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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 study area.
2. RAN WG1 progress at RAN1 #85 (May 2016)
	Forward compatibility

	Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered
Agreements:
· Timing between data transmission and corresponding HARQ A/N is indicated explicitly
· FFS if implicit indication is supported in some cases
· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
Agreements:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal



	Waveform and multiple access schemes

	(Waveform)

Agreements:
· The following OFDM-based waveforms should be used as RAN1 NR waveform performance reference:
· OFDM with CP
· DFT-s-OFDM with CP

· All waveform in RAN1 #84bis/#85 meeting can be evaluated based on agreed assumptions
· Note: Each company should provide details on the DFT-spreading, guard interval, Tx/Rx filtering and/or windowing applied to OFDM waveform for evaluation

(Multiple access scheme)

Agreements:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
Agreements:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment


	Numerology and frame structure 

	Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology

Working assumption:
· In the case of subcarrier spacing 15 kHz and 14 symbols per 1ms, the following applies:

· Baseline: Symbol boundary is aligned with LTE of normal CP
Agreements:
· For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported

Conclusion:

· For CP based scheme, companies are encouraged to evaluate/investigate necessary CP lengths for different numerologies
Conclusion:
· RAN1 will continue investigations on how to achieve effective use for variable bandwidths until the next meeting

Agreements:
· NR should support of flexible NW and UE channel bandwidth

· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 

· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth

· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception

· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink

Agreements:
· RAN1 strives for maximizing commonality between TDD and FDD
· It is preferable that mechanisms to indicate the timing relation are duplex agnostic
· Note: This does not preclude any optimization either for FDD only or TDD only
Agreements:
· Companies should use following PN model principles for evaluation of NR for above 6GHz
· Phase noise model for UE should be considered for the evaluation by default.
· Implementation cost, complexity and power consumption at the UE should be taken into account.

· The PN modelling in TRP is FFS.
· Realistic PN model should consider total oscillator PSD including the impact of reference clock, loop filter noise and VCO sub-components. (e.g. PLL-based model, multi-pole/zero model)

· Each company should provide the model and the parameters used for the evaluation.

· The oscillator PSD level increases by 20dB per decade of increase of the carrier frequency as a baseline to scale PSD level
· A different parameter set of phase noise model can be defined for specific target frequency.

· Companies are encouraged to provide link level evaluation result with the phase noise model. Following phase noise models are provided as examples which are captured in R1-165685 (in page 5 – 8) 

· UE model in R1-164041

· Proposed WF in R1-165005 

· Model A in R1-163984

· mmMAGIC high and low model

· Other phase noise model is not precluded.

· Companies should provide which phase noise model is applied for the evaluation. 

Agreements:
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded
Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay
Agreements:
· At least the following is supported for NR frame structure 

· Following timing relationships are indicated to a UE dynamically and/or semi-statically

· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated

· Timing relationship between DL assignment and corresponding DL data reception
· For above two sub-bullets
· Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc.
· Default value, if any, for each timing relationship is FFS.
Agreements:
· NR design should strive at least to enable the possibility for

· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible
· Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed

· For example to provide coverage or enable TD-LTE coexistence

· Note: RAN1 will continue investigations about UE complexity, implementation processing time, interleaving applicability

Agreements:
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission
Agreements:
· NR design should strive to enable the possibility for

· Corresponding retransmission shortly (in the order of Z µs) after the end of acknowledgement reporting

· FFS: Z in the order of a few tens of or hundreds of micro sec is feasible

Agreements:
· At least the following time domain structures should be studied/evaluated for NR

· DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)

· DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)

· Other structures not precluded

· Note: there is no assumption between the relationship of assignments and data in the above

· FFS: there can be guard region after the uplink transmission region.

· FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms

· FFS: Metrics for study/evaluation

· Note: This does not preclude the same structure could span multiple 1 msecs
Agreements:
· NR should allow for efficient same frequency operation between the access link and backhaul link
· NR should also allow for efficient operation when the backhaul link and access link are on different frequencies. This includes:
· Operation of backhaul link and access link on different frequencies in the same band
· Operation of backhaul link and access link in different bands
· Note: The term ‘backhaul link’ does not make any assumption on NR RAN architecture design options



	Channel coding and modulation

	Agreement: 

As one potential input to the decisions on channel coding: 

· Companies are encouraged to bring evaluations of the complexity of channel coding / HARQ schemes including at least:
· Energy efficiency (J/bit)

· Area efficiency (Gbps/mm2)

· FEC complexity supporting the full range of info block lengths and code rates with reasonable (details FFS) granularity should be compared instead of single info block length with some code rate

· Companies should provide details of the range of info block lengths and code rates for which their complexity evaluations are conducted

Agreement: 

· Include file format of results with contribution

· Use excel file template provided in ExampleResults.xlsx 

· Multiple columns for 

· QAM, Rate, Info. Blocklength, Es/N0, Eb/N0, BLER 

· Separate tab to provide context 

· Contribution#, name of code, decoder implementation, #iterations or list size, brief details of code construction, brief details of rate matching algorithm, #CRC bits, and other parameters

· The referenced accompanying contribution should provide enough details to enable other companies to repeat the simulations

· Companies encouraged to submit with their contribution for RAN1 #86
Agreement:

· For the purpose of study and comparisons, quasi-cyclic like LDPC codes  are defined as follows: 

· The Parity check matrix of Quasi-cyclic like LDPC Codes is defined at least by a matrix H of size (mb×z)×(nb×z), which consists of sub-block matrices of size z×z,  where each sub-block matrix is composed by circularly shifted matrices or zero matrices. Wherein, mb, nb and z are integers larger than 1.

· The values of mb, nb and z  are FFS. 

· Companies providing evaluations or proposals for LDPC codes are encouraged to show how:

· Multiple code rates and multiple code sizes would be supported, 

· Suitable granularity of  information block size and code rate would be supported,

· How to support HARQ with/without IR.



	Multi-antenna scheme

	Agreements:
· Following three implementations of beamforming are to be studied in NR

· Analog beamforming

· Digital beamforming

· Hybrid beamforming 
· Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency

· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel

· Others are FFS
· FFS: Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure

· Note: single beam approach can be a special case of multi beam approach

· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches
· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE

· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance

· Others are FFS
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS

· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting

· SFN

· Repetition
· Beam diversity (only for multi-beam approach)

· Antenna diversity

· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded

Agreements:
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
Agreements:
· Both intra-TRP and inter-TRP beamforming procedures are considered.
· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded
Agreements:
· Study necessity of QCL and measurement assumptions for antenna ports in NR

Agreements:
· In NR multi-antenna schemes, studies on CSI acquisition framework  include

· CSI reporting schemes

· Implicit CSI feedback
· Parameters indicating channel quality based on a set of transmission and receiving hypotheses associated with one particular UE, e.g. CQI, PMI, RI, CRI
· Explicit CSI feedback: for both quantized and unquantized/analog CSI feedback
· Parameters representing channel coefficients or some reduced-space representation thereof
· Reciprocity-based feedback
· For example, take into account interference and/or receiver hypothesis can be included

· Note: including aperiodic, periodic and semi-persistent, and single/wide band and sub-band feedback
· Mixed feedback is not precluded
· Interference measurement
· FFS: CSI measurement and/or reporting and/or triggering can be ‘self-contained’ in at least time domain
Agreements:
· In NR multi-antenna schemes, studies on RS design and CSI acquisition considering following use cases
· Non-UE-specific RS use case for CSI measurement 

· UE-specific RS use case for CSI measurement 

· Note: functionally may be analogous e.g.: to R13/14 UE-specific beamformed CSI-RS (with dynamic beamforming)

· Note: maybe relevant to UE receiving beam sweeping

· Use of a joint operation among multiple RS from the same or different use cases 

· RS for interference measurement use cases

· RS for channel reciprocity use cases

· Other use cases is not precluded
· Note: including measurement over aperiodic/periodic/semi-persistent RS

· Note: Subband RS is not precluded

Agreements:
· Study aperiodic CSI reporting in conjunction possibly with aperiodic RS (e.g. one-shot, multi-shot RS) transmission
· Aperiodic RS can be used for CSI measurement including channel measurement (e.g. using CSI-RS) and/or interference measurement (e.g. using IMR)
· Study on demand UE measurement/reports and TRP RS transmission for CSI measurement only when needed 
· Study aperiodic CSI procedure to support CSI triggering, CSI measurement and CSI feedback in certain time interval(s).  These three steps can happen in the same or different time interval.
· Study aperiodic CSI procedure using RS for CSI measurement e.g. CSI-RS, demodulation RS.
· Others are not precluded
Agreements:
· The following techniques are studied for NR UL MIMO

· Uplink transmission/reception schemes for data channels

· Non reciprocity based UL MIMO (e.g. PMI based) 

· Reciprocity based UL MIMO. E.g. UE derives precoder based on downlink RS measurement (including partial reciprocity)
· Support of MU-MIMO

· Open-loop/Close-loop single/Multi point spatial multiplexing

· e.g. for multi point SM, multi layer is received either jointly or independently by different TRPs

· Note: for multi point SM, multiple point may have coordination

· Single/Multi panel spatial diversity

· Uplink antenna/panel switching (UE side)

· UL beamforming management for analog implementation
· Combination of above techniques
· UL RS design considering the below functions

· Sounding

· Demodulation

· Phase noise compensation

· UL transmit power/timing advance control in the context of UL MIMO

· Transmission scheme(s) for carrying UL control information

· Other UL MIMO and related techniques are not precluded

R1-166030 was agreed

Agreements:
· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded

· This does not imply that used transmission technique needs to be known to the UE



3. RAN WG3 progress at RAN3 #92 (May 2016)
Terminology
The use of following terminologies was agreed:

· eLTE eNB: The evolution of eNB that supports connectivity to EPC and NG-Core.
· gNB: The NR node.

· NG1 interface: The interface between gNB and NG-Core.
Scenario and use cases

Further refinements related to the Centralized and Non-Centralized deployment scenarios, and assumption that the gNB is able to connect to other gNBs or eNBs via a RAN interface were discussed and agreed to be reflected in TR38.801.
NR RAN function list 

The following functions were agreed to be supported by NR RAN: Network Slice support, Tight interworking with LTE (including at least dual connectivity), Multi-connectivity, LTE-NR handover through LTE-NR interface. 

The following functions were identified as additional functions which may be supported by NR RAN: Contacting UEs in inactive mode which may be also associated with a NR location area management function, Direct services support, Interworking with non-3GPP systems, LTE-NR handover via CN.

The function “Contacting UEs in inactive mode” need to wait RAN2 and SA2 to discuss before RAN3 can progress.
RAN-CN interfaces

General principles of the NG1 interface were agreed to be captured in TR 38.801. A working assumption was also made that the interface between eLTE eNB and NG-Core is also NG1.

Possible RAN-CN interface deployment scenarios were clarified by e.g. showing support of C-plane and U-plane.
Support for enabling Network Slicing

The following working assumption was made in RAN3#91bis:

· How NR RAN supports the slice enabling in term of RAN functions mapping is left to implementation.
It was agreed to have the definition of network slicing.

It was also agreed to add NNSF-like function in the RAN selection of CN entity.

NR Standalone Access

For Intra-RAT mobility, Inter-gNB mobility via direct interface was agreed to be captured as one basic scenario. Intra gNB mobility scenarios are subject to discussion with more progress from RAN2 and RAN3 on functional split and RAN architecture. 

Tight Interworking with LTE

There was no common understanding yet of the functions in the interfaces between LTE and NR.

In order to have fruitful study, future discussions will focus on:

· Reference/target architecture
· Evolution path (multiple are foreseen without selection)

Inter-RAT with LTE
Three scenarios for Inter-RAT handover with LTE were agreed to be captured: (1) base on CN interface; (2) base on eLTE eNB and CN Interface; (3) base on eLTE eNB and gNB direct interface.

RAN logical architecture

It was agreed to capture a table showing the requirements on the underlying transport network due to a certain functional split, into the Annex of TR 38.801 for reference.

Further functional split option was agreed to be added in TR 38.801.
RAN function flexibility

For the flexible functional split, following questions for further study were identified:

· How many splits will be specified and supported by open interfaces?

· Will the tight LTE/NR interworking case affect the number of functional split options?

· What is the granularity of the Centralized Unit – Distributed Unit functional split?

· What is the reconfiguration dynamicity of the network functional split?

Other

Wireless Relay scenarios including Multiple hop relay, Multiple donor relay, Mobile relay were agreed to be captured in TR 38.801 along with the Single Hop Relay scenario.
Text for TR 38.801 on Scope of SON for New RAT was also agreed.
4. RAN WG4 progress at RAN4 #79 (May 2016)
For RRM perspective
· High level views on RRM were further provided. It can be seen that most of RRM discussion needs to wait for RAN1 and RAN2 decisions. It was, however, pointed out that RAN4 can discuss at least the following aspects without RAN1 and RAN2 final decisions

· Testability such that:

· The TRX and antennas are integrated together so there may not be antenna ports available for testing. In addition, even if antenna ports are available, if the large number of TRXs is available, it is difficult and inconvenient for conducted testing.

· Especially for RRM/Demodulation tests, using IF stage was discussed. It is, however, pointed out that there would be challenges such as how to define a common IF specification since the IF is basically implementation dependent and if we should have such the common definition or not.
· Possibility of uplink-based measurement
· It is pointed out that if measurement based on uplink signal is assumed in RAN2, the testing methodology and principles will become quite different from what legacy LTE has. 
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