
3GPP TSG-RAN WG2 #97bis
R2-1702534
3rd – 7th April 2017
Spokane, USA
Source:                    
NTT DOCOMO, INC. (Rapporteur)
Title:  
RAN WG’s progress on NR technology SI in the February meeting
Document for:        
Information
Agenda Item:         
10.1
1. Introduction
This paper is aimed at sharing with RAN2 the progress of SI on New Radio Access Technology in the other RAN WGs, which are relevant to the RAN2 work area.
2. RAN WG1 progress at RAN1 #88 (February 2017)
	General

	TR38.802 was agreed in R1-1703622 as ver. 1.2.0

	Initial access and mobility

	Working assumptions:
· About 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design

· FFS whether NR-PSS/SSS could be used to indicate information other than NR physical cell ID
· FFS further extension of ID space for non-mobility purpose through e.g., broadcast

· RAN1 considers NR-PSS and NR-SSS have same transmission bandwidth

Agreements:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-SS design

· Frequency range Parameter set #W associated with 15 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 5 MHz

· Frequency range  Parameter set #X associated with 30 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 10 MHz

· Frequency range  Parameter set #Y associated with 120 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 40 MHz

· Frequency range  Parameter set #Z associated with 240 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 80 MHz

· Note that association between a frequency band and single set of default parameters (SCS, sequence length, NR-SS transmission bandwidth) will be defined in RAN4

· Note that each subcarrier spacing is associated with single sequence length and transmission bandwidth

· Note that additional  parameter set or further down selection of  parameter set is not precluded
· This agreement does not preclude any subcarrier spacing for data channel
Agreements:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS is supported
Working assumption:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS and PBCH is supported
· RAN1 will consider initial access latency, and overhead of SS and PBCH in the minimum system bandwidth

Agreements:

· If min UE bandwidth < NR SS block bandwidth, in NR SS block design, study how to address this issue
Agreements:
· Study minimum UE BW for eMBB and URLLC, [B], for NR considering at least the following aspects

· Single or multiple values for B

· Considering following aspects
· frequency range (e.g. below 6 GHz vs. above 6 GHz)

· NR-SS transmission bandwidth

· NR-PBCH transmission bandwidth

· NR SS block bandwidth

· UE type
· DL/UL control design

· DL/UL data reception/transmission for UE

· Coexistence among UEs with potentially different minimum UE bandwidth
· etc.
· Note: This study is for RAN1 understanding on what min UE BW is supported in RAN1 NR design. 

Agreements:

· For set of possible SS block time locations, further evaluation till next meeting by considering at least the following:

· Whether or not a SS block comprises of consecutive symbols and whether or not SS&PBCH in the same or different slots

· Number of symbols per SS block

· Whether or not to map across slot boundary(ies)

· Whether or not to skip symbol(s) within a slot or a slot set

· Contents of an SS block (note: the contents of an SS block may be further discussed during this meeting)

· How SS blocks are arranged within a burst set, & the # of SS blocks per burst/burst set

Agreements:
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent

· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]

· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]

· FFS: L for additional frequency range category
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks

· FFS whether this information is available only in CONNECTED mode or in both modes

· FFS how to signal the position(s)

Agreements:
· At least, Normal CP is supported for NR-PSS/SSS

Agreements:
· For carrier supporting initial access,
· For frequency range up to 6 GHz, minimum carrier bandwidth for NR can be either 5 or 10 MHz and is frequency band dependent
· For frequency range from 6 GHz to 52.6 GHz, minimum carrier bandwidth for NR can be either 40 or 80 MHz and is frequency band dependent
· RAN1 considers that RAN4 will determine mapping between frequency band and minimum carrier bandwidth value in consideration with above
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· NR minimum carrier bandwidth for mMTC is FFS
LS on NR minimum carrier bandwidth was agreed in R1-1704100
Agreements:
· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· For detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible

· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier

· RAN1 recommends short measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [20, 40, 80 and 160 ms]  

· FFS other values with consideration for functionalities provided by NR-SS in connected mode
· FFS whether to support NR-PBCH in non-standalone NR cell

LS on NR-SS periodicity was agreed in R1-1703836 with following update
RAN1 will continue discussion on candidate value(s) to be configured as SS burst set periodicity and measurement duration. RAN1 will also discuss on default value of NR-SS periodicity for standalone NR cell
Agreements:
· For initial cell selection for NR cell, UE assume the following default SS burst set periodicity

· For carrier frequency range category #A : TBD among 10, 20 ms

· E.g. range for #A (0 ~ 6 GHz)

· For carrier frequency range category #B : TBD among 10, 20 ms

· E.g. range for #B (6 GHz ~ 60 GHz )

· Down-selection will consider the SS block dimensions, initial access latency, power consumption, detection performance aspects into account. Other considerations are not precluded.

· Note that this does not preclude further sub-categorization of frequency ranges. And additional frequency sub-ranges defined shall support a single default SS burst set periodicity, value selected between 10, 20 ms

· Note that this does not preclude additional categorization of frequency ranges not covered by #A and #B. SS burst set periodicity for potential additional frequency ranges is FFS

· RAN4 will determine the exact values of frequency ranges

· The exact frequency ranges for category #A and #B is subject to further discussion in RAN1 and RAN1 will provide input to RAN4 to finalize the exact values. 
· Note that UE is not expected to detect cell that do not conform to the default SS burst set periodicity

· RAN1 will definitely down select the values from 10, 20 ms in the next meeting
Agreements:
· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· Network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible

· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier

· RAN1 recommends shorter measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity

· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms]  

Agreements:
· RAN1 will definitely select the number of NR-PSS sequences from following 2 alternatives in the next meeting

· Alt. 1: NR supports one NR-PSS sequence, and no cell ID hypothesis is carried by NR-PSS
· Supported by Samsung, Intel, LG Electronics, NTT DOCOMO, InterDigital, ETRI, Ericsson, MediaTek
· Alt. 2: NR supports 3 NR-PSS sequences

· Supported by Qualcomm, Huawei, HiSi, CATT, ZTE, Sierra, Motorola Mobility, Lenovo

Agreements:
· The number of antenna port of NR-PSS is 1

Working assumption:
· UE assumes the same PBCH numerology as that of NR-SS

· If RAN1 will only have 30 kHz subcarrier spacing for PBCH below 6 GHz, RAN1 can discuss this WA again

Agreements:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-PBCH design
· Parameter set #W associated with 15 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 5 MHz
· Parameter set #X associated with 30 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 10 MHz
· Parameter set #Y associated with 120 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 40 MHz
· Parameter set #Z associated with 240 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 80 MHz
· For each parameter set, study whether transmission bandwidth for NR-PBCH is same or wider than that of NR-SS.
Agreements:
· For NR-PBCH transmission, NR supports a single transmission schemes selected from following schemes:
· A single antenna port based transmission scheme 
· Two antenna port based SFBC.
Agreements:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.

· This simply provide guidance for potential minimum and maximum value.
Agreements:
· For the minimum system information delivery, 

· Part of minimum system information is transmitted in NR-PBCH

· The remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH

· FFS  how the configuration information for the remaining minimum system information is provided, e.g.


· NR-PBCH provides the control channel search space 

· NR-PBCH provides the scheduling assignment

· Part of the control channel search space/scheduling assignment could be derived by the specification
· FFS numerology for NR-PDSCH for the remaining minimum system information
Agreements:

· Support the paging channel design at least for RRC idle mode as follows:

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH

· FFS: 

· Paging indication triggers UE beam reporting (if supported) 

· Opt-1: paging indication is in DCI

· Opt-2: paging indication is in non-scheduled physical channel

· How to indicate SI update if it is supported in paging 

Agreements:
· Regarding multiple/repeated PRACH preamble formats, NR at least supports option 1
· RAN1 studies other options and consider option 1 as baseline for comparison with other options
· For RACH capacity enhancements, 

· Option 2 with/without OCC and/or option 4 with different sequences can be considered
· Note: for option 4, combination with different sequences can be studied
· Note: for option 4, two-stage or multiple-stage UE detection can be studied for possible complexity reduction for PRACH detection
· All options will consider beam switching time
· FFS : Number of Preambles/Symbols, Length of CP/GT 

· The region for PRACH transmission should be aligned to the boundary of uplink symbol/slot/subframe

Agreements:
· Evaluate designs considering possibility to have larger number of PRACH preamble sequences in a RACH transmission occasion than in LTE

· The following methods can be considered for evaluations:

· Zadoff-Chu with cover extension using M-sequence

· M-sequences

· Zadoff-Chu sequence
· Other methods are not precluded

· Note that PAPR and false alarm of these different sequences should also be evaluated
Agreements:
· For PUSCH (re)transmissions corresponding to a RAR grant, study following alternatives

· Alt.1: The UL waveform(s) is fixed in the specifications
· Note that UL waveform is either DFT-S-OFDM or CP-OFDM
· Alt.2: The NW informs a UE whether to use DFT-S-OFDM or CP-OFDM

· FFS signaling method
· Other alternatives are not precluded
Agreements:

· For contention-free random access, the following options are under evaluation

· Option 1: Transmission of only a single Msg.1 before the end of a monitored RAR window

· Option 2: A UE can be configured to transmit multiple simultaneous Msg.1

· Note: multiple simultaneous Msg.1 transmissions use different frequency resources and/or use the same frequency resource with different preamble indices
· Option 3: A UE can be configured to transmit multiple Msg.1 over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window
Agreements:
· Following is baseline UE behavior 

· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises

Agreements:
· At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices

· A preamble index consists of preamble sequence index and OCC index, if OCC is supported
· Note: a subset of preambles can be indicated by OCC indices
Agreements:

· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead

· Detection of neighbor cell for measurement is based on NR-SS
Observations:
· UL measurements for mobility have been studied by RAN1 and the following observations were made compared to LTE DL measurement baseline with 5 ms SS periodicity and CRS:
· For CONNECTED_ACTIVE state, following observations were made by some companies:
· In synchronized deployment, UL measurements can provide a handover performance and / or potential UE power consumption gain in some scenarios with a potential cost of increased UL resource and potential NW backhaul signaling overhead depending on NW architecture and potential reduction in over the air signaling overhead, e.g. dense deployments with low number of UE’s per TRP, high speed
· For CONNECTED_INACTIVE state, following observations were made by some companies:
· In synchronized deployment, UL measurements with synchronization signals transmitted in SFN mode can provide a paging reliability performance and / or UE power consumption gain in some scenarios with a cost of increased UL resource and potential NW backhaul signaling overhead depending on NW architecture and potential reduction in over the air signaling overhead, e.g. dense deployments, rural high way


	MIMO

	Agreements:
· For DFT-S-OFDM based transmission

· PRB bundling size is the whole scheduled bandwidth if the scheduled bandwidth comprises a single cluster.

· Note: UE shall apply the precoder in a way that the gNB may assume that UE uses the same precoder for all scheduled PRBs.

· Multi cluster case FFS (if supported)

· CP-OFDM based transmission

· For codebook based:

· PRB Bundling should be supported.

· FFS configurability of PRB bundling size, and/or PRB bundling size implicit determination 

· FFS applicability to some non-codebook based cases

· Non-codebook based:

· PRB Bundling should be supported.

· FFS: Configurability by gNB side e.g.

· PRB bundling on or off.

· PRB bundling size

Agreements:
· NR supports the following number of codewords per PDSCH/PUSCH assignment per UE:

· For 1 to 2-layer transmission: 1 codeword

· fFor 5 to 8-layer transmission: 2 codewords

· FFS for 3 & 4-layer transmissions – revisit today 

Working assumption:

· NR supports the following number of codewords per PDSCH/PUSCH assignment per UE (Alt1):

· For 3 and 4-layer transmission: 1 CW

· FFS: the support of Alt2 (mapping 2-CW to 3 layers and 2-CW to 4 layers)

· Companies are encouraged to evaluate the case of multi-panel/multi-TRP scenarios

Agreements:

· For the DL/UL data channels, FFS layer mapping to physical resources w.r.t. symbols/layers/carriers
· Considering latency for both eMBB and URLLC
· Also other aspects such as frequency/time/spatial diversity, UE complexity, eMBB/URLLC multiplexing, etc.
· Companies are encouraged to perform analysis and evaluations
Agreements:
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder

· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.

· Transmit Rank indicator (TRI)

· Possible values are up to the number of SRS ports configured in the indicated SRI

· Wideband transmit PMI (TPMI), with details FFS including dual-stage codebook (if supported)
· FFS: Possible PMs depend on the number of SRS ports configured in the indicated SRI

· FFS: whether to allow the existence of this field for non-codebook-based UL-MIMO transmission
· FFS: Subband TPMI 

· UL MCS indication

· UL HARQ related information

· UL Resource allocation

· FFS on multiple SRI indication and corresponding indications of TRI(s) and TPMI(s)
· FFS: Joint encoding or separate encoding
Agreements:

· Scheme A: Codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than X (FFS: Value of X).”, FFS the value X and the interpretation of transmission port(s)
· Scheme B: Non-codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than Y (FFS: Value of Y).”, FFS the value Y and the interpretation of transmission port(s)
Agreements:
· For DFT-S-OFDM, following schemes can be candidates for UL diversity schemes for UL data: CDD, precoder cycling, antenna port switching, SFBC, and STBC.

· RAN1 should down select them in WI phase.

· FFS the corresponding spec impact (if any)

R1-1703848 was agreed.
R1-1703533 was agreed
· Agreements:

· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings

· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting

· CSI-RS based P-1 & P-2 are supported with resource and reporting settings

· P-3 can be supported with or without reporting setting  

· A reporting setting at least including
· Information indicating selected beam(s)

·  L1 measurement reporting

· FFS details (e.g., based on RSRP or CSI, etc.)

· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent

· Frequency-granularity if multiple frequency granularities are supported

· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent

· RS type: NZP CSI-RS at least

· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources

· Discuss further offlineFFS whether or not support >1 CSI-RS resource set per resource setting

· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any

· Further discussion whether or not the mechanism for CSI acquisition framework can be applicable

Agreements:

· Confirm the working assumption on group based beam reporting made in RAN1 Jan. NR Adhoc Meeting, with the following update:

· Further discussion for possible down-selection or merging, especially taking into account overhead

Agreements:

· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 

· For each group l, UE reports at least the following information:

· Information indicating group at least for some cases

· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1

· Measurement quantities for Nl beam (s)

· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)

· FFS: the details of RSRP/CSI derivation and content

· FFS: Other reporting contents, e.g., RSRQ  

· FFS: Configurability between L1 RSRP and CSI report

· FFS: whether or not to support differential L1 RSRP feedback

· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.

· This group based beam reporting is configurable per UE basis.

· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1

· NOTE: No group identifier is reported when it is turned off 

· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously

· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission

Agreements:

· FFS whether or not to support at least the following association of channel properties between UL and DL antenna ports at the same node for the case with and without beam correspondence 

· UL SRS/DM-RS/RACH and DL CSI-RS/DM-RS/SS

· Details of beam related indication signaling (if any)

Agreements:

· Study further multi-beam based NR-PUCCH transmission for robustness against beam pair link blocking

· E.g., UE transmits NR-PUCCH on different UL Tx beams in different NR-PUCCH OFDM symbols

· FFS: multi-beam triggering condition/mechanism (e.g. event-triggered, network configured, etc.)

· FFS: number of OFDM symbols for each beam

Agreements:
· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)

· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 

· FFS: Indication details
· E.g. explicit indication of RS port/resource ID, or implicitly derived 
· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)
· FFS: Beam indication for receiving fall back unicast PDSCH (if supported)
· Note: related signalling is UE-specific
· FFS: Beam indication (if needed) for receiving (UE-group) common PDSCH for RRC connected UE
· Candidate signalling methods for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH)
· MAC CE signalling
· RRC signalling
· DCI signalling
· Spec-transparent and/or implicit method
· Combination of the above
Agreements:

· For the signal(s) utilized for beam management (BM) for P1/P2/P3, study further whether it is UE-specific vs. non-UE-specific

Agreements:

· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs

· Note: here the beam pair link is used for convenience, and may or may not be used in specification

· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH

· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 

· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH

· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH

· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded

· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE

· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH

· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 

· Note: the criterion for declaring radio link failure is for RAN2 to decide.

· FFS: The necessity of such indication

· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols

Agreements:
· The following mechanisms should be supported in NR:

· The UL transmission to report beam failure can be located in the same time instance as PRACH:

· Resources orthogonal to PRACH resources 

· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 

· FFS channels/signals 

· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH

· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH

· FFS the signal/channel for the UL transmission

· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)

Agreements:

· Study further UE behavior(s) for SRS transmission and the details of the indication from gNB (if any)

Agreements:

· In NR, support UE to report its capability regarding the max number of spatial layers (N) for UL transmission

· NR supports UL codebook for an UE based on the reported capability, at least one of the followings is supported 

· Alt1: Network configures multiple codebooks each corresponding to a # of antenna ports

· Alt2: Network configures a scalable/nested codebook supporting a variable # of antenna ports
· Alt3: Network configures a codebook same as UE capability

· Alt 4: UE recommends a subset of codebook(s)

· This alternative may be absorbed into one or more the above alternatives

· FFS the codebooks corresponding to a given number of TX antenna ports can be fixed in specification or configurable 

· UL codebook structure: at least one of the following two is supported

· Alt 0: single-stage codebook 

· Alt 1: dual-stage codebook 

· Consider using LTE codebooks, the impact of multi-panel, etc. for UL codebook design

Agreements:

· For NR, the CSI parameter CRI (CSI-RS Resource Indicator) is supported 

· FFS the applicability to CSI acquisition/beam management

· CRI functionality includes selection and reporting of indices for N out K NZP CSI-RS resources

· FFS: Maximum value of N (Nmax), including the possibility of having Nmax=1

· FFS using CRI to additionally select NZP CSI-RS resources for interference measurement (if supported)

· If Nmax > 1 is supported, the value of N is included in the associated CSI reporting setting

· The maximum value of N [image: image2.png]€{12,..,K}



 may be a UE capability

· FFS whether N is higher-layer configured or UE selected

Agreements:

· Define “CSI reporting band” as a collection of (contiguous or non-contiguous) subbands pertinent to a CSI reporting setting

· FFS how the CSI reporting band is determined

· Three frequency granularities are supported:

· Wideband reporting

· Partial band reporting

· Subband reporting

· At least some combination(s) of the CSI parameters (e.g., CRI, RI, PMI, CQI, etc.) can be configured to be omitted from reporting within a CSI reporting setting

· FFS details 

Agreements:

· FFS for aperiodic NZP CSI-RS, semi-persistent CSI reporting is not supported.

· FFS in each semi-persistent or periodic CSI reporting setting, reporting periodicity is additionally included in the configuration information

· FFS other information that can be included (e.g. timing offset, etc.)

· In each semi-persistent or periodic resource setting, periodicity is additionally included in the configuration information 

Agreements:
· Study further activation mechanism (selecting N out of K NZP/ZP CSI-RS resources or resource sets, including joint trigger vs. separate triggers for resources, IMR, and/or reporting setting, reliability/latency associated with the activation, etc.) and the associated details (e.g., impact on DCI signaling, etc.) for aperiodic (AP) and semi-persistent (SP) CSI-RS

Agreements:
· In NR MIMO CSI framework, study aspects related to hybrid CSI reporting (e.g., long-term vs. short-term, joint vs. separate configuration in one reporting setting and/or one resource setting, etc.)
R1-1703953 was agreed.

Agreements:
· Refine the description in 38.802 for Type II CSI Category I as follows
· Dual-stage W = W1W2 codebook 

· W1 consists of a set of L orthogonal beams taken from 2D DFT beams

· The set of L beams is selected out of a basis composed of oversampled 2D DFT beams

· L ({2, 3, 4, FFS 6} (L is configurable)

· Beam selection is wideband

· W2: L beams are combined in W2 with common W1, 

· Subband reporting of phase quantization of beam combining coefficients

· Configurable between QPSK and 8-PSK phase related information quantization

Agreements:

· Update the description in the TR for Type II CSI Category II as follows

· The feedback of channel covariance matrix is long term and wideband 

· A quantized/compressed version of covariance matrix is reported by the UE
· Quantization/compression is based on a set of M orthogonal basis vectors

· Reporting can include indicators of the M basis vectors along with a set of coefficients

· FFS: basis set

· Other quantized/compressed versions of channel covariance matrix are not precluded

Agreements:

· Update the RAN1 Jan. Ad hoc agreements as follows;

· Study the following DL CSI feedback for different degree of channel reciprocity, 

· For full channel reciprocity 

· Explicit interference feedback: e.g., Interference covariance matrix, diagonal elements of interference covariance matrix

· Implicit interference feedback: e.g., Interference PMI feedback

· Explicit channel feedback: e.g., CSI of multiple TRPs

· For partial channel reciprocity (e.g., more Rx ports than Tx ports at UE)

· Partial CSI feedback for eNB to acquire full CSI 

· Non-PMI feedback
· CSI contains RI and CQI
· FFS how RI and CQI are derived

· E.g., RI and CQI depend on a PMI which is selected from a defined codebook or a configured codebook subset

· UE may also calculate RI and CQI directly with estimated channel without assuming PMI from any predefined codebook, FFS spec impact 

· Study whether or not to support CSI-RS and SRS transmission in the same slot (e.g., for fast CSI acquisition)

· Study if a limitation on the number of SRS and/or CSI-RS ports due to UE complexity, slot duration of different numerology are needed.

Agreements:

· NR supports ZP CSI-RS based interference measurement for CSI feedback

· Note: this support is not transparent to specification

· FFS the case of DM-RS & NZP CSI-RS based interference measurement for CSI feedback

· Whether to support one of them or both

· Whether the support is transparent to specification or not

Agreements:

· NR supports aperiodic, semi-persistent (as a working assumption), and periodic IMR based on ZP CSI-RS for interference measurement for CSI feedback

· For IMR based on ZP CSI-RS, above three different time-domain behaviors are configured in the resource setting(s).

· FFS the potential impact on PDSCH rate matching

Agreements:
· The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns where

· A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain

· FFS: Support for more than one component CSI-RS RE pattern definition, i.e., value of Y and Z

· FFS: Supported value(s) of Y and Z, e.g. (Y, Z) = {(1,2), (2,1), (4,1), (8,1), (2,2), (2,4)} 

· FFS: How to apply CDM within a component CSI-RS RE pattern and across multiple component CSI-RS RE patterns

· Note: Depending on the density reduction approach agreement(s), the Y REs of a component CSI-RS RE pattern may be non-adjacent in the frequency domain

· The multiple component CSI-RS RE patterns can be extended across the frequency domain within the configured CSI-RS bandwidth

· At least the following numbers of OFDM symbols for a CSI-RS resource are supported

· N = {1, 2, 4}

· FFS, other value(s) of N

· The N OFDM symbols can be adjacent/non-adjacent

· FFS, down-selection on adjacent/non-adjacent OFDM symbols

· OFDM symbol(s) can be configured to contain CSI-RS only

· FFS: the applicability of above proposals for beam management (e.g., for beam sweeping, for generation of sub-time units)

· FFS on the following aspects:

· Location of N OFDM symbols within a slot

· Replication of RE pattern across the N OFDM symbols

· Supported CDM values

· Exact port number assignment to CSI-RS RE pattern, considering at least CDM of ports and relationship of port numbers to dual polarized antenna elements

· Support for densities D > 1 RE/port/PRB

· Mapping of other physical channels and/or reference signals within the same OFDM symbol(s) as CSI-RS

Agreements:

· For beam management overhead and latency reduction, NR considers following options for a CSI-RS supporting beam sweeping within an OFDM symbol
· Opt-1: IFDMA [e.g., R1-1700350, R1-1703179]

· Opt-2: Larger subcarrier spacing [e.g., R1-1700350, R1-1701813]

· Opt-3: DFT-based [e.g., R1-1702329, R1-1703179]

· Other options are not precluded

· If supported, down-selection among the options during WI phase

· Note: the symbol duration is based on a reference numerology

Agreements:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreements:

· Confirm working assumption with some updates:

· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols
· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR
Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered

· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based

· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size

· Support PN sequence for CP-OFDM

· FFS: ZC-sequence for CP-OFDM

· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported

· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported

· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS

· Additional DMRS with same density in frequency domain compared to front loaded DMRS

· Note that: Front loaded DMRS can be configured with low density

· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain

· At least time domain bundling with slot aggregation of DL-only slots is supported

· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling

· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain

· Consider whether to use mechanism of UE-assisted DMRS configuration. 

· Consider  whether to use UE-assisted configuration of PRG size

Working assumption:

· Support at least the following design of DL DM-RS for data channels

· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations
Agreements:

· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:
· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.
· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM
· Possible frequency domain configurations considering:
· DMRS overhead 
· Channel estimation performance
· Possible time domain configurations assuming the following scenarios 
· Low, Medium, high, & very high mobility
· Carrier frequency
· Latency
Agreements:
· Presence/patterns of PT-RS are configured by a combination of RRC signaling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI.
· Whether PT-RS can be present or not depends on RRC configuration. 
· When configured, the dynamic presence is associated with DCI parameter(s) including at least MCS
· FFS: Time domain density is associated with dynamic configuration by MCS. 
· When present, frequency domain density is associated with at least dynamic configuration of the scheduled BW.
· FFS: Frequency domain density is associated with dynamic configuration by MCS. 
· FFS: Frequency-domain pattern design supports both frequency-localized and frequency-distributed allocation of PT-RS subcarriers.
· Other association factors/rules are not precluded.

· Usage of PT-RS, e.g. CFO/Doppler correction, is not precluded, pattern/signaling for this use case can be different
Agreements:
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.

· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)

· Alt.2: based on gNB indication, e.g. via SRI
Agreements:

· In NR, for SRS based UL-MIMO precoding for data scheduling, FFS the following aspects especially related to potential signaling impact:
· Single SRS resource based 
· Multiple SRS resource based 
· Multi-step acquisition, e.g., involving a mixture of single SRS resource and multiple SRS resource based, or using multiple SRS resource only, etc.
Agreements:
· NR considers SRS transmissions with sequences achieving low-PAPR and possible multiplexing of SRS with different SRS bandwidths in the same symbol 
· FFS details
· NR supports frequency hopping within a partial-band for a UE
· At least hopping with a granularity of subband
· FFS other cases
· FFS SRS hopping among partial-bands
Agreements:
· Indication of QCL assumption associated with subset of QCL parameters between the antenna ports of two RS resources is supported based on following alternatives, and RAN1 will down select it
· Alt. 1: Which of the subset of QCL parameters are configured by gNB
· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined

· Alt. 3: QCL types are pre-defined

Agreements:

· By default (i.e., the UE is not indicated), antenna port(s) transmitted on different CCs can’t be assumed to be QCL-ed 

· FFS the case of spatial domain QCL assumptions especially related to carrier frequency

Agreements:

· FFS indication of QCL assumption for CSI-RS to be associated with an SS block (e.g., SSS, PBCH DMRS (if defined)) and/or RS for fine time-frequency tracking (if it’s not CSI-RS)

· FFS: w.r.t. which QCL parameter(s)

Agreements:
· The candidate reference signal for time and frequency tracking  for study

· Demod RS for common control resource set or common control search space together with extension in time domain (if introduced)
· CSI-RS

· Consider the enhanced type in both time and frequency domain (if needed)
· Dedicated RS (if introduced)

· DMRS for PBCH (if introduced)
· MRS (if introduced)

· PT-RS

· PSS/SSS
· Note that it doesn’t mean that only one RS can serve tracking for time and frequency

· The RS design for time and frequency tracking should study

· Tracking range for the frequency error

· E.g. in LTE, CRS: +/-2KHz, DMRS: +/-1KHz, CSI-RS: +/-100Hz 

· Resolution for the timing error

· E.g. in LTE, PSS/SSS: 1us,  10MHz BW CRS: 0.1us

· Transmission timing e.g. burst period and off duration

· Transmission bandwidth, e.g. wideband, partial band

· The support of different sets of QCL parameters
· The support of Delay spread estimation and Doppler spread estimation

· The detailed signaling mechanism

· Prepare draft LS to RAN4 in R1-1703949 until Thursday – Hoondong (Samsung) for

· Check whether same level of time/frequency tracking accuracy, e.g. ±0.1 PPM, is enough or not regardless of wider range of NR carrier frequency

· Evaluation is encouraged

· PDSCH decoding performance including SIB under the realistic time/frequency tracking and compensation

· Performance when DRX in connected mode is configured 

· FFS, evaluation assumptions including channel model, modeling drift of local oscillator after DRX period

· Note: Channel model example is as follows

· Fixed value, for example 300Hz for frequency error and 1us for timing error

· Dynamic model

· CDL model with time varying AOA/ZOA for time varying Doppler shift

· For very high speed, consider RAN4 4-path HST model

· Self-defined model
The LS (R1-1704082) is approved with the following updates:

· Adding MIMO aspects in the body of the text

· RAN1 action updated to “RAN1 respectfully asks RAN4 to confirm the LTE requirements for time/frequency tracking is sufficient for RAN1 to continue future work for NR”
Final LS is in R1-1704103
Agreements:
· NR supports beam specific power control as baseline.

· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· FFS whether to apply open loop only, closed loop only, or both

· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.

Agreements:
· In NR, transmitter side interference cancellation techniques for co-scheduled UEs have been studied in RAN1, where nonlinear precoding was identified as one of the transmitter side interference cancellation techniques. RAN1 can consider further studying the following nonlinear precoding techniques
· DPC based precoding techniques (e.g., Tomlinson Harashima precoding, QL based DPC, ZF-THP), vector perturbation
· Linear and nonlinear hybrid precoding techniques 

	Scheduling/HARQ aspects

	Agreements:
· Evaluation assumption guidelines for down selection of TxD scheme for DL control channel:

· Aggregation levels: 1, 2, 4, 8 (Proponents can evaluate higher aggregation levels in addition, e.g., 16, 32)

· DCI size: 20 and 60 bits + 16 bit CRC

· CCE size: Proponents can choose within the agreed initial estimate of 4 to 8 REGs per CCE

· Practical channel estimation

· MMSE for reference, other schemes can be evaluated in addition 

· Proponents should state assumptions on 

· Number of RS used for interpolation in time and frequency
· PRB bundling assumption
· Antenna configurations and correlations corresponding to models at carrier frequencies of 4 GHz and 30 GHz (Prioritize 4 GHz)

· DMRS density 33% (other densities can be evaluated in addition)

· Number of OFDM symbols for transmission of PDCCH: 1 (companies may additionally evaluate for other values)

· Subcarrier spacing: 15 kHz (Other subcarriers spacing may be evaluated in addition)

· Channel model

· TDL-A, TDL-C
· Delay spread 30 ns, UE speed 3 km/h, (proponents can also evaluate 70 and 500 km/hr)

· Delay spread 300 ns, UE spread 3 km/h
· Delay spread 1000 ns, UE spread 3km/h
Agreements:

· At least QPSK is supported for the modulation of the PDCCH

· For the purpose of determining CCE size, at least one UE-specific DCI can be transmitted within one CCE (with QPSK and code rates not close to 1)

· An initial estimate of the number of REGs per CCE where a REG is one PRB in one OFDM symbol if DCI sizes are similar to LTE assuming QPSK: Suitable values could range from 4 to 8 REGs. 

· A more precise value needs more decisions on the information carried by the DCI

Agreements:

· NR-PDCCH can be mapped contiguously or non-contiguously in frequency

· The following may be considered to achieve the above (in the physical domain)

· Option 1: Localized or distributed mapping of REGs to a CCE. 

· Option 2: Localized mapping of REGs to a CCE. Localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH

· Down-selection between Opt 1 and Opt 2 should be further discussed

· Companies are encouraged to perform evaluations considering aspects such as channel estimation, frequency diversity, impact of resource reuse for NR-PDSCH, etc., especially for one CCE case

Agreements:

· FFS details of mapping of NR-PDCCH in time and frequency, considering the following options:

· Frequency first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate 

· Time first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate

· Frequency first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate

· Time first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate

· Down-selection should be discussed, including of the number of supported option(s)
Agreements:
· For single stage DCI, modulation scheme for PDCCH is only QPSK
· FFS for other modulation schemes for two-stage DCI if supported.
Agreements:

· Multiple control resource sets can be overlapped in frequency and time for a UE.

· A search space in NR is associated with a single control resource set

· The search spaces in different control resources sets are defined independently.

· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces.

Agreements:

· Further study the following alternatives:

· Alt 1: For a given control resource set, there is only one CCE to REG mapping scheme

· Alt 2: For a given search space, there is only one CCE to REG mapping scheme

Conclusion:

· Two-stage DCI is expected to be discussed further after more details of the design for the single-stage DCI are known.
Agreements:
· For a given UCI payload, short-PUCCH is designed such that:

· UE multiplexing capacity can be less than that of long-PUCCH

· Performance including at least the following:

· Frequency-diversity

· Interference-diversity

· PAPR/CM and emission

· RS overhead

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with short-PUCCH 

· For a given UCI payload, long-PUCCH is designed such that:

· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH

· PAPR/CM should be same/similar to LTE PUCCH except for NR CP-OFDM case (if supported)

· Frequency-diversity gain should be same/similar to LTE PUCCH

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with long-PUCCH with respect to the number of UCI bits

· Strive for scalable design with long-PUCCH with respect to the number of symbols

Agreements:
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot

Agreements:

· RAN1 to send a LS to RAN4
· From RAN1 perspective, uplink transmission of a short-duration may have:

· PUCCH in short-duration (1 or 2 symbols) within a slot
· Mini-slot
· Higher subcarrier spacing than that of LTE

· SRS (note that the detailed SRS design in short-duration is not finalized in RAN1 yet)

· RAN1 asks RAN4 to study transient period (including feasible values especially the one(s) smaller than that of LTE) considering uplink transmission in the short-duration 
· RAN1 also asks RAN4 whether or not the transient period(s) relates to transmission characteristics e.g., bandwidth and frequency location in a bandwidth, PSD, frequency-hopping during the transmission, carrier frequency

· Note that RAN1 will proceed with the design assuming that the transient period is small enough (significantly smaller than that of LTE) for NR to work well in the short duration
LS on transient period for NR was agreed in R1-1703782
Agreements:
· For 2-symbol PUCCH, consider following options
· Option 1: RS and UCI are multiplexed by FDM manner in each symbol.

· Option 2: RS and UCI are multiplexed by TDM manner.

· Option 3: RS and UCI are multiplexed by FDM manner in one symbol and only UCI is carried on another symbol without RS
· Option 4: Sequence based design without RS only for small payload size case

· Option 5: Sequence based design with RS only for small payload size case

· Option 6: Pre-DFT multiplexing in one or both symbol(s)

· Combination of above options are not precluded

Agreements:
· For 1-symbol PUCCH, consider following options
· Option 1: RS and UCI of one UE are multiplexed by FDM manner in each symbol.

· Already agreed.

· Option 4: Sequence based design without RS only for small (1~2) payload size case
· Information is delivered by which sequence/code is transmitted
· Sequence is mapped over contiguous or non-contiguous REs

· UCI sequence can be CDMed with DMRS sequence of other UEs

· Option 5: Sequence based design with RS only for small (1~2) payload size case
· Information is delivered by which/what sequence/code is transmitted
· RS and UCI are multiplexed by CDM manner

· Option 6: Pre-DFT multiplexing of RS and UCI

· Consider for both small and large UCI payload size cases

· Possibility 1: {CP + Pilot} + {CP + Data} to avoid MPI b/w pilot and data

· Possibility 2: CP + {Pilot + Data} as current DFT-s-OFDM
· Other possibilities are not precluded
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting

Agreements:

· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot

· FFS the set of supported values

Agreements:
· For PUCCH in long duration, 

· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)

· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed

· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.

· FFS for >2 UCI bits

· FFS the case of within a slot
Conclusion:

· To determine the time resource for long duration PUCCH in a slot, study further

· Option 1: explicit and dynamic indication

· Option 2: explicit semi-static configuration

· Option 3: implicit determination

· Or a combination thereof

Agreements:
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.

· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.

· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE

· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling

· This does not preclude implicit resource mapping

Agreements:
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth
Agreements:
· When a UE transmits PUSCH/PUCCH or receives PDSCH based on DCI detected in group common search space, UE applies one of FFSs: default value or value provided by SIB and/or value signalled in DCI. 
· This applies at least for following.
· PDCCH to PDSCH time difference
· PDCCH to PUSCH time difference
· PDSCH to PUCCH time difference
· FFS: timing relations during random access procedure.
· In case of DCI, FFS whether some entries is modified by UE specific RRC message.
· Note that this agreement does not preclude to include values provided by SIB also in UE specific RRC configuration
Working assumption:

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB
· CBG granularity is configurable
Agreements:
· NR supports both contiguous and non-contiguous resource allocation for data with CP-OFDM for both UL and DL

· FFS detailed for both contiguous and non-contiguous resource allocation schemes

Agreements:

· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding

· FFS details
Agreements:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource

· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB

Agreements:
· For UL transmission without grant,
· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly

· Reference signal parameters

· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE

· FFS other parameters

· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB

· The number of repetitions for the TB reaches K
Agreements:
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB

· FFS: An acknowledgement/indication of successful receiving of that TB from gNB

· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB

· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)

· Note that other termination condition of repetition may apply

	Channel coding and modulation

	Conclusion:
· Minimum set of information block sizes granularity for evaluation at BLER 1e-2 and 1e-4:

[image: image3.png]KeuwcKe<=511]

[s28<=k<=1024]

l04s<R<—6144

144<-K<-8107]

El

128





· Some off-grid values of K shall also be evaluated. 

· Minimum information block size for evaluation = 40
Conclusion for some code design targets:

· At least support 20Gbps decoder information throughput with code rate 8/9

· Also aim for good throughput performance at lower code rate(s)

· FFS the details of how to assess throughput performance at lower code rates, including whether the assessment is relative or absolute, and other constraints (e.g. complexity)

Agreement: 

Working Assumption from Jan adhoc is confirmed with modifications as follows: 

· A corresponds to systematic bits
· B is square and corresponds to parity bits
· The first or last column may be weight 1
· The non-zero value is in the last row and this row is weight 1 in B
· If there is a weight 1 column, then the remaining columns contain a square matrix such that:
· First column has weight three
· The columns after the weight three column have a dual diagonal structure (i.e., main diagonal and off diagonal)
· If there is no weight 1 column
· B consists of only a square matrix such that:
· First column has weight three
· The columns after the weight three column have a dual diagonal structure (i.e., main diagonal and off diagonal)
· E.g.:
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Agreement: 

· Number of base graphs for eMBB is FFS between 1 and 2

· Evaluate the potential gains from 2 base-graphs compared to a single base-graph until RAN1#88bis

Agreement: 

· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs:
· {8192, 256}, {8192, 512}, {FFS near 8192, 320}
Definitions and notation to be used in continuing work on lifting analysis: 

· For a given shift size Z
· A QC-LDPC code can be defined by a parity check matrix
· A parity check matrix can be defined by its base graph and shift values.
      > Element 1s in the base graph is replaced by a circulant permutation matrix of size ZxZ.
      > Element 0s in the base graph is replaced by zero matrix of size ZxZ. 
· Shift values can be calculated by a function Pi,j = f(Vi,j, Z)
· Vi,j is an integer corresponding to the (i,j)-th non-zero element in a base matrix
· Shift size Z
· The size of circulant permutation matrix
· Shift value Pi,j 
· Circularly shifted value from the identity matrix for the (i,j)-th non-zero element in a base matrix. 
· Circulant permutation matrix
· The  ZxZ circulant permutation matrix which shifts the  ZxZ identity matrix I to the right by Pi,j  times for the (i,j)-th non-zero element in a base matrix.
Conclusion:

· Until RAN1#88bis, work together on a coding scheme that achieves the benefits of both Alts 1&2

· With J’ bits for the purpose of assisting the polar decoding, where  0<=J’<=Jmax , aiming for Jmax , e.g. in the region of 8 (other values are not precluded)

· This does not preclude the use of the J bits for assisting decoding

· Note that any PC-frozen bits would be considered to be among the J’ bits

· The following are examples:

J bits CRC + J’ bits CRC + basic polar;
            
 J bits CRC + J’ bits distributed CRC + basic polar;
           
 J bits CRC + J’ PC bits + basic polar; (i.e. PC-Polar)
           
 J bits CRC + J’ Hash sequence + basic polar;
(J + J’) bits CRC + basic polar
Agreement for DCI:

· Maximum mother code size of Polar code, N=2n, is:
· Nmax,DCI =512 for downlink control information
Working Assumption for UCI:

· Nmax,UCI =1024
· Optimise code design for K up to 200
· Also aim for code design that supports values of K up to 500 with good performance, typically using higher code rates 
· Without prejudice to the final design, companies are encouraged to investigate advanced code rate matching schemes until RAN1#88bis
· Working assumption can be revisited at RAN1#88bis if it does not prove to be possible to generate a good code design with Nmax,UCI =1024
Conclusion: 
For very small block lengths:

· For evaluations to be submitted to RAN1#88bis of channel code for very small block lengths, evaluate both BLER and error detection capability for comparison

· FFS the error detection targets

· FFS whether the receiver knows in each case whether a codeword is transmitted and the format thereof

· FFS whether the coding scheme is the same on control and data physical channels

· FFS the details of the selection criteria

Observations:

· RAN1 has studied following modulation schemes, but has not reached conclusions so far:
· Higher order modulation e.g. 1024QAM 
· Shaped Modulation
· Spatial Modulation
· Diversity enhancing modulation schemes 
· Coded modulation and bits-to-symbol(s) mappings
· APSK

· Interpolated QPSK modulation



	Duplex and interference management

	Agreements:

· Evaluation results for flexible duplexing is captured in section 10 of TR38.802
· Evaluation results are summarized in the attached sheet in R1-1703818

· Which can be further updated upon availability of new results (by Friday morning)

· Agreed evaluation assumption for flexible duplexing is also captured in appendix A.2 of TR38.802
· Agreed assumption are indicated in slide 5-9 in R1-1703818

Agreements:

· Observations for indoor hotspot scenario:

· Evaluations show that duplexing flexibility with cross-link interference mitigation schemes and on a 4GHz and 30GHz provides better UPT compared to static UL/DL resource partition and duplexing flexibility without cross-link interference mitigation schemes

· Evaluations show that duplexing flexibility without cross-link interference mitigation schemes on a 4GHz and 30GHz provides better UPT compared to static UL/DL resource partition at least for some cases

· The evaluated cross-link interference mitigation schemes include sensing based methods, advanced receivers (e.g. MMSE-IRC, EMMSE-IRC), coordinated scheduling/beamforming, power control, link adaptation, hybrid dynamic/static UL/DL resource assignment. 

Agreements:

· For urban macro scenario, evaluations show that duplexing flexibility with cross-link interference mitigation schemes on a 4GHz unpaired spectrum and on a 2GHz paired spectrum provides better average UPT compared to static UL/DL resource partition and duplexing flexibility without cross-link interference mitigation schemes. 

· The evaluated cross-link interference mitigation schemes include advanced receivers (e.g. MMSE-IRC, EMMSE-IRC, packet exchange for interference cancellation), coordinated scheduling/beamforming, power control, link adaptation.

· For urban macro scenario, evaluations show that duplexing flexibility on a 2GHz paired spectrum with SRS on the DL part without dynamic DL/UL resource allocation provides better cell average/edge throughput compared to no SRS on the DL part of the spectrum.

· Note: it is up to the rapporteur whether or not to include the references of contributions on evaluation results in the observations (to be consistent with other parts of the TR)

Agreements:

· For dense urban scenario, evaluations show that duplexing flexibility with cross-link interference mitigation schemes on a 4GHz and 30GHz unpaired spectrum provides better UPT compared to static UL/DL resource partition and duplexing flexibility without cross-link interference mitigation schemes

· The evaluated cross-link interference mitigation schemes include advanced receivers (e.g. MMSE-IRC, eMMSE-IRC), sensing based schemes, coordinated scheduling/beamforming, power control, link adaptation, hybrid dynamic/static UL/DL resource assignment. 

Agreements:

· The attached spreadsheet in R1-1703823 is endorsed with the following updates:

· 10F: change it to “implementation based”

· Merge 4F into 5F

· 5F: add “DL/UL subcarrier alignment”

· Merge 4G into 5G

· Update column H to “provided” vs. “not provided”

· To further capture aspects in R1-1702296

· Companies can still update the spreadsheet when necessary (by Friday morning 9am)

The updated document is in R1-1704005, which is endorsed with the following updates:

· B4 ( “Advanced receiver (IC/IS)”

· Merge 16 & 28 into one category

The endorsed R1-1704005 (with the updates) will be captured in TR (detailed format is up to the Rapporteur) 

R1-1704087
WF on Summary of Interference Management Scheme for Duplexing Flexibility
LGE
Include this excel sheet to TR (Note that how to capture this excel sheet is up to editors)

	Wider bandwidth operations

	Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15

· Note:  final decision on the value  is up to RAN4

· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15

· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing

· Note: final value for a given channel BW is up to RAN4 decision

· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases
LS on wider bandwidth operation for NR was agreed in R1-1703895
Agreements:
· Prepare draft LS in R1-1703919 – Peter (Qualcomm) to RAN4 to inform that RAN1 is discussing following alternatives for a wider BW CC, i.e., CC BW greater than X (e.g., 100 MHz), 
· A) UE is configured with one wideband carrier while the UE utilizes multiple Rx/Tx chains (Case 3)
· B) A gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains)
· FFS: Potential impact on design for the wide BW signal/channels

· Note: The support of multiple Rx/Tx chains in the gNB within one wideband CC is not addressed in above discussion 
LS on Wideband Operating Options was agreed in R1-1703920

	Other

	Agreements:
· RAN1 will down select between following alternatives in the next meeting
· Alt.1

· Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0.

· Alt.2

· For a given SCS F0, subcarrier 0 has SCS dependent offset of PRB boundary based on the largest subcarrier spacing supported by the carrier

· Fractional PRB is not supported in Rel. 15

LS on subcarrier grid for NR was agreed in R1-1704125 by changing action points to “None”
Agreements:
· Working assumption: LTE scaled extended CP is supported at least for NR 60kHz SCS in Rel-15
· Revisit and design CP choice from 48, 52, or 49 OFDM symbols in 1 msec if other extended CP(s) have benefits for identified use cases
· The CP type can be semi-static configured with UE-specific signalling
· FFS extended  CP for other numerologies including forward compatible aspects


3. RAN WG3 progress at RAN3 #95 (February 2017)
NG interface
A reference toTR23.799, which already captured general aspects on RAN-CN functional split, was added in R3-170798.

The description for the path switch procedure was corrected in R3-170799.

Terminology was corrected and the generic description for “Handover Notify” is added in R3-170800.

Paging procedure was captured in R3-170801.

Xn interface
Some correction was done and note for DC between two gNBs was deleted as RAN2 agreed to support it in R3-170853 

Network slicing

The scope of “8.1 Key principles for support of Network Slicing in RAN” was clarified for new RAN, including both gNB and eLTE eNB in R3-170797.

Examples on how to handle mobility and mapping of NW slices was captured in R3-170822.

Connected Mode Mobility was clarified in R3-170899.

To follow SA2 agreement, “SM-NSSAI” was replaced by “S-NSSAI” in R3-170548.  

Conclusion on network slice and CN node selection was captured in R3-170821.
QoS
Some correction was done in R3-170851 and R3-170852.

Tight interworking between New RAT and LTE
Some correction was done in R3-170422, R3-170854 and R3-170863.

Some clarification was done in R3-170855.

SCG split bearer was introduced to Option 7 in R3-170856.

It was clarified that the NR new QoS model defined in section 9 will be applied for the new Xn based procedures of Option 4 and Option 7 in R3-170900.

TNL address discovery aspects was captured in R3-170424

New RAN operation

Unnecessary note for PDU session management was deleted in R3-170516.

For Intra-NR Dual connectivity, it was clarified that the main principles from legacy LTE DC can be inherited by Intra-NR DC with potential enhancement in R3-170901.
New RAN operation: Intra-system mobility
It was clarified that the intra 5G intra-RAT handover is normally based on Xn-based handover in R3-170717.

CU-DU split
For Option 2, followings were captured in R3-170902.

· May be a base on an X2-like design due to similarity on U-plane but some functionality may be different e.g. C-plane since some new procedures may be needed.
· An enhancement for the fast-centralized retransmission of lost RLC PDUs in this option was identified, but the solution details were not discussed in this study.
The conclusion of higher layer split was agreed as follows in R3-170876.

“There shall be normative work for a single higher layer split option, i.e. Stage 2 and Stage3. 

In the meantime, if other decisions cannot be made, RAN3 recommends to progress on Option 2 for high layer RAN architecture split. The contributions to the April meeting with regards to option2 against option 3-1 should be limited to address the fast centralized retransmission of lost RLC PDUs. If no agreement can be reached, a formal vote will be set-up, which will result in a down selection between Option 2 or Option 3-1, by April 2017.

Normative contributions to different options are also expected.”
The conclusion of lower layer split was agreed as follows in R3-170872.

“The study on lower layer split RAN architectures is not completed and postponed.

Further study is required to assess on low layer split, the feasibility, the selection of options and assess the relative technical benefits, based on NR, before the decision to go to specification phase can be made. Discussion in the Study Item, favored option 6 and 7 for a future study.”
However, RAN3 could not agree a way forward on the timeline:  some companies expressed the view that remaining open issues could be clarified during the normative phase while some other companies are of the opinion that the work should be suspended until that the level of standardization of low layer protocols has reached sufficient level of maturity i.e. beyond rel-15.
UP-CP separation

Followings are captured in R3-170906.

· Some deployment scenarios based on Higher Layer Split Option 2 as example and reusing Release 12 Dual Connectivity concepts.

· Conclusion that some of the benefits of Control and User Plane separation based on Release 12 Dual Connectivity were identified, but solutions details were not discussed during the study item..
Migration towards RAN for NR
Migration Paths of China Telecom was captured in R3-170865.

4. RAN WG4 progress at RAN4 #82 (February 2017)
For spectrum

· WF on NR spectrum [R4-1702504]
· Guideline for general aspect
· In this WF, following terminologies apply:

· NR band: Operating band to be specified for NR operation in NR WI. 

· LTE-NR band combination: Combination of LTE band(s) and NR band(s) for dual connectivity operation for Non-stand-alone operation.

· RAN4 recommend following guideline to RAN-Plenary#75

· How to propose NR spectrum in Rel-15 timeline

· NR bands/LTE-NR band combinations related to NR are handled in a Rel-15 NR WI

· NR bands/LTE-NR band combinations to be handled in the Rel-15 NR WI can be added at every RAN plenary

· In order to update the Rel-15 NR WID, the new NR bands/LTE-NR band combinations need to be proposed/approved in RAN4 in advance with at least 4 supporting companies. 

· E.g. NR bands/LTE-NR band combinations to be proposed in June 2017 RAN-Plenary need to be proposed/approved by 2017 May RAN4.

· Rel-15 NR WID will be updated at every RAN plenary according to the new NR bands/LTE-NR band combinations which RAN4 approved.

· NR Bands/LTE-NR band combinations which will not be completed before the end of Release 15 will be transferred into an equivalent Rel-16 NR WI, and added to the specifications as soon as they are completed.

· Release independence

· Release independent manner which is used in LTE is applied to NR bands/LTE-NR band combinations.

· NR bands and LTE-NR  band combinations will be release independent from Rel-15.
· Guideline for NR frequency
· RAN4 recommends following guideline to RAN-Plenary#75

· At least following the frequency ranges are included in scope of NR bands in Rel-15 NR WI

· For new frequencies, how to define band(s) for each frequency range will be determined in WI phase taking into account deployment plan, spectrum holding possibility, regional/national regulatory requirements, global harmonization and implementation difficulty including PA feasibility etc..
	Frequency range/LTE band
	Operators whose request is included in the frequency range

	3.3-4.2 GHz
	DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom, KT, SK Telecom, LG Uplus, Etisalat, Orange, Telecom Italia, British Telecom, Deutsche Telekom

	4.4-4.99 GHz
	DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom, 

	24.25-29.5 GHz
	DOCOMO, KDDI, SBM, CMCC, KT, SK Telecom, LG Uplus, Etisalat, Orange, Verizon, T-mobile, Telecom Italia, British Telecom, Deutsche Telekom

	31.8-33.4GHz
	Orange, Telecom Italia, British Telecom

	37-40 GHz
	AT&T, Verizon, T-mobile

	1.427-1.518G
	Etisalat

	Band 3
	CMCC, China Telecom

	Band 7
	CHTTL, British Telecom

	Band 8
	CMCC

	Band 20
	Orange

	Band 28
	Orange

	Band 41
	Sprint, China Telecom, C-Spire, China Unicom

	band 66
	T-mobile

	Band 1
	China Unicom, China Telecom


· Guideline for LTE-NR band combination
· RAN4 recommends following guideline to RAN-Plenary#75

· At least following combinations of NR frequency range (1CC) and LTE band (1CC) are proposed to be included in scope of the LTE-NR band combinations in Rel-15 WI

· Note that specific NR bands within new frequency ranges depend on outcome of NR band discussion
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In addition, an LS of [R4-1702510] was approved which inform the above guidelines of RAN.

Moreover, a way forward of [R4-1702527] was approved where the followings are captured.

· WF on NR band structure [R4-1702527]
· If NR bands need to be defined in a new way compared to LTE and how to do it can be further studied to consider the following aspects. It is FFS how to carry out such study.

· Feasibility study should be conducted by considering

· Benefits compared to current band structure  with practical assumptions and limitations

· Implementation impact and complexity of both BS and UE

· Regulatory aspects

· Specification impact and complexity

· Timeline with respect to other RAN4 R15 NR work

· If LTE-NR co-existence with uplink sharing will be included in the Rel-15 NR WI, RAN4 should study the possible band combinations according to operators’ interests, by considering

· Whether 1UL or 2 ULs will be allowed should be studied further in order to distinguish DC, CA and uplink sharing aiming to minimize workload of RAN4 in Rel-15 to reasonable level.

· Impact on implementation such as flexible duplex distance, as well as specification complexity needs to be studied

· The exact completion date is FFS and set in such a way that progress on NSA is not impacted.

For UE/BS common

Regarding the channel bandwidth/Transmission bandwidth configuration adaptation, two way forwards of [R4-1702374, R4-1702035] were approved where the following agreements are made.
· WF on sub-carrier spacing and channel bandwidth [R4-1702374]
· For SCS

· For sub 6GHz

· 15kHz, 30kHz, and 60kHz are feasible SCS

· For above 6GHz

· RAN4 has not yet reached a decision on which SCS are feasible

· 60kHz, 120kHz and 240kHz are potential candidates for SCS

· Feasibility of 480kHz is FFS

· Evaluation of feasible SCS should be made based on the phase noise model(s), CBW, FFT size, service to support etc.

· Which of the above mentioned SCSs are supported for NR bands will be discussed in WI phase.

· SCSs mentioned above are not applicable to all bands

· Note: RAN4 discussion is for common or dedicated  data channel and is not applicable for special channel such as PRACH or sync channel, which is dependent on RAN1 progress.
· For CBW

· For sub 6GHz

· Maximum CBW will be further studied in range of 100MHz ~ 200MHz.

· For above 6GHz

· Maximum CBW will be further studied in range of 100MHz ~ 1GHz.

· Maximum CBW to be supported for NR bands will be discussed in WI phase

· Maximum CBW mentioned above may be not applicable to all bands, e.g. for low frequency bands

· In case operator has spectrum higher than the maximum CBW, CA can be used to utilize whole spectrum

· Subsets of CBW will be discussed in WI phase.

· Whether it is possible to support the maximum CBW with CA is FFS

· For FFT size

· For the maximum FFT size

· 4096 FFT size is feasible 

· feasibility of 8192 FFT size is FFS

· Note: there is no mandate on UE and BS implementation with respect to FFT size.
Regarding the flexible channel bandwidth, there was a discussion on how to define flexible CBW for NR. As a result, a way forward of [R4-1702091] was approved where the followings are concluded.
· WF on UE RF requirements scalability for flexible channel bandwidth consideration [R4-1702091]

· To study if UE RF requirements can be parameterized over channel bandwidth, specifically, for those requirements not channel bandwidth independent nor linearly scalable with channel bandwidth, such as MPR and A-MPR.

· To study if defining a finite set of channel bandwidth (including asymmetrical CH BWs for UL & DL) for UE RF specifications is sufficient for performance and functional test coverage?

· For example, if X MHz and Y MHz (two adjacent test points) were defined for test specifications, can passing X MHz and Y MHz requirements guarantee that any BW between X MHz and Y MHz would also fulfill the performance and functional requirements?   

· Study the possibility that some UE RF specifications for an arbitrary channel bandwidth not in the finite set can be derived from those for channel bandwidth in the finite set in any necessary way of combination?

· This way forward focuses on UE RF requirements only. The study results may later be considered to apply for BS RF requirements. 

Regarding the UE transmission bandwidth configuration adaptation, there was a discussion on UE transmission bandwidth configuration adaptation based on the LS from RAN1 [R4-1700238].As a result of discussion, an LS of [R4-1702029] was approved where initial analyses on transition time and power saving are included.

Regarding the UE capability for LTE/NR tight working, UE capability aspects for LTE/NR tight working was discussed based on the LS from RAN2 [R4-1700041]. As a result of discussion, an LS of [R4-1702099] was approved which inform results of initial analyses and current status of RAN4 discussion of RAN1 and RAN2.

Regarding the channel raster, a following proposal from [R4-1700848] was approved. Note that the contribution of [R4-1700848] itself was not approved.
· Approved proposal from [R4-1700848]

· The possibility of having a synchronization channel raster that is more sparse than the channel raster should be studied further, considering existing RAN1 and RAN4 agreements. The following aspects are of particular interest:

· Relations between synch channel raster, RF channel raster and subcarrier spacing.

· Possible restrictions on channel bandwidth and other RF parameters.

· Difference in choice of raster parameters between operating bands in different frequency ranges and of different size, and for legacy bands vs. new bands.

· Impact on possible carrier aggregation for NR.

· Identify any RAN1 aspects that should be further investigated or confirmed (for LS exchange).
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