3GPP TSG RAN WG1 Meeting 91                                                                                 R1-1721657
Reno, USA, 27th November – 1st December 2017

Title:
Chairman’s notes for AI 7.2 NR-MIMO
Source: Session Chair (Samsung)

1.1 MIMO
R1-1719328
Reply LS CSI-RS patterns and densities
RAN4, Nokia
R1-1721648
List of MAC CE parameters for MIMO
NTT DOCOMO
R1-1721662
[Draft] LS on MAC CE parameters for NR MIMO
NTT DOCOMO

Endorsed in R1-1721663
Send an LS to RAN2 to inform them of the modification to RRC and MAC CE after Thursday (Nov 30). For email approval. – Qualcomm (Sundar) by Dec 6.
1.1.1 Remaining details on Multi-antenna scheme
Physical control channel related issues are to be discussed in the agenda item for scheduling/HARQ aspects.
R1-1719628
On Data Scrambling for NR PDSCH and PUSCH
AT&T
1.1.1.1 Remaining details on codeword mapping 
R1-1721468
Summary of Open Issues on Layer Mapping
Samsung

R1-1721599
WF on RE mapping for DFT-SOFDM with intra-slot frequency hopping
MediaTek, Ericsson, Lenovo, Motorola Mobility, Samsung, Qualcomm, CATT, Nokia, NSB, ETRI, KT Corporation, WILUS Inc, Acorn Technologies, Intel, Panasonic
Agreement:

· Confirm the working assumption and DFT-SOFDM for multiple code blocks with intra-slot frequency hopping follows the same design, i.e.

· The RE mapping is performed with the following order:

· Frequency-first mapping followed by time and sub-slot: the modulated symbols are first mapped across sub-carriers, then across DFT-SOFDM symbols within a sub-slot, then across sub-slots (occupying different sets of PRBs)
Agreement:

· Gold-31 sequence same as LTE is used for PDSCH/PUSCH data scrambling 

· At least the following parameters are used for data scrambling initialization: 

· nRNTI 

· CW index: 1 bit

· Scrambling ID or N_ID (RRC configured with the default setting as P_Cell ID): X bits
Agreement:
For data scrambling:

· The value of X is 10
· cinit is defined as 
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R1-1719901
Discussion on codeword mapping
LG Electronics

R1-1720065
Remaining details on CW to MIMO layer mapping
Intel Corporation

R1-1720732
On CW mapping and data scrambling
Ericsson

R1-1719430
Remaining details of codeword mapping in NR
Huawei, HiSilicon

R1-1719526
Remaining details on codeword mapping
ZTE, Sanechips

R1-1719561
Remaining details on codeword mapping
MediaTek Inc.

R1-1719629
On Frequency hopping for NR PUSCH
AT&T

R1-1719733
Remaining details of codeword mapping for DFT-s-OFDM
Lenovo, Motorola Mobility

Late submission

R1-1719763
Remaining issues on codeword mapping
vivo

R1-1720177
On remaining details of codeword mapping
CATT

R1-1720281
Finalizing Layer Mapping
Samsung

R1-1720456
Remaining CW-to-layer mapping issue
Sony

R1-1720656
Remaining issues on CW-to-layer mapping
Qualcomm Incorporated

R1-1720798
Remaining details on CW mapping
NTT DOCOMO, INC.
1.1.1.2 Remaining details on codebook based transmission for UL 
R1-1721435
Offline Discussion on Codebook based transmission for UL
Intel

Agreement

For uplink codebook subset restriction based on RRC signaling, support 3 states to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission

· Definition of three states: One state to indicate coherent, partial coherent, and non-coherent transmission, one state to indicate partial coherent, and non-coherent, one state to indicate non-coherent transmission

· Only one state can be configured among the three states

· For a UE reporting its capability of partial coherent transmission, it shall not expect the gNB to configure the coherent transmission state.

· For a UE reporting its capability of non-coherent transmission, it shall not expect the gNB to configure the coherent or partial coherent transmission state.

· The size of the DCI field for TPMI is determined by the selected state

· TRI restriction (max transmit rank) is part of TPMI size reduction

· FFS: Whether TRI and TPMI are jointly or separately encoded

Agreement:
Support to use RRC signaling to explicitly select between codebook based transmission and non-codebook based transmission 

· FFS on definition of UE capability for non-codebook based transmission 

R1-1721568
WF on remaining issues on SRS field
LG Electronics, Intel Corporation
Agreement:
For codebook-based UL, UE can only be configured with one SRS resource set.
· Only one SRS resource is selected within the set via the SRI field in UL grant.
· The SRI field in UL grant is independently encoded from at least TPMI in the same UL grant.
· The bitwidth of SRI field in UL grant is determined by N = ceil(log2(# of SRS resources in the set)).
· Note: This SRS resource set can be reused for UL BM as well, or another separated SRS resource set for UL BM can be configured to the UE, according to gNB implementation.
Agreement:

Maximum number of SRS resources that can be configured for codebook based uplink transmission is 2
R1-1721600
Way Forward on NR 4 Port UL MIMO Codebook For CP-OFDM
Ericsson, Samsung, LGE, AT&T, KDDI, British Telecom, NEC, Qualcomm, Bouygues Telecom, IITH, CEWiT, IITM, Tejas Networks, Sprint, Deutsche Telekom, Orange, Verizon
Also supported by Sharp and KT
Agreement:
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Agreement:
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8  NR Rel15  4 port DL codebook with CodeBookMode =1,    but with O 1 =2 an d i 1,3 =0    Fully   Coherent  
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R1-1721598
WF on 4Tx UL Codebook For CP-OFDM
MediaTek, ZTE, Sanechips, Intel, AT&T, Huawei, HiSilicon, NTT DoCoMo, Lenovo, Motorola Mobility
R1-1720657
Remaining details on codebook based UL transmission
Qualcomm Incorporated

R1-1720178
Discussion on remaining details of codebook based UL transmission
CATT

R1-1720282
Codebook-Based UL Transmission
Samsung

R1-1719433
Remaining details for codebook based transmission for UL MIMO
Huawei, HiSilicon

R1-1719527
Remaining details on codebook based UL transmission
ZTE, Sanechips

R1-1719562
Codebook based transmission for UL
MediaTek Inc.

R1-1719630
Remaining details on codebook based transmission for UL-MIMO
AT&T

R1-1719737
Discussion of codebook based UL transmission
Lenovo, Motorola Mobility

Late submission

R1-1719764
Remaining issues on codebook based UL transmission
vivo

R1-1719902
Discussion on codebook based transmission for UL
LG Electronics

R1-1719964
Remaining issues on UL codebook design
Guangdong OPPO Mobile Telecom

R1-1720066
Remaining issues on codebook based UL transmission
Intel Corporation

R1-1720625
TPMI for Codebook-based UL Transmission 
InterDigital, Inc.

R1-1720731
Codebook based UL MIMO remaining details
Ericsson

R1-1720799
Uplink codebook design
NTT DOCOMO, INC.

R1-1720886
UL Codebook Based Transmission and Codebook Design
Nokia, Nokia Shanghai Bell
1.1.1.3 Remaining details on non-codebook based transmission for UL
R1-1721400
Summary of issues on UL non-codebook based transmission
Nokia, Nokia Shanghai Bell
Agreement:

For non-codebook based UL transmission, the UE can only be configured for one SRS resource set with the following details:
· The UE can be configured to simultaneously transmit up to X SRS resources

· X is part of UE capability signalling
· The SRS resources transmitted simultaneously occupy the same RBs

Agreement:
SRI is associated with the most recent SRS transmission 

Conclusion:

No explicit specification support of frequency selective precoding for non-codebook based transmission in Rel-15 for completion by Dec 
Agreement:

For the association between CSI-RS and an SRS for non-codebook based uplink transmission, the CSI-RS resource is associated to a SRS resource set.

Email discussion SRS resource indication for non-codebook based uplink transmission and TPMI/SRI/TRI indication for codebook based uplink transmission – Intel (Yushu) by Dec 6
R1-1721575
WF on SRS Resource Configurations
Vivo

Also supported by Intel

Agreement:

· Support to use RRC signalling to explicitly differentiate between SRS resources sets for beam management and SRS resource set for codebook/non-codebook based UL transmission;
· For SRS resources sets for UL beam management, only one resource in each of multiple SRS sets can be transmitted at a given time instant 
· The SRS resources in different SRS resource sets can be transmitted simultaneously 
Agreement:

Maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4

Agreement

The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. X is fixed for all UE (FFS X values)

· X is defined per SCS

R1-1719528
Remaining details on non-codebook based UL transmission
ZTE, Sanechips

R1-1720658
Remaining details on non-codebook based UL transmission
Qualcomm Incorporated

R1-1719765
Remaining issues on non-codebook based UL transmission
vivo

R1-1719431
Remaining details of non-codebook based transmission for UL MIMO
Huawei, HiSilicon

R1-1719563
Non-codebook based transmission
MediaTek Inc.

R1-1719738
Discussion of non-codebook based UL transmission
Lenovo, Motorola Mobility

Late submission

R1-1719903
Discussion on non-codebook based transmission for UL
LG Electronics

R1-1719965
Remaining issues on uplink non-codebook transmission
Guangdong OPPO Mobile Telecom

R1-1720067
Remaining issues on non-codebook based UL transmission
Intel Corporation

R1-1720179
Discussion on remaining details of non-codebook based transmission for UL
CATT

R1-1720283
Discussion on Non-Codebook-Based UL Transmission
Samsung

R1-1720739
Non-Codebook based UL MIMO remaining details
Ericsson

Withdrawn

R1-1720800
Remaining details on non-codebook based transmission for uplink
NTT DOCOMO, INC.

R1-1720887
Non-codebook based UL-MIMO transmission
Nokia, Nokia Shanghai Bell

R1-1721037
Non-codebook based UL MIMO remaining details
Ericsson
1.1.1.4 Remaining details on PRB bundling for DL
R1-1721420
Summary of Remaining Details on PRB Bundling for DL
Vivo
Agreement

The PRB bundling size of 1 is not supported;

R1-1721576
Implicit Rule for PRB Bundling
InterDigital, LG, Ericsson, Qualcomm, Samsung, ZTE, Sanechips, CATT, Convida Wireless, Sharp, IITH, CeWIT, IITM, TEJAS Networks, Panasonic, KDDI
Agreement
· When the DCI bit field indicated “1” and two candidate values are configured
· PRG size is determined based on the minimum # of contiguous scheduled PRBs 
· If configured candidates = (2, Case-2)
· PRG = 2, if minimum No. of contiguous scheduled PRBs < BWP/2
· PRG = Case-2, otherwise
· If configured candidates = (4, Case-2)
· PRG = 4, if minimum No. of contiguous scheduled PRBs < BWP/2
· PRG = Case-2, otherwise
· The UE is not expected to be configured with (2, 4) for implicit determination for DCI bit field “1”.
· Note: Per agreement from #90b meeting, “When a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4”.
Agreement
UE is not expected to be indicated “scheduled BW” for PRB bundling with non-consecutive RB scheduling

R1-1720284
Remaining details for DL PRB bundling
Samsung

R1-1720659
Discussion on PRB bundling for DL
Qualcomm Incorporated

R1-1720740
PRB bundling for DL
Ericsson

R1-1719432
Remaining details on PRB bundling size for DL data precoding
Huawei, HiSilicon

R1-1719529
Remaining details on PRB bundling for DL
ZTE, Sanechips

R1-1719582
On remaining details of PRB bundling: orphan RB consideration
MediaTek Inc.

R1-1719766
Remaining issues on PRB bundling for DL
vivo

R1-1719904
Discussion on PRB bundling
LG Electronics

R1-1720068
On PRB bundling for DL
Intel Corporation

R1-1720180
PRB bundling for DL transmission
CATT

R1-1720284
Remaining details for DL PRB bundling
Samsung

R1-1720626
Details on PRG size determination 
InterDigital, Inc.

R1-1720659
Discussion on PRB bundling for DL
Qualcomm Incorporated

R1-1720888
On remaining issues on PRB bundling
Nokia, Nokia Shanghai Bell
1.1.1.5 Other 
R1-1719530
On Transmission Setting
ZTE, Sanechips

R1-1719816
Enabling multiple NR-PDCCH for multiple TRP transmission
Huawei, HiSilicon

R1-1719817
Differential Rank Indication for Multi-subband UL MIMO
Huawei, HiSilicon

R1-1719963
Control of UE beamforming in RRC_CONNECTED
ASUSTEK COMPUTER (SHANGHAI)

R1-1719966
Discussion on UL single Tx port transmission
Guangdong OPPO Mobile Telecom

R1-1720285
Simulation results for 4-Tx UL Codebook
Samsung

R1-1720286
Continuous precoding for NR DMRS in time domain
Samsung

R1-1720287
Discussions on UE assistance/reporting for NR
Samsung

R1-1720627
On PDSCH rate matching for NR 
InterDigital, Inc.

R1-1720716
Codebook based transmission with multiple SRI
Ericsson

R1-1720717
UL MIMO Signaling Details
Ericsson

R1-1720971
Antenna Selection UL Transmission
Ericsson

R1-1720972
Uplink Transmission on Non-homogeneous Arrays
Ericsson
1.1.2 Remaining details on CSI acquisition and beam management
1.1.2.1 Remaining details on CSI measurement 
R1-1721371
Summary of remaining issues on CSI measurement
ZTE, Sanechips
Agreement

· Nmax=6 

· Including both CMR and/or NZP/ZP CSI-RS based IMR

· Each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s)

· When one resource setting is configured, the resource setting is for channel measurement for beam management.

· When two resource settings are configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement (for ZP or NZP).

· When three resource settings are configured, the first one resource setting is for channel measurement, the 2nd one is for ZP based interference measurement and the 3rd one is for NZP based interference measurement.

· If a resource setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a bitmap (with the bitwidth Nbit =number of resource sets in a resource setting.  Number of one(s) in the bitmap None = 1 for CSI acquisition) is RRC configured per trigger state per resource setting to select CSI-IM/NZP CSI-RS resource set(s) from the resource setting.    

· FFS on None for multiple TRP cases

· FFS: 1<= None <=Nonemax (FFS) for beam management

· Support CSI-RS configuration (including aperiodic triggering) with or without report at least for P3 BM, and for the case of non-codebook based UL transmission (FFS for TRS).  This can be achieved by configuring “No report” in reportQuantity in ReportConfig.

Agreement

For channel measurement, Non-PMI-PortIndication is contained in report setting 

· UE is configured with higher layer parameter Non-PMI-PortIndication contained in a ReportConfig, where R ports are indicated for rank R and each CSI-RS resource in the CSI resource setting linked to the ReportConfig in a MeasLinkConfig, based on the order of the associated NZP-CSI-RS-ResourceConfigID in the linked CSI resource setting linked for channel measurement.

· Port index indication is independent for different ranks

Agreement
Confirm the following working assumption
· For ZP CSI-RS based IMR, support (2,2) and (4,1) which are configurable by RRC signaling

R1-1721546
RRC parameters for CSI measurement
ZTE, Sanechips
Agreement

The numerical values in the table below are agreed. The name of the parameters and description is left up to the editor with the understanding that the behaviour is unchanged.

	Sub-Feature Group
	Parameter
	To be added or updated
	Description
	Comments

	CSI & Beam Management Framework
	reportTrigger
	Updated
	Contains Sc trigger states for dynamically selecting one or more aperiodic reporting configurations and/or triggering one or more aperiodic CSI-RS resource sets for channel and/or interference measurement.  

(Max Sc=128)
	Contained in MeasConfig

	CSI & Beam Management Framework
	N_states_bit
	Updated
	Number of DCI bits for report trigger states. N_states_bit={0,1,2,3,4,5,6}
	Contained in ReportConfig

	CSI & Beam Management Framework
	ReportConfigIDList
	Added 
	A list of ReportConfigIDs per report trigger state (max number of ReportConfigIDs = 16)
	Contained in reportTrigger

	CSI & Beam Management Framework
	ResourceSetBitmap
	Added
	bitmap with the bitwidth Nbit =number of resource sets (max number Nbit = 16) in a linked resource setting per report trigger state.  Number of one(s) in the bitmap None = 1 for CSI acquisition and beam management
	Contained in reportTrigger


R1-1721634
Summary of remaining issues on CSI measurement
ZTE, Sanechips

Agreement
Port index indications are configured in the order of layer ordering.  

Agreement:
UE is not expected to be indicated with CMR subset and IMR subset with overlapping resources
R1-1721529
NZP CSI-RS for interference measurement
Huawei, HiSilicon, Ericsson, Tejas Network, III, Deutsche Telekom, IITH, KDDI, Softbank, CEWiT, IITM, China Unicom, Spreadtrum, Qualcomm, Intel, ZTE, Sanechips, OPPO, Sharp
Also supported by Samsung

Agreement
Support UE CSI acquisition where:
· On a NZP CSI-RS resource for channel measurement, UE assumes
· Each port corresponds to a PDSCH transmission layer if no PMI or RI is reported
· On a NZP CSI-RS resource for interference measurement, UE assumes 
· Each port corresponds to an interference transmission layer
· On REs of CMR and ZP/NZP-based IMR, UE assumes
· Other interference signal may present (ex: other cell interference)
· UE performs accumulation of interference estimated on the following
· All interference layers on NZP IMR(s) taking into account the associated Pc power boosting; and
· Other interference signal on REs of CMR/IMR 
· Notes: this does not mandate specific UE implementation
Agreement  

UE assumes the same spatial QCL assumption for ZP/NZP-CSI-RS based IMR resource as the one configured for NZP CSI-RS resource for CM.
Agreement  

Activation and deactivation of semi-persistent CSI-IM is done with the same MAC CE message as that activates/deactivates semi-persistent CSI-RS

R1-1719424
Channel and interference measurement for CSI acquisition
Huawei, HiSilicon

R1-1720660
Remaining details on CSI measurement
Qualcomm Incorporated

R1-1720733
On remaining details of CSI measurement
Ericsson

R1-1719531
Remaining details on CSI measurement
ZTE, Sanechips

R1-1719631
Remaining details on CSI measurement
AT&T

R1-1719767
Remaining details on CSI measurement
vivo

R1-1719905
Discussion on CSI measurement
LG Electronics

R1-1720069
Remaining issues on interference measurement for CSI
Intel Corporation

R1-1720288
Remaining details on CSI measurements
Samsung

R1-1720457
Considerations on interference measurement
Sony

R1-1720801
Views on CSI measurement for NR
NTT DOCOMO, INC.
1.1.2.2 Remaining details on CSI reporting
R1-1721451
Summary of views on CSI reporting
Ericsson

Agreement

· A CSI report setting is associated with a single DL BWP and contains the following DL BWP-specific information:

· One CSI reporting band

· The associated DL BWP information is configured per Resource Setting

· All linked Resource Settings of a CSI Report Setting have the same BWP

Agreement 

A periodic or semi-persistent CSI report, associated with a DL BWP, scheduled for reporting in slot n is reported only if the associated DL BWP was the active DL BWP in the time location of the CSI reference resource (slot [image: image7.png]Negrrer = M — NeQrREF,of fset



) for the CSI report

Agreement
For aperiodic CSI report triggering, a single set of CSI triggering states are RRC configures, wherein the CSI triggering states can be associated with either candidate DL BWP. A UE is not expected to be triggered with a CSI report for a non-active DL BWP

Agreement

A set of SP-CSI report settings for PUSCH are RRC configured and CSI request field in DCI scrambled with SP-CSI C-RNTI activates one of the SP-CSI reports

Agreement

· SP CSI reporting on PUCCH is activated by MAC CE
· One of the SP CSI Report Setting for PUCCH is selected by the same MAC CE

· Each SP CSI Report Setting for PUCCH is configured in RRC with the PUCCH resource used for transmitting the CSI report

Agreement
· Introduce new possible values in the report quantity parameter in Report Setting to indicate presence of strongest layer indicator (LI) in the CSI report

R1-1721527
WF on CSI timing offset for PUSCH
LG Electronics, Ericsson, InterDigital, Samsung
Agreement
· Restrictions on CSI periodicity as a function of SCS is not supported in RAN1 specification

· Minimum CSI periodicity is part of UE capability signaling

· Grant RAN2 prerogative to add additional CSI reporting periodicities (> 5 ms) for purpose of aligning with DRX cycles, if needed

Send an LS to RAN2 – Sebastian (Ericsson)
R1-1721678
[Draft LS] LS on CSI reporting periodicities for NR
Ericsson
LS endorsed in R1-1721682
Agreement:

L1-RSRP and resource indicators for beam management are mapped to the first CSI Part when reported on long PUCCH or PUSCH
Agreement:

· For priority rules for CSI collision, the following definition is used: “Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier”

R1-1721525
WF on CQI calculation
LG Electronics, Huawei, HiSilicon, CATT, Spreadtrum, Nokia, NSB, vivo, ZTE, KT Corporation, ITRI, Samsung, OPPO, NEC
R1-1721672
Offline notes CSI reporting
Ericsson 

Agreement:
· Refine subband sizes as follows:

	Carrier bandwidth part (PRBs)
	Subband Size (PRBs)

	< 24
	N/A

	24 – 72
	4,8

	73 – 144
	8,16

	145 – 275
	16,32


Working assumption:
· For partial CSI part 2 omission procedure at least when CSI is multiplexed with UL-SCH on PUSCH:

· CSI part 2 information bits are not omitted if UCI code rate is below threshold [image: image9.png]


 

· Lower priority information bits are omitted until CSI Part 2 UCI code rate is below [image: image11.png]


 

· For threshold code rate [image: image13.png]
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, where [image: image17.png]


 is the target code rate for PUSCH given from the MCS field and [image: image19.png]CSI-2
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 is the associated beta_offset for CSI part 2:

· Note: The number of PUSCH REs for UCI with CSI Part 2 is given by [image: image21.png]CSI-2
JoFfeot



 and PUSCH resource allocation according to UL control and maximum UCI payload size

· Note: Working assumption assuming LTE type UCI on PUSCH resource allocation is supported
R1-1721677
Email discussion until Dec 6 Ericsson (Sebastian)
R1-1719906
Discussions on CSI reporting
LG Electronics

R1-1720734
On remaining details of CSI reporting
Ericsson

R1-1720628
Remaining issues on CSI reporting 
InterDigital, Inc.

R1-1719425
Remaining issues for CSI reporting
Huawei, HiSilicon

R1-1719532
Remaining details on CSI reporting
ZTE, Sanechips

R1-1719564
Remaining details for CSI reporting
MediaTek Inc.

R1-1719696
Remaining issues on CSI feedback
Spreadtrum Communications

R1-1719768
Remaining details on CSI reporting
vivo

R1-1720070
Remaining issues on CSI reporting
Intel Corporation

R1-1720181
Remaining details on CSI reporting
CATT

R1-1720289
CSI Reporting and UCI Multiplexing
Samsung

R1-1720612
Remaining issues on CSI reporting
Sharp, APT

R1-1720628
Remaining issues on CSI reporting 
InterDigital, Inc.

R1-1720629
Remaining issues on CSI reporting 
InterDigital, Inc.

Withdrawn

R1-1720661
Remaining details on CSI reporting
Qualcomm Incorporated

R1-1720734
On remaining details of CSI reporting
Ericsson

R1-1720802
Remaining issues on CSI reporting
NTT DOCOMO, INC.

R1-1720866
Remaining details on CSI reporting
FiberHome

Late submission

R1-1720889
Remaining details on CSI reporting
Nokia, Nokia Shanghai Bell
1.1.2.3 Remaining details on beam measurement and reporting
Including Beam Indication, UL beam management

R1-1721396
Summary of Beam Mgmt open issues
Qualcomm

Agreement:

Mechanism to indication of source QCL for a resource:

· P-CSI-RS – through RRC configuration

· FFS: If the spatial QCL can be configured through a reference to a configured TCI state

· SP-CSI-RS – configuring the resource(s) through RRC, activation/deactivation through MAC-CE;

· The QCL for SP- CSI-RS is indicated in the same MAC-CE message that activates the SP- CSI-RS. 

· The QCL is provided through an association with one of the M candidate TCI states

· AP-CSI-RS – 

· Through DCI (AP-CSI-report-triggering state indication)

· For each AP-CSI-RS resource associated with each triggering state, QCL configuration is provided through an association with one of the M candidate TCI states by RRC
· FFS: Value of M

· FFS: TCI association on NZP-CSI-RS/ZP-CSI-RS based IMR

Agreement:
PUCCH beam indication is introduced by RRC signalling
· Introduce one RRC parameter: PUCCH-Spatial-relation-info

· Information associating an SSB ID or, a CRI, or a SRI

· This is per PUCCH resource configuration

Agreement:

For the number of TCI states and mapping to DCI bits, N is 3 bits. 

· Note: The number of TCI states supported by a UE depends on its capability

Agreement:

· The state Is-TCI-Present is configured on a per-CORESET basis
· For beam management with beam indication, on all CORESETs configured with Is-TCI-Present=false, the TCI state used for PDCCH is reused for PDSCH reception

Agreement:

· A candidate set of DL RSs are configured using RRC mechanism

· Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication
· The same set of M TCI states are reused for CORESET

· K TCI states are configured per CORESET 

· When K>1, MAC CE can indicate which one TCI state to use for control channel QCL indication

· When K=1, no additional MAC CE signaling is necessary

R1-1721571
Summary of Beam Mgmt.
Qualcomm

R1-1721640
Summary of Beam Mgmt
 Qualcomm
Agreement:
· When the scheduling offset is <=k, the PDSCH uses QCL assumption that is based on a default TCI state (e.g. the first state of the 2^N states used for PDSCH QCL indication)

Agreement
Differential RSRP is computed with reference to the strongest reported RSRP
· Step size: 2dB

Agreement
Computation of L1-RSRP as a linear average of each port’s RSRP for the 2-port CSI-RS for beam mgmt.
Agreement

Between initial RRC configuration and MAC CE activation of TCI states, the UE may assume that both PDCCH and PDSCH DMRS are spatially QCL-ed with the SSB determined during initial access

Agreement
· For the beam management use case, support configuration of up to S=16 CSI-RS resources sets per resource setting, and Ks=1~64 CSI-RS resources per resource set
· The total number of CSI-RS resources in all sets cannot be more than 128

· Note: One set is selected out of S sets in the CSI trigger states 
R1-1721696
Summary of Beam Mgmt
Qualcomm
Agreement:
· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state 
· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot
Agreement:
· Aperiodic CSI-RS triggering offset X is configurable. X is defined in units of slots.
· FFS: Per resource or per resource set – email discussion Qualcomm (Sundar)

Agreement:
· Modify the RRC parameter PUCCH-Spatial-relation-info as list. 

· Each entry can be SSB ID or, a CRI, or a SRI

· One or multiple SpatialRelationInfo IE(s) is included in the list.

· Introduce MAC-CE signalling to provide spatial relation information for a PUCCH resource to one of the entries in PUCCH-Spatial-relation-info

· If PUCCH-Spatial-relation-info includes one SpatialRelationInfo IE, UE applies the configured SpatialRelationInfo and no MAC-CE is used.

· MAC-CE Impact:

	TS38.214
	 
	Indication of spatial relation for PUCCH
	Provides the spatial relation for a PUCCH resource
	PUCCH resource ID | Bitmap of size [8]
(Bitmap activates one of the [8] entries within the RRC parameter PUCCH-Spatial-relation-info) 


· RRC modification:
	PUCCH-SpatialRelationInfo
	New
	PUCCH- SpatialRelationInfo
	List of configurations of the spatial relation between reference RS and PUCCH. Reference RS can be SSB/CSI-RS/SRS.
SSB Index, NZP-CSI-RS-ResourceConfigId, or SRS-ResourceConfigId
	
	UE-Specific
	
	38.331
	


R1-1720182
Remaining details on beam management
CATT

R1-1720803
Views on NR beam management
NTT DOCOMO, INC.

R1-1719565
Further details on Beam management
MediaTek Inc.

R1-1719422
Beam measurement, reporting and indication
Huawei, HiSilicon

R1-1719533
Discussion on beam management
ZTE, Sanechips

R1-1719565
Further details on Beam management
MediaTek Inc.

R1-1719632
Remaining details on beam measurement and reporting
AT&T

R1-1719690
Remaining issues on beam reporting
Spreadtrum Communications

R1-1719734
Discussion of beam measurement and reporting
Lenovo, Motorola Mobility

Late submission

R1-1719769
Remaining details on beam measurement and reporting
vivo

R1-1719907
Discussion on DL/UL beam management
LG Electronics

R1-1719987
Discussion on Remaining Issues of Beam Management
Guangdong OPPO Mobile Telecom

R1-1720071
Remaining issues on Beam Management
Intel Corporation

R1-1720117
Discussion on Beam Measurement and Reporting
Apple Inc.

R1-1720290
On Beam Management, Measurement and Reporting
Samsung

R1-1720573
Discussions on beam reporting
NEC

R1-1720586
Discussion on remaining issues for beam management
CMCC

R1-1720630
Remaining issues on beam management 
InterDigital, Inc.

R1-1720662
Beam management for NR
Qualcomm Incorporated

R1-1720730
Remaining details of beam management
Ericsson

R1-1720803
Views on NR beam management
NTT DOCOMO, INC.

R1-1720890
Beam Indication, Measurements and Reporting
Nokia, Nokia Shanghai Bell
1.1.2.4 Remaining details on mechanism to recover from beam failure
R1-1721494
Summary for Remaing issues on Beam Failure Recovery
MediaTek Inc.
Agreement
Table 1 Beam-failure-recovery-request-RACH-Resource configuration

	RRC parameter
	Value range
	Note/description

	RootSequenceIndex-BFR
	{0,1,…,137}
	Short sequence only

	ZeroCorrelationZoneConfig-BFR
	{0,1,..,15}
	Determine cyclic shift. Value range same as IA session

	PreambleInitialReceivedTargetPower-BFR
	FFS
	Value range same as IA session

	ra-PreambleIndexConfig-BFR
	FFS
	Value range same as IA session

	PreambleTransMax-BFR
	FFS
	Value range same as IA session

	powerRampingStep-BFR
	FFS
	

	CandidateBeamThreshold
	
	One threshold for CSIRS

	Candidate-Beam-RS-List
	
	A list of RS indices. The entry of each list can be
a SSB index or a CSI-RS resource index

	PRACH-resource-dedicated-BFR
	
	The following fields are defined for 

each candidate beam RS

	
	Candidate-Beam-RS
	{SSB index or  CSI-RS ID}
	RS index that is associated with the following 

PRACH resource

Note: if the candidate-beam-RS-List includes both 

CSIRS resource indexes and SSB indexes, AND only 

SSB indexes are associated with PRACH resources, 

NR standard should specify a rule that the UE should

Monitor both CSI-RS and SSB for New Beam 

Identification.

	
	ra-PreambleIndex-BFR

	FFS
	Preamble index used to select one from 

a sequence pool

	
	prach-FreqOffset-BFR
	FFS
	FDM’ed to other PRACH resources. 

Value range same as IA session

	
	masks for RACH resources and/or SSBs
	FFS
	Time domain mask. 

Value range same as IA session


Table 2 Other RRC parameters related to beam failure recovery

	RRC parameter (UE-specific parameters)
	Value range
	Note/description

	ResponseWindowSize-BFR
	FFS
	Time duration for monitoring gNB response in Beam-Failure-Recovery-Response-CORESET after BFRQ. Similar to ra-ResponseWindowSize

	Beam-failure-recovery-Timer
	FFS
	Details on UE behaviour related to the timer is FFS

	NrOfBeamFailureInstance
	FFS
	Consecutive number of beam failure instances for declaring beam failure

	Beam-Failure-Recovery-Response-CORESET
	FFS
	


R1-1721524
LS to RAN1 on beam recovery failure
RAN4
R1-1721549
Offline Summary for Remaing issues on Beam Failure Recovery
MediaTek Inc.

Agreement:
For a UE, only periodic CSI-RS or SSB which is spatially QCL’ed with PDCCH DMRS is used for beam failure detection

· Support explicit configuration for the periodic CSI-RS for beam failure detection

· If this configuration is not made, the default mode is the following:

· UE expects at least one of periodic CSI-RS or SSB is spatially QCL’ed to PDCCH DMRS

Agreement: 
The measurement metric for candidate beam selection is L1-RSRP
· An RRC parameter is introduced to configure the threshold value for L1-RSRP based on CSI-RS
· Another threshold can be implicitly derived for L1-RSRP based on SSB

R1-1721645
Offline summary on remaining issues on Beam Failure Recovery
MediaTek Inc.
Agreement

The BLER used for beam failure recovery reuses RLM default BLER threshold for RLM out-of-sync declaration

Agreement 

The starting point of the observation window of gNB response to beam failure recovery request transmission is 4 slots
R1-1721670
WF for BFR Candidate Beam Selection
Huawei, HiSilicon, Mediatek, LGE, Intel, NEC, Lenovo, Motorola Mobility, Spreadtrum, ATT, Fujitsu, Ericsson
Also supported by DOCOMO
Rl-1721615
WF on new beam identification for beam failure recovery
LG Electronics, InterDigital, Huawei, HiSilicon, AT&T
R1-1721673
WF for handling partial beam failure
NTT DOCOMO, Intel, Huawei, NEC, Spreadtrum, MediaTek, China Telecom, AT&T
Conclusion 

Draft LS to RAN2 to notify RAN2 impact of beam failure recovery with the following aspects (MediaTek)
· Mechanism for beam failure declaration

· Trigger condition beam failure recovery request transmission

· Non-contention PRACH resources are used for beam failure recovery request transmission

· Mechanism to decide successful/unsuccessful recovery from beam failure

R1-1721699
For email approval by Dec 6 – MediaTek (Weidong)

R1-1721700
LS for email approval by Dec 6 – MediaTek (Weidong)

R1-1719633
Remaining details on mechanisms to recover from beam failure
AT&T

R1-1719566
Further details on beam failure recovery
MediaTek Inc.

R1-1720663
Beam recovery procedures
Qualcomm Incorporated

R1-1719423
Remaining details on beam failure recovery
Huawei, HiSilicon

R1-1719534
Discussion on beam recovery
ZTE, Sanechips

R1-1719619
Discussion on beam failure recovery
Fujitsu

R1-1719695
Remaining issues on UE initiated beam failure recovery
Spreadtrum Communications

R1-1719735
Discussion of beam failure recovery
Lenovo, Motorola Mobility

Late submission

R1-1719770
Remaining details on mechanism to recover from beam failure
vivo

R1-1719908
Discussion on beam failure recovery
LG Electronics

R1-1719988
Discussion on Beam Recovery Mechanism
Guangdong OPPO Mobile Telecom

R1-1720072
Remaining issues on beam failure recovery
Intel Corporation

R1-1720183
Remaining issues on DL beam failure recovery
CATT

R1-1720291
Beam failure recovery
Samsung

R1-1720567
Remaining Issues for Beam Failure Recovery Procedure
ASUSTEK COMPUTER (SHANGHAI)

R1-1720574
On partial beam failure recovery
NEC

R1-1720587
Discontinuous beam recovery mechanism
CMCC

R1-1720613
Discussion on mechanisms for beam failure recovery
Sharp

R1-1720631
Remaining issues on beam recovery 
InterDigital, Inc.

R1-1720737
Remaining details of beam recovery
Ericsson

R1-1720804
Remaining issues on beam recovery
NTT DOCOMO, INC.

R1-1720891
Beam Recovery in NR
Nokia, Nokia Shanghai Bell
1.1.2.5 Remaining details on CQI and MCS
R1-1721478
Summary of CQI and MCS table
AT&T

Working Assumption
Reuse the LTE CQI table for maximum modulation order of 256 QAM for eMBB

Table 1 - 4-bit CQI Table for 256 - QAM

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 


Working Assumption:  

Reuse the LTE MCS table for PDSCH for modulation schemes up to 64 QAM and 256 QAM with code rate changed to [x 1024] as shown in Tables 2 and 3

· These tables apply for eMBB

Table 2 - Modulation and code rate table for PDSCH with max modulation order 64QAM with code rate [x1024]
	MCS Index
[image: image22.wmf]MCS
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	Code rate [image: image25.png]



× 1024
	Spectral

efficiency

	0
	2
	120
	  0.2344

	1
	2
	157
	  0.3066

	2
	2
	193
	  0.3770

	3
	2
	251
	  0.4902

	4
	2
	308
	  0.6016

	5
	2
	379
	  0.7402

	6
	2
	449
	  0.8770

	7
	2
	526
	  1.0273

	8
	2
	602
	  1.1758

	9
	2
	679
	  1.3262

	10
	4
	340
	  1.3281

	11
	4
	378
	  1.4766

	12
	4
	434
	  1.6953

	13
	4
	490
	  1.9141

	14
	4
	553
	  2.1602

	15
	4
	616
	  2.4063

	16
	4
	658
	  2.5703

	17
	6
	438
	  2.5664

	18
	6
	466
	  2.7305

	19
	6
	517
	  3.0293

	20
	6
	567
	  3.3223

	21
	6
	616
	  3.6094

	22
	6
	666
	  3.9023

	23
	6
	719
	  4.2129

	24
	6
	772
	  4.5234

	25
	6
	822
	  4.8164

	26
	6
	873
	  5.1152

	27
	6
	910
	  5.3320

	28
	6
	948
	  5.5547

	29
	2
	reserved

	30
	4
	

	31
	6
	


Table 3 - Modulation and code rate table for PDSCH with max modulation order 256 QAM with code rate [x1024]
	MCS
	Mod
	Code rate
× 1024
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	8
	


Working Assumption
For PUSCH with CP-OFDM, reuse the PDSCH MCS tables (for both 64-QAM and 256-QAM).

· This applies for eMBB

Working Assumption
For PUSCH with transform precoding, the MCS table supporting up to 256-QAM, does not need to support pi/2-BPSK modulation.  Use the same table as that of CP-OFDM for 256 QAM
· This applies for eMBB

Proposal 5 

For PUSCH with transform precoding, same MCS table as that of CP-OFDM is used with the first 2 entries are replaced with Pi/2 BPSK modulation with the same two lowest SEs as in Table 4

Email discussion for MCS table for DFT-s-OFDM with 64QAM by Dec 6 AT&T(Sai)
Agreement
UE can assume the following for CSI computation for eMBB: 
· Control symbols equal to 2 OFDM symbols
· Number of PDSCH symbols is equal to 12

· BWP PDSCH numerology

· UE assumes the same BW as the BW that it reports CQI for

· RV equal to 0

· Configured DMRS including type and symbol
· The number of front loaded DMRS symbols assumed to be same as the maximum front-loaded symbols configured by RRC

· The number of additional DMRS symbols assumed to be same as the additional symbols configured by RRC

· Assume TDM of DMRS and PDSCH
Agreement
In NR, when a UE is configured to report subband CQI, use the same scheme as LTE for eMBB:

· The bitwidth of subband CQI is 2

· Subband CQI is defined as differential CQI relative to 4-bit wideband CQI

· Mapping subband differential CQI value to offset level:
	Subband differential CQI value
	Offset level

	0
	0

	1
	1

	2
	≥2

	3
	≤-1


R1-1719634
Remaining issues of CQI and MCS tables
AT&T

R1-1720073
CQI/MCS for NR
Intel Corporation

R1-1720292
CQI Definition
Samsung

R1-1719429
Remaining details of CQI and MCS design
Huawei, HiSilicon

R1-1719535
On CQI and MCS
ZTE, Sanechips

R1-1719584
CQI reporting for multiple services in NR
MediaTek Inc.

R1-1719595
CQI Tables and MCS Tables for NR
Ericsson

R1-1719771
Remaining issues on CQI and MCS
vivo

R1-1719909
Discussion on CQI and MCS tables
LG Electronics

R1-1720664
Remaining details on MCS
Qualcomm Incorporated

Late submission

R1-1720892
Consideration on new MCS and CQI table for NR
Nokia, Nokia Shanghai Bell

Late submission
1.1.2.6 Other
R1-1719426
Remaining issues for CSI framework
Huawei, HiSilicon

R1-1719427
Signaling design for CSI reporting
Huawei, HiSilicon

R1-1719428
Remaining issues for codebook subset restriction
Huawei, HiSilicon

R1-1719536
Enhancements on CSI framework
ZTE, Sanechips

R1-1719537
Details and evaluation results on beam reporting
ZTE, Sanechips

R1-1719538
Details and evaluation results on beam indication
ZTE, Sanechips

R1-1719539
Details of UL beam management
ZTE, Sanechips

R1-1719806
Further details on beam indication
Huawei, HiSilicon

R1-1719807
Beam management for PUCCH
Huawei, HiSilicon

R1-1719808
Design of PRACH-based Beam Failure Recovery
Huawei, HiSilicon

R1-1719809
Design of PUCCH-based Beam Failure Recovery
Huawei, HiSilicon

R1-1719810
Considerations on timing advance design in NR
Huawei, HiSilicon

R1-1719811
Multi-beam transmission for DL control channel
Huawei, HiSilicon

R1-1719812
Robust transmission for UL control
Huawei, HiSilicon

R1-1719813
On aperiodic CSI-RS triggering
Huawei, HiSilicon

R1-1719815
CSI acquisition details for NCJT
Huawei, HiSilicon

R1-1719819
Further enhancements on codebook design
Huawei, HiSilicon

R1-1720293
CSI Acquisition and Beam Management Framework
Samsung

R1-1720294
CSI Reporting for Reciprocity Operation
Samsung

R1-1720295
Discussion on CSI-RS Resource Allocation
Samsung

R1-1720296
Port selection codebook for beamformed CSI-RS
Samsung

R1-1720297
Extension of Type I multi-panel codebook
Samsung

R1-1720298
Differential reporting of Type II CSI
Samsung

R1-1720299
On higher rank Type II CSI
Samsung

R1-1720300
Remaining details on subband CSI reporting
Samsung

R1-1720301
Remaining details on UE group based beam reporting
Samsung

R1-1720302
Remaing details on PDSCH beam indication
Samsung

R1-1720303
Discussions on high reliability CQI for NR
Samsung

Late submission

R1-1720304
Discussion on beam indication for UL transmission
Samsung

R1-1720305
Discussion on cross-carrier beam management
Samsung

R1-1720306
CSI Feedback Overhead Reduction
Samsung

R1-1720307
Discussion on joint CLI measurement and beam management
Samsung

R1-1720308
Details on configuration of presence of TCI in DCI
Samsung

R1-1720458
Considerations on CSI framework
Sony

R1-1720665
Remaining details on CSI framework
Qualcomm Incorporated

R1-1720718
NR CSI Computation Capability
Ericsson

R1-1720719
Multi-cell beam recovery
Ericsson

R1-1720720
Beam management in C-DRX
Ericsson

R1-1720721
Performance of beam management without beam indication
Ericsson

R1-1720722
Beam management without beam indication
Ericsson

R1-1720723
On CSI subband size
Ericsson

R1-1720724
Performance impact of inactive antenna ports
Ericsson

R1-1720743
Signaling overhead analysis for CSI framework
Ericsson

R1-1720746
On semi-persistent CSI reporting on PUSCH
Ericsson

R1-1720747
Frequency parameterization for Type II CSI codebook
Ericsson

R1-1720805
Performance investigation on beam reporting
NTT DOCOMO, INC.

R1-1720806
Remaining details on BM and CSI framework
NTT DOCOMO, INC.

R1-1720833
Beam management parameters
MediaTek Inc.

R1-1720973
Details of CSI feedback for Transparent PDSCH TxD
Ericsson

R1-1720974
CSI feedback for multi-TRP
Ericsson

R1-1720975
On multi-panel codebook extension
Ericsson

R1-1720976
CQI tables for URLLC
Ericsson

R1-1720977
On MCS table for URLLC
Ericsson

R1-1720978
On size of the CSI request field in DCI
Ericsson
1.1.3 Remaining details on Reference signals and QCL
Highest priority in NR MIMO agenda items
1.1.3.1 Remaining details on Multiplexing of different types of RSs
R1-1721388
Summary of remaining issues for RS multiplexing
Huawei, HiSilicon
Agreement:
Only support TDM between SRS and PUSCH/UL DMRS/UL PTRS/Long PUCCH in Rel-15 from UE perspective.

R1-1721635
Summary of RS multiplexing remaining issues
Huawei, HiSilicon

Agreement:
UE does not expect any DMRS RE to collide with SSB REs on the 4 symbols occupied by SSB
R1-1721636
WF on multiplexing between CSI-RS and CORESET/SSB
Samsung, Ericsson, ZTE/Sanechips, vivo
Agreement
· A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
· Above applies for the case where SS block and CSI-RS are spatially QCL-ed 
· Note: CSI-RS BW discussion should be taken into account. If beam management is agreed, the requirement on minimum BW for CSI acquisition and beam management may be different. 
· Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS
· Above applies for the cases: CSI-RS only used for beam management
R1-1719437
Multiplexing RSs and other signals
Huawei, HiSilicon

R1-1719540
Remaining details on RS Multiplexing
ZTE, Sanechips

R1-1719635
Remaining details on Multiplexing of different types of RSs
AT&T

R1-1719691
Remaining issues on RS multiplexing
Spreadtrum Communications

R1-1719772
Remaining details on multiplexing of different types of RSs
vivo

R1-1719910
On multiplexing of different types of RSs
LG Electronics

R1-1720074
On multiplexing of DM-RS and SS block
Intel Corporation

R1-1720184
Remaining details on RS multiplexing
CATT

R1-1720309
Remaining details on DL/UL RS multiplexing
Samsung

R1-1720588
Discussion on multiplexing of different types of RSs
CMCC

R1-1720666
On multiplexing of different types of RSs
Qualcomm Incorporated

R1-1720738
On multiplexing of RS types
Ericsson

R1-1720893
On multiplexing of different RS types
Nokia, Nokia Shanghai Bell

Withdrawn

1.1.3.2 Remaining details on CSI-RS
R1-1721443
Summary of remaining issues on CSI-RS
Huawei, HiSilicon
Agreement

Support reusing the allowed CSI-RS-to-PDSCH power offset values in LTE for NR. 

Agreement:

· Support including the OFDM symbol index within a slot in the formula for c_init.

· Support including slot index within a radio frame in the formula for c_init.

R1-1721501
Summary of CSI-RS offline
Huawei, HiSilicon
Agreement:
Length-31 Gold sequence is used for CSI-RS
· Same polynomial as in LTE

· QPSK sequence modulation is used

· N_c and c_init are to be discussed separately

R1-1721492
WF on CSI-RS sequence
LG Electronics, Qualcomm, Samsung, Nokia, Nokia Shanghai Bell, 

ZTE, Sanechips, Mitsubishi Electric, AT&T, Intel Corporation
Agreement:
For NR CSI-RS sequence,

· CSI-RS scrambling ID has a length of 10 bits

· There is no default value for the scrambling ID
Agreement
Introduce the following RRC parameter for CSI-RS:
	CC/BWP-Info
	Indication of which CC/BWP the configured CSI-RS is located in

This parameter belongs within a CSI-RS resource configuration or in a BWP configuration (up to editor)
	FFS


Agreement
Introduce the following RRC parameter for CSI-RS:

· Comb offset for D=1/2

· 1 bit to indicate between odd and even RBs

Agreement

UE rate matches PDSCH around ZP-CSI-RS

R1-1721569
Summary of CSI-RS offline
Huawei, HiSilicon

Agreement
	CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource

FFS: how to configure CSI-RS in different slots for fine time/frequency tracking
	Starting subcarrier:
For 1 port CSI-RS, there is no restriction

For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)

For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)

Symbol location:

{0,1,2,3,4,5,6,7,8,9,10,11,12,13}, where 2 is supported only when DL-DMRS-typeA-pos equals 3

· UE is not expected to receive CSI-RS and DMRS on overlapping REs
· Only uniform RE pattern across all symbols for CSI-RS resource is supported

	CDMType
	Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)
	Agreed CDM types for different X and N
{No CDM} for X = 1 and N = 1

{FD-CDM2} for X = 2 and N = 1

{FD-CDM2} for X = 4 and N = 1

{FD-CDM2} for X = 8 and N = 1

{FD-CDM2, CDM4 (FD2,TD2)} for X = 8 and N = 2

{FD-CDM2} for X = 12 and N = 1

{CDM4 (FD2,TD2)} for X = 12 and N = 2

{FD-CDM2, CDM4 (FD2,TD2)} for X = 16 and N = 2

{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 24 and N = 4

{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 32 and N = 4

	CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band CSI-RS
	Combined indication methods from [90b-NR-19]
Starting RB index and number of spanned RBs in the units of 4
· Minimum CSI-RS BW is min(24RBs, BWP for data) 

	Pc_SS
	Power offset of NZP CSI-RS RE to SS RE

Note: This parameter is optional
	New parameter

2 bits in the range of [-3, 6] with step size of 3dB

	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot
	A list of NZP-CSI-RS resource mapping(s) by explicit configuration of time and frequency domain information



	ZP-CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic ZP-CSI-RS
	Same as NZP-CSI-RS 


	ZP-CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band ZP-CSI-RS
	Same as NZP-CSI-RS

	Aperiodic-ZP-CSI-RS-Resource-List
	Contains list of ZP-CSI-RS resource IDs for aperiodic triggering
	

	CC-Info
	Indication of which CC the configured CSI-RS is located in. 
This parameter belongs within a CSI-RS resource configuration or in a CC configuration (up to editor)
	How to capture this in the specification is up to the editor. 

This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.

	BWP-Info
	Indication of which BWP the configured CSI-RS is located in. 

This parameter belongs within a CSI-RS resource setting configuration
	How to capture this in the specification is up to the editor. 

This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.


Agreement
Introduce parameter PC-PDCCH which has a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS

R1-1721592
WF on ZP CSI-RS
LG Electronics, Ericsson, CATT, Samsung
Agreement

In addition to agreed RRC parameters for ZP-CSI-RS, following RRC parameters are added for ZP CSI-RS configuration.
	ZP-CSI-RS-Density
	Density of ZP CSI-RS resource in frequency domain = RE pattern existence per PRB (1 PRB = 12 subcarriers and 1 sym)
	Same as NZP CSI-RS resources

	ZP-CSI-RS-ResourceConfigId
	ZP-CSI-RS resource configuration ID
	0 ..  ZP-CSI-RS-ResourceMax  - 1

	ResourceConfigType
	Time domain behavior of resource configuration
	aperiodic or periodic


Agreements
· Support mapping CSI-RS sequence to the resource grid at RE-level granularity

· Same sequence for all CSI-RS ports on one symbol within a CSI-RS resource
Agreements:
· Support assigning CSI-RS port index across CDM groups first in frequency domain and then in time domain

R1-1721597
WF on CSI-RS sequence initialization
LG Electronics, Qualcomm, ZTE, Sanechips, Mediatek, NEC, Sony, Vivo, CATT, Sharp, KT
Agreement

For NR CSI-RS sequence initialization,
· Similar to LTE, the sequence initialization values should be different for all OFDM symbols within a frame (10ms)
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 is UE specifically configured scrambling ID
Agreement:

· For Rel-15, the number of APs configured for one NZP CSI-RS resource (P) is equal to number of APs configured for CSI acquisition and reporting, i.e., N1*N2*2 = P (analogous to LTE)

Email discussion aperiodic ZP-CSI-RS until Dec 6 Huawei (Xi)

R1-1719438
Remaining details on CSI-RS design in NR
Huawei, HiSilicon

R1-1719439
Summary of email discussion on CSI-RS open issues
Huawei, HiSilicon

R1-1719541
On CSI-RS for CSI acquisition and beam management
ZTE, Sanechips

R1-1719636
Remaining issues on CSI-RS
AT&T

R1-1719773
Discussion on CSI-RS
vivo

R1-1719911
On CSI-RS design
LG Electronics

R1-1720075
Remaining details on CSI-RS
Intel Corporation

R1-1720185
Remaining details on CSI-RS
CATT

R1-1720310
Remaining details on CSI-RS
Samsung

R1-1720667
Remaining details on CSI-RS
Qualcomm Incorporated

R1-1720735
Remaining details on CSI-RS design
Ericsson

R1-1720807
Remaining details on CSI-RS design
NTT DOCOMO, INC.

R1-1720894
Remaining issues on CSI-RS design
Nokia, Nokia Shanghai Bell
1.1.3.3 Remaining details on DMRS
Including remaining details of pi/2-BPSK for PUSCH
R1-1721409
Agreeement:  
The PDSCH (PUSCH)/DMRS EPRE ratio is defined per transmitted layer from UE perspective and is computed as
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That is:

· 0 and -3 dB for DMRS config-1, when one and zero CDM group(s) have data respectively 

· 0, -3 and -4.77 dB for DMRS config-2, when two or one or zero CDM group(s) have data respectively

· Note: -3dB maybe removed depending on the decision on DMRS port table

Agreement

For PUSCH with a hop, support also the first DMRS of the 1st hop to be located on 3rd or 4th symbol of the slot.

Agreement

For DFT-S-OFDM, reuse the DMRS configurations of NCP for ECP
· Note: c_init is for a separate discussion
Agreement
For DL and UL slot-based transmission/scheduling, when the maximum number of front-load DMRS is semi-statically configured to be 2 and the UE is dynamically scheduled with 1-symbol front-load DMRS, then the allowable number of additional DMRS is 1.

Agreement:
For 2/4/7-symbol non-slot-based scheduling, the supported configuration types in non-slot-based scheduling DMRS for unicast PDSCH after RRC configuration is(are)

· Both configuration type 1 and type 2 

Agreement
For 2/4/7-symbol non-slot-based scheduling, for the number of symbols of front-load DMRS

· For 2/4 symbol non-slot based scheduling, only 1-symbol front-load DMRS can be transmitted for a UE
· For 7 symbol non-slot based scheduling, either 1-symbol and 2-symbol front-load DMRS can be transmitted for a UE
Agreement
The same length-31 Gold sequence with LTE is used for CP-OFDM DMRS for PDSCH/PUSCH

R1-1721505
Offline Discussion on DM-RS
Qualcomm
Agreement
No consensus on introducing new RRC parameter(s) to enable DMRS port table restriction or subset selection for DCI overhead reduction.

· Note: implicit DMRS port table restriction, or subset selection can still be further discussed (e.g., through existing RRC parameters)

Agreement 

For DFT-S-OFDM DMRS sequence design, at least for modulation > BPSK, and a sequence length > X, reuse Rel-14 LTE DMRS comb-2 ZC sequence design and associated RRC signalling.

· The value of X, the CGS sequences (except the 12-length that is already agreed), and decision on modulation = BPSK will be decided later this week.

· Note: The CGS sequence order including 12-length can be further discussed

Agreement:
Number of semi-statically configured scrambling IDs for the DMRS of DL or UL: 

· Two scrambling IDs can be configured per DL/UL
R1-1721520
WF on DMRS Scrambling IDs
Huawei, HiSilicon, China Unicom, Ericsson, vivo, NEC, Deutsche Telekom, Sharp, InterDigital, MediaTek, Spreadtrum, Lenovo, Motorola Mobility, CATT, III
Agreement:
In the DMRS sequence initialization for downlink and uplink CP-OFDM,  
· Support UE specific configured scrambling ID with 16 bits
· Uplink and downlink can be configured separately

· The default value for the scrambling ID is physical cell ID and 6 known bits (ex: fixed as ‘000000’)
Supported by AT&T
R1-1721539
WF on DMRS Scrambling ID
Qualcomm, Samsung, ZTE, Sanechips, Nokia, NSB, LGE, Intel
R1-1721641
Final Issues for Rel-15 PDSCH/PUSCH’s DM-RS
Qualcomm
Agreement
For slot-based transmission, the front-load DMRS of PUSCH is located to the first symbol with respect to the scheduled data when the PUSCH starts from the Xth symbol (X starts from 1) in the slot with X>1.

Agreement
For the PUSCH without a hop, when the first symbol of the front-load DMRS is located in the first OFDM symbol with respect to the scheduled data, the additional DMRS can be located as follows (orange colour symbols contain PUSCH):

· One additional 1-symbol DMRS 
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· Two additional 1-symbol DMRS
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· Three additional 1-symbol DMRS
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· One additional 2-symbol DMRS
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Agreement

· For DMRS configuration type1, DMRS port indexing for two-symbol DMRS with CP-OFDM, DMRS port indexing in CDM group is {0,1,4,5}, {2,3,6,7}.

· For DMRS configuration type2, DMRS port indexing for two-symbol DMRS with CP-OFDM, DMRS port indexing in CDM group is {0,1,6,7}, {2,3,8,9}, {4,5,10,11}

· Note: This will be confirmed after the DMRS table for the 2-symbol is concluded

· Note: Same as endorsed R1-1720850 38.211 spec

Agreement

· Presence of co-scheduled downlink DMRS ports within the assigned downlink DMRS CDM group is not supported
· Note: This applies at least for single TRP scenario

R1-1721686

Agreement: 

Confirm working assumption of using configuration type 1 for slot-based broadcast/multicast PDSCH and extend this DMRS type to

· slot-based unicast PDSCH before RRC configuration and slot-based unicast PUSCH before RRC configuration (CP-OFDM and DFT-S-OFDM)

· For slot-based broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration, use two additional 1-symbol DMRS, with location of additional DMRS indicated in PDCCH following the agreed DMRS locations for unicast PDSCH/PUSCH after RRC configuration.

· 2/4/7-symbol non-slot-based scheduling for multicast/broadcast PDSCH and unicast PDSCH before RRC configuration.
· For 2/4-symbol non-slot-based scheduling, the one-symbol front-load DMRS is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
· For 7-symbol non-slot-based scheduling, one-symbol front-load DMRS plus one additional DMRS symbol on the 5th symbol if it is part of the scheduling unit with respect to the front-load is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
· Broadcast/multicast PDSCH and PDSCH before RRC configuration is happening, for both slot and 4/7-symbol non-slot-based, with DMRS port 0 using SU-MIMO and no PDSCH FDMed on the DMRS symbol. For 2 symbol non-slot based, there is only FDM.
· PUSCH before RRC configuration is happening, for both slot and non-slot-based, with DMRS port 0 using SU-MIMO and no PUSCH FDMed on the DMRS symbol.
Agreement: 

For CP-OFDM DL/UL DMRS sequence initialization, 

· the sequence initialization values should be different for all OFDM symbols within a frame (10ms) and at least the following parameters are used:
· Dynamically signalled [image: image40.png]—



 (with value 0 or 1) which is associated with choosing one of the two UE specifically configured scrambling IDs. 
· slot index [image: image42.png]


and OFDM symbol index within a slot ([image: image44.png])
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Working Assumption
For DMRS sequence of PDSCH/PUSCH CP-OFDM:

· for PDSCH carrying RMSI, the DMRS sequence generation 

· uses the lowest PRB of CORESET signaled in the PBCH

· for PDSCH/PUSCH before RRC configuration, and for PDSCH/PUSCH after RRC configuration, the DMRS sequence generation

· uses the lowest subcarrier of the reference PRB [point A] (i.e. PRB0 in previous agreements)

· Note: this implements the previous agreement “resource specific w.r.t to a wideband CC from network perspective”.

Agreement: 

For pi/2 BPSK sequence, use the same ZC and CGS sequence with the remaining modulations

· FFS whether “Pi/2 BPSK based DFT precoded DMRS for Pi/2 BPSK modulation for DFT-s-OFDM based NR PUSCH” in NR after the Rel-15 Dec. specifications

Agreement:
For the PDSCH/PUSCH DMRS port table for DMRS config type 1 and 2, support at least the rows shown in the tables below.
For DL and config-1, 
· For the indeces {6,9,10,11,30} in 1-CW table, and all indeces in 2-CW table, the UE can assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE
For DL and config-2, 
· For the indeces {2, 10, 23} in 1-CW table, and all indeces in 2-CW tablethe UE can assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE
For DFT-s-OFDM: DMRS tables of Config-1, 1 symbol and 2 symbols, rank1 

Note: The 3rd column (“Number of CDM group(s) without PDSCH/PUSCH”)

· Gets values of “1”, “2”, “3” which correspond to CDM group 0, {0,1}, {0,1,2} respectively

· is used to signal 

· in DL the “potential presence of co-scheduled downlink DMRS CDM groups for rate matching” according the agreements

· in UL “Uplink DMRS CDM groups for rate matching” according the agreements

Note: Additional row/columns can be included (e.g., n_SCID, PTRS subcarrier index, reserved rows, additional port-pairing options etc), depending on corresponding agreements.
Note: For UL, joint encoding of DMRS port table and SRI/TRI/TPMI for DCI overhead reduction is not precluded.

Note: Final indexing and tabulation is up to the editors.

Entries of max 1-symbol tables for both Config-1 and Config-2 are agreed. Max 2-symbol tables are examples for further discussions.

Max 1-symbol FL, Config-1, (1-CW)

	Index
	DMRS port ID (+1000)
	# CDM group(s) without data

	0
	0
	1

	1
	0
	2

	2
	１
	1

	3
	1
	2

	4
	2
	2

	5
	3
	2

	6
	0,1
	1

	7
	0,1
	2

	8
	2,3
	2

	9
	0,2
	2

	10
	0,1,2
	2

	11
	0,1,2,3
	2

	12-15
	reserved
	reserved


Max 2-symbol FL, Config-1, (1-CW)

	Index
	DMRS port ID (+1000)
	# CDM group(s) without data
	Front-load symbol

	0
	0
	1
	1

	1
	0
	2
	1

	2
	１
	1
	1

	3
	1
	2
	1

	4
	2
	2
	1

	5
	3
	2
	1

	6
	0,1
	1
	1

	7
	0,1
	2
	1

	8
	2,3
	2
	1

	9
	0,2
	2
	1

	10
	0,1,2
	2
	1

	11
	0,1,2,3
	2
	1

	12
	0
	2
	2

	13
	1
	2
	2

	14
	2
	2
	2

	15
	3
	2
	2

	16
	4
	2
	2

	17
	5
	2
	2

	18
	6
	2
	2

	19
	7
	2
	2

	20
	0,1
	2
	2

	21
	2,3
	2
	2

	22
	4,5
	2
	2

	23
	6,7
	2
	2

	24
	0,4
	2
	2

	25
	2,6
	2
	2

	26
	0,1,4
	2
	2

	27
	2,3,6
	2
	2

	28
	0,1,4,5
	2
	2

	29
	2,3,6,7
	2
	2

	30
	0,4,2,6
	2
	2

	31
	reserved
	reserved
	reserved


Max 2-symbol FL, Config-1, (2-CW)
	Index
	DMRS port ID (+1000)
	# CDM group(s) without data
	Front-load symbol

	
	0,1,2,4,6
	2
	2

	
	0,1,2,3,4,6
	2
	2

	
	0,1,2,3,4,5,6
	2
	2

	
	0,1,2,3,4,5,6,7
	2
	2


Max 1-symbol, Config-2, (1-CW)

	Index
	DMRS port ID (+1000)
	# CDM group(s) without data

	0
	0
	1

	1
	1
	1

	2
	0,1
	1

	3
	0
	2

	4
	1
	2

	5
	2
	2

	6
	3
	2

	7
	0,1
	2

	8
	2,3
	2

	9
	0-2
	2

	10
	0-3
	2

	11
	0
	3

	12
	1
	3

	13
	2
	3

	14
	3
	3

	15
	4
	3

	16
	5
	3

	17
	0,1
	3

	18
	2,3
	3

	19
	4,5
	3

	20
	0-2
	3

	21
	3-5
	3

	22
	0-3
	3

	23
	0,2
	2

	24-31
	reserved
	reserved


Max 1-symbol, Config-2, (2-CW)

	Index
	DMRS port ID (+1000)
	# CDM group(s) without data
	Front-load symbol

	
	0,1,2,3,4
	3
	1

	
	0,1,2,3,4,5
	3
	1


Max 2-symbol, Config-2, (1-CW)

	Index
	DMRS port ID (+1000)
	# CDM group(s) without data
	Front-load symbol

	0
	0
	1
	1

	1
	1
	1
	1

	2
	0,1
	1
	1

	3
	0
	2
	1

	4
	1
	2
	1

	5
	2
	2
	1

	6
	3
	2
	1

	7
	0,1
	2
	1

	8
	2,3
	2
	1

	9
	0-2
	2
	1

	10
	0-3
	2
	1

	11
	0
	3
	1

	12
	1
	3
	1

	13
	2
	3
	1

	14
	3
	3
	1

	15
	4
	3
	1

	16
	5
	3
	1

	17
	0,1
	3
	1

	18
	2,3
	3
	1

	19
	4,5
	3
	1

	20
	0-2
	3
	1

	21
	3-5
	3
	1

	22
	0-3
	3
	1

	23
	0,2
	2
	1

	24
	0
	3
	2

	25
	1
	3
	2

	26
	2
	3
	2

	27
	3
	3
	2

	28
	4
	3
	2

	29
	5
	3
	2

	30
	6
	3
	2

	31
	7
	3
	2

	32
	8
	3
	2

	33
	9
	3
	2

	34
	10
	3
	2

	35
	11
	3
	2

	36
	0,1
	3
	2

	37
	2,3
	3
	2

	38
	4,5
	3
	2

	39
	6,7
	3
	2

	40
	8,9
	3
	2

	41
	10,11
	3
	2

	42
	0,1,6
	3
	2

	43
	2,3,8
	3
	2

	44
	4,5,10
	3
	2

	45
	0,1,6,7
	3
	2

	46
	2,3,8,9
	3
	2

	47
	4,5,10,11
	3
	2

	48
	0
	1
	2

	49
	1
	1
	2

	50
	6
	1
	2

	51
	7
	1
	2

	52
	0,1
	1
	2

	53
	6,7
	1
	2

	54
	0,1
	2
	2

	55
	2,3
	2
	2

	56
	6,7
	2
	2

	57
	8,9
	2
	2

	58-63
	reserved
	reserved
	reserved


Max 2-symbol front-load, Config-2, (2-CW)
	1. Index
	DMRS port ID (+1000)
	# CDM group(s) without data
	Front-load symbol

	
	0,1,2,3,4
	3
	1

	
	0,1,2,3,4,5
	3
	1

	
	0,1,2,3,4,5
	3
	2

	
	0,1,2,3,4,5,6
	3
	2

	
	0,1,2,3,4,5,6,8
	3
	2

	
	0,1,2,3,6
	2
	2

	
	0,1,2,3,6,8
	2
	2

	
	0,1,2,3,6,7,8
	2
	2

	
	0,1,2,3,6,7,8,9
	2
	2


Email discussion on the following DMRS aspects until Dec 6th – Qualcomm (Alex)
· Remaining details on 2 symbol DMRS table

· Additional DMRS location of PUSCH with hopping

· Non-slot based collision of DMRS with CORESET

· Length 6, 18, 24, and 30 CGS sequences

· Sequence order for length 12 CGS sequences

· DMRS location for PDSCH/PUSCH smaller than the current specified durations
· Remaining details on DMRS table for DFT-s-OFDM

· DMRS and PTRS overlapping issue (R1-1721715)

R1- 1721686 should be used as starting point for discussion.

R1-1719444
Design of DL/UL DMRS for data transmission
Huawei, HiSilicon

R1-1719518
Views on DL DMRS designs
Mitsubishi Electric Co.

R1-1719542
Remaining details on DL DMRS and UL DMRS
ZTE, Sanechips

R1-1719580
On remaining details of downlink DMRS
MediaTek Inc.

R1-1719637
Remaining details on DM-RS
AT&T

R1-1719692
Remaining issues on DMRS
Spreadtrum Communications

R1-1719703
On remaining details of NR DMRS
Panasonic

R1-1719736
Remaining issues on DMRS
Lenovo, Motorola Mobility

Late submission

R1-1719774
Remaining details on DMRS design
vivo

R1-1719912
On DMRS design
LG Electronics

R1-1720076
On the remaining details of DM-RS
Intel Corporation

R1-1720186
Discussion on remaining details of DMRS design
CATT

R1-1720228
Remaining issues on DMRS design
ETRI

R1-1720311
Remaining details on DMRS
Samsung

R1-1720493
DMRS design aspects and results for pi/2 BPSK with PA model
IITH

R1-1720575
Remaining issues on DMRS configurations
NEC

R1-1720633
Remaining issues on DM-RS 
InterDigital, Inc.

R1-1720668
Remaining details on DMRS
Qualcomm Incorporated

R1-1720736
Remaining details on DMRS design
Ericsson

R1-1720765
Remaining details on DMRS for NR
ITL

R1-1720808
Remaining details on DM-RS
NTT DOCOMO, INC.

R1-1720895
On remaining issues of DM-RS for NR physical data channels
Nokia, Nokia Shanghai Bell

R1-1720965
On remaining details of DMRS design
KT Corp.
1.1.3.4 Remaining details on PT-RS
R1-1721441
Summary of PTRS open issues
Ericsson
Agreement
· The RE-level offset is implicitly associated with the index of the DMRS port that is associated with the PTRS port. Work offline on the details for a WF 
· The RRC parameter “PTRS-RE-offset” indicates a PTRS subcarrier within the subset of subcarriers used by a DMRS port. Work offline on the details for a WF.
Agreement

Reuse the PTRS design of NCP for ECP

R1-1721537
Wednesday morning summary of PTRS
Ericsson
Agreement:
· If UE has reported capability of supporting full-coherent  UL transmission, UE expects the number of UL PTRS ports to be configured as one
· For non-codebook based UL transmission, 
· A new RRC parameter UL-PTRS-SRS-mapping-non-CB indicates the PTRS port index for each configured SRS resource/resource set, where there are at most UL-PTRS-ports port indices
· When indicating SRI in DCI and when the PTRS port index associated with different SRIs are the same, the corresponding UL DMRS ports share the indicated UL PTRS port
· FFS: whether the UL PTRS port index is associated to each SRS resource or resource set
· For partial-coherent and non-coherent codebook based UL transmission, the higher -layer parameter UL-PTRS-ports indicates the maximum number of PTRS ports. 
· The actual number of UL PTRS port(s) to transmit is determined based on TPMI and/or TRI. 
R1-1721506
WF on PT-RS for Non-Slot-Based Transmission
NTT DOCOMO, Ericsson, InterDigital, LGE, Nokia, NEC, Samsung, Sharp, vivo, ZTE, Sanechips
R1-1721487
WF on pre-DFT PT-RS pattern for DFTsOFDM
Mitsubishi Electric, Ericsson, Nokia, NSB, IITH, IITM, CeWit, Tejas Networks, Reliance Jio, AT&T, Sharp, Interdigital, DoCoMo, LGE, CATT
Agreement:
For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks and K>1 support the following
· For chunk size K=4, support X=8 (value of Y set to 8 in the agreed table, for very large allocated bands)
· PT-RS sequence r(m) of length XxK is generated for the first OFDM symbol in the slot that contains PTRS and inserted in the m-th position (where minimum value of m is 0 and maximum m value is M-1) before M-size transform precoding
· For a given slot, one single XxK sequence r(m) is generated for the first DFTsOFDM symbol containing PTRS in the slot and repeated for every DFTsOFDM symbol containing PTRS in the slot
· BPSK sequence r’(n) = (1-2c(n))+j(1-2c(n)) is generated where the pseudo random sequence c(n) is initialized with already existing UE-specific parameter
· Note: The scrambling ID for PTRS for DFTsOFDM is removed from the RRC list
· FFS until later this week the exact parameter to use (e.g. the same nRSID as the associated UL DFTsOFDM DMRS/SRS, c_init from DL/UL DMRS, etc)
· Pi/2 modulation dependent on the pre-DFT position m of the PTRS sample is applied to obtain r(m)=1/sqrt(2)* exp(jmpi/2)*ßPUSCH*r’’(n), where m is the n-th index in the symbol indicating a PT-RS position, n=0…XK-1, and ßPUSCH boosts the PT-RS to the outermost PUSCH constellation points
R1-1721514
WF on subcarrier selection for PTRS
Ericsson, ZTE, Sanechips, NEC, LGE Spreadtrum
Agreement
Introduce RRC parameter “PTRS-RE-offset” consisting of 2bits for indication of a PTRS subcarrier within the subset of subcarriers used by the associated DMRS port
Agreement
· The first table is for DMRS configuration type 1 and second table is for DMRS configuration type 2

· Note: It is up to the editor to capture this agreement in the specification

	PTRS-RE-offset by RRC
	Sub-carrier index for PT-RS

	
	DMRS port 1000
	DMRS port 1001
	DMRS port 1002
	DMRSport 1003

	00
	0
	2
	1
	3

	01
	2
	4
	3
	5

	10
	6
	8
	7
	9

	11
	8
	10
	9
	11


	PTRS-RE-offset by RRC
	Sub-carrier index for PT-RS

	
	DMRS port 1000
	DMRSport 1001
	DMRSport 1002
	DMRSport 1003
	DMRSport 1004
	DMRSport 1005

	00
	0
	1
	2
	3
	4
	5

	01
	1
	6
	3
	8
	5
	10

	10
	6
	7
	8
	9
	10
	11

	11
	7
	0
	9
	2
	11
	4


· It is up to the editor how to capture this agreement

R1-1721536
WF on UE Capability Report for PT-RS
Samsung, ZTE, Sanechips, vivo, Intel, NEC, LG, IITH, CEWiT, IITM, Tejas Neworks, Spreadtrum, HW, HiSi
R1-1721517
WF on PT-RS power boosting
LG Electronics, Intel, ZTE, Sanechips, Spreadtrum, Huawei, HiSilicon, InterDigital, Nokia, Shanghai-bell-Nokia, Samsung
Agreement:
· RRC parameter is introduced to configure the PDSCH to PTRS EPRE ratio per PTRS port
· Two bits 
· If PDSCH to PTRS EPRE ratio per PTRS port is not configured for downlink, this parameter is set to the default value

· FFS: Default value

· RRC parameters are introduced to configure the UL PTRS power boosting factor per PTRS port

· Two bits

· Applicable only for CP-OFDM

· Note: The symbols with or without PTRS have the same power

R1-1721516
WF on Placement for PTRS for DFT-s-OFDM
Huawei, HiSilicon, Spreadtrum, Intel, NEC, ZTE, Sanechips, vivo, Ericsson, Qualcomm, Samsung, LG Electronics, CATT, IITH, CEWiT, IITM, Tejas Networks
Note: Companies are encouraged to study potential performance issues related to the tail chunk PT-RS for DFT-s-OFDM for K=4
R1-1721637
Thursday evening summary of PTRS
Ericsson

Agreement
For CP-OFDM in DL and UL and unless configured by higher layer parameters, the RE-level offset is implicitly associated with the index of the DMRS port that is associated with the PTRS port as follows
	DMRS port for DMRS config Type 1
	1000
	1001
	1002
	1003

	RE-level offset
	0
	2
	1
	3


	DMRS port for DMRS Type 2
	1000
	1001
	1002
	1003
	1004
	1005

	RE-level offset
	0
	1
	2
	3
	4
	5


· It is up to the editor how to capture this agreement

Agreement
For UL CP-OFDM with intra-slot frequency hopping,
· in each hop, 
· on the subcarrier S where PTRS is mapped,
· the PTRS symbols in the hop are obtained by repeating the first front-loaded DMRS symbol on subcarrier S in the hop
· where the DMRS symbol is taken before applying FD-OCC
Slides 5 and 6 in R1-1721637 is agreed with the specific values in the table as working assumption
R1-1721530
WF on PT-RS RB offset
InterDigital, Huawei, HiSilicon, Samsung, vivo, Intel, ZTE, Sanechips, Spreadtrum, LGE, NEC, Ericsson
Agreement
PTRS RB-level offset:

· [image: image47.png]


 for DL broadcast-type traffic, if PTRS is supported
· [image: image49.png]= mod(Cryrr, KRB



 for DL and UL UE-specific data
· Where  [image: image51.png]if mod(Ngg, Kprrs) = 0
otherwise




· N_RB is the number of scheduled resource blocks
R1-1721618
Status of offline discussion on remaining issues on PTRS for DFTSOFDM
Mitsubishi Electric
Agreement 
For chunk size K=2, support the following insertion pattern 

· The samples in DFT domain are divided in X intervals, and the chunks are located in the middle of each interval (n=floor(M/(2X))-1))
Agreement
The pseudo random sequence used as PTRS BPSK sequence has X*K samples and is generated by the same length-31 Gold sequence generator used for other RSs in NR, initialized with the same c_init formula as for PDSCH DMRS but using the UE specific parameter nDMRS-CSH-Identity-Transform-precoding as the scrambling ID. 

· Note: The nDMRS-CSH-Identity-Transform-precoding is a UE specific parameter used for ZC DMRS sequence generation

· Note: Time index l in c_init formula for PDSCH DMRS (if any) is set to the time index of the first DFTsOFDM symbol containing PTRS in the slot and is used for all symbols in a slot which carry PTRS
Working Assumption
OCC is applied onto the BPSK sequence before pi/2 modulation as r’’(n)=w(n)r’(n), where w(n) is the X times repetition of a length K OCC which is determined based on C-RNTI mod K
· OCC is drawn from a Hadamard matrix of order K
R1-1721660
WF on relation between DMRS and PTRS
LG Electronics, Ericsson, Qualcomm, ZTE, Sanechips, NEC, KT Corp., Spreadtrum, OPPO
R1-1721626
WF on PTRS
Huawei, HiSilicon, ZTE, Sanechips, Spreadtrum, vivo, Intel, NEC, ASTRI, NTT DOCOMO
Agreement
For the case where two DL DMRS port groups are transmitted, where each DMRS port group is associated to one PTRS port and one CW respectively, the time density of the PTRS port corresponding to the CW with lower MCS should be set as the same as that of the PTRS port corresponding to CW with higher MCS when two PTRS ports are active
Email discussion on PTRS Huawei (Xi) until Dec 6, 2017

Agreement:
· The number of DL PTRS ports is higher layer configured per TCI state for PDSCH transmission in the higher layer parameter DL-PT-RS-ports
· If the number of DL PTRS ports associated to the TCI in DCI is 2,  the number of PTRS ports is 2, and the each PT-RS is associated with the corresponding DMRS port group, and UE does not expect to be scheduled with one DMRS port group and such TCI state
· If the number of DL PTRS ports associated to the TCI in DCI is 1,  the number of PTRS port is 1, the phase tracking association follow the previous agreements
· If one PTRS port is transmitted and the scheduled DMRS ports are from two DMRS port groups, UE may utilize the PTRS port for phase tracking for PDSCH layers corresponding to DMRS ports in the  two DMRS port groups (i.e., the PTRS port is shared among the two DMRS port groups)
· For 2-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is smaller than 1 when configured present
· For 4-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is equal to ¼ when configured present
· If the last N MCS entries are reserved (no coding rate or modulation order or TBS is given), where N is 3 for MCS table with up to 64QAM  and N is 4 for MCS table with up to 256QAM, support the following
· For adaptive retransmissions, when the scheduled MCS > V, where V = 28 for MCS table with up to 64QAM and V = 27 for MCS table with up  to 256QAM, the time-density of PTRS is determined based on the MCS of initial transmission, which is smaller than or equal to V
Agreement
· A DL PTRS port and the DL DMRS port(s) within the associated DL DMRS port group are QCLed w.r.t {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}
· If one DL PTRS port is transmitted for two scheduled DL DMRS port groups, the PTRS port and the DMRS port(s) which are not in the associated DMRS port group are QCLed w.r.t. {Doppler spread, Doppler shift} and FFS: spatial QCL parameters
R1-1721664
WF on UL PTRS Port Indication
vivo, NEC, Spreadtrum, ZTE, Sanechips, Intel, Huawei, HiSilicon
Agreement:
· For non-codebook based UL transmission, the UL PTRS port index is associated to each SRS resource.
· For partial-coherent and non-coherent codebook based UL transmission, if the higher -layer parameter UL-PTRS-ports is 2, the actual UL PTRS port(s) and the associated transmission layer(s) are derived from indicated TPMI with the following rule:
· SRS port 0 and 2 in indicated TPMI share PTRS port 0,
· SRS port 1 and 3 in indicated TPMI share PTRS port 1.
· UL PTRS port 0 is associated with the UL layer x of layers which are transmitted with SRS port 0 and SRS port 2 in indicated TPMI;
· UL PTRS port 1 is associated with the UL layer y of layers which are transmitted with SRS port 1 and SRS port 3 in indicated TPMI;
· Up to 2-bit indicator is used in uplink grant where bit 1 is used for x and bit 2 is used for y
R1-1719440
Remaining issues of PTRS
Huawei, HiSilicon

R1-1719517
Remaining details on PTRS for DFTsOFDM
Mitsubishi Electric RCE

R1-1719543
Remaining details on PT-RS
ZTE, Sanechips

R1-1719693
Remaining issues on PT-RS
Spreadtrum Communications

R1-1719775
Discussion on the remaining details on PT-RS
vivo

R1-1719913
On PT-RS design
LG Electronics

R1-1720077
Remaining details on PT-RS
Intel Corporation

R1-1720187
Remaining details on PT-RS
CATT

R1-1720312
Remaining details on PT-RS
Samsung

R1-1720370
PT-RS design
Panasonic

R1-1720576
Remaining issues on PTRS configurations
NEC

R1-1720589
Discussion on remaining issues on PT-RS
CMCC

R1-1720634
Remaining issues on PTRS 
InterDigital, Inc.

R1-1720669
PTRS considerations
Qualcomm Incorporated

R1-1720741
Remaining details on PTRS design
Ericsson

R1-1720809
Remaining details on PT-RS
NTT DOCOMO, INC.

R1-1720896
On remaining details of PT-RS design
Nokia, Nokia Shanghai Bell
1.1.3.5 Remaining details on SRS
Including SRS carrier based switching 

R1-1721353
Summary of SRS
Sony

Agreement:
[image: image53.png]RS
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 used for group and sequence hopping is configured per SRS resource using SRS-SequenceId in a UE specific manner
R1-1721455
WF on SRS bandwidth configuration
Samsung, Huawei, ZTE, Ericsson, Intel
Agreement
The rows of (18,19,22,29 and 62) in agreed table on SRS bandwidth configuration should be modified as follows: 
[image: image54.emf]
R1-1721460
Summary of SRS
Sony

Agreement:
Support 1, 2, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560 slots periodicity for all SCS in NR
Example

	SRS Configuration Index ISRS
	SRS Periodicity TSRS (slots)
	SRS Slot Offset Toffset

	0-1
	2
	ISRS

	2-6
	5
	ISRS – 2

	7-16
	10
	ISRS – 7

	17-36
	20
	ISRS – 17

	37-76
	40
	ISRS – 37

	77-156
	80
	ISRS – 77

	157-316
	160
	ISRS – 157

	317-636
	320
	ISRS – 317

	637-1276
	640
	ISRS – 637

	1277-2556
	1280
	ISRS – 1277

	2517-5076
	2560
	ISRS – 2517

	5077
	1
	0

	5078-8191
	Reserved
	Reserved


Agreement 
SRS frequency hopping formula Fb is the same as in LTE

Agreement:
Bit width of SRS sequence ID for initializing group and sequence hopping is the same as the bit width of the scrambling ID for CSI-RS (10 bits).
Agreement:
Semi-persistent SRS resource set is activated/deactivated by MAC CE

R1-1721683
Summary of SRS
Sony

Agreement
 For semi-persistent SRS,

· A semi-persistent SRS resource set is activated/deactivated by MAC CE
Agreement
For aperiodic SRS, 

· Aperiodic SRS resource(s) are always triggered on a per set basis by DCI.

· A code-point of the SRS request field in DCI can be mapped to one or more SRS resource sets.

Agreement:
Both downlink and uplink DCIs contain an SRS request field
Agreement:
Group common DCI can be used to trigger aperiodic SRS resource set.

Agreement:
SRS request field in DCI to trigger transmission of SRS resource set: 2bits 

Agreement:
Default value of SRS-SequenceId in SRS-ResourceConfig is as follows:

· Similar to CSI-RS sequence, there is no default value for SRS-SequenceId

Agreement
Length-31 Gold sequence same as LTE is used for SRS group and SRS sequence hopping
Agreement
nSRS counts the number of UE-specific SRS transmission within an N symbol SRS resource and this value should be a function of N∈{1,2,4} and SRS symbol repetition factor r∈{1,2,4} where r≤N
· Note: nSRS counts a number of symbol level with repetition and accumulated across slot for periodic and semi-persistent SRS. nSRS counts a number of symbol level with repetition accumulated within a slot for aperiodic SRS.

Agreement:  
For group hopping and sequence hopping 

· 30 sequence groups with 1 or 2 root-sequences per group

· If group hopping is enabled, sequence hopping ON = 0

· If sequence hopping is enabled, group hopping is disabled  
Agreement
NR supports SRS functionality for group hopping and sequence hopping (similar to LTE) where the function is given as follows:

· Alt1 symbol level without considering repetition
· Note: PUSCH and PUCCH group hopping pattern are different than the SRS group hopping pattern depending on agreements.
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R1-1719441
Remaining details of SRS design
Huawei, HiSilicon

R1-1719519
Views on SRS designs
Mitsubishi Electric Co.

R1-1719544
Remaining details on SRS
ZTE, Sanechips

R1-1719638
Remaining details on SRS
AT&T

Withdrawn

R1-1719776
Remaining details on SRS design
vivo

R1-1719914
On SRS design
LG Electronics

R1-1719967
Further discussion on SRS design for NR
Guangdong OPPO Mobile Telecom

R1-1720078
Discussion on SRS for NR
Intel Corporation

R1-1720188
Discussion on remaining details of SRS design
CATT

R1-1720223
Remaining details on SRS design for NR
ETRI

R1-1720313
Remaining details on SRS
Samsung

R1-1720459
Considerations on SRS design
Sony

R1-1720670
Remaining details on SRS
Qualcomm Incorporated

R1-1720744
Remaining details on SRS design
Ericsson

R1-1720810
Discussions on NR SRS Design
NTT DOCOMO, INC.

R1-1720897
Remaining details on SRS design in NR
Nokia, Nokia Shanghai Bell
1.1.3.6 Remaining details on TRS 
R1-1721419
Summary of TRS remaining details
MediaTek
Agreement:
TRS is configured as a CSI-RS resource set. The common values among the NZP CSI-RS resources in the CSI-RS resource set configured for TRS is up to RAN2 for reducing signalling overhead

· Description of TRS parameters in the specification should comply with the agreements made on TRS so far
· Include an RRC parameter in the CSI-RS resource set to indicate that it can be used for time/frequency tracking

Note: It is up to 38.211, 38.214 spec editors to capture this in the specifications

Agreement:
· Measurement restriction is not supported for TRS
R1-1721508
Summary of potential RRC impact to TRS
MediaTek Inc.
Conclusion:

The dedicated signalling to indicate beam change on TRS is not supported in Rel-15.

R1-1721701
WF on Aperiodic TRS
Qualcomm, Ericsson

Agreement:
· For above-6GHz, the TRS periodicity = 10ms, 20ms, 40ms and 80ms are supported

Working Assumption
· For above-6GHz, the following configurations are supported

· Same configuration as below-6GHz: X=2 and N=2+2

· For X=1, use the same OFDM symbols as X=2 case within a slot

· FFS on the applied scenario of X=1 and X=2

Agreement:
· The following TRS symbol positions are supported

· Symbol 4 and 8

· Symbol 5 and 9

· Symbol 6 and 10

· Note 1: The symbol index starts from 0

· Note 2: TRS in each slot of a TRS burst has the same symbol position
R1-1719442
Remaining details for CSI-RS for fine time and frequency tracking
Huawei, HiSilicon

R1-1719545
Remaining details on TRS
ZTE, Sanechips

R1-1719581
On remaining details of TRS
MediaTek Inc.

R1-1719639
Remaining details on TRS
AT&T

R1-1719777
Discussion on TRS
vivo

R1-1719915
Discussion on fine time/frequency tracking of channel
LG Electronics

R1-1720079
Remaining Details on TRS
Intel Corporation

R1-1720314
Remaining details on TRS
Samsung

R1-1720671
Remaining issues on TRS
Qualcomm Incorporated

R1-1720745
Remaining details on TRS
Ericsson

R1-1720811
Remaining details on TRS
NTT DOCOMO, INC.

R1-1720898
Remaining details of TRS design
Nokia, Nokia Shanghai Bell
1.1.3.7 Remaining details on QCL
R1-1721429
Summary of QCL
Nokia, Nokia Shanghai Bell
R1-1721563
Summary of offline discussions on QCL
Nokia, Nokia Shanghai Bell
Agreement:
RS combinations holding QCL assumptions after RRC for above 6 GHz, for one CC:

· SSB ( TRS w.r.t average delay, Doppler shift, spatial RX parameters

· TRS ( CSI-RS for BM w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation 

· TRS ( CSI-RS for CSI w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation

· TRS ( DMRS for PDCCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation

· TRS ( DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation

· SSB ( CSI-RS for BM w.r.t. average delay, Doppler shift, spatial RX parameters

· SSB ( CSI-RS for CSI w.r.t., spatial RX parameters

· SSB ( DMRS for PDCCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters

· SSB ( DMRS for PDSCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters.

· CSI-RS for BM ( DMRS for PDCCH w.r.t., spatial RX parameters. 

· CSI-RS for BM ( DMRS for PDSCH w.r.t., spatial RX parameters

· CSI-RS for CSI ( DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters; Note: QCL parameters may not be derived directly from CSI-RS for CSI

· CSI-RS for BM ( CSI-RS for TRS/BM/CSI w.r.t. spatial RX parameters

Agreement:
QCL types A: Doppler shift, Doppler spread, average delay, delay spread

QCL types B: Doppler shift, Doppler spread

QCL types C: average delay, Doppler shift

QCL types D: Spatial Rx
	QCL linkage for below 6GHz before RRC
	signalling

	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)
	

	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)
	


	QCL linkage for below 6GHz after RRC
	signalling

	SSB ( TRS: Doppler shift, average delay
	QCL type: C

	TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
	QCL type: A

	TRS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A

	TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread
	QCL type: B

	CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A


	QCL linkage for above 6GHz after RRC
	signalling

	SSB ( TRS w.r.t average delay, Doppler shift, spatial RX parameters
	QCL type: C + D

	TRS ( CSI-RS for BM w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation 
	QCL type: A

	TRS ( CSI-RS for CSI w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
	QCL type: A

	TRS ( DMRS for PDCCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
	QCL type: A

	TRS ( DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
	QCL type: A

	SSB ( CSI-RS for BM w.r.t. average delay, Doppler shift, spatial RX parameters
	QCL type: C+D 

	SSB ( CSI-RS for CSI w.r.t, spatial RX parameters
	QCL type: D 

	SSB ( DMRS for PDCCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
	QCL type: A+D

	SSB ( DMRS for PDSCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
	QCL type: A+D

	CSI-RS for BM ( DMRS for PDCCH w.r.t. spatial RX parameters
	QCL type: D

	CSI-RS for BM ( DMRS for PDSCH w.r.t., spatial RX parameters
	QCL type: D

	CSI-RS for CSI ( DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters; Note: QCL parameters may not be derived directly from CSI-RS for CSI


	QCL type: A+D

	CSI-RS for BM ( CSI-RS for TRS/BM/CSI w.r.t. spatial RX parameters
	QCL type: D 


· If the QCL target RS is periodic CSI-RS or TRS,

· QCL-Info IE is placed in CSI-RS-Resource-Config and refers to the TCI-State index
· TCI-State structure for one RS set is either:

· DL Reference RS1| QCL_type1, DL Reference RS2| QCL_type2
· Note that there is no overlap of QCL_type1 and QCL_type2

· DL Reference RS1| QCL_type1

· Note that QCL_type1 and QCL_type2 are selected from {QCL types A, QCL types B, QCL types C, QCL types D}

· Note that if DL Reference RS1 and DL Reference RS2 are the same, both QCL types apply 
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