomm Incorporated
	

	R4-151722
	Discussion
	On RLM feasibility for 4Rx
	Huawei,HiSilicon
	

	R4-151723
	other
	Way Forward on RLM requirements for 4RX
	Huawei,HiSilicon
	

	R4-151883
	Discussion
	Discussion on the RLM requirements of DL 4 Rx antenna ports
	CATT
	

	R4-151923
	Discussion
	Discussion on RLM for 4RX
	Nokia Networks
	

	R4-152146
	Discussion
	RLM impacts of 4Rx
	Intel Corporation
	


Summary

· Ericsson (R4-151368)

· Observation 1 : The additional complexity of performing 4RX RLM compared with 2RX RLM is low whenever the UE is performing 4RX RLM.

· Observation 2 : UE radio link monitoring is a downlink measurement, and it is not possible for the UE to estimate whether the uplink is in radio link failure.

· Proposal 1 : RLM requirements are specified with 4 antenna ports when the UE is operating with 4RX

· Proposal 2 : RLM requirements are specified with 2 antenna ports, when a 4RX capable UE is operating with 2RX fallback 

· LG (R4-151397)

· Proposal 1: For feasibility of RLM requirements with 4 Rx APs, UL/DL imbalance impact should be investigated for both eNB side and UE side.
· Proposal 2: For feasibility of RLM requirements with 4 Rx APs, eNB which does not know the effective number of antenna in use by the UE should be considered as baseline.
· Proposal 3: For feasibility of RLM requirements with 4 Rx APs, system throughput should be investigated with hand over using same criterion of RSRP and RSRQ with 2Rx APs.
· Proposal 4: For feasibility of RLM requirements with 4 Rx APs, it should be considered the flexibility of 2 Rx APs in use by the UE for power saving.
· Proposal 5: After defining the feasibility of RLM requirements with 4 Rx APs, RLM performance requirements could be progressed with simulation assumption.
· Qualcomm (R4-151571)
· Proposal: Do not define RLM requirements for 4Rx UEs
· Huawei (R4-151722,R4-151723)
· Proposal 1: The existing Out-Of-Sync and In-Sync threshold and evaluation period should be reused for 4 Rx.

· Proposal 2: RLM could be enhanced by the following options:

· Option 1 (preference): Reduce boosting power of PDCCH/PCFICH for UE with 4R.

· Option 2: Assign lower level CCE for UE with 4Rx.

· Option 3: Reuse existing PDCCH/PCFICH transmission configuration to enable UE equipped with 4Rx could perform RLM normally under lower SNR level.

· Proposal 3: Encourage interested companies to carry out link level simulation to investigate the RLM performance for 4 Rx. Preliminary simulation assumptions are given as follow.

· CATT(R4-151883)
· Observation 1 The difference of performance between 2Tx2Rx and 2Tx4Rx is more than 2dB for both Qout and Qin.
· Based on the observation and analysis, we propose that
· Proposal 1 RLM tests should be specified for 4Rx antenna ports.
· Proposal 2 Use the simulation assumptions provided in Table 1 and Table 2 for 4Rx antenna ports RLM tests.
· Nokia(R4-151923)
· Observation 1: 4 Rx RLM related requirement or test is needed to harvest the benefit of coverage and cell edge performance from empoying 4 Rx.

· Observation 2: It is feasible to define 4 Rx RLM related requirement or test even it is only improving DL coverage.

· Observation 3: The applicability of the 4 Rx RLM related requirement or test needs to be clarified
· Intel (R4-152146)
· Proposal 1: RLM core requirements based on 2Rx as baseline receiver [2] can be reusable for 4RX UE. 

· Proposal 2: New RLM test cases including new parameters (e.g. Qin and Qout) shall be defined for 4RX WI [1].
Discussion
· Contribution areas for next meeting
· CATT(R4-151883)
· Nokia(R4-151923)

· Qualcomm: What techniques can be used to improve coverage

· Nokia Additional RX or other implementation technuqiue

· Huawei : On o1 – in some scenarios there may be issue with UL gain imbalance

· Intel (R4-152146)
· Huawei P1 maybe benficial in some cases. Is the intention of P2 to change Qin/Qout from 2 and 10%

· Intel : Qin and Qout could be changed based on simulation outcome

· Huawei : Do you maintain Qin and Qout, or maintain SNR level. Is there impact from redefining meaning of RLF to demod?

· Intel : Not intending to maintain the curren Qin and Qout for 4RX. Think the eval time periods can be maintained

· Ericsson : Qin and Qout are target parameters and should not change. Also evaluation period should not change. SINR level could change. Results have different assumptions, need aligned simulations. 

· Way forward discussion

· Qaulcomm : Thinks the WF assumes we already agreed to introduce 4RX rquirements

· Samsung : Agrees that the discussion is confusing.

· Intel : If there is no 4RX requirement, is a UE forced to use 2RX?

· Qualcomm : RLM is based on estimated DL SNR. Not tied to PDCCH performance. Can do RLM based on 2RX

· Huawei : 36.133 core spec refers to hypothetical BLER, SNR is not mentioned. Question is whether we need to change the 2% and 10% BLER thresholds

Agreements
· Huawei WF may be used for link level simulations by interested companies for the next meeting
· Further contributions on other aspects of RLM feasibility are welcomed

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

	7.8.4.2
	R4-151415
	Discussion
	Discussion on 4RX control channel demodulation requirements
	Huawei,HiSilicon
	

	7.8.4.2
	R4-151750
	Discussion
	Discussion on control channel requirements with 4Rx
	Ericsson
	

	7.8.4.2
	R4-151947
	Approval
	View on demodulation requirements of control channels for 4Rx UE
	NTT Docomo
	


Summary

· Huawei (R4-151415)
· Observation 1: enabling 4RX for PCFICH/PDCCH/PHICH would be helpful and beneficial for network performance.
· Observation 2: UE implementation of fallback operation should be taken into consideration when define PCFICH/PDCCH/PHICH performance requirements.
· 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.
· Ericsson (R4-151750)
· Observation 1: From these simulations the indication is that there is a gain of approximately 3 dB for PDCCH when going from 2Rx to 4Rx

· Observation 2: For the high correlation usecase a UE using cross polarized antennas is has 3.5 dB better performance than a UE using Linear array antennas. 

· Observation 3: The gain in PHICH performance for a UE with 4 receiver antennas is 3 dB.

· Observation 4: For the high correlation usecase there is a further gain of 3 dB for the PHICH performance when using polarized antennas compared with the a linear array. 

· 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 PCCH and PHICH, adding cross-polarized antennas for new testcases for a UE capable of 4Rx and adapt the requirements accordingly.

· Proposal 2: Adapt the existing testcase configuration for PBCH, adding cross-polarized antennas for new testcases for a UE capable of 4Rx.
· NTT Docomo (R4-151947)
· Observation 1: Performance requirements of PDCCH and EPDDCH are beneficial to improve the capacity of control channels.
· Proposal 1: Specify the performance requirements of PDCCH/PCFICH and EPDCCH at least for verifying receiver antenna diversity gain. Note that we don’t intend to exclude other channels.

· Observation 2: How to handle the requirements of PDCCH/PCFICH with (F)eICIC and EPDCCH with CoMP assuming 4Rx AP are FFS.
Discussion

· Feasibility for different control channels

· PDCCH/PCFICH
· Intel supports requirement

· Ericsson : Many companies supporting

· Qualcomm Wants to understand the conditions better in which UE is expected to monitor PDCCH with 4RX

· Ericsson : Could follow existing test procedure in 36.101

· Intel : Concern on power consumption. Want to consider eNB and UE jointly deciding on receiver config

· Ericsson : Outwith the scope of the WI, this is about performance requirements. Demod requirement shows gain and we should not allow opportunistic fallback when there is gain.
· Qualcomm : Also thinks NW signalling is out of scope and has concerns on overhead. Would like consensus on UE behaviour, eg 4RX PDCCH applies when UE is decoding PDSCH with 4RX

· Huawei : RAN4 should concentrate on requirements and RAN5 cn decide on testing procedure

· Intel : Signalling could be a compromise. Regarding power saving signalling, there is already power preference indication from UE to eNB. 
· Ericsson : NW can use the existing signalling according to eNB implementation already. We don’t need to do further work on this. 

· Intel : We want the NW to indicate to UE that AP can be reduced

· Qualcomm : 4RX requirement should apply when there is gain. Can specify PDCCH requirement when the UE sees PDSCH performance gain with 4RX

· Ericsson : Agree with Qualcomm, and there is not much time to decide this. Intention is to reuse 36.101 2RX procedures but with 4RX. 

· ePDCCH

· PHICH

· PBCH

· Eriscsson sees benefit of PBCH requirement

· Qualcomm would like benefit to be clarified

· Ericsson : Performance improvement seen in results

· Qualcomm : PBCH is already possible at -10dB with 2RX, do we need extend to lower?

· Ericsson : There are other scenarios

· Qualcomm : Request to see the specific scenario where there is an issue

· Intel : How do we know that UE would be using 4RX in this test

· Ericsson : 4RX simulations and requirement will be defined

· Intel : What does it mean to allow fallback?

· Ericsson : WID objective states that if there is sufficient gain fallback should not be allowed. Simulations will be with 4RX and no fallback behaviour.

· Intel : Power saving is also mentioned in WID

· Qualcomm : Test should be defined under the condition that UE is supposed to use 4RX. One important condition is that PDSCH is scheduled in every suubframe. Intel could bring additional condition if needed to ensure UE uses 4RX. 

· Qualcomm :Existing test counts ACK/NACK feedback, PDSCH is always configured but it is not clear if it is valid PDSCH or just OCNG. We would like to clarify that

· Ericsson : RAN5 does not use OCNG, uses real PDSCH

· R&S : Need to think about testability.  RAN5 defined PDSCH RMC to ensure testability in legacy 2RX. Other method would not be feasible.

· Ericsson : For low correlation, antenna configuration is not important. Can we agree assumptions and provide results in next meeting?

· Qualcomm : For this WI would like to focus on low correlation, medium could be considered in future

· Ericsson : Need to check case by case. If existing test uses low correlation then we have no objection to reuse it. If the existing test uses medium, we would prefer to define a more practical medium correlation

· EPDCCH

· NVIDIA : Optional feature, do we want to tie these features together

· Huawei : Thinks we can have 4RX requirements for ePDCCH, even though it optional feature

· NVIDIA : Rate matching assumptions were changed in eIMTA, here nothing changes compared to 2RX

· Ericsson : Think that test can be defined for optional feature, if UE doesn’t support the feature it does not need to pass the test. Think it is beneficual since this is related to coverage

· NVIDIA : Concern on the number of 4RX testcases. Don’t support common search space on ePDCCH, only user specific

· Docomo : ePDCCH with 4RX will improve the capacity of control channel, don’t want to exclude this

· Qualcomm : ePDCCH is anew feature, want to take decision in next meeting

· Ericsson : Number of tests should be considered later when we are finalising tests.

Agreements
· PDCCH/PCFICH

· Extend existing 2RX test configuration for 4RX PDCCH/PCFICH requirement. Assumption is that PDSCH is always scheduled in the test and not OCNG .

· Companies are invited to bring results and analysis based on extension of the existing 2RX configuration to 4RX

· ePDCCH

4. General
Contribution list
	Agenda
	Tdoc
	Type
	Title
	Source

	7.8.4
	R4-151747
	Discussion
	Proposal for new medium channel correlation matrices to use in 4 Rx
	Ericsson

	7.8.4
	R4-151748
	Discussion
	Proposal for new  propagation conditions to handle 4 receivers in the UE
	Ericsson

	7.8.4
	R4-151972
	Discussion
	General scope of 4Rx feature on UE performance aspect
	Ericsson

	7.8.4.1
	R4-151978
	Discussion
	UE capability signaling for rank-4 transmission
	NVIDIA

	7.8.4.2
	R4-152153
	Discussion
	Antenna Port Switching Behaviours of 4-RX antenna port UE
	Intel


Summary

· Ericsson (R4-151747)
· Observation 1: There is a need to generate a Medium Correlation Model for the Cross Polarized Antennas

· Observation 2: There is a need to generate a new more realistic Medium Correlation Model for ULA where the correlation between the UE antennas is lower than in the High Correlation model. 

· Proposal 1: That a New Medium Correlation Model is generated which is defined for both ULA and Cross Polarized Antennas.

· Ericsson (R4-151748)
· 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.

· Ericsson (R4-151972)
· Observation 1: 4 layers operation with TM3 and TM4 can only be supported by limited UE categories as UE category 5, 8 and UE DL category 14. 4 layers operations with TM9 and TM10 can be supported by all necessary UE categories.

· Observation 2: The limited UE categories are considered to be unrealistic for Rel-13 UEs to support 4 Rx features due to the fact UE category 5 can’t support 256QAM and UE category 8 and UE DL category 14 require too much hardware memory for soft buffer.

· Observation 3: The 4 Rx is meant to improve receiver performance in wide deployment scenarios and user cases.

· Observation 4: With supported bands the high rank operation with 4 Rx is possible.

· Observation 5: The existing channel correlation doesn’t match to practical usage of more Rx antennas.

· Observation 6: Xpol gives much better throughput performance than ULA.

· Observation 7: UE performance tests with 256QAM defined in Rel-12 are with the assumption to have Tx EVM as 3% in order to achieve a SNR/SINR point to be higher than the legacy UE performance tests.

· Observation 8: Higher rank e.g. rank 4 with 4Rx requires higher SNR/SINR level to reach decent throughput performance.

· Observation 9: It’s too much work load to extend all existing UE performance tests from 2 Rx to 4 Rx.

· Observation 10: Some advanced receivers such as MMSE-MRC/IRC, RML and CWIC receivers have already been included in the WID as candidate receivers to be investigated with 4 Rx.

· Observation 11: It’s important to ensure all the legacy features without the extensions of 4Rx will be tested properly by 4 Rx capable UE with only two of the four AP to be active with equivalent performance as a 2 Rx capable UE.

· Proposal 1: Only define 4 layers UE performance tests with TM9/TM10 with UE categories other than 0, 1, 5, 8, and 14. 

· Proposal 2: The feature of supporting 4 Rx AP from UE side should be an optional UE feature for Rel-13.

· Proposal 3: The UE capability of 4 Rx should be band specific. 

· Proposal 4: All UE performance tests with 4 Rx should be defined as band independent tests.

· Proposal 5: Focus on defining UE performance tests with new practical channel correlation and Xpol as a better antenna configuration. 

· Proposal 6: Assume Tx EVM as 3% for UE performance tests with 4 Rx, similar as 256QAM tests in order to support higher SNR/SINR test point with high rank.

· Proposal 7: The power level set for UE performance tests with 4 Rx should be with considerations as substantial margin beyond REFSENS, but not too high in order to save power consumption to better map a realistic deployment scenario.

· Proposal 8: The power level set for UE performance tests with 4 Rx should be based on the outcome from RF side on the REFSENS level, e.g. to take a highest REFSENS level among all bands as the baseline to consider the general power level for UE performance tests.

· Proposal 9: No need to extend UE performance tests defined under particular deployment scenarios such as eICIC, FeICIC, DL-CoMP. 

· Proposal 10: Consider to extend UE performance tests defined under general deployment scenrios with 4 Rx such as CA, CRS-IM, and 256QAM. 

· Proposal 11: 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 12: All UE performance tests with 4 Rx should be applied to UE with the 4Rx feature on any supported band.

· Proposal 13: For tests defined under same subclause with extension with 4 Rx no need to perform legacy tests defined with 2 Rx.

· Proposal 14: Test coverage of UE performance tests with 4 Rx should include all possible candidate receivers, all number of supported layers, all number of supported Tx antennas, etc. but not necessarily duplicated within one test configuration.

· Proposal 15: For UE demodulation tests with 4 Rx the requirements should be specified in the way no opportunistic fallback to 2 Rx is allowed in order to achieve the substantial gain of using 4 Rx.

· Proposal 16: UEs with 4 Rx from Rel-12 should be allowed to be tested as release independent with band specific capability support.

· Proposal 17: Prioritize control channel study with decision to be made in RAN4#75 in order to assist RLM core requirement discussion.
· NVIDIA (R4-151978)

· Observation 1: 

To support rank-3 or rank-4 transmission with CRS-based transmission modes (TM3 and TM4), the UE has to declare Category 5 support.

· Observation 2: 

UEs of Category 6, 7, 9, 10, 11, 12 or of DL Category 13 are not allowed to declare Release-8 Category 5.

· Proposal 1: 

Demodulation or CSI requirements with rank > 2 transmission are not introduced for CRS-based transmission modes during Release-13 4 Rx work item.
· Intel (R4-152153)

· Observation 1: 4-RX UE does not always need to demonstrate its best performances under 2-RX UE cell coverages. RX AP switching should be allowed for power saving.
· Observation 2 : 3GPP performance requirements ensure that Rel-13 4-RX UEs should operate properly in an enhanced cell coverage extended from 2-RX UE cell coverage, even if such cell enhancement may be future realization. 
· Proposal 1 : We propose that RAN4 considers  a solution between these two options : 
· Option 1 : network transparent AP switching  : 
· Allow an UE arbitrary 4-RX AP switching. 
· Only 4-RX-AP PDSCH performance requirements are introduced in Rel-13. 
· Option 2 : network non-transpent AP switching  : 
· Introduce a new RRC signal assisting UE’s AP switching. 
· Define AP switching behaviors based on RRC signalling. 
· Both 4-RX-AP PDSCH and control channel performance requirements are introduced in Rel-13.
· Observation 3 : 
· For the option-2 in proposal-1, eNB RRC signalling is feasible by monitoring downlink data transmission queue (data buffer) status. 
· A RRC signal can be given to an UE when the UE is expected to have heavy data traffics or light data traffics. 
· RX APs is not expected to be frequently switching over sub-frames.
· eNB may evaluate sending the RRC based upon UE’s requests on AP switching.
· Proposal 2: For the option-2 in proposal-1, an eNB can require for a Rel-13 UE to satify performance requirements with a different number of RX APs depending on eNB’s RRC signalling as Figure 3. 
Discussion

· Prioritize control channel study in order to facilitate the RLM study

· 4 layers supported TM with UE category

· Update the channel matrices in 36.101 in order to support 4Rx  
· Channel correlation and antenna configuration

· Antenna switch/fallback to 2Rx for performance requirements
Agreements

· TBD

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

	7.8.4.1
	R4-151342
	Approval
	PDSCH demodulation requirements for 4Rx
	Ericsson
	

	7.8.4.1
	R4-151416
	Discussion
	Discussion on 4RX PDSCH demodulation requirements
	Huawei, HiSilicon
	

	7.8.4.1
	R4-151579
	Discussion
	4 Rx PDSCH demodulation performance requirements
	Qualcomm Incorporated
	

	7.8.4
	R4-151615
	Discussion
	Discussion on 4RX CSI requirements
	MediaTek Inc.
	

	7.8.4.1
	R4-151877
	Discussion
	Discussion of LTE DL 4 Rx PDSCH demodulation requirements
	CATT
	

	7.8.4.1
	R4-151945
	Approval
	View on demodulation requirements of PDSCH for 4Rx UE
	NTT DOCOMO INC.
	

	7.8.4.1
	R4-151979
	Discussion
	Discussion on 4 Rx UE demodulation requirements
	NVIDIA
	

	7.8.4.1
	R4-152109
	Discussion
	Discussion on 4Rx APs demodulation 
	LG Electronics Inc.
	

	7.8.4.1
	R4-152152
	Discussion
	LTE DL 4 Rx antenna ports UE PDSCH Performances Tests
	Intel Corporation
	


Summary

· Ericsson (R4-151342)
· Observation 1: The gain for TM1 with 4Rx compared with 2Rx is 2.3 dB for New Medium Correlation and 3.5 dB for the Low Correlation. 

· Observation 2: 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 3: 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 4: The gain with the advanced receiver types is limited in these testcases with Medium antenna correlation and SNR around 10 dB.

· Observation 5: 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 6: 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 7: 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 8: 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 9: 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 10: 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 11: The gain for using advanced receivers in case of TM9 with 4Rx, X-Pol is small. 

· Observation 12: The SNR levels for a TM9, 4x4 test with  4 Layers is high.

· 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. 

· Proposal 2: Create a new testcases for 4Rx capable UEs for TM2 with antenna configuration 1x4 and New Medium Correlation based on the testcases in 36.101 section 8.2.1.2.4 and 8.2.2.2.4. 

· 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.. 

· 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. 

· 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. 

· 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 8.3.2.1B. 

· 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.

· Huawei (R4-151416) 
· Proposal 1: Regarding PDSCH transmission mode, TM2/3/4/9 should be covered by 4RX PDSCH performance requirements.
· Proposal 2: Adopt MMSE(-IRC) receiver as the baseline receiver for 4RX PDSCH demodulation requirements.
· Proposal 3: Study the feasibility of advanced receiver for R-ML and CWIC, at least on the complexity and performance gain.
· Proposal 4: 256QAM should be covered by 4RX PDSCH performance requirements.
· Proposal 5: Regarding the layer number in 4RX PDSCH requirements, it’s proposed that:
· Both low rank (rank1/2) and high rank (rank3/4) should be tested.
· The performance tests with fading propagation channel are needed for low rank.
· The SDR tests with static channel are needed for high rank.
· Proposal 6: Test purpose of demodulation requirements for 4RX should
· Include verifying the following functionalities:
· Channel estimation
· MMSE(-IRC) receiver for 4RX antenna
· Codeword to Layer mapping 
· Maximum throughput
· Avoiding UE reusing the legacy dual-RX-antenna to pass the 4RX tests
· Proposal 7: RAN4 takes the proposed test requirements of legacy tests and new tests with 4RX into consideration for the purpose of simulation alignment. 
	tests cases
	tests number
	Configurations for the purpose of simulation alignment

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

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

	
	TM4
	2
	10MHz,2x2 low, EVA5, rank1 (test 2 in section 8.2.1.4.1)
10MHz, 4x2 low, EPA5, rank2 (test 1 in section 8.2.1.4.3)

	
	TM4 
(Type A receiver)
	1
	10MHz, 2x2 low, EVA5, rank1, two interference cells (section 8.2.1.4.1B)

	PDSCH
	TM9
	2
	10MHz, single layer, 2x2 low, EPA5 (test 2 in section 8.3.1.1)
10MHz, dual layer, 2x2 low, ETU5 (test 1 in section 8.3.1.2)


	tests cases
	tests number
	Configurations for the purpose of simulation alignment

	PDSCH
	TM9 (or SDR)
	1
	4x4, 4layer, DMSR port 7\8\9\10


· Qualcomm (R4-151579) 
· 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.
· MediaTek (R4-151615)
· Proposal 1: Introduce layer 3 and 4 PDSCH demodulation tests at least in TM4 and TM9.

· Proposal 2: Reuse the setup of existing 2RX tests for 4RX UE. Study further to check if new requirements are needed.

· Proposal 3: FFS on the gain provided by 4RX IRC receivers before introducing corresponding tests.

· Proposal 4: Consider at least MMSE- MRC/IRC as the reference receiver and further study on the feasibility of introducing additional requirements for RML receivers.

· Proposal 5: Introduce static CQI definition tests for both rank-3 and rank-4. 

· Proposal 6: Extending the legacy RI test to rank 3 and rank 4.

· Proposal 7: No new PMI test for 4RX UE is introduced. 

· Proposal 8: It is fine to have the control channel tests and RLM tests, if they are tested either at sufficiently low SNR or with PDSCH traffic. 

· CATT (R4-151877)
· Observation 1: For MMSE receiver, the 3 layer transmission can always have better performance compared to 4layers  in the condition that link adaptation is enabled. 
· Observation 2: For R-ML receiver, 4 layer transmissions performances can be better than 3 layer transmission only in the SNR range that was larger than 24dB in simulation. 
· Observation 3: It would be difficult to transform larger layer number into better performance in the field, especially for 4 layer transmission which have worse performance than 3 layer in vast majority of cases. It is also difficult to do testing for too high SNR range in which 4 layer transmissions could be meaningful.
· Proposal 1: It is suggested to be cautious to introduce higher layer (larger than 2) transmission tests, especially for 4 layers transmission.
· Proposal 2: Only in the case that higher layer can brought better performance such as 1.x times of lower layer number, the higher layer number is used.
· Proposal 3: Considering CRS overhead, if 4 layer test is introduced, DMRS based transmission is prefered
· 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.
· NVIDIA (R4-151979)
· Proposal 1: 
For CRS-based PDSCH transmission modes, rank-3 or rank-4 requirements are not introduced.

· Proposal 2: 
For Release-13 CRS-based PDSCH demodulation requirements with 4 Rx antennas, rank-1 reference receiver is LMMSE-IRC and rank-2 reference receiver is RML.

· Proposal 3: 
Release-13 4 Rx rank-1 CRS-based demodulation test is based on TM6 LMMSE-IRC test. Rank-2 CRS-based demodulation test is based on either TM3 or TM4 SU-MIMO advanced receiver test.

· Proposal 4: 
For the 4 Rx rank-2 CRS-based demodulation test, maintain the channel correlation model from the 2 Rx tests, i.e. α=0.3 and β=0.9.

· Proposal 5: 
For a specific transmission rank, the same reference receiver type is used for both CRS-based and DMRS-based transmission modes.

· Proposal 6: 
For Release-13 DMRS-based PDSCH demodulation requirements with 4 Rx antennas, the reference receiver for rank-1 is LMMSE-IRC and for rank-2 RML.

· LG (R4-152109)

· Proposal 1: For efficient WI processing, RAN4 should consider phased approach:
· In first phase, PDSCH performance for CRS and DMRS should be investigated up to 2 layers under 2Tx case.
· In second phase, PDSCH performance for CRS and DMRS should be investigated up to 4 layers under 4Tx case.
· Proposal 2: For baseline receiver for 4 Rx APs WI, IRC receiver should be considered.
· Proposal 3: To verify 4 Rx APs performance and reduce test cases, TM2, 4, and 9 with multi-cell configuration can be considered.
· Proposal 4: RAN4 need to study new proper β value lower than 0.9 for medium correlation matrix based on ULA.
· Intel (R4-152152)

· Observation 1 : Up to current Rel-12 specs and UE categories, supportive number of MIMO of CRS-TMs and DMRS TMs :
· CRS-based TMs supports up to max 2-MIMO layers by UE categries 4,6,7,9,10,11 and 12
· DMRS-based TMs supports up to max 4-MIMO layers by UE UE categries 4,6,7,9,10,11 and 12
· There is no pratical UE category for CRS-TMs 4-MIMO layers supporting high data rates (>300Mbps).
· Proposal 1: 
· An additional spec changes are required to enable CRS-TMs 4-layers in Rel-13.  Before enabling it, RAN4 needs to understand the intention of the current spec status. Since usecases of 4-MIMO-layers targets at indoor deployments, benefits of CRS-TMs 4-layers  need to be confirmed in indoor environments comparing to DMRS-TMs. 
· Since the up-to-date 3GPP spec does not have UE’s MIMO capability reports and a mechanism to determine max 4-MIMO layers for CRS-TMs, Rel-13 CRS-TMs test requirements can prioritize 2-MIMO layers studies first under the current spec.
· Proposal 2 : We propose PDSCH performance study as Table below
	TM
	Testcase (FDD)
	Reference testcases 
	Test for 4-RX AP UE

	TM1
	8.2.1.1.1 # 1
	10MHz, EVA5, 1x2 low 
	1x4

	TM2
	8.2.1.2.2 #1
	1.4MHz, 4x2 medium, EPA5 
	4x4 medium

	TM3
	8.2.1.3.2 #1
	10MHz, 4x2 low, EVA70, rank2 
	4x4 [low]

	TM4
	8.2.1.4.1-1
	10MHz, 2x2 low, EVA5, rank1
	4x4 [medium]

	
	8.2.1.4.3 #1
	10MHz, 4x2 low, EPA5, rank2 
	4x4 [low]

	
	8.2.1.4.1B-1
	10MHz, 2x2 low, EVA5, rank1, two interference cells 
	4x4 [low or medium]
FFS on inteferor BS configurations

	TM9
	8.3.1.1 # 2
	10MHz, single layer, 2x2 low, EPA5 
	4x4 [medium] , 4-CSI-RS ports, 2-CRS-ports

	
	8.3.1.1A
	10MHz, single  layer, 2x2 low, EVA5 
interference cells
	4x4 [medium], 4-CSI-RS ports, 
2-CRS-ports, FFS on inteferor BS

	
	8.3.1.2 #1
	10MHz, dual layer, 2x2 low, ETU5 
	4x4 [medium], 4-CSI-RS ports, 
2-CRS-ports

	
	New
	
	10MHz, three layers, 4x4 [low], [EPA5], 4-CSI-RS ports, 2-CRS-ports

	
	New
	
	10MHz, four layers , 4x4 [low], [EPA5], 4-CSI-RS ports, 2-CRS-ports


Discussions:

· What features to be extended with 4Rx
· 256QAM
· CA

· Candidate receiver
· MMSE-IRC

· R-ML

· CWIC

· Test cases to be considered
Agreements:
· TBD
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Summary

· Huawei (R4-151417)
· Observation 1: The high rank cases would be the corner cases in realistic network, as it would be hard for UE to achieve significant gain from high rank. 
· Observation 2: For high rank CQI requirements, the CQI definition tests with static channel could be taken into consideration.
· Proposal 1: For fading channel CSI requirements, RAN4 should firstly evaluate the benefit of high rank under realistic assumptions and then determine whether to introduce rank3/4 CSI requirements.
· Proposal 2: The rank tests for rank1/2 should be included in 4RX rank requirements.
· Proposal 3: Further study is needed to determine whether introducing rank3/4 requirements, at least on:
· The benefit of high rank3/4 requirements, considering the actual rank reporting at realistic network
· The feasibility of test procedure, considering the result variances between different companies and impairment margin 
· Proposal 4: Regarding the CQI requirement for 4RX, 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 5: Regarding the PMI requirement for 4RX, the following tests cases could be discussed as a starting-point:
· Test 1: new demodulation tests, R.8 4TX codebook, layer 1, single or multiple-PMI
· Test 2: new demodulation tests, R.8 4TX codebook, layer 2, single or multiple –PMI
· Test 3: demodulation tests in section 8.2.1.4.1, R.8 2TX codebook, layer 1, single and multiple-PMI
· Test 4: demodulation tests in section 8.2.1.4.3, R.8 4TX codebook, layer 2, multiple-PMI
· Proposal 6: Further study is needed to determine whether introducing rank3/4 PMI requirements.
· Qualcomm (R4-151578) 

· Observation 1. Rank 4 transmission requires extremely high CINR even in low correlation channel. 

· For rank 1 and rank 2 CSI reporting for 4 Rx antenna UE, 

· Proposal 1. Specify at least one CSI requirement for CRS TM and one CSI requirement for TM9 or TM10. 

· Proposal 2. Consider introducing CQI definition tests to verify proper implementation of effective CINR calculation.

· Proposal 3. Specify no new PMI and RI requirements.

· For rank 3 and rank 4 CSI reporting for 4 Rx antenna UE, 

· Proposal 4. Consider MMSE-IRC receiver as reference receiver for rank 3/4 CSI requirements. 

· Proposal 5. For CQI requirement for rank 3 and rank 4 PDSCH, consider rank 3 amd rank 4 CQI definition test with with TM9. 

· Proposal 6. Perform feasibility study for rank 3 and rank 4 PMI requirements. 

· Proposal 7. Perform feasibility study for rank 3 and rank 4 RI requirements. 

· Ericsson (R4-151751) 

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 ULA High
	Extension of current 9.3.2.2: Minimum requirement PUCCH 1-1 (CSI Reference Symbol) with 4 Layers.

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

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

	EVA5
	PUSCH 3-2
	TM6
	4x4 ULA Low
	9.3.7 Test 1

	EVA5
	PUSCH 3-2
	TM9
	4x4 New Medium
	9.3.7 Test 2

	EVA5
	
	TM9
	4x4 
	Enhanced Receiver Type C


Table 2 Proposed new PMI test.

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

	EVA5
	TM9
	(8x4)  New medium XPOL correlation
	9.4.2.3


Table 3 Proposed new RI tests.

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

	EPA5
	PUCCH 1-1
	9
	4x4 New Medium
	9.5.2 Test1,


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

· NTT Docomo (R4-151948)
· 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 cases to be considered
· CQI

· PMI

· RI

Agreements:
· TBD
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