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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

This document is intended to gather all technical outcome of the study item "Next Generation New Radio (NR) Access Technology" [1], and draw a conclusion on a way forward.
This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
In addition this document includes the results of the work supporting the3GPP submission to the ITU-R as a candidate technology for the IMT-2020.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP RP-160671, “New SID Proposal: Study on New Radio Access Technology”
3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

NR
New Radio
4
Introduction
At the 3GPP TSG RAN #71 meeting, the Study Item description on " New SID Proposal: Study on New Radio Access Technology " was approved [1]. The study item covers technology components to be considered for new radio access technologies, e.g. to fulfil the requirements on IMT-2020. This technical report covers the physical-layer aspects of these technology components.
5
Deployment scenario

6
Forward compatibility
Forward compatibility of NR shall ensure smooth introduction of future services and features while efficient access of the earlier services and UEs in the same spectrum is still ensured. 

In order to ensure forward compatibility of NR, explicit signaling to NR UEs can indicate reserved resources. At least some reserved resources are indicated by using at least RRC signaling.
7
Radio interface protocol architecture for next generation radio
Editor’s notes: If several modes exist (e.g., LTE assisted, Standalone new RAT), they will be all captured here.
7.1
User plane

7.2
Control plane
8
Physical layer for next generation radio
Editor’s notes: FDD and TDD, and licensed and unlicensed bands will be considered.
8.1
Numerologies and frame structure
Multiple numerologies are supported, derived by scaling a basic subcarrier spacing by an integer N. The numerology used can be selected independently of the frequency band although it is assumed not to use a very low subcarrier spacing at very high carrier frequencies. Flexible network and UE channel bandwidth is supported. The largest component carrier bandwidth not smaller than 80 MHz for at least one numerology is supported. 
A subframe duration is fixed to 1ms and frame length is 10 msec
. Scalable numerology should allow at least from 15kHz to 480kHz subcarrier spacing. The numerology with 15 kHz and scaled numerology with different subcarrier spacing with the same CP overhead align at a symbol boundary every 1ms in a NR carrier. More specifically, for the normal CP family, the following is adopted. 
· For subcarrier spacing of 15 kHz * 2n (n is non-negative integer), 

· Each symbol length (including CP) of 15 kHz equals the sum of the corresponding 2n symbols of the subcarrier spacing.
· Other than the first OFDM symbol in every 0.5ms, all OFDM symbols within 0.5ms have the same size

· The first OFDM symbol in 0.5m is longer by 16Ts (assuming 15 kHz and FFT size of 2048) compared to other OFDM symbols.
· 16 Ts is used for CP for the first symbol.
· For subcarrier spacing of 15 kHz * 2n (n is a negative integer)

· Each symbol length (including CP) of the subcarrier spacing equals the sum of the corresponding 2n symbols of 15 kHz.
Resource defined by one subcarrier and one symbol is called as resource element (RE). 

The physical layer design supports an extended CP. Extended CP will be only one in given subcarrier spacing. Extended CP is supported at least for 60 kHz subcarrier spacing. UE supporting the extended CP may depend on UE type/capability. The possible use cases for the extended CP include 

· Multiplexing of eMBB and URLLC deployed below 6 GHz 

· Subcarrier spacing for eMBB = 15(normal CP)/30/60kHz, subcarrier spacing for URLLC = 60 kHz, 
· Transmission of URLLC with 60 kHz subcarrier spacing
· High speed scenarios for 30kHz and 60kHz

No explicit DC subcarrier is reserved both for downlink and uplink. Regarding DC present within the transmitter, DC handling of DC subcarrier in transmitter side is specified as follows:

· Receiver knows where DC subcarrier is or is informed (e.g., by specification or signaling) of where DC subcarrier is or if DC subcarrier is not present within receiver bandwidth.
· When receiver is informed DC subcarrier is present, FFS: transmitter DC subcarrier is punctured, rate matched, modulated, or EVM is not specified.
· When DC subcarrier is not present, all subcarriers within the receiver bandwidth are transmitted.
On the other hand, at the receiver side, no special handling of the DC subcarrier(s) on the receiver side is specified in RAN1. Behavior is left to implementation, i.e., the receiver may for example puncture data received on the DC subcarrier.
A slot is defined as 7 or 14 OFDM symbols for the same subcarrier spacing of up to 60kHz with normal CP and as 14 OFDM
 symbols for the same subcarrier spacing higher than 60kHz with normal CP. A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}. Slot aggregation is supported, i.e., data transmission can be scheduled to span one or multiple slots. 

Mini-slots having the following lengths are defined.

· At least above 6 GHz, mini-slot with length 1 symbol supported.
· Lengths from 2 to slot length -1
· For URLLC, 2 is supported
Note that some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions. Mini-slot can start at any OFDM symbol, at least above 6 GHz. A mini-slot contains DMRS at position(s) relative to the start of the mini-slot.
At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs
.The number of subcarriers per PRB is 12.

8.2
Downlink transmission scheme

Editor’s notes: If there are specific transmission schemes or technical features for the specific usage case, new section(s) and/or subsection(s) will be created. 
8.2.1
Basic transmission scheme
8.2.1.1
Modulation scheme

QPSK, 16QAM, 64QAM and 256QAM (with the same constellation mapping as in LTE) are supported.
8.2.1.2
Physical layer channel 

NR defines physical resource block (PRB) where the number of subcarriers per PRB is the same for all numerologies. 

8.2.1.2.1
Physical resource multiplexing

Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported in TDM and/or FDM manner for both downlink and uplink. From UE perspective, multiplexing different numerologies is performed in TDM and/or FDM manner within/across (a) subframe duration(s). For subcarrier spacing of 
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kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a nested manner in the frequency domain and the PRB grids are defined as the subset/superset of the PRB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain. 

From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by using the same subcarrier spacing with the same CP overhead or using different subcarrier spacing. In the specification, both approaches are to be supported. NR supports dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL. Dynamic resource sharing between URLLC and eMBB is also supported by transmitting URLLC scheduled traffic where URLLC transmission may occur in resources scheduled for ongoing eMBB traffic.
8.2.1.2.2
Data channel

8.2.1.2.3

Control channel

In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel. A DL control channel can be mapped on one or more NR-CCEs where an NR-CCE includes an positive integer number of PRBs. This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot.A UE may have one or more control resource sets. 
At least for single stage DCI design, a UE monitors for downlink control information in one or more “control resource set” where a “control resource set” is smaller than or equal to the carrier bandwidth (up to a certain limit) and consists of an integer number of RBs/PRBs in the frequency domain. The control resource set is a set of PRBs within which the UE attempts to blindly decode downlink control information. The PRBs may or may not be frequency contiguous. When the control resource set spans multiple OFDM symbols, a control channel candidate is mapped to multiple OFDM symbols or to a single OFDM symbol. The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. This does not preclude that UE may receive additional control information elsewhere within or outside the control resource set in the same or different OFDM symbol(s).  NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain. From gNB perspective, DL control channel can be located at the first OFDM symbol(s) in a slot and/or mini-slot. UE-specific DL control information monitoring occasions at least in time domain can be configured. At least for single-stage DCI design, for slots, minimum granularity of DCI monitoring occasion is once per slot. 

The time/frequency resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information. Time/frequency resource containing additional search spaces, can be configured using dedicated RRC signaling.
UE/NR-PDCCH-specific DM-RS and shared/common RS are supported for NR-PDCCH reception. At least for beamforming, UE may assume the same precoding operation for NR-PDCCH and associated DM-RS for NR-PDCCH. The reference signals in at least one search space do not depend on the RNTI or UE-identity. In an additional search space, reference signals can be configured.

Transmit diversity supported.
8.2.1.3
Waveform

OFDM-based waveform is supported. At least up to 40 GHz for eMBB and URLLC services, CP-OFDM based waveform supports spectral utilization of Y greater than that of LTE (assuming Y=90% for LTE) where Y (%) is defined as transmission bandwidth configuration / channel bandwidth * 100%.
8.2.1.4
Multiple access scheme

Synchronous/scheduling-based orthogonal multiple access is at least supported for DL transmissions, at least targeting for eMBB. 
8.2.1.5
Channel coding

The channel coding scheme for data for eMBB is flexible LDPC as the single channel coding scheme for all block sizes.  The channel coding scheme for UL control information for eMBB is Polar Coding.

Channel coding techniques for NR should support info block size K flexibility and codeword size flexibility where basic code design with rate matching (i.e., puncturing and/or repetition) supports 1-bit granularity in codeword size. Channel coding technique(s) designed for data channels of NR support both Incremental Redundancy (IR) (or similar) and Chase Combining (CC) HARQ. 

8.2.1.5.1
LDPC

Code extension of a parity-check matrix is used for IR HARQ/rate-matching support. Lower-triangular extension, which includes diagonal-extension as a special case, is used. For the QC-LDPC design, the non-zero sub-blocks have circulant weight <=2. Circulant weight is the number of superimposed circularly shifted Z(Z identity matrices. In parity check matrix design, the highest code rate (Rmax,j ) to design j-th H matrix for is Rmax,j <=8/9, where Rmax,j is the code rate of the j-th H matrix before code extension is applied (0( j< J). Rmax,j is the code rate after accounting for the built-in puncturing, if this is applied in H matrix design. 

8.2.1.5.2
Polar coding

8.2.1.6
Multi-antenna scheme

8.2.1.6.1
Beam management

In NR, beam management is defined as follows:

· Beam management:  a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
· Beam determination: for TRP(s) or UE to select of its own Tx/Rx beam(s).
· Beam measurement: for TRP(s) or UE to measure characteristics of received beamformed signals

· Beam reporting: for UE to report information a property/quality of of beamformed signal(s) based on beam measurement

· Beam sweeping: operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.

The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams. For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams.
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From a possibly smaller set of beams for beam refinement than in P-1. Note that P-2 can be a special case of P-1.
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
At least network triggered aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations. 

For downlink, NR supports beam management with and without beam-related indication. When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE. 

Based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams.

NR supports mechanism(s) in the case of link failure and/or blockage for NR. 

NR supports using same or different beams on control channel and the corresponding data channel transmissions.

8.2.1.6.2
MIMO schemes

DL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported. At least 8 orthogonal DL DMRS ports are supported for SU-MIMO scheduling and at least 8 orthogonal DL DMRS ports are supported for MU-MIMO scheduling. At least the following DMRS based DL MIMO transmissions are supported for data in NR.
· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix

· Demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter

· Note: spatial multiplexing and rank-1 are included

· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix

· Demodulation of data at the UE may or may not require knowledge of the relation between DMRS ports and data layers

· Note: DMRS can be precoded or not precoded
For the downlink data, at least a PRB bundling size for precoding equal to a specified value is supported.

Dynamic switching between transmission methods/schemes is supported. The following two sets of transmission parameters are at least supported.

· Transmission parameter set 1: parameters configured (FFS: L1 or L2 or L3)
· For default transmission scheme, specify default values of parameters in the Transmission parameter set 1
· Note that depending on parameter settings in transmission parameter set 1, the size of transmission parameter set 2, i.e. DCI size, may vary. 
· Transmission parameter set 2: parameters indicated by physical layer (e.g. NR PDCCH channel)
· Note: some transmission parameter may belong to both set-1 and set-2
Downlink transmission scheme(s) achieving diversity gain at least for some control information transmission is supported.

8.2.1.6.3
CSI measurement and reporting

For NR, DL CSI measurement with X
 antenna ports is supported. At least for CSI acquisition, NR supports CSI-RS and SRS.  
NR supports aperiodic CSI reporting. NR also supports at least one of following:

· Periodic CSI reporting 

· It can be configured by higher layer. Higher-layer configuration includes at least reporting periodicity and timing offset.
· Semi-persistent CSI reporting
· Configuration of CSI reporting can be activated or de-activated.
CSI reporting with two types of spatial information feedback is supported.
· Type I feedback: Normal 

· Type I feedback is codebook-based PMI feedback with normal spatial resolution. PMI codebook has at least two stages W = W1W2 where W1 codebook comprises of beam groups/vectors.
· Type I feedback supports at least the following (DL) CSI reporting parameters.
· Resource selection indicator (Examples for further study are reference signal resource, port, reference signal sequence, beam)

· RI (rank indicator)

· PMI (precoding matrix indicator)

· Channel quality feedback
· Type II feedback: Enhanced 

· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 

For Type I and II, CSI feedback per subband as well as wideband feedback are supported. For Type I and II, beam-related feedback can be also included. For CSI reporting for a component carrier, at least three different frequency granularities are considered 

· Wideband CSI

· Wideband size is determined by UE RF capability of receiving DL signal. Location of wideband could be configurable by network. For example, wideband CSI is used for analog beam management at least.

· Partial band CSI

· For example, partial band CSI is used used for analogue beam management and  for managing CSI per service at least.
· Subband CSI

· The band size is determined by dividing wideband or partial band to multiple bands. For example, subband CSI is used for frequency selective scheduling and subband precoding at least.
With regard to relating CSI-RS transmission and CSI reporting, the following combinations are supported at least

· Aperiodic CSI reporting with aperiodic CSI-RS 

· Aperiodic CSI reporting with semi-persistent/periodic CSI-RS

· Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS

To support combinations above more flexibly, NR should allow independent control of CSI-RS indication and CSI reporting indication timings. The indication may refer to triggering, activation, and deactivation depending on type of RS/reporting.
Interference measurement under different interference hypothesis should be supported in NR. For interference measurement, at least one of the following schemes is supported.
· Measurement subsets in both time and frequency domain 

· Interference measurement restriction in both time and frequency domain
· CSI calculation based on one-shot measurement of interference.
UE supports up to L CSI measurement. Value of L may depend on the UE capability. 
A UE can be configured for CSI acquisition with the following features
· N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings and J IM settings
· A CSI reporting setting includes at least the following:

· Time-domain behavior: aperiodic or periodic/semi-persistent
· Frequency-granularity, at least for PMI and CQ
· An RS setting includes at least the following:

· Time-domain behavior: aperiodic or periodic/semi-persistent

· RS type which encompasses at least CSI-RS

· RS resource set(s) of K resources

· An IM setting includes at least the following:

· Time-domain behavior: aperiodic or periodic/semi-persistent

· IM types which encompasses CSI-IM

· A CSI measurement setting includes at least the following :  

· One CSI reporting setting

· One RS setting
· One IM setting

· For CQI, reference transmission scheme setting
8.2.1.6.4
Reference signal related to multi-antenna scheme

All physical channels and reference signals in NR are transmitted using antenna ports
 NR supports NR RS configured on a per UE basis.
 At least the following RSs are supported for NR downlink

· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
· DM-RS: Reference signal with main functionalities of data and control demodulation
· Reference signal for phase tracking
· Reference signal for time/freq. tracking
· Reference signal for Radio link monitoring

· RS for RRM measurement

8.2.1.6.4.1
CSI-RS
NR supports periodic, aperiodic, and semi-persistent transmissions of CSI-RS as follows.
· Semi-persistent transmission
· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically
· Preconfigured CSI-RS resources can be activated or de-activated

· Periodic transmission 
· Periodic transmission can be configured by higher layer signaling
· Periodic CSI-RS transmissions are semi-statically configured/re-configured.
NR CSI-RS pattern with at least the following properties is supported.
· CSI-RS mapped in one or multiple [consecutive] symbols

The following configurations of NR CSI-RS are supported.
· UE-specific configuration to support

· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
CSI-RS configuration for NR also includes at least ‘number of antenna ports’. Configuration can be explicit or implicit. The number of CSI-RS antenna ports can be independently configured for periodic/semi-persistent CSI reporting and aperiodic CSI reporting. A UE can be configured with a CSI-RS resource configuration with at up to at least 32 ports. UE is configured by RRC signaling with one or more CSI-RS resource sets and CSI-RS resources is dynamically allocated from the one or more sets to one or more users. Allocation can be aperiodic (single-shot) and can be on a semi-persistent basis. Note that semi-persistent CSI-RS transmission is periodic while allocated.
CSI-RS supports the downlink Tx beam sweeping and UE Rx beam sweeping. Note that CSI-RS can be used in P1, P2, P3. NR CSI-RS supports the following mapping structure.
· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped

· Each time unit can be partitioned into sub-time units
· Mapping structure can be used for supporting multiple panels/Tx chains
NZP CSI-RS resource is defined in NR, as a set of NZP CSI-RS port(s) mapped to a set of REs within a frequency span/a time duration which can be measured at least to derive a CSI. Multiple NZP CSI-RS resources can be configured to UE at least for supporting CoMP and multiple beamformed CSI-RS based operations, where each NZP CSI-RS resource at least for CoMP can have different number of CSI-RS ports.
8.2.1.6.4.3
DM-RS
Variable/configurable DMRS patterns for data demodulation are supported. At least, one configuration supports front-loaded DMRS pattern.

8.2.1.6.4.4
Phase-tracking RS (PT-RS)
For CP-OFDM, time-domain density mapped on every other symbol and/or every symbol and/or every 4-th symbol is supported. 
8.2.1.6.5
Quasi-colocation (QCL)

Definition of QCL is that two antenna ports are said to be quasi co-located if properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed.
For DM-RS antenna ports, NR supports:

· All ports are quasi-collocated.
· Not all ports are quasi-collocated.
NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception.
8.2.1.6.5
Network coordination and advanced receiver

For coordinated transmission schemes for NR, both the case of co-located TRPs and the case of non-co-located TRPs are considered. For coordinated transmission schemes for NR, different types of coordinated transmission schemes for NR are supported. Both semi-static and dynamic network coordination schemes are considered. In supporting semi-static and dynamic network coordination schemes in NR, different coordination levels should be considered, e.g., centralized and distributed scheduling, the delay assumption used for coordination schemes, etc.
8.2.2
Physical layer procedure
8.2.2.1
Scheduling

NR supports both data and control with the same numerology. NR supports at least same-slot and cross-slot scheduling for both DL and UL. For slot-based scheduling, DL data reception in slot N and corresponding acknowledgment in slot N+K1 is to be specified.

8.2.2.2
HARQ

Operation of more than one DL HARQ processes is supported for a given UE while operation of one DL HARQ process is supported for some UEs. Asynchronous and adaptive DL HARQ is supported at least for eMBB and URLLC. From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region. Timing relationship between DL data reception and corresponding acknowledgement can be dynamically indicated by L1 signaling (e.g., DCI), semi-statically indicated to a UE via higher layer, or a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI).

8.2.2.3
Initial access and mobility

8.2.2.3.1
Synchronization signal and DL broadcast signal/channel structure

NR synchronization signal is based on CP-OFDM. NR defines at least two types of synchronization signals; NR-PSS and NR-SSS. NR-PSS is defined at least for initial symbol boundary synchronization to the NR cell. NR-SSS is defined for detection of NR cell ID or at least part of NR cell ID. The number of NR cell IDs is targeted to be at least 504. NR-SSS detection is based on the fixed time/frequency relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead. 

The raster for NR synchronization signals can be different per frequency range. At least for frequency ranges where NR supports a wider carrier bandwidth and operation in a wider frequency spectrum (e.g. above 6 GHz), the NR synchronization signals raster can be larger than the 100 kHz raster of LTE.
At least one broadcast channel (NR-PBCH) is defined. NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead. NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range.
NR-PSS, NR-SSS and/or NR-PBCH can be transmitted within a SS block. One or multiple SS block(s) compose an SS burst. One or multiple SS burst(s) further compose an SS burst set where the number of SS bursts within a SS burst set is finite. From physical layer specification perspective, at least one periodicity of SS burst set is supported. From UE perspective, SS burst set transmission is periodic. At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency. At least for multi-beams case, at least the time index of SS-block is indicated to the UE
For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification.
For NR-PSS, ZC-sequence can be used as the baseline sequence for NR-PSS for study. 
8.2.2.3.2
Mobility

For RRM measurement in NR, DL measurement is supported with the consideration on both single-beam based operation and multi-beam based operation. 
 NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE. Note that IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2 and CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2. Also, note that cell refers to NR cell which is tied to a same ID carried by NR-SS.
Adaptation and network indication of the valid time and frequency resources are supported which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs. For L3 mobility based on DL measurement in CONNECTED mode UE, at least, non-UE-specific DL signals can be used for CONNECTED mode RRM measurement. 

At least one of cell-level and beam-level measurement quantities is supported for RRM reporting.
8.2.2.3.3
Paging

For paging in multi-beam operation, beam sweeping is supported for paging,
8.2.3
Physical layer measurements
8.3
Uplink transmission scheme

Editor’s notes: If there are specific transmission schemes or technical features for the specific usage case, new section(s) and/or subsection(s) will be created.
8.3.1
Basic transmission scheme
8.3.1.1
Modulation scheme

QPSK, 16QAM, 64QAM and 256QAM (with the same constellation mapping as in LTE) are supported.

8.3.1.2
Physical layer channel 

8.3.1.2.1
Data channel

8.3.1.2.2

Control channel

Physical uplink control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration around the last transmitted UL symbol(s) of a slot. UL control channel is time-division-multiplexed and/or frequency-division-multiplexed with UL data channel within a slot. For UL control channel in short duration, transmission over one symbol duration of a slot is supported. 
· At least a low PAPR/CM design should be supported.
· Short UCI and data are frequency-division-multiplexed both within a UE and between UEs, at least for the case where the PRBs for short UCI and data are non-overlapping. 
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz.
· UL control channel can be transmitted in long duration over multiple UL symbols to improve coverage. UL control channel is frequency-division-multiplexed with UL data channel within a slot.

· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots.
· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases.

· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM.
In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel. The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth. UE-specific RS is used for NR-PUCCH transmission. 

It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
 A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the long and short PUCCH formats. UCI on PUSCH, i.e., using some of the scheduled resources for UCI is supported in case of simultaneous UCI and data Simultaneous PUSCH and PUCCH at least for the long PUCCH format is supported, i.e., transmit uplink control on PUCCH resources even in presence of data.
At least UL transmission of at least single HARQ-ACK bit is supported.
Mechanism enabling frequency-diversity is supported.
8.3.1.3
Waveform

OFDM-based waveform is supported. At least up to 40 GHz for eMBB and URLLC services, CP-OFDM based waveform supports spectral utilization of Y greater than that of LTE (assuming Y=90% for LTE) where Y (%) is defined as transmission bandwidth configuration / channel bandwidth * 100%.
DFT-S-OFDM based waveform is also supported, complementary to CP-OFDM waveform at least for eMBB uplink for up to 40GHz. CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases). Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use Note that both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs. 

8.3.1.4
Multiple access scheme

Synchronous/scheduling-based orthogonal multiple access is at least supported for UL transmissions, at least targeting for eMBB. Note that synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment.
8.3.1.5
Channel coding

8.3.1.6
Multi-antenna scheme

8.3.1.6.1
Beam management

8.3.1.6.2
MIMO schemes

The following aspects for UL MIMO transmission should be supported. Transmission schemes/methods for reciprocity calibrated UEs, reciprocity non-calibrated UEs, and non-reciprocity/partial reciprocity cases are considered.

· At least one of the following candidate schemes/methods is to be supported

· Candidate 1: Codebook based transmission
· NR supports up to at least 32 port codebook.
· Candidate 2: Non-codebook based transmission 

Dynamic switching between transmission methods/schemes is supported.
UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported. At least a maximum of 4 layers uplink SU-MIMO transmission is supported. 
At least one of precoded and non-precoded SRS based UL link adaptation procedure is supported in NR, with at least following three different procedures:
· UL data scheduling (MCS/precoder/rank) is based on non-precoded SRS transmission by UE

· Configurable number of SRS ports are 1, 2, 4, or [8]. 

· UL data scheduling (MCS/precoder/rank) is based on precoded SRS(s) transmission by UE

· Configurable number of SRS ports are 1, 2, or 4. 

· Multiple precoded SRS resources (if supported) can be configured.

· At least one of the following is supported

· Precoder for SRS can be determined by UE based on measurement on DL RS and 

· Precoder for SRS can be indicated by gNB
· UL data scheduling (MCS/precoder/rank) is based on a combination of non-precoded and precoded SRS transmission by UE
Note that some parts of above procedures might be transparent to UE. 

Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports are greater than [X].
8.3.1.6.3
Reference signal related to multi-antenna scheme

The following RSs are at least supported for NR uplink.
· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· DM-RS: Reference signal with main functionalities of data and control demodulation

· Reference signal for phase tracking
8.3.1.6.3.1
SRS
Configurable SRS bandwidth is supported. SRS can be configurable with regard to density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions). Partial band size and full band size can be configured. Partial-band is smaller than the largest transmission bandwidth supported by the UE. Within a partial-band, the PRBs for SRS transmission can at least be consecutive in the frequency domain. For the full band size, the size is equal to the largest transmission bandwidth supported by the UE. The numerology(ies) for the SRS transmissions can be also configurable for a UE.
An NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports (N ≥ 1). A UE can be configured with K ≥ 1 NR-SRS resources. The maximum value of K is considered to be a UE capability to avoid mandatory support for large values of K.

Aperiodic SRS transmission triggered by the network is supported.
8.3.1.6.3.2
PT-RS
For CP-OFDM, time-domain density mapped on every other symbol and/or every symbol and/or every 4-th symbol is supported. At least for UL, the presence of PT-RS is UE-specifically configured .PT-RS is confined in the scheduled time/frequency duration for a UE.
8.3.2
Physical channel procedure
8.3.2.1
Random access procedure

8.3.2.1.1
Preamble 

NR supports multiple RACH preamble formats, including at least RACH preamble formats with longer preamble length and shorter preamble length. Multiple/repeated RACH preambles in a RACH resource are supported. Numerology for RACH preamble can be different depending on frequency ranges. Numerology for RACH preamble can be different or the same from that for the other UL data/control channels.

For a single RACH preamble transmission, CP/GT are required. For example, the single RACH preamble would be used when Tx/Rx beam correspondence held at both TRP or UE for multi-beam operation
8.3.2.1.2
Procedure

RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is assumed for NR from physical layer perspective. Random access procedure is supported for both IDLE mode and CONNECTED mode UEs.
RACH resource is defined as a time-frequency resource to send RACH preamble. Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resources can be informed by broadcast system information, e.g., to cover gNB RX beam sweeping in case of NO Tx/Rx beam correspondence at the gNB. 

Regardless of whether Tx/Rx beam correspondence is available or not at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode. Association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources is informed to UE by broadcast system information or known to UE. Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources. UE Tx beam(s) for preamble transmission(s) is selected by the UE. During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.
Regardless of whether Tx/Rx beam correspondence is available or not at gNB at least for multiple beams operation, at gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association. UL grant in message 2 may indicate the transmission timing of message 3. 

At least for UE in idle mode, UL Tx beam for message 3 transmission is determined by UE. UE may use the same UL Tx beam used for message 1 transmission.
Different PRACH configurations will be supported, e.g., considering different numerologies case and whether Tx/Rx beam correspondence is available or not at gNB.
8.3.2.2
Scheduling

NR supports both data and control with the same numerology. The same-slot and cross-slot scheduling for UL is supported. Timing relationship between UL assignment and corresponding UL data transmission can be dynamically indicated by L1 signaling (e.g., DCI), semi-statically indicated to a UE via higher layer, or a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI).
 For slot-based scheduling, UL assignment in slot N and corresponding uplink data transmission in slot N+K2 is to be specified.

At least an UL transmission scheme without grant is supported for URLLC. Resource may or may not be shared among one or more users.
8.3.2.3
Power control

For NR-PUSCH at least targeting eMBB, both open-loop and closed-loop power controls are supported. Open-loop based on pathloss estimate is supported where pathloss is estimated using DL RS for measurement. Fractional power control is supported. Closed-loop power control is based on NW signaling. Dynamic UL-power adjustment is considered.
8.3.2.4
HARQ

Operation of more than one UL HARQ processes is supported for a given UE while operation of one UL HARQ process is also supported for some UEs. Asynchronous and adaptive UL HARQ is supported at least for eMBB.

8.4
Sidelink transmission scheme

Editor’s notes: If there are specific transmission schemes or technical features for the specific usage case, new section(s) and/or subsection(s) will be created. 
8.4.1
Basic transmission scheme
8.4.2
Physical layer procedure
8.4.3
Physical layer measurements
8.4
Duplexing
NR supports paired and unpaired spectrum and strives to maximize commonality between the technical solutions, allowing FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum, TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions at least for data are dynamically assigned on a per-slot basis at least in a TDM manner. It is noted that transmission directions include all of downlink, uplink, sidelink, and backhaul link. NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation, i.e., the assigned DL/UL transmission direction can be signaled to UE by higher layer signaling. 
8.5 LTE-NR Co-existence

To support the efficient coexistence between NR and LTE operating in the same licensed frequency band, at least legacy LTE features should be considered in the NR study, e.g.:

· MBSFN configuration (for LTE Rel-8 and beyond)

· TDD UL subframe (for LTE Rel-8 and beyond)

· SCell activation/deactivation (for LTE Rel-10 and beyond)

· TDD UL subframe configured by eIMTA feature (for LTE Rel-12 and beyond)
For LTE and NR coexistence, support for the following features in NR design should be considered.
· Flexible starting point and duration of scheduled resources as a tool to avoid for example the control region of MBSFN subframes and be able to use resources in the unused MBSFN subframes of an LTE carrier
· Adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes

· Allowing NR transmissions while avoiding OFDM symbols carrying SRS on an UL LTE subframe

Note: these mechanisms may be reused from forward compatibility mechanisms
For adjacent channel/band operation of NR and LTE in the unpaired spectrum, at least one semi-statically assigned DL/UL transmission direction configuration is designed for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration. This does not preclude at most one semi-statically DL/UL transmission direction configuration in NR specification. Note that DL/UL interference also can be avoided by using dynamically assigned DL/UL transmission direction in some cases. 

It is noted that support or design for the above features do not imply that UE has to support simultaneous connection of NR and LTE in the same or overlapping carrier. Also note that the above mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot.
8.6 Carrier Aggregation / Dual Connectivity
For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported. Carrier aggregation including different carriers having same or different numerologies is supported.
Cross-carrier scheduling and joint UCI feedback are supported.
Per-carrier TB mapping is supported.
9
Layer 2 and RRC for next generation radio
Editor’s notes: L2 structure, RRC protocol states, and high level services and functions to be captured for each L2 sublayer (e.g. MAC, RLC, PDCP) and RRC.
10
Architecture for next generation RAN
Editor’s notes: new section(s) and/or subsection(s) will be created when needed.
10.1
RAN-CN functional split
10.2
Overall architecture
10.3
Interfaces
10.3.1
RAN-CN interface
10.3.2
RAN internal interface 
11
QoS
Editor’s note: Capture QoS related aspects.

12
Key higher layer and network procedures

Editor’s note: Sections for other functions and procedures may be added.
12.1
Multi-connectivity
12.1.1
Intra-RAT
12.1.2
Inter-RAT
12.2
Mobililty
12.2.1
Intra-RAT
12.2.2
Inter-RAT
13
Radio transmission/reception
13.1
Potential spectrum
Editor’s notes: Capture potential spectrum information and associated information.
13.2
Co-existence consideration
Editor’s notes: Capture assumed scenarios for co-existence study, simulation assumptions and the results.
13.3
UE/BS RF feasibility
Editor’s notes: Capture RF feasibility for UE and BS (including assumed scope).

13.3.1
Common requirements for UE and BS

13.3.2
UE RF requirements

13.3.3
BS RF requirements
14
Performance assessments

Editor’s notes: The subsections will be created based on the scenario and requirement study.
15
Conclusions and Recommendations

15.1
Conclusions
15.2
Recommendations
Annex A: simulation scenarios and assumptions
A.1
Link level simulation assumptions
A.2
System level simulation assumptions
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�[Editor's note] To be confirmed by RAN2


�[Editor's note]FFS: whether/which to down select for certain SCS(s)


�[Editor's note]FFS: value of X


[Editor's note] The value of X is under investigation, as


�Study the values of X = 1, 2 ,4,8,12,16,20,24,28,32


�[Editor's note] definition of antenna port is working assumption at RAN1#86


�[Editor's note] Naming of NR-RS needs to be checked later.


�[Editor's note] one or more of, FFS which ones


�[Editor's note] There is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now


�[Editor's note] �Nnot precluding other constellation mappings. Note that there might be possibility to exclude some of above constellation mapping based on the further study


�[Editor's note] one or more of, FFS which ones
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