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Title:
RAN1 session notes for 6.2 MIMO
1.1 MIMO
R1-1716629
Sectorized uniform planar arrays versus stacked uniform circular arrays
Fraunhofer HHI, Fraunhofer IIS

1.1.1 Multi-antenna scheme
Physical control channel related issues are to be discussed in the agenda item for scheduling/HARQ aspects.
R1-1716148
Comparison of DFT-codebook-based and Antenna Response-Matched Precoding with Real-World Antenna Arrays
Fraunhofer IIS
1.1.1.1 Remaining details on codeword mapping 
R1-1715459
Remaining details of codeword mapping in NR
Huawei, HiSilicon

R1-1716623
Remaining details of codeword mapping in NR
Huawei, HiSilicon
revision of R1-1715459
R1-1716077
Remaining Details on Resource Element Mapping
NTT DOCOMO, INC.

R1-1715926
Finalizing Layer Mapping
Samsung

R1-1716663
Finalizing Layer Mapping
Samsung
revision of R1-1715459
R1-1716174
Codeword to layer mapping for DL and UL data channels
AT&T

R1-1716387
Remaining issues on CW to layer mapping
Qualcomm Incorporated
R1-1716858
Summary of offline of NZP CSI-RS for interference measurement and CW to layer mapping
Huawei, HiSilicon
Agreement:

For RE mapping for DFT-S-OFDM without frequency hopping:

· Option 1

For RE mapping for DFT-S-OFDM with frequency hopping, downselect between the following alternatives in RAN1#90bis:

· Option 1

· Option 3
R1-1715430
Remaining details of codeword mapping
ZTE, Sanechips

R1-1715611
On remaining details of codeword mapping
vivo

R1-1715793
On codeword mapping
CATT

R1-1715850
Discussion on codeword mapping
LG Electronics

R1-1716208
Codeword mapping for DFTs-OFDM based UL
MediaTek Inc.

R1-1716284
Remaining details on CW to MIMO layer mapping
Intel Corporation

R1-1716340
Further details on CW mapping
Ericsson

1.1.1.2 Codebook based transmission for UL 
R1-1716737
Summary of Issues and WFs on Codebook based transmission for UL
Intel
R1-1716882
WF on UE Autonomous Antenna Selection
Vivo MTK, Samsung
Agreement:
· For DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15
· Additional codewords for antenna port selection will be also supported

· FFS: Details on the additional codewords for antenna port selection (e.g. number of codewords, scale factors, etc)
R1-1715431
Codebook based UL transmission
ZTE, Sanechips

R1-1715584
Codebook based transmission for UL MIMO
Huawei, HiSilicon

R1-1716209
Codebook based transmission for UL
MediaTek Inc.

R1-1716388
Codebook based UL transmission
Qualcomm Incorporated

R1-1716490
UL Codebook Based Transmission and Codebook Design
Nokia, Nokia Shanghai Bell
R1-1715612
Discussion on codebook based UL transmission
vivo

R1-1715668
Remaining issues on UL codebook design
Guangdong OPPO Mobile Telecom.

R1-1715794
Discussion on codebook based transmission for UL
CATT

R1-1715851
Discussion on codebook based transmission for UL
LG Electronics

R1-1715927
Codebook-Based UL Transmission
Samsung

R1-1716078
Codebook design for uplink
NTT DOCOMO, INC.

R1-1716175
UL MIMO for codebook based transmission
AT&T

R1-1716285
Remaining issues on codebook based UL tansmission
Intel Corporation

R1-1716341
UL MIMO for codebook based transmission
Ericsson

R1-1716462
TPMI Indication for Frequency Selective UL Precoding 
InterDigital, Inc.

R1-1716824
WF on calibration signal for NR
Intel

1.1.1.3 Non-codebook based transmission for UL
R1-1716769
Summary of issues on UL non-codebook based transmission
Nokia, Nokia Shanghai Bell
R1-1716791
WF on non-codebook based transmission for UL MIMO
Huawei, HiSilicon, Nokia, NSB, NTT DOCOMO, InterDigital, Ericsson, ZTE, Sanechips, CATT, Deutsche Telekom, vivo

Working assumption
· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 
· Note: to support high rank transmission, multiple SRS resources should be indicated
· FFS: subband SRI indication
· FFS: Details of DCI for wideband SRI indication
· FFS: Details on how to reduce the overhead and SRS resource
R1-1715460
Non-codebook based transmission for UL MIMO
Huawei, HiSilicon

R1-1715669
Further discussion on uplink non-codebook transmission
Guangdong OPPO Mobile Telecom.

R1-1716286
Remaining issues on non-codebook based UL transmission
Intel Corporation

R1-1716342
UL MIMO for non-codebook based transmission
Ericsson

R1-1716389
Non-codebook based UL transmission
Qualcomm Incorporated

R1-1715432
Non-Codebook based UL transmission
ZTE, Sanechips

R1-1715613
Discussion on non-codebook based UL transmission
vivo

R1-1715795
Discussion on non-codebook based transmission for UL
CATT

R1-1715852
Discussion on non-codebook based transmission for UL
LG Electronics

R1-1715928
Discussion on Non-Codebook-Based UL Transmission
Samsung

R1-1716079
Sub-band indication for non-codebook based transmission for uplink
NTT DOCOMO, INC.

R1-1716176
Non codebook based transmission for UL MIMO
AT&T

R1-1716210
Non-codebook based transmission for UL
MediaTek Inc.

R1-1716491
Non-codebook based UL-MIMO transmission
Nokia, Nokia Shanghai Bell
1.1.1.4 Diversity transmission for UL
R1-1716776
Summary of AI 6.2.1.4 Diversity transmission for UL
Agreement:
For DFTsOFDM waveform based PUSCH, UL transmit diversity is not supported for PUSCH with DFTsOFDM from NR specification point of view
· Above applies for the RAN1 specification for completion by Dec, 2017 due to lack of simulation results
· Previous studies and decisions on UL TxD will be taken into account in future RAN1 discussions
R1-1716811
WF on uplink 1Tx transmission mode
Nokia, NSB, Qualcomm, Samsung, MediaTek, Ericsson, CATT
R1-1716343
Robust Transmission Scheme for PUSCH
Ericsson

R1-1715555
UL diversity transmission for DFTsOFDM
Mitsubishi Electric RCE

R1-1715433
Diversity based uplink transmission schemes

ZTE, Sanechips

R1-1715516
Consideration on UL divresity transmission
Spreadtrum Communications

R1-1715614
Discussion on diversity transmission for UL
vivo

R1-1715717
Diversity-based transmission for UL
Huawei, HiSilicon

R1-1715796
Considerations on UL transmit diversity
CATT

R1-1715853
Discussion on diversity transmission for UL
LG Electronics

R1-1715929
Diversity transmission for UL
Samsung

R1-1716177
On UL Diversity based Transmission Scheme for NR
AT&T

R1-1716287
Remaining issues on diversity based UL transmission
Intel Corporation

R1-1716390
On UL diversity transmission scheme
Qualcomm Incorporated

R1-1716463
On the Performance of Uplink Transmit Diversity Schemes 
InterDigital, Inc.

R1-1716492
UL-MIMO diversity-based transmission
Nokia, Nokia Shanghai Bell

R1-1716520
Views on UL transmit diversity
IITH
1.1.1.5 PRB bundling for DL
R1-1716784
Summary of Issues on DL PRB bundling
Vivo
R1-1716879
Summary of Issues on DL PRB bundling and Offline Agreement
Vivo
Agreement:
The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary
Agreement:
· Support the 1 bit DCI indication for PRB bundling size
· Dynamic PRB bundling is part of UE capability signalling discussion;
· FFS details; 

· If UE does not support dynamic PRB bundling, then only one PRB bundling size is higher layer configured;
· FFS the detailed usage of the 1 bit;
R1-1715461
PRB bundling size for DL data precoding
Huawei, HiSilicon

R1-1715615
Discussion on PRB bundling for DL
vivo

R1-1716288
On PRB bundling for DL
Intel Corporation

R1-1715930
PRB bundling for NR DMRS
Samsung

R1-1715434
On PRB Bundling
ZTE, Sanechips

R1-1715797
PRB bundling for DL transmission
CATT

R1-1715854
Discussion on PRB bundling
LG Electronics

R1-1716344
PRB bundling for DL
Ericsson

R1-1716391
Discussion on PRB bundling for DL
Qualcomm Incorporated

R1-1716464
On Dynamic PRG Size Configuration in NR 
InterDigital, Inc.

R1-1716493
On remaining issues on PRB bundling
Nokia, Nokia Shanghai Bell
1.1.1.6 Multi-TRP and multi-panel transmission
R1-1716494
Remaining details on multi-TRP transmission
Nokia, Nokia Shanghai Bell

R1-1716392
On multi-TRP and multi-panel transmission
Qualcomm Incorporated

R1-1715435
Multi-TRP Transmission/Reception for DL and UL
ZTE, Sanechips

R1-1715462
Enabling Multiple NR-PDCCH for Multiple TRP transmission
Huawei, HiSilicon

R1-1715483
Discussion on multiple NR-PDCCHs in NC-JT scheme
Fujitsu

R1-1715616
Discussion on Multi-panel Multi-TRP transmission for UL
vivo

R1-1715695
On NR Multi-TRP and Multi-panel Transmission
Guangdong OPPO Mobile Telecom.

R1-1715798
Considerations on DL multi-panel and multi-TRP transmission
CATT

R1-1715855
Discussion on cooperative transmission
LG Electronics

R1-1715931
Discussion on DL/UL multi-TRP/-panel supports
Samsung

R1-1716049
Discussion on multi-layer transmission with analog beam
CMCC

R1-1716165
Remaining details on supporting multi-TRP transmission and reception
AT&T

R1-1716211
Multi-TRP and multi-panel transmission
MediaTek Inc.

R1-1716246
Considerations on Multiple TRP/Panel Transmission
Sony

R1-1716289
Discussion on multi-panel and multi-TRP operation
Intel Corporation

R1-1716345
Multi-TRP and multi-panel transmission
Ericsson

R1-1716465
NR-PDCCH for Multi-TRP Transmission 
InterDigital, Inc.

R1-1716546
Discussion on Multi-TRP DL Transmission
ASUSTEK COMPUTER (SHANGHAI)
1.1.1.7 Rate matching
R1-1716773
Summary of views on PDSCH and PUSCH rate matching
LG Electronics
Agreement:
RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.

R1-1716855
WF on Rate Matching for PUSCH
LG Electronics, CATT, Ericsson

R1-1715463
Rate matching for data channels
Huawei, HiSilicon

R1-1715617
Discussion on rate matching
vivo

R1-1716393
On PDSCH and PUSCH RE mapping
Qualcomm Incorporated

R1-1715436
Discussion on rate matching
ZTE, Sanechips

R1-1715484
CSI-RS resource indication for rate matching
Fujitsu

R1-1715670
On PDSCH and PUSCH Rate matching
Guangdong OPPO Mobile Telecom.

R1-1715856
Discussion on rate matching
LG Electronics

R1-1715932
On PDSCH rate matching for NR
Samsung

R1-1716166
On the need of per RE level PDSCH rate-matching and RE mapping signalling
AT&T

R1-1716290
Rate matching for NR
Intel Corporation

R1-1716346
On rate matching
Ericsson

R1-1716466
On PDSCH rate matching for NR
InterDigital, Inc.

R1-1716495
Discussion on rate matching resource
Nokia, Nokia Shanghai Bell
1.1.1.8 Other 
R1-1715437
On Transmission Setting
ZTE, Sanechips

R1-1715464
Discussion on transmission parameter sets
Huawei, HiSilicon

R1-1715671
Discussion on RS multiplexing
Guangdong OPPO Mobile Telecom.

R1-1715706
Discussion on UL transmission mode design
Guangdong OPPO Mobile Telecom.

R1-1715718
On the performance of the multi-subband UL MIMO and channel rank properties
Huawei, HiSilicon

R1-1715719
Discussion on UL multi-panel/TRP operation
Huawei, HiSilicon

R1-1715933
Discussion on transmission parameter sets
Samsung

R1-1715934
Continuous Precoding for NR DMRS in Time Domain
Samsung

R1-1715935
CSI Feedback Overhead Reduction for NCJT
Samsung

R1-1715936
Discussion on transition between NR network coordination schemes
Samsung

R1-1715937
Preliminary system level evaluation for NCJT in NR
Samsung

R1-1716291
On antenna calibration signal
Intel Corporation

R1-1716369
UL multi-panel transmission
Ericsson

R1-1716496
NC-JT for uplink multi-panel multi-TRP operation
Nokia, Nokia Shanghai Bell

1.1.2 CSI acquisition and beam management
R1-1716347
CSI framework
Ericsson
1.1.2.1 CSI measurement 
R1-1716803
Summary of CSI measurement
ZTE, NTT DOCOMO
R1-1716804
Way forward on reciprocity based CSI
ZTE, Sanechips, Qualcomm, Intel, NTT DOCOMO, LG Electronics, vivo, ASTRI
Also supported by Samsung
Agreement
For non-PMI codebook, down-select one between the following alternatives

· Alt A: Port selection codebook is used for CQI calculation for non-PMI feedback
· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry
· Codebook subset restriction is supported to indicate a single precoder per rank in the codebook used for CQI calculation
· FFS whether this indication can be done by using L1/L2 signaling or RRC signaling
· Support at least up to 8 CSI-RS ports and 8 layers
· Alt B: Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback
· Port index indication selects the CSI-RS port(s) used for RI/CQI calculation per rank
· Indentity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation
· N ports are selected for rank N
· FFS Signaling details e.g. whether this indication can be done by using L1/L2 signaling or RRC signaling
· Support up to 8 layers and at least up to 8 CSI-RS ports
· If down-selection between the above alternatives cannot be achieved until RAN1#90bis, it's up to editor how to capture Alt A or Alt B in specifications
R1-1716788
WF on NZP CSI-RS for interference measurement
Huawei, HiSilicon, Intel, Qualcomm, Spreadtrum, vivo, Ericsson, MediaTek, OPPO
Agreement:
UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:

· Alt.1, a single CSI-RS resource for both channel and interference measurement

· Alt.2, separately configured CSI-RS resources for channel and interference measurement 

· UE shall assume each port in the set corresponds to an interference layer  

· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM

R1-1716827
WF on remaining issues on ZP CSI-RS based IMR
LG Electronics, Intel, NTT DOCOMO, Samsung
(Continue offline discussion: To be coordinated by LGE, Jiwon)
R1-1716854
WF on remaining issues on ZP CSI-RS based IMR
LG Electronics, Intel, NTT DOCOMO, Samsung, CEWiT
Agreement:
· Confirm the working assumption: NR supports semi-persistent IMR based on ZP CSI-RS for interference measurement for CSI feedback
R1-1716902
WF on remaining issues on ZP CSI-RS based IMR
LG Electronics, Huawei, HiSilicon, CATT, CEWiT
Contents of R1-1716902 have been agreed
R1-1715465
Channel and interference measurement for CSI acquisition
Huawei, HiSilicon

R1-1716348
On interference measurement and CSI for reciprocity based operation
Ericsson

R1-1716080
Views on CSI measurement for NR
NTT DOCOMO, INC.

R1-1716292
Discussion on interference measurement for CSI
Intel Corporation

R1-1716497
Remaining aspects on interference estimation options and configuration
Nokia, Nokia Shanghai Bell
R1-1715438
On CSI measurement
ZTE, Sanechips

R1-1715799
Discussion on CSI framework
CATT

R1-1715857
Discussion on CSI measurement
LG Electronics

R1-1715938
Discussions on CSI measurements
Samsung

R1-1716179
Remaining details on CSI measurements for NR
AT&T

R1-1716243
Considerations on interference measurement
Sony

R1-1716394
Details of CSI measurement
Qualcomm Incorporated

1.1.2.2 CSI reporting
R1-1716801
Summary of views on CSI reporting
Ericsson

R1-1716726
WF for Open Issues on CSI Reporting
Samsung, Ericsson, Huawei, HiSilicon, ZTE, Sanechips, Mediatek, NTT DOCOMO, Nokia, Nokia Shanghai Bell, KDDI, Vodafone, CEWiT, IITH, IITM, Tejas Networks, Verizon, Deutsche Telekom, Softbank, CHTTL, NEC, WILUS, Sharp, China Unicom, ITL, KRRI, CMCC, ASTRI, KT Corporation, BT   

Also supported by Sprint
Conclusion:

The WF was presented and discussed in the MIMO session with clear majority to agree on all the slides in the WF. However, due to objection by Intel, LGE, an agreement could not be reached. The issue will be revisited in the main session on Thursday. Intel and LGE had concerns on Slides 6, 7(for long PUCCH for part1, support of A-CSI on long PUCCH), 11, 16 in R1-1716726. Rest of the slides were acceptable to LGE and Intel. 
R1-1715439
Remaining details on CSI reporting

ZTE, Sanechips

R1-1715858
Discussions on CSI reporting
LG Electronics

R1-1715939
CSI Reporting and UCI Multiplexing
Samsung

R1-1716349
On CSI reporting
Ericsson

R1-1715466
Details of CSI reporting on PUCCH/PUSCH

Huawei, HiSilicon

R1-1715515
Discussion on CSI reporting
Spreadtrum Communications

R1-1715618
Discussion on CSI reporting
vivo

R1-1715800
Considerations on CSI reporting
CATT

R1-1716081
Feedback Design for CSI Type I and Type II
NTT DOCOMO, INC.

R1-1716178
On Codebook subset restriction for NR
AT&T

R1-1716212
CSI framework considerations for beam management and timing requirement
MediaTek Inc.

R1-1716293
Remaining issues on CSI reporting
Intel Corporation

R1-1716395
On Type I and Type II CSI reporting
Qualcomm Incorporated

R1-1716467
On flexible CSI reporting timing 
InterDigital, Inc.

R1-1716498
On the general framework of CSI and beam management
Nokia, Nokia Shanghai Bell
1.1.2.3 Beam measurement and reporting
Including Beam Indication, UL beam management

R1-1716758
Summary on Beam Management Offline
Qualcomm
R1-1716842
WF on QCL Indication for DL Physical Channels
Ericsson, CATT, NTT Docomo, Samsung, Qualcomm
Agreement:
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication

· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH

· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH

· Each TCI state can be configured with one RS Set

· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:

· SSB

· Periodic CSI-RS

· Aperiodic CSI-RS

· Semi-persistent CSI-RS

· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item

· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes
· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.
· The mechanisms used for different RS types are FFS

· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes

· FFS: Value of N, where N is at most [3] bits

Note: More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.

Agreement:
The QCL configuration for PDCCH contains the information which provides a reference to a TCI state

· Alt 1: The QCL configuration/indication is on a per CORESET basis
· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.
· Alt 2: The QCL configuration/indication is on a per search space basis
· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.
· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)

Note: The above options are provided as input to the control channel agenda item discussion
R1-1716890
Summary on Beam Management Offline
Qualcomm

Agreement:

· For QCL indication for PDSCH:

· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI

· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state

· FFS: whether or not a QCL type is configured, configuration details are for further study

·  Whether or not the TCI field is always present in a given DL-related DCI is FFS

· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment

· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH

Conclusion: 
The the range of values for the following set of parameters are for further email discussion for beam management until Oct 6th 
· Minimum time between aperiodic CSI-RS for beam management and its DCI shall be at least KB symbols. Symbols measured from last symbol containing the DCI to first symbol of CSI-RS.

· For further discussion on the scenarios (where UE beam is changed or not from the last symbol containing the DCI to the first symbol containing the CSI RS)

· Note: the latency may include the DCI decoding latency

· The number of symbols between CSI-RS for beam management and the associated report shall be at least RB.

· Note: The start is calculated from the last symbol of the CSI-RS used for the measurement report and end time is calculated to be the first symbol of the associated report

· Note: CSI-RS may be for P1/P2/P3 procedures
The following set of parameters will be discussed over email until Oct 6th.
· Number of slots or symbols between indication of the spatial QCL for PDSCH and application of the PDSCH beam switch shall be at least DB
· Number of slots or symbols between indication of the spatial QCL for PDCCH and application of the PDCCH beam switch shall be at least SB
· Maximum number of Rx beam changes a UE can conduct during a slot shall not exceed BB.

· The number of measurement reports with L1-RSRP only per slot, per TRP, per component carrier shall not exceed C1B
· For beam management and CQI, the number of antenna ports per CSI-RS burst, for which the UE measures the channel, shall not exceed PB
· The max number of CSI resources to measure L1-RSRP within a slot shall not exceed [image: image2.png]


.

· The max number of simultaneously triggered CSI/beam reports is at most T​B
· Maximum number of Tx beam changes a UE can conduct during a slot shall not exceed [image: image4.png]


.
· Minimum time between aperiodic SRS for beam management and its DCI shall be at least [image: image6.png]


 symbols. Symbols measured from last symbol containing the DCI to first symbol of SRS.
· Maximum index of SRI for beam indication is [image: image8.png]



Agreement:
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 

· FFS: whether the set of SSBs is all of the SSB beams or a subset of them

· Alt1: Support configuration of SSB resources within a resource setting for beam management.

· L1-RSRP measurement on these resources is reported

· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.

· L1-RSRP measurement on these resources is reported

· Down-select between the two options

R1-1716845
Way forward on beam reporting based on CSI-RS for BM with repetition
ZTE, Sanechips, ASTRI, Ericsson
R1-1715440
Discussion on beam management
ZTE, Sanechips

R1-1715801
Details of beam management
CATT

R1-1716350
On beam indication, measurement, and reporting
Ericsson

R1-1716396
Beam management for NR

Qualcomm Incorporated

R1-1715467
Beam measurement and reporting
Huawei, HiSilicon

R1-1715510
Differential RSRP report and beam indication
Spreadtrum Communications

R1-1715530
Discussion of beam measurement and reporting
Lenovo, Motorola Mobility

R1-1715619
Discussion on beam measurement, beam reporting and beam indication
vivo

R1-1715660
Discussions on UL beam management
National Taiwan University

R1-1715696
Discussion on Remaining Issues of Beam Management
Guangdong OPPO Mobile Telecom.

R1-1715707
Considerations on L1-RSRP reporting
NEC

R1-1715743
Discussion on beam indication
ITRI

R1-1715760
Discussion on beam measurement and reporting
ETRI

R1-1715859
Discussion on DL/UL beam management
LG Electronics

R1-1715940
On Beam Management, Measurement and Reporting
Samsung

R1-1716050
Considerations on beam reporting and beam indication
CMCC

R1-1716082
Views on NR Beam Management
NTT DOCOMO, INC.

R1-1716168
Beam measurement and reporting
AT&T

R1-1716213
Remaining details on beam management
MediaTek Inc.

R1-1716245
Considerations on UL beam management
Sony

R1-1716294
Discussioin on Beam Management
Intel Corporation

R1-1716453
Discussions for UL beam management
National Taiwan University

R1-1716468
On DL and UL beam management 
InterDigital, Inc.

R1-1716499
On beam grouping and reporting
Nokia, Nokia Shanghai Bell

R1-1716550
Discussion on UL Beam Management
ASUSTEK COMPUTER (SHANGHAI)

1.1.2.4 Mechanism to recover from beam failure
Handle RAN2 LS, R1-1716671, in 6.2.2.4.

Conclusion:
Details of the LS includes issues related to both MIMO and initial access / mobility AIs and therefore should be discussed in the main session. 
R1-1716767
Summary on Beam Recovery Mechanism
MediaTek
R1-1716874
Offline Summary on Beam Recovery Mechanism
MediaTek

Agreement:
WA on trigger condition 1 for beam recovery request transmission is confirmed with following revision

· “Support at least the following triggering condition(s) for beam failure recovery request transmission:

Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification”

Agreement:
The following working assumption is confirmed

· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources

· Note that CDM means the same sequence design with PRACH preambles. 
· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for contention-free PRACH operation in Rel-15
· Note: this feature is not intended to have any impact on design related to other PRACH resources
· Further consider whether TDM with other PRACH is needed
Note: Companies may further study the necessity and feasibility of additional cyclic shifts on the preamble sequences for transmission of beam failure recovery requests
R1-1716881
Way Forward on Beam Failure Recovery Request Transmission
Intel, ZTE, Sanechips, Oppo, vivo
R1-1716872
WF on relationship between RLF and beam recovery
NTT DOCOMO, CHTTL, Ericsson, InterDigital, LGE, CMCC, AT&T
Also supported by Samsung

R1-1716920
Way Forward on Dedicated PRACH Allocation for Beam Failure Recovery Mechanism

MediaTek, InterDigital, Huawei, Hisilicon, LG, Intel, Ericsson

Agreement:
· For new candidate beam identification purpose

· In CSI-RS only case, a direct association is configured between only CSI-RS resources and dedicated PRACH resources

· In SS block only case, a direct association is configured between only SS block resources and dedicated PRACH resources

· In CSI-RS + SS block case (if supported), an association is configured between resources of CSI-RS/SSB and dedicated PRACH resources

· CSI-RS and SSB can be associated with the same dedicated resource through QCL association
R1-1716922 
Way Forward on Candidate beam identification for Beam Failure Recovery
Huawei, Hisilicon, LG, Intel, InterDigital
R1-1715468
Beam Failure Recovery Design Details
Huawei, HiSilicon

R1-1715860
Discussion on beam failure recovery
LG Electronics

R1-1716083
Views on Beam Recovery
NTT DOCOMO, INC.

R1-1716214
Discussion on Beam Recovery Mechanism
MediaTek Inc.

R1-1716351
Basic beam recovery
Ericsson

R1-1716397
Beam recovery procedures

Qualcomm Incorporated

R1-1716500
Beam Recovery in NR
Nokia, Nokia Shanghai Bell

R1-1715441
Discussion on beam recovery
ZTE, Sanechips

R1-1715531
Discussion of beam recovery mechanism
Lenovo, Motorola Mobility

R1-1715620
Discussion on beam failure recovery
vivo

R1-1715697
Discussion on Beam Recovery Mechanism
Guangdong OPPO Mobile Telecom.

R1-1715708
Discussion on beam failure recovery
NEC

R1-1715802
Beam failure detection and recovery
CATT

R1-1715941
Beam failure recovery
Samsung

R1-1716169
On beam recovery for partial and full control channel failure
AT&T

R1-1716241
Considerations on beam recovery
Sony

R1-1716268
Discussion on mechanisms for beam failure recovery
Sharp

R1-1716295
Remaining issues on beam failure recovery
Intel Corporation

R1-1716469
Remaining issues on beam recovery 
InterDigital, Inc.

R1-1716543
Details of Improved Beam Failure Handling 
National Instruments Corp.
1.1.2.5 CQI and MCS
R1-1716296
CQI and MCS design for NR
Intel Corporation

R1-1716501
Consideration on new MCS and CQI table for NR
Nokia, Nokia Shanghai Bell
Agreement:
Different CQI tables can be configured to a UE at least in order to support different maximum order of modulations
· FFS: Whether the different CQI tables should consider minimum coding rate

R1-1715442
On CQI and MCS
ZTE, Sanechips

R1-1715469
CQI and MCS design
Huawei, HiSilicon

R1-1715861
Discussion on CQI and MCS tables
LG Electronics

R1-1715942
CQI Definition
Samsung

R1-1716180
Adaptive CQI and MCS Indication in NR
AT&T

R1-1716352
Discussion on CQI and MCS
Ericsson

R1-1716398
Consideration for MCS table
Qualcomm Incorporated

1.1.2.6 Other
R1-1715443
Enhancements on CSI framework
ZTE, Sanechips

R1-1715444
Details and evaluation results on beam reporting
ZTE, Sanechips

R1-1715445
Details and evaluation results on beam indication
ZTE, Sanechips

R1-1715446
Details of UL beam management
ZTE, Sanechips

R1-1715455
On reciprocity based CSI acquisition
ZTE, Sanechips

R1-1715456
Overhead reduction for Type II CSI
ZTE, Sanechips

R1-1715585
Beam indication for control and data channels
Huawei, HiSilicon

R1-1715587
A holistic procedure for beam failure recovery
Huawei, HiSilicon

R1-1715588
Network-side beam failure detection and new candidate beam identification
Huawei, HiSilicon

R1-1715589
Beam indication for network-based beam failure recovery
Huawei, HiSilicon

R1-1715590
Full reciprocity based CSI acquisition mechanism
Huawei, HiSilicon

R1-1715591
CSI acquisition details for NCJT
Huawei, HiSilicon

R1-1715592
CSI acquisition details for hybrid CSI
Huawei, HiSilicon

R1-1715593
Encoding of Type I and Type II CSI paremeters
Huawei, HiSilicon

R1-1715594
Codebook subset restriction
Huawei, HiSilicon

R1-1715722
Partial reciprocity based CSI acquisition mechanism
Huawei, HiSilicon

R1-1715723
CSI acqusition for DL robust transmission
Huawei, HiSilicon

R1-1715724
Remaining issues for multiple-panel codfebook
Huawei, HiSilicon

R1-1715725
Category 2 codebook design for type II codebook
Huawei, HiSilicon

R1-1715726
Codebook design for beamformed CSI-RS
Huawei, HiSilicon

R1-1715742
Discussion on beam measurement and reporting
ITRI

R1-1715803
Discussion on reciprocity based operation
CATT

R1-1715804
Consideration on interference estimation in NR
CATT

R1-1715862
Discussion on overhead reduction for Type II codebook
LG Electronics

R1-1715943
Discussion on CSI-RS Resource Allocation
Samsung

R1-1715944
L1 RSRP reporting for beam management
Samsung

R1-1715945
CSI support for transparent precoder cycling
Samsung

R1-1715946
Discussions on service specific CSI for NR
Samsung

R1-1715947
Discussion on joint CLI measurement and beam management
Samsung

R1-1715948
DL beam management configuration
Samsung

R1-1715949
QCL associations for beam management RS
Samsung

R1-1715950
L1-RSRP measurement duration
Samsung

R1-1715951
Parameters for beam management
Samsung

R1-1715952
CSI Acquisition and Beam Management Framework
Samsung

R1-1715953
CSI Reporting for Reciprocity Operation
Samsung

R1-1715954
Port selection codebook for beamformed CSI-RS
Samsung

R1-1715955
Extension of Type I multi-panel codebook
Samsung

R1-1715956
Remaining details of Type II CSI codebook
Samsung

R1-1715957
Differential reporting of Type II CSI
Samsung

R1-1715958
On higher rank Type II CSI
Samsung

R1-1715959
On codebook subset restriction
Samsung

R1-1715960
Discusssion on Tx beam grouping configuration for multi-panel TRP and multi-TRP
Samsung

R1-1715961
Discussion on beam indication for PDSCH
Samsung

R1-1715962
Discussion on beam indication for UL transmission
Samsung

R1-1715963
Discussion on cross-carrier beam management
Samsung

R1-1715964
On Beam Indication
Samsung

R1-1716084
Framework for CSI acquisition and beam management
NTT DOCOMO, INC.

R1-1716085
Investigation on beam pattern design for beam management
NTT DOCOMO, INC.

R1-1716086
Performance investigiation on beam reporting
NTT DOCOMO, INC.

R1-1716215
CSI reporting details
MediaTek Inc.

R1-1716297
On Timing Advance for multi-beam operation
Intel Corporation

R1-1716353
On Dynamic Triggering for CSI Reports and CSI-RS
Ericsson

R1-1716354
A comparison of CSI-RS activation schemes based on MAC CE and DCI
Ericsson

R1-1716355
Further details of measurement restriction
Ericsson

R1-1716356
Performance impact of inactive antenna ports
Ericsson

R1-1716357
On semi-persistent CSI reporting on PUSCH
Ericsson

R1-1716358
NR CSI Computation Capability
Ericsson

R1-1716359
Frequency parametrization for Type II CSI codebook
Ericsson

R1-1716360
Partial band CSI reporting
Ericsson

R1-1716361
CSI feedback and Transparent PDSCH TxD
Ericsson

R1-1716362
On codebook subset restriction
Ericsson

R1-1716363
CSI feedback for multi-TRP
Ericsson

R1-1716364
On multi-panel codebook extension
Ericsson

R1-1716365
Beam management in C-DRX
Ericsson

R1-1716366
Performance of beam management without beam indication
Ericsson

R1-1716367
Analysis of beam indication signalling options
Ericsson

R1-1716368
Multi-cell beam recovery
Ericsson

R1-1716399
Details of CSI framework
Qualcomm Incorporated

R1-1716400
Details of Type I and Type II CSI reporting
Qualcomm Incorporated

R1-1716401
Details of Type I and Type II CSI parameters encoding
Qualcomm Incorporated

R1-1716402
Details of Type I and Type II codebook subset restriction
Qualcomm Incorporated

R1-1716403
Details of CSI feedback for open- or semi-open-loop transmission
Qualcomm Incorporated

R1-1716502
On the channel reciprocity support for CSI acquisition
Nokia, Nokia Shanghai Bell

R1-1716503
PUSCH feedback transmission for Type II codebook
Nokia, Nokia Shanghai Bell

R1-1716504
Codebook subset restriction configuration for type II codebook
Nokia, Nokia Shanghai Bell

R1-1716505
Reduced PMI Payload in the NR Type II Codebooks
Nokia, Nokia Shanghai Bell

R1-1716506
SRS transmission for beam management
Nokia, Nokia Shanghai Bell
1.1.3 Reference signals and QCL
Highest priority in NR MIMO agenda items
1.1.3.1 Multiplexing of different types of RSs
R1-1716625
Summary of RS multiplexing
Huawei, HiSilicon
R1-1716298
On multiplexing of different RS types
Intel Corporation

R1-1716404
On multiplexing of different types of RSs
Qualcomm Incorporated

R1-1715447
Discussion on multiplexing of different RSs
ZTE, Sanechips

R1-1715470
Multiplexing different types of RSs for DL and UL
Huawei, HiSilicon

R1-1715511
On DL RS multiplexing
Spreadtrum Communications

R1-1715621
On multiplexing of different types of RSs
vivo

R1-1715672
Discussion on UL transmission mode design
Guangdong OPPO Mobile Telecom.

R1-1715705
Discussion on RS multiplexing
Guangdong OPPO Mobile Telecom.

R1-1715805
Consideration on RS multiplexing
CATT

R1-1715863
On multiplexing of different types of RSs
LG Electronics

R1-1715965
Discussion on DL/UL RS multiplexing
Samsung

R1-1716051
Discussion on multiplexing of different types of RSs
CMCC

R1-1716170
Multiplexing different type of RSs
AT&T

R1-1716227
On multiplexing of different reference signals
MediaTek Inc.

R1-1716370
On Multiplexing of RS types
Ericsson

R1-1716507
On multiplexing of different RS types
Nokia, Nokia Shanghai Bell
1.1.3.2 Remaining details on CSI-RS
R1-1715448
On CSI-RS for CSI acquisition and beam management
ZTE, Sanechips

R1-1716299
Remaining details on CSI-RS
Intel Corporation

R1-1716405
Discussion on CSI-RS design
Qualcomm Incorporated

R1-1716508
On the CSI-RS configurations for NR CSI acquisition

Nokia, Nokia Shanghai Bell
R1-1716372
Details on CSI-RS design
Ericsson

R1-1716728
Summary of views on NR CSI-RS
Huawei, HiSilicon
Agreement:
NR should support non-adjacent mapping of CSI-RS components in frequency domain.

· The REs in each CSI-RS component should be adjacent

Uniform RE mapping across all 4 symbols for N=4 is supported.

· Support of non-uniform case is FFS

R1-1716848
WF on reference signals for ECP
Huawei, HiSilicon, MediaTek, Vivo, Intel, Ericsson
Agreement:
For ECP, NR supports the following: 
· CSI-RS reuses NCP CSI-RS resources 
· For beam management purpose, reuse 1-port NCP CSI-RS for beam management
· For beam management purpose, reuse 2-port NCP CSI-RS with D=1 for ECP in Rel-15 subject to RAN4 feedback

Send LS to RAN4 to request feedback on the following issues (Huawei, Xi):

· Feasibility of 2-port ECP/NCP CSI-RS with D=1 for beam management
· Feasible densities of 1-port ECP/NCP CSI-RS for beam management

R1-1716782
Way forward on CSI-RS
Samsung, NTT DOCOMO, Intel, Qualcomm, LGE, ZTE, Sanechips, Ericsson, Nokia, NSB, CATT
Agreement:
All slides in R1-1716782 with the following revision to slide 5
· Down-select among the following options
· Opt. 1: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB
· Opt. 2: The starting subcarrier of a CSI-RS component RE pattern is not constrained, subcarrier in the given PRB. 
· FFS, additional constraints, e.g. considering size of the component RE pattern
· At least {6th,7th, 13th, 14th} OFDM symbol in a slot structure can be configured for CSI-RS transmission
· Note: The dependency of CSI reporting timing on the CSI-RS OFDM symbol locations will be discussed separately
· FFS: additional OFDM symbol locations
R1-1716919
[Draft] LS on CSI-RS patterns and densities
Huawei

Agreed in R1-1716744
R1-1716812
WF on CSI-RS port
ZTE, Sanechips, Samsung, LG Electronics, Ericsson
R1-1716866
WF on CSI-RS bandwidth
Samsung, Qualcomm, Intel
R1-1715471
CSI-RS design in NR
Huawei, HiSilicon

R1-1715622
Discussion on CSI-RS design
vivo

R1-1715673
Disussion on CSI-RS design
Guangdong OPPO Mobile Telecom.

R1-1715806
Remaining issues on CSI-RS
CATT

R1-1715864
On CSI-RS design
LG Electronics

R1-1715966
Remaining details on NR CSI-RS
Samsung

R1-1716087
Remaining details on CSI-RS
NTT DOCOMO, INC.

1.1.3.3 Remaining details on DMRS
Including remaining details of pi/2-BPSK for PUSCH
R1-1716228
On downlink DMRS remaining issues
MediaTek Inc.

Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transsmisions
· The above applies for PDSCH and PUSCH without hopping

· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 
· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols

Agreement:
Frequency-domain staggering of additional DMRS with respect to the front-load DMRS inside a DL slot is not supported in Rel-15.
R1-1716735
Details on DMRS design
Ericsson

Working assumption
For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection 
R1-1716783
Remaining issues on NR DM-RS
Qualcomm

Agreement:
For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.

· further discuss next meeting the support of the case of two 2-symbol additional DMRS.

· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.

DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource specific w.r.t to a wideband CC from network perspective.

Agreement:
NR supports up to 4 ports per-UE in MU-MIMO

· Study further the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the configuration type. 

Agreement:

· For slot-based scheduling, for PDSCH, when three additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd symbol, the three additional DMRS symbol can be at least configured in the 6th, 9th and 12th symbols.

· Note: See the agreed positions in the figure below.

· The yellow region in the figure below does not contain PDSCH.

[image: image9.png]1 12 13

10

1 12 13

10

1 12 13

10

suwa

suwa

loauey

loauey

suwa

loauey

loauey

suwa

loauey

loauey





Agreement:
· For slot-based scheduling, for PDSCH, when two additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd or 4th symbol, the two 1-symbol additional DMRS symbols can be configured in the {8th, 12th} and {7th, 10th} symbol.

· Note: See agreed positions in the figure below.

· The yellow region in the figure below does not contain PDSCH
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· When the last two symbol of the slot do not contain PDSCH:

· The two additional DMRS can be configured in the {7th,10th} symbol
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Agreement:
· For slot-based scheduling, for PDSCH, when one 2-symbol additional DMRS symbol is configured for the 2-symbol front-load DMRS with the first symbol of front-load DMRS on the 3rd or 4th symbol, the one additional 2-symbol DMRS can be at least configured in the {9th-10th} or {11th-12th} OFDM symbols in a slot

· Example of applicability of the patterns for first symbol of front-load DMRS on the 3rd symbol. 
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R1-1716509
On remaining issues of DL DM-RS for NR physical data channels
Nokia, Nokia Shanghai Bell

R1-1716300
On the remaining details of DM-RS

Intel Corporation

R1-1715967
Remaining details on DMRS
Samsung

R1-1715449
Remaining details on DL DMRS and UL DMRS
ZTE, Sanechips

R1-1715472
Design of DMRS for DL/UL data transmission
Huawei, HiSilicon

R1-1715512
Considerations on DMRS for CP-OFDM
Spreadtrum Communications

R1-1715539
Remaining issues on DMRS
Lenovo, Motorola Mobility

R1-1715623
Remaining details on DMRS design
vivo

R1-1715709
Discussion on DMRS configurations
NEC

R1-1715761
Discussion on DMRS design
ETRI

R1-1715807
Discussion on remaining details of DMRS
CATT

R1-1715865
On DMRS design

LG Electronics

R1-1716088
Remaining details on DM-RS
NTT DOCOMO, INC.

R1-1716125
Additional DMRS in the control region
TCL Communication Ltd.

R1-1716181
Remaining details for DM-RS
AT&T

R1-1716371
Details on DMRS design
Ericsson

R1-1716406
Remaining details on DMRS
Qualcomm Incorporated

R1-1716470
Remaining issues on DM-RS 
InterDigital, Inc.

R1-1716537
Views on DL DMRS designs
Mitsubishi Electric Co.

R1-1716569
Remaining details on DL DMRS for NR
ITL

R1-1716570
Discussion on remaining details of DMRS
KT Corp.

R1-1716609
On remaining details of NR DL DMRS
Panasonic

R1-1716654
Consideration on the DM RS design for broadcast/multicast PDSCH
CATR
1.1.3.4 Remaining details on PT-RS
R1-1716736
Summary of PTRS open issues
Ericsson
Agreement:
For both contiguous and non-contiguous scheduling for the purposes of selecting RBs for mapping PTRS for CP-OFDM: 

· N_RB is interpreted as the number of scheduled RBs

· The scheduled RBs are indexed as 0 to N_RB-1 from the one with lowest PRB index to the one with highest PRB index

The same PT-RS frequency density table is used for contiguous and non-contiguous scheduling where N_RB is the scheduled BW.

R1-1716790
Summary of PTRS open issues and offline agreements
Ericsson
Agreement:
· The subcarrier for which the PTRS associated with a certain DMRS port is mapped is the same in all RBs where PT-RS is present 
· The maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH, which is 2 in Rel-15

· The subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port, consider further these alternatives until Wednesday: 
· Alt.1 Fixed to smallest subcarrier index k 
· Alt.2 Default is fixed to largest subcarrier index k. Can be configured to other subcarriers by higher layer signalling. 
· Alt.3a Implicitly given by Cell ID 
· Alt.3b Implicitly given by another UE specific parameter (DMRS/PT-RS scrambling ID (if defined), C-RNTI,…)
· Alt.4 Each DMRS port maps PT-RS to a different subcarrier by a specified rule 
Agreement:
For mapping of PT-RS to RBs among the scheduled RBs for DL and UL: The no RB offset (=0, PT-RS is present in the scheduled RB with lowest RB index and then follows the pattern according to the PT-RS freq. density) is the default value if supported. Down-selection among the following alternatives in RAN1#90bis:

· Alt.1: RB offset is fixed (e.g., RB offset=0) in Rel. 15
· Alt.2: RB offset is determined based on UE-specific configuration 
· FFS default RB offset is needed
· FFS the RB offset is explicitly signaled via higher layer signaling or implicitly determined based on the UE specifically configured parameter (e.g., C-RNTI, SCID) 
· Companies are encouraged to provide evaluation results for next meeting to assess whether higher layer configuration of RB offset is beneficial for interference randomization
R1-1715473
Further details of PTRS
Huawei, HiSilicon

R1-1716724
Further details of PTRS
Huawei, HiSilicon

revision of R1-1715473
R1-1716840
WF on pre-DFT PT-RS pattern for DFTsOFDM
Mitsubishi Electric, Huawei, HiSilicon, Ericsson, InterDigital, Nokia, Nokia Shanghai Bell, Sharp, IITH, IITM, CEWiT, Tejas Networks, Reliance Jio, AT&T, Vivo, CMCC, Sony, Intel, ZTE, Sanechips, Spreadtrum, Qualcomm, DoCoMo
Agreement:
· For chunk-based pre-DFT PTRS insertion for DFTsOFDM, support the following
· The supported values for K (chunk size) are 2 and 4
· Implicit configuration depending on MCS/BW
· The supported values for X (number of chunks/DFTsOFDM symbol) are at least 2 and 4
· X implicitly depends on allocated bandwidth and/or MCS and/or K value
· Implicit configuration can be subcarrier spacing dependent
· FFS if K=1 is also supported and exact mechanism
· When X=2 is configured, downselect among the following:
· Alt. 1: chunks are placed head/tail of DFTsOFDM symbols containing PTRS
· Alt. 2: chunks are placed middle/tail of the  DFTsOFDM symbols containing PTRS
· Alt. 3: chunks are placed head/middle of the  DFTsOFDM symbols containing PTRS
· Alt. 4: chunks are placed middle of each of the X equally-sized parts of the  DFTsOFDM symbols containing PTRS
· For PTRS sequence, downselect from the following options:
·  Option 1:
· pi/2 BPSK PTRS is used for pi/2 BPSK PUSCH
· [FFS] PTRS sequence consists of the outermost points of the PUSCH constellation
· Option 2
· Reuse the same sequence as PTRS or DMRS sequence for UL CP-OFDM
· FFS: Time-domain PTRS density reduction is supported at least for allocated bands below N RB and/or some MCS
· Time-domain pattern depends on DM-RS positions (DFTsOFDM positions near DMRS do not contain PTRS)
· FFS: N value
· FFS: every other DFTsOFDM symbol not neighbouring DM-RS positions does not contain PTRS
· For RB allocation larger than N, PTRS density reduction is configured by RRC
R1-1715450
Remaining details on PT-RS
ZTE, Sanechips

R1-1716301
Remaining details on PT-RS
Intel Corporation

R1-1716238
On pre-DFT PTRS insertion patterns for UL DFTsOFDM waveform
Mitsubishi Electric RCE

R1-1715513
Considerations on PT-RS for CP-OFDM
Spreadtrum Communications

R1-1715538
Remaining issues on PTRS
Lenovo, Motorola Mobility

R1-1715624
Discussion on remaining details on PT-RS
vivo

R1-1715756
PT-RS design
Panasonic Corporation

R1-1715773
Discussion on PTRS configurations
NEC Corporation

R1-1715808
Remaining issues on PT-RS
CATT

R1-1715866
On PT-RS design
LG Electronics

R1-1715968
Discussion on PT-RS
Samsung

R1-1716052
Discussion on PT-RS design
CMCC

R1-1716089
Views on PT-RS
NTT DOCOMO, INC.

R1-1716373
Details on PTRS design
Ericsson

R1-1716407
PTRS considerations
Qualcomm Incorporated

R1-1716471
Remaining issues on PT-RS 
InterDigital, Inc.

R1-1716510
On remaining details of PT-RS design
Nokia, Nokia Shanghai Bell
1.1.3.5 Remaining details on SRS
Including SRS carrier based switching 

R1-1716732
Summary of SRS

Sony

Agreement:
Confirm the working assumption

· SRS sequence for NR is supported for up to 272 PRBs by using LTE SRS sequences generation equation
· Note: 272 PRBs corresponds to the maximum bandwidth support by NR

· FFS: On the set of supported SRS bandwidths
Agreement:
SRS ports more than 4 per SRS resource is not supported in Rel-15
R1-1716787
WF on antenna switching for SRS transmission
Huawei, HiSilicon, Intel, CeWiT, Samsung, IITM, Tejas Networks, Softbank, CATT, China Unicom, Spreadtrum, IITH, SONY, Deutsche Telekom, Nokia, NSB, CMCC, Vodafone, NEC, OPPO, KDDI
Also supported by DOCOMO
Agreement:
· For antenna switching for SRS transmission within a carrier, at least support 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme 
· Design principle in LTE for SRS transmission can be a starting for the details in NR
· FFS: For the case UE with 2Tx, where one antenna have the capability of 1Tx to 3 antenna switching, and  another antenna have no switching

· FFS: SRS transmission for antenna switching and associated SRS resource / resource group configurations

· FFS: Antennas in a antenna group can transmit SRS simultaneously, and FFS on antenna indexing in each antenna group
· FFS: The relationship between SRS antenna switching and SRS resource hopping considering SRS repetition within one SRS resource

· This feature is used at least to acquire downlink channel information

R1-1716915
Summary of SRS
 Sony
Agreement
An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.

· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH
· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
Working assumption from RAN1#90 on SRS short PUCCH prioritization is confirmed
R1-1716302
Discussion on SRS for NR

Intel Corporation

R1-1715809
Remaining issues on SRS
CATT

R1-1716408
Remaining details on SRS
Qualcomm Incorporated

R1-1716374
Details on SRS design
Ericsson

R1-1716094
WF on SRS Bandwidth
Huawei, HiSilicon, Ericsson
Also supported by Qualcomm

Agreement:
· NR supports C_SRS and B_SRS to be UE-specifically configurable
For information for future discussions:
· For SRS bandwidth tables, at least the following design rules are used as a starting point:
· Single SRS bandwidth table (C_SRS is a row index into the SRS bandwidth table)
· 4 values of B_SRS (same as LTE)
· For BWP less than or equal to 96 PRBs, the table includes at least the LTE SRS bandwidths (next slide)
· For additional entries, at least the following rules are used:
· For every supported CC/[BWP] bandwidth with N PRBs, table contains at least one entry with SRS bandwidth m_SRS,0 = floor(N/4)*4 PRB
· Support additional entries with m_{SRS,0} = floor(N/4)*4 PRB for sounding flexibility
· To support intra-slot hopping within a BWP over 2 and 4 OFDM symbols:
· Table contains at least one entry with SRS bandwidth m_{SRS,0} = floor(N/16)*16 PRBs with N_1 = 2 and N_2 = 2
· Note: intra-slot hopping is subject to RAN4 feedback
R1-1715451
Discussion on SRS design for NR
ZTE, Sanechips

R1-1715474
UL SRS design for beam management and CSI acquisition
Huawei, HiSilicon

R1-1715625
Discussion on SRS design and related aspects
vivo

R1-1715674
Further discussion on SRS design for NR
Guangdong OPPO Mobile Telecom.

R1-1715867
On SRS design and related operations
LG Electronics

R1-1715969
SRS design for NR
Samsung

R1-1716090
Discussions on NR SRS Design
NTT DOCOMO, INC.

R1-1716216
Remaining details on SRS
MediaTek Inc.

R1-1716242
Considerations on SRS design
Sony

R1-1716472
Remaining issues on SRS 
InterDigital, Inc.

R1-1716511
SRS design considerations in NR
Nokia, Nokia Shanghai Bell

R1-1716536
Views on SRS designs
Mitsubishi Electric Co.

1.1.3.6 Remaining details on TRS 
R1-1716753
Summary on TRS remaining issues

MediaTek Inc.
Agreement:
The TRS symbol number in each slot for X=2 
· At least 2+2 is supported
· FFS: Support of 3+1
R1-1715626
Discussion on TRS
vivo

R1-1716229
On TRS design and remaining issues
MediaTek Inc.

R1-1716375
Details on TRS design
Ericsson

R1-1716409
Remaining open issues on TRS
Qualcomm Incorporated

R1-1716512
Views on the fTFT-RS in NR
Nokia, Nokia Shanghai Bell

R1-1716655
Consideration on the TRS design for NR
CATR

R1-1716821
Way forward on TRS
Intel, ZTE, Sanechips, vivo, Samsung, Ericsson, Docomo, Spreadtrum, AT&T, MTK, Huawei, HiSilicon
Also supported by CMCC
Agreement:
· For TRS, support TRS burst length X=2 slot.
· A slot containing SSB can be configured for TRS 
· TRS may be TDM with SSB to avoid collision
· FFS: TRS may be FDM with SSB to avoid collision

· Strive to have same burst pattern of TRS configurations with and without slot containing SSB
R1-1716841
WF on TRS design
MediaTek, Ericsson, ZTE, Sanechips, Qualcomm, CHTTL, Intel, Spreadtrum
R1-1715452
Remaining details on TRS
ZTE, Sanechips

R1-1715475
Reference signal for fine time and frequency tracking
Huawei, HiSilicon

R1-1715868
Discussion on fine time/frequency tracking of channel
LG Electronics

R1-1715970
Discussion on Fine Time/Frequency Tracking
Samsung

R1-1716244
Considerations on TRS
Sony

R1-1716303
Remaining Details on TRS
Intel Corporation

1.1.3.7 Remaining details on QCL
R1-1716692
Summary of QCL
Nokia, Nokia Shanghai Bell
Agreement:
· The source and target RSs of a QCL configuration can be in the same CC or in different CCs by configuration
· Above is supported at least for CCs with same numerology in the same band from UE perspective
· FFS: Whether all or part of QCL parameters are derived from the reference CC

· FFS: Specification details on restriction on using this configuration (e.g.: based on UE capability, UE report)
R1-1716807
Summary of offline discussions on QCL
Nokia, Nokia Shanghai Bell
Agreement:
RS combinations holding QCL assumptions:

· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz

· SSB ( DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)

· FFS whether restriction on PDSCH scheduling

· SSB ( DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)

· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP

· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH

· SSB ( TRS: [Doppler shift, average delay]

· Type A: 

· TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· TRS/CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread 

· FFS: Type B: 

· TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread 

· Study whether the widebeam TRS can be QCLed referenced for a narrow beam CSI-RS

· Study whether widebeam CSI-RS can be QCLed with a narrow beam DMRS

· After RRC for above 6 GHz

· RS combinations holding QCL assumptions TBD.

R1-1715453
QCL design for UL and DL MIMO

ZTE, Sanechips

R1-1716513
On QCL Framework and Configurations
Nokia, Nokia Shanghai Bell
R1-1715869
Discussion on QCL for NR
LG Electronics

R1-1715476
Details of QCL assumptions and related RS design considerations
Huawei, HiSilicon

R1-1715627
Discussion on QCL
vivo

R1-1715810
On QCL for NR
CATT

R1-1715971
Remaining details on QCL
Samsung

R1-1716091
General Views on QCL Design for NR
NTT DOCOMO, INC.

R1-1716171
Cross Carrier QCL between different type of RSs
AT&T

R1-1716304
On QCL for NR
Intel Corporation

R1-1716376
Details on QCL
Ericsson

R1-1716410
Discussion on QCL
Qualcomm Incorporated

R1-1716473
Remaining issues on QCL 
InterDigital, Inc.

1.1.3.8 Other
R1-1715596
SRS antenna switching
Huawei, HiSilicon

R1-1715597
Evaluation results of DMRS design for DL/UL data channel
Huawei, HiSilicon

R1-1715598
Common UL/DL DMRS design
Huawei, HiSilicon

R1-1715599
Signaling of DMRS ports for SU/MU-MIMO
Huawei, HiSilicon

R1-1715600
Considerations on UE-specific RS Sequence Design
Huawei, HiSilicon

R1-1715601
DMRS design for URLLC
Huawei, HiSilicon

R1-1715602
Reference signals for ECP
Huawei, HiSilicon

R1-1715603
SRS switching among CCs and bandwidth parts
Huawei, HiSilicon

R1-1715701
Beam association relationship between data and control channels
Guangdong OPPO Mobile Telecom.

R1-1715811
Evaluations on DL DMRS
CATT

R1-1715972
PTRS Design for 40 GHz and Higher Frequency Bands
Samsung

R1-1715973
Evaluations on pre-DFT PTRS Insertion
Samsung

R1-1715974
Evaluation Results on DMRS
Samsung

R1-1716092
Views on DM-RS for mini-slot
NTT DOCOMO, INC.

R1-1716377
On the collision between DMRS and DC subcarrier
Ericsson

R1-1716411
Discussion on Bursty Interference Measurement Resources
Qualcomm Incorporated

R1-1716412
Evaluation of DMRS design
Qualcomm Incorporated

R1-1716514
DL DM-RS patterns link level simulation
Nokia, Nokia Shanghai Bell
