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1. Introduction
This paper is aimed at sharing with RAN2 the progress of WI on New Radio Access Technology in the other RAN WGs, which are relevant to the RAN2 work area.
2. RAN WG1 progress at RAN1 #88bis (April 2017)
	Initial access and mobility

	Conclusions:

· For NR-SS,

· Following remaining issues need to be finalized in the next meeting
· Confirmation of WA of NR-PSS

· NR-SSS M-sequence parameters and scrambling details

· Mapping from Cell IDs to sequences

· Maximum number of SS blocks in an SS burst set
· Mapping of NR-PSS, NR-SSS and NR-PBCH to SS block of SS burst set configurations

· Followings remaining issues need to be finalized by Nov. meeting
· Remaining details of SS burst set configurations

· Mapping of SS blocks to bursts

· Mapping of SS bursts to burst sets

· Indication of actually used SS blocks
· Note that all RRC related aspects need to be finalized by Oct. meeting

Conclusions:
· For NR-PBCH,
· Following remaining issues need to be finalized in the next meeting
· Transmission scheme 

· Including antenna port relationship to NR-PSS and NR-SSS

· DMRS design

· Time index indication signaling 

· Content and corresponding payload

· Estimate

· Channel coding

· Mapping of NR-PBCH to SS blocks within NR-PBCH TTI

· Followings remaining issues need to be finalized by Nov. meeting
· Delivery of remaining system information
· Note that all RRC related aspects need to be finalized by Oct. meeting

Conclusions:

· For Random Access,

· following remaining issues need to be finalized in the next meeting

· RACH preamble sequence length and subcarrier spacing

· Selection of L between L = 63/71 and L = 127/139

· Further down-selection of subcarrier spacing  if needed

· RACH format design

· Supported preamble formats of option 1 and detailed design of each
· Whether/how to support option 2 and option 4

· CP/GT length

· Followings remaining issues need to be finalized by Nov. meeting
· RACH configuration

· RACH procedure

· Power control/power ramping 

· Note that all RRC related aspects need to be finalized by Oct. meeting

Conclusions:
· For Mobility

· Following remaining issues need to be finalized in the next meeting
· Properties of CSI-RS for RRM measurement for L3 mobility, e.g.,
· Timing of CSI-RS for RRM measurement for L3 mobility

· Bandwidth of CSI-RS for RRM measurement for L3 mobility

· Numerology of CSI-RS for RRM measurement for L3 mobility

· The number of REs in the freq. domain of CSI-RS for RRM measurement for L3 mobility
· Resource mapping and parameters of CSI-RS for RRM measurement for L3 mobility

· Configuration of CSI-RS parameters for RRM measurement for L3 mobility

· Details on SS block RSRP

· Whether to use of additional PBCH-DMRS for measurement
Agreements:
· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial:  Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
· Prepare draft LS to RAN2/4 within Thursday – Asbjorn (Ericsson)/Juan (Qualcomm)
LS was agreed in R1-1706717
Agreements:
· The number of antenna ports of NR-SSS is 1  
Agreements:
· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.

· FFS: indication of radio frame boundary by NR-SSS
· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.
Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block

· FFS: deactivated cell case (if defined)

Agreements:
· Number of symbols per SS block 

· 1 symbol NR-PSS

· 1 symbol NR-SSS

· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)

· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced

· In a single SS block, the symbols are consecutive

Agreements:

· For frequency range up to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is to be down-selected among:

· Alt 1: 16

· Alt 2: 8

· Alt 3: 4

· FFS whether or not to have a fixed max value per frequency range

· FFS whether or to have a smaller max number  for different frequency ranges

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is to be down-selected among

· Alt 1: 128

· Alt 2: 64

· Alt 3: 32

· Other numbers are not precluded

· Companies are encouraged to perform further analysis particularly w.r.t. the resulting performance/overhead, taking into account signaling details  – revisit later this week (Nokia)
R1-1706812
Outcome of offline session on number of SS blocks 
Nokia
Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]

· The way the value of L is reflected in specification is FFS

· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

· Possibility of having unified frequency agnostic signaling design is not precluded

Note that above agreements are updated agreements

R1-1706830
WF on Indication of actually transmitted SS blocks
ZTE, ZTE Microelectronics, InterDigital
R1-1706851
WF on Indication of actually transmitted SS blocks
ZTE, ZTE Microelectronics, InterDigital
Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:

· PBCH
· Remaining minimum system information

· Other SI

· dedicated signaling

· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location

· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.
Agreements:
· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone case
· {5, 10, 20, 40, 80, 160} ms
· FFS: how the at least a part of SFN is indicated in PBCH in relation to PBCH TTI
· Send a LS to RAN4 asking confirmation for 5 ~ 80ms, and ask confirmation for support of 160 ms
· List potential issues that companies raised concerns on 160ms into LS.
· Prepared draft LS to RAN4 within Wednesday in R1-1706576 – Daewon (Intel) 
LS was agreed in R1-1706708
Working assumption:

· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· FFS: Same or different antenna port(s) are defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Companies are encouraged to further evaluate NR-PBCH performance

Agreements:
· RAN1 strives to supports combining NR-PBCH

· The different options to be considered:

· Across SS Burst Set

· Within SS Burst Set 

· Within subset of an SS burst set, e.g. within an SS burst, within  a number of slot(s) etc.
Agreements:
· Down-select one of SCS options for the remaining minimum system information transmission

· Option 1: PBCH signals the SCS of the remaining minimum system information 

· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information

· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information

· Note: RAN2 has decided to go with option 2

· Down-select one of SCS options for PRACH msg. 3 transmission 

· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3

· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3

· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 

· FFS the determination of the SCS for msg  1, 2, and 4

Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.

· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification

Agreements:
· The broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):

· Option 1: NR-PDCCH

· Option 2: Remaining minimum system information

· Other options are not precluded

· FFS: Maximum TBS for OSI.

Agreements:
· The search space of NR-PDCCH addressing the paging message can be configured by gNB

· FFS detailed signaling mechanisms
· FFS whether or not search space is shared for other usages
Agreements:
· NR RACH capacity shall be at least as high as in LTE
· Such capacity is achieved by time/code/frequency multiplexing for a given total amount of time/frequency resources
· Zadoff-Chu sequence is adopted in NR
· FFS other sequence type and / or other methods in addition to Zadoff-Chu sequence for the scenario, e.g., high speed and large cells
· FFS definition of large cell and high speed
· FFS other sequence type and / or other methods for capacity enhancements, e.g.:
· At least in multi-beam and low speed scenario, regarding multiple/repeated PRACH preamble formats, option 2 with OCC across preambles 

· FFS: Option 2 with OCC across multiple/repeated preambles in high speed scenarios

· PRACH preamble design composed with multiple different ZC sequences

· Sinusoidal modulation on top of option 1

Agreements:
· For Zadoff-Chu sequence type, the RAN1 specifications will support two NR-PRACH sequence lengths (L) 

· L = 839: SCS = {1.25, 2.5, 5} KHz

· Select one of

· L = 63/71: SCS = {15, 30, 60, 120, 240} KHz

· L = 127/139: SCS = {7.5, 15, 30, 60, 120} KHz

· FFS: Supported sub-carrier spacings for each sequence length

· FFS for other sequence types

Agreements:
· Waveform for RACH message 3 can be DFT-S-OFDM or CP-OFDM. Network signals directly or indirectly RACH message 3 waveform to UE:

· The network signals the waveform for RACH message 3 in the remaining minimum SI as one bit
Agreements:
· In NR, the RACH configuration provides at least:

· RACH time/freq. information 

· RACH preamble format
Agreements:
· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam
Conclusions:

· NR studies following beam management options for RACH procedure:

· Beam refinement procedure during Msg2

· Note: P-2/P-3 procedure can be considered for beam refinement

· Reporting of DL TX beam indices in Msg3

· Note: reported beams could be SS block indices and/or CSI-RS beam indices of P-2 procedure performed during Msg2

· RACH procedure using an association between CSI-RS for L3 mobility and subset of RACH resources and/or subset of RACH preamble indices
· Beam refinement procedure before Msg2 by utilizing CSI-RS for L3 mobility

· Beam refinement procedure during or after Msg4 by configuration in RACH message

· Reporting UE capability on beam correspondence by RACH procedure
· Other options are not precluded

· Above procedure can be turned on/off by system information

Agreements:

· NR supports indication of PRACH resource allocation for non-contention based random access for a UE

· FFS on how the PRACH resource is indicated for the UE

· Note: PRACH resource refers to time/frequency/code resources of the PRACH preamble

Send an LS to RAN2 informing the above agreements – Daewon (Intel)

· Adding a note in the LS starting from the following: RAN1 has not decided on the physical resources available for non-contention based random access

LS was agreed in R1-1706716
Agreements:

· Update previous meeting as follows:

· For NR RACH Msg. 1 retransmission at least for multi-beam operation:

· NR supports power ramping. 

· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 

· Alt 1: the counter of power ramping is re-set.

· Alt 2: the counter of power ramping remains unchanged.

· Alt 3: the counter of power ramping keeps increasing. 

· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
· Other alternatives or combinations of the above are not precluded.

· If UE doesn’t change beam, the counter of power ramping keeps increasing.

· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.

· The detail of power ramping step size is FFS.

· Whether UE performs UL Beam switching during retransmissions is up to UE implementation

· Note: which beam UE switches to is up to UE implementation

Companies are encouraged to perform further analysis and evaluations. Revisit next meeting.

Agreements:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
· Configuration:
· Support measurement of a large number of beams
· Minimize configuration overhead, reporting overhead, and UE complexity 
· FFS: Detailed signaling or format
Agreements:
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.
· Note that signalling other than dedicated RRC signalling is not precluded
Agreements:
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows

· Define SS block RSRP and CSI-RS RSRP as

· SS block RSRP : measured RSRP from SSS

· FFS additional use of PBCH-DMRS for measurement 

· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode

Agreements:
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.

· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block

· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.

· NR cell ID for time reference of CSI-RS(s) is informed to the UE


	MIMO

	Conclusion:

Continue discussions about layer mapping scheme and frequency interleaver until the next meeting, and RAN1 will definitely conclude it in the next meeting

Agreements:
· Confirm the following working assumption as an agreement:

· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE

· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
· DMRS port groups belonging to one CW can have different QCL assumptions

· One UL- or DL-related DCI includes one MCS per CW

· One CQI is calculated per CW

Conclusions:

RAN1 is to down select from the proposals (cf. Table 1) in R1-1706647 in RAN1#89 based on the design criteria also in R1-1706647.
Agreements:

· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details

Agreements:

· For codebook based transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, support one of the following alternatives: 

· Alt 1:Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission 

· Alt 2:Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission

· Other alternatives are not precluded

· Note: Subband TPMI may correspond to W2 if dual-stage codebook is supported

· FFS whether or not wideband TPMI is always signaled along with subband TPMI

Agreements:

· For DFTsOFDM in data channel, the following schemes are candidates for transmit diversity:
· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD, panel selection), time domain beam/precoder cycling
Agreements:
· Support NR reception of at least one but no more than two of the following 

· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier

· Note that: this is intended to have spec impact

· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier

· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 

· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 

· Note the following may or may not have RAN1 specification impact. 

· Note that different NR-PDSCH data layers from single TRP is special case.

· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling
· Other techniques can be considered. 
Agreements:
· For PRB bundling of data channel

· Support common design for PRB bundling for different scenarios, e.g.  channel reciprocal or non-reciprocal, different Tx/Rx beamforming, etc:

· Specify common PRB bundling size set for all scenarios

· FFS: Different PRB bundling size sets for different BWs
· Specify common indication procedure for all scenarios
· The following PRB bundling sizes are studied: 

· Specified value(s) X: 

· FFS X 

· FFS whether more than one value is needed.

· Strive for value aligned with resource allocation granularity 

· Contiguous allocated PRBs when at least Y contiguous PRBs are allocated. FFS: values of Y;

· Scheduled BW dependent, FFS the relationship
· Values equal or larger than scheduled BW
· FFS different transmission schemes may be related to different subsets of PRB bundling configurations

· Others are not precluded;

· Support UE specific PRB bundling size indication:

· FFS: RRC configured with a subset, DCI dynamically indicated

· DCI overhead should be considered; 

· MAC CE can be considered if the number of subset elements are large, details FFS

· FFS: the presence of DCI field related to PRB bundling is configured by RRC; 

· FFS: Implicit signaling to inform PRB bundling size can be considered

· FFS UE feedback assisted PRB bundling size

Agreements:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.

· Opt. 1: SS blocks

· Opt. 2: Cell-specifically configured CSI-RS

· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)

· Opt. 3: No additional option

Agreements:

· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving

· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)

Agreements:

· Confirm the WA from RAN1 AH1701 with the following update:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s) 

· At least when beam correspondence does not hold 

· Considering at least SRS to support U-1/U-2/U-3 procedures

· FFS the details

Agreements:
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence

· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available

· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping

· E.g., derived from beam-specific power control signalling and maximum transmit power

· FFS: spec. impact 

Agreements:

· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
· Each company to state the assumed UE implementation in the analysis
Agreements:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection

· New candidate beam identification

· Beam failure recovery request transmission

· UE monitors gNB response for beam failure recovery request

· Beam failure detection 

· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met

· Beam failure detection RS at least includes periodic CSI-RS for beam management
· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well

· FFS: Trigger condition for declaring beam failure

· New candidate beam identification

· UE monitors beam identification RS to find a new candidate beam

· Beam identification RS includes

· Periodic CSI-RS for beam management, if it is configured by NW
· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well

· Beam failure recovery request transmission

· Information carried by beam failure recovery request includes at least one followings
· Explicit/implicit information about identifying UE and new gNB TX beam information

· Explicit/implicit information about identifying UE and whether or not new candidate beam exists

· FFS: 

· Information indicating UE beam failure

· Additional information, e.g., new beam quality

· Down-selection between the following options for beam failure recovery request transmission

· PRACH

· PUCCH

· PRACH-like (e.g.,different parameter for preamble sequence from PRACH)

· Beam failure recovery request resource/signal may be additionally used for scheduling request

· UE monitors a control channel search space to receive gNB response for beam failure recovery request

· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs

· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission
Conclusion:

· Note: Necessity of SS block and DMRS will be discussed simultaneously later
Agreements:

· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management
· FFS which channels/signals in SS-block for measurement
· Especially in light of L3-RSRP
· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS

Agreements:

· Study how to support at least one mechanism when NW receive the beam failure recovery request

· E.g., NW assigns UL grant for beam reporting, NW transmits DL RS for beam measurement, NW signal beam indication or confirmation to UE, etc. 

· E.g., UE assistance on NW decision of which mechanism to apply

· Whether or not a specific mechanism has specification impact 

Agreements:

· FFS for the situation of “ no new candidate beam”, whether or not there are issues, and if so, whether or not RLF procedure can sufficiently handle the issues 

Agreements:

· For reception of DL data channel, study further at least the following:

· Whether or not have an effective window of spatial QCL assumption

· Interaction between higher layer signaling (if supported) and DCI indication 

·  FFS the signaling details for higher layer and DCI based approaches (e.g., the corresponding information field in DCI, etc.)

· Interaction between beam management and PDSCH transmission

· Whether or not to have a default behavior (e.g., due to DCI miss detection), and if so the default behavior

· Beam switching time, DCI decoding time, etc.

Agreements:
· At least the following additional information should be supported:

· Information related to resource power for channel measurement resource

· Zero power is NOT allowed

· FFS: Information related to resource power for interference measurement resource

· Zero power is allowed.

· FFS: Details, e.g., signaling design, units (e.g., RS EPRE)

· Note: Focus of the bullets above doesn’t apply for resource for rate matching.

· Study applicability of CRI, CQI, Spatial Channel Information (e.g. PMI, channel covariance matrix information), and RI are applicable for Type II CSI.

· Including whether CRI is needed for type II CSI

· Detailed design to turn off some of the CSI parameters.

Agreements:
· Semi-persistent CSI reporting is not supported for aperiodic CSI-RS.

· Note: This doesn’t preclude one CSI report carried by multiple UL reporting instances

Agreements:
Based on at least the supported number S of CSI-RS resource sets and number of CSI-RS resources Ks per resource set, agree to specify one or both of these options for aperiodic CSI-RS
· Option 1: use RRC + MAC CE + DCI 
· Option 2: use RRC + DCI 

Agreements:
· RAN 1 should support common configuration framework for beam management and CSI acquisition
· Aspects specifically related to beam management into the merged framework to be incorporated
· Note: maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. beam reporting, CSI reporting)
Agreements:
· For interference measurement, down selection from options will be conducted.

· NZP CSI-RS based

· Opt. A1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)

· Opt. A2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

· DM-RS based

· Opt. B1: Estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal)

· Opt. B2: Estimation on DM-RS for other UEs

· Criteria for design and down selection are as follows.

· Required RS densities

· UE processing latency
· Support of self-contained CSI reporting (if supported) at least depends on the location of IMR.

· FFS: Whether the emulation is performed at TRP side or UE side

· FFS: RAN1 specification impact, if any, on the options above

Agreements:

· Aperiodic IMR is triggered by DCI.

· Herein the IMR refers to ZP CSI-RS based IMR. Other types of IMR are FFS

· FFS: use of MAC CE to reduce the set of candidate IMRs among the resources configured in RRC.   

· FFS whether or not to jointly trigger aperiodic NZP CSI-RS and/or aperiodic ZP CSI-RS 

· FFS: semi-persistent IMR is activated/deactivated by MAC CE or DCI.

Agreements:

· At least for full channel reciprocity, support at least the following CSI acquisition scheme based on channel reciprocity in NR 
· Non-PMI feedback
· CSI contains RI and CQI
· CQI depends on RI and PMI which are selected from a codebook (potentially with restriction) but PMI is not fed back.
· FFS UE may also calculate RI and CQI directly with estimated channel, FFS spec impact 

· FFS codebook details, including how to signal

· FFS other schemes (e.g., explicit interference feedback, etc.)
Agreements:

· For the case of non-ideal channel reciprocity (e.g., less Tx ports than Rx ports at UE), study and evaluate at least the following candidate schemes

· Scheme 1 (Baseline for performance comparison): Non-PMI feedback

· Each company states the assumed scheme for non-PMI feedback

· Scheme 2: Partial CSI feedback for gNB to acquire full CSI 

· Partial CSI is the information of the partial DL channel (e.g. partial DL channel vector/matrix or partial DL channel covariance matrix) with no reciprocal UL transmission due to the absence of Tx ports corresponding to the Rx ports at UE

· Scheme 3: CSI feedback with non-precoded/beamformed CSI-RS including CQI, RI and PMI

· For beamformed CSI-RS, precoding matrix is determined from CSI available at base station from SRS transmission

· PMI could be for a linear combination codebook

· Scheme 4: SRS switching
· SRS switching is used to obtain full channel information by multiple SRS transmission instants. Non-PMI CSI feedback can be used along with SRS switching
· Taking into account practical impairments in implementation (e.g., PLL accuracy, insertion loss, power imbalance, etc.)
· Scheme 5: Non-uniform beam sampling on codebook

· Configure different spatial resolutions in different spatial domain by CSR

· Combination of the above schemes can be considered
· Note: both performance and overhead should be considered when comparing the above schemes
· Simulation parameters are provided on slide 4 of R1-1706809 with the following update
· Adding “2Tx2Rx” to “UE antenna configuration”
· Change “2GHz” to “4GHz” in “Carrier frequency”
· Companies describe the assumed UL-DL calibration model, striving for a common model

· Companies are encouraged to provide the simulation results in next meeting

Agreements:
· Companies are encouraged to simulate the following to compare L=1, L=4 (at least for rank 1)

· 4,8,16,32 ports

· CSI-RS channel estimation impairments modeled

· {Umi, UMa}

· (M,N)=[(4,2) (8,2) (8,4) (8,8) (8,16)] for Q=4,8,16,32 ports; dual polarized array (P=2) 

· Nh,Nv=(2,1),(2,2),(4,2),(8,2),(16,1)

· Nh=# of ports in horizontal domain

· Nv=# of ports in vertical domain

· O1,O2=(4,4), (8,8), [(4, 8)], [non-uniform sampling]

· At least RU=50%, 70%; other RU values are not precluded

· 2 UE receive antennas

Agreements:

· Study mechanisms targeting efficient use of peak and/or average CSI overhead for CSI feedback Type II.

· For Category I, e.g.

· Mechanism 1: Frequency selective precoding feedback with delay-related parameter(s) (e.g. R1-1704884, R1-1705927)

· Mechanism 2: Differential CSI reporting in time domain h(e.g. R1-1705349, R1-1705588)

· Mechanism 3: Uneven quantization bit allocation for the beam amplitudes or/and phases (e.g. R1-1705076)

· Mechanism 4: Matrix quantization considering inter-layer orthogonality for W2(e.g., R1-1704408)

· Note: performance should be also considered for overhead reduction 

· Other examples are not precluded. 

Agreements:

· For Type I and II Cat1 (if Cat1 is supported) single panel codebooks ([image: image2.png]w=w,Ww,



 structure):

· The exact design of [image: image4.png]


 is to be decided in RAN1#89 for both Type I and Type II Cat1 (if Cat1 supported)
· For W1 codebook, companies are encouraged to perform more evaluations comparing the different alternatives
· For Type I: Study further the values of L among L=1 and L= 4, at least for rank 1

Agreements:

· For Type II CSI feedback (Cat 1, if supported), at least rank 1 and rank 2 are supported
· FFS other ranks
· For beam selection:
· Support at least unconstrained beam selection from orthogonal basis
Agreements:

· FFS to support a common design of W2 for Cat. 1, Cat. 2 and Cat. 3 

· FFS for Cat. 3, W2 only feedback is allowed

· FFS amplitude feedback for W2 (e.g., wideband, subband, etc.)

· Note: this does not mean NR supports all three categories

· FFS whether or not to merge Category 1 and Category 3 using a unified codebook formulation
Working assumption:

· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 

· FFS the case of time unit larger than an OFDM symbol in a reference numerology

· E.g., 

· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based
Agreements:

· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1

· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2

· FFS: RE patterns for beam management

· FFS: the RE pattern for an X-port CSI-RS resource when X>=8

· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources

· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead
Agreements:
· Support at least CDM-2, CDM-4 and CDM-8

· FFS: Support of no CDM

· FFS: Time-domain and/or frequency-domain CDM can be configured on or off

· Consider CDM pattern design with at least the following aspects

· Measurement target, e.g. CSI acquisition, beam management, fine time/frequency tracking

· A CDM pattern cannot span over more than U OFDM symbols and V subcarriers, FFS the values of U and V

· Full power utilization

Agreements:
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS

· Value(s) of d are at least d=1,1/2.

· For d<1, PRB-level comb-type transmission is supported.

· FFS whether offset value(s) can be the same or different across antenna ports

· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.

· FFS on the supported combinations of value(s) of x and d. 

R1-1706310 was agreed.

Agreements:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH

· FFS: Mini-slot case
· Support ZC-sequence for UL DFT-S-OFDM DMRS

Conclusions:

· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting

· Alt. 1: OCC

· Alt. 2: TDM

· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift

· Alt. 4: Configure between Alt. 1 and Alt. 2

· Consider phase noise impact in the high frequency band

· Alt. 5: Configure between Alt. 1 and Alt. 3

Agreements:
· For CP-OFDM, if one additional DMRS exists

· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 

· FFS additional DMRS position for 14-symbol slot

· Consider symbol 12th, 11th, 10th, 9th

· Study the location of additional DMRS for self-contained ACK/NAK slots 

· Evaluations are encouraged for next meeting
Conclusion:

· Consider the issue of collision between DC subcarrier and DMRS. 
· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account
Agreements:

· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation

· Aim to decide in the next meeting whether to support same density only, or lower density only, or both

· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.
Agreements:
· For CP-OFDM, the same PTRS to RE mapping and PTRS densities in time and frequency are available for DL and UL 

· Distributed PTRS (non-consecutive subcarriers) in the frequency domain is used as default configuration

· FFS: Support optional frequency-localized pattern with UE-specific explicit signaling.  (e.g. higher MCS case) 
· For single-user case, support orthogonal multiplexing among PTRS ports, if multiple PTRS antenna ports are supported.
· FFS: how to multiplex multiple PTRS ports, e.g. FDM, TDM, CDM
· FFS: Whether to support multiple PTRS ports or not (FFS: Max number of PTRS APs).

· Support orthogonal multiplexing between PTRS and data transmitted or received by a single UE.

· For MU-MIMO, non-orthogonal multiplexing of e.g. PTRS/PTRS and PTRS/data is possible but also orthogonal multiplexing to be considered

· FFS: Support multiplexing through multiple scrambling sequences for PTRS port(s) 

· Support association between PTRS port and DMRS port group

Working assumption:
· Uplink PTRS for DFT-s-OFDM waveform is supported.

· Presence of PTRS for DFT-s-OFDM is UE-specifically configurable

· FFS: Pattern/density of PTRS for DFT-s-OFDM is UE-specifically configurable or not

Agreements:

· Support configurable SRS sequence ID by UE specific configuration if SRS sequence ID is supported
· Configuration examples: 
· higher layer 
· high layer + L1 signalling, If hierarchical indication of SRS sequence ID is supported, (example: base sequence ID and/or phase rotation ID)
Agreements:
· NR supports aperiodic SRS triggering field in DCI.

· Supports at least one state of the field that can select at least one out of the configured SRS resources. 

· FFS: details

Agreements:
· Scheduling SRS resources to multiple UEs where the resources have full and/or partial overlap of SRS time-frequency resources (REs) is supported, where

· The multiple SRS resources can share the same root sequence values in the overlapping REs to allow for low or zero mutual cross-correlation

· FFS: Minimum overlap granularity to ensure zero cross-correlation

· FFS: Detailed sequence design taking into account at least Cubic Metric, PAPR, and cross-correlation properties amongst overlapping SRS resources
Agreements:

· A UE can be configured with an X-port SRS resource, where the SRS resource spans one or multiple OFDM symbols within a single slot

· FFS where all of the X SRS ports are sounded in each OFDM symbol

· FFS at least for the purposes of CSI acquisition:

· FFS a multi-symbol SRS resource can be configured such that the X SRS ports in each OFDM symbol are transmitted in different locations of the band in different OFDM symbols in the slot in a frequency hopping manner

· Note: This allows sounding a larger part of (or the full) UE bandwidth using narrower band SRS transmissions

· Note: at any OFDM symbol, all X ports are sounded in the same portion of the band

· Note: Consider UE RF implementation aspects on SRS design that may place constraints on the design of the symbol-wise hopping pattern

· e.g., Required time for frequency re-tuning (if re-tuning needed) or transient period if re-tuning is not needed

Agreements:

· Confirm the following working assumption:

Working assumption:
· Spatial parameter(s) for QCL in NR describes the spatial channel properties of the RS antenna ports observed at the receiver.

· FFS: Spatial parameter(s) in NR also describes the spatial channel properties of the antenna ports at transmitter(s).

· Support UE reporting for related information, if necessary.

Conclusion:

· Email discussion until the next meeting to collect inputs of QCL types based on the table below – Ruyue (ZTE)

· Note: the table is to facilitate understanding and discussion only

Types of QCL 
parameter set
QCL parameters 
Example pairs of RSs /RS resources 
Application case 
Agreements:

· Support a RS with X MHz bandwidth for time tracking, where X can be

· Alt 1: system bandwidth

· Alt 2: bandwidth part

· FFS configured or fixed 

· Alt 3: maximum UE bandwidth reported by UE capability

· Alt 4: PBCH bandwidth

· Other alternatives are not precluded

· FFS the number of values of X (e.g., whether or not as a function of frequency range)

· For time and frequency domain RE spacing of tracking RS, at least the following aspects are TBD in RAN1#89

· Subcarrier spacing according to frequency range

· Periodicities

· Frequency densities

· Timing of fine time/frequency tracking

· E.g. before SIB decoding, before PDCCH decoding, before PDSCH decoding, etc.

· The structure of the RS

· E.g. time density/burst

R1-1706800
WF on RS for time and frequency tracking and the evaluation assumptions MediaTek, Samsung, Huawei, HiSilicon, ZTE, ZTE Microelectronics, Qualcomm, Ericsson

Also supported by Intel

Agreements:

· The WF in R1-1706800 is agreed with the following updates:

· Slide 2 is updated to:

· The RS(s) for fine time and frequency (T/F-) tracking should consider

· Whether T and F tracking use independent RS(s) respectively, or same RS

· The number of antenna ports for the RS(s)

· Whether already existing RS(s) used for other purposes can be used also for T and/or F tracking

· Whether the RS(s) are periodic or aperiodic

· Whether RS bandwidth and/or periodicity  is configurable

· If it is configurable, the approach can be, e.g. by RRC, SIB , MIB,…

· Study the need of additionally scheduled to help UE from long CDRX wakeup

· Multi-beam operation

· The RS(s) can be used for delay spread estimation and Doppler spread estimation

· frequency offset= [0.1]ppm
Agreements:
· For beam specific power control, NR defines beam specific open & closed loop parameters. 

· FFS: details on beam common parameter(s)

· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.

· FFS: offset configured/specified, reported, 

· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter

Agreements:

· R1-1706846, 6847, 6848, 6853 are endorsed.



	Scheduling/HARQ aspects

	Agreement:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations

· Note: this is addition to the agreements at RAN1#86.

· Note : 1-symbol case may be restricted depending on the BW.
Working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

· FFS the bundling size

· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
· Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels 

Agreements:
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.

· FFS: orthogonal DMRS for UE-specific NR-PDCCH

Agreement:
NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)

· Note: The number of contiguous REGs in the CCE needs further discussion. 
· Note: Localized/distributed mapping can be achieved without/with interleaving.
Agreements:
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET

· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space

· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported

· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 

· FFS on REG bundle size

· FFS whether REG bundle size is configurable

Working assumption:
· A NR-CCE is defined as 6 REGs

· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs

· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.

Agreements:
· From UE signaling perspective,
· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings
· A periodicity where the configuration applies; 
· FFS: Detailed periodicity set; 
· FFS: how to achieve the signaling of periodicity

· A subset of resources with fixed DL transmission;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· A subset of resources with fixed UL transmission;
· Resources with fixed UL transmission happens in the ending part of the periodicity is supported;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· FFS: Other resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank” can be considered as “flexible resource”, where transmission direction can be changed dynamically.
Agreements:
· Strive for unified design regardless of whether the DL/UL resource partition is dynamic or semi-static

· UE behaviors at least the following are common regardless of whether the DL/UL resource partition is dynamic or semi-static:
· Scheduling timing between control to the scheduled data

· HARQ-ACK feedback including timing
· Strive for a limited number of semi-static DL/UL resource partition.

· NR may include tools motivated by either dynamic or semi-static.
· FFS: UE behavior if there is a conflict between dynamic and semi-static signaling.

Agreement:
· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.

·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.
· FFS: Details on RS

· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits
Agreements:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
· UCI can be sequence
· FFS: low PAPR design is applied
· Option 4: Sequence selection with low PAPR
· FFS following cases:

· If SR only

· If with SR + other UCI;
· This does not imply the necessity of special SR design 

· FFS whether the design may or may not depend on the frequency range

Agreements:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)

· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.

· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

Agreements:
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:

· QPSK for UCI

· X1 to X2 PRBs can be configured to support various UCI payload sizes

· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 

· FFS: detailed PRB allocations and signaling of the configuration

· FFS: values of X1, X2

· DMRS overhead: down-select among the following options:

· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)

Option 2: multiple values depending on, e.g. UCI payload size etc.
Agreements:

· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 

· Some examples as a starting point:

· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH

· FFS: Time domain OCC is applied over allocated multiple symbols.

· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH

· FFS on applicability of (virtual) frequency domain OCC

· FFS for the value of X

· FFS for medium UCI payload with less than X bits

· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH

· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}

· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

Agreements:
· For DFTsOFDM in long-PUCCH, the following schemes are candidates for transmit diversity:
· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD), time domain beam/precoder cycling or SORTD
· FFS: for which PUCCH format and/or payload size 
· Other schemes with low PAPR are not precluded.
· Companies proposing a certain transmit diversity scheme are encouraged to jointly propose PUCCH structure and the transmit diversity scheme.

Agreements:
· Similar to LTE, the number of RBs allowable for DFT-s-OFDM waveform should be N = 2i3j5k.
Agreements:
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission

· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols

· FFS: the indicated duration is the number of slots

· FFS: the indicated duration is the numbers of symbols + slots

· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used

· FFS: rate-matching details

· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown

Working assumption:
· The structure of a data channel (PDSCH and PUSCH (if applicable)) including DMRS is independent from whether it is scheduled on resources that are preempting or not preempting another users data transmission.

Agreements:
· Confirm the working assumption as below.

· 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:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded

Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.
Conclusion:

· We will not discuss fallback aspects at RAN1#89 unless immediate need is identified.

Conclusion:

· Consider further following two aspects for the number of HARQ processes:
· Maximum number of HARQ processes per carrier

· Soft-buffer size/dimensioning/partitioning

Agreements:  

· No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 

· FFS whether the indication is based on NR-PDCCH or a group common PDCCH
· FFS location of the indication

· FFS timing of the indication
Agreements:
· The Scheduling Request-triggered uplink grant-based data transmission design should consider all applicable reliability and latency requirements including URLLC when assessing different design proposals.

· FFS: SR details

· For initial grant-based transmission, retransmissions can be grant-based

Agreements:
· For NR CA, at least CA deployment scenarios 1 – 4 of TS 36.300 Section J.1 are supported with equal priority.
· Carrier aggregation across duplexing schemes between carriers is supported

R1-1706229
WF on DC for NR
Ericsson, NTT DOCOMO

Agreements:
· Both synchronous and asynchronous dual connectivity are support for LTE-NR/NR-NR DC
R1-1706614
WF on CA/DC for NR
Ericsson, Panasonic, Samsung, NTT DOCOMO

Agreements:
· For carrier aggregation, multiple timing-advance groups are supported

· FFS: The number of timing advance groups

· For LTE-NR DC, from UE perspective,
· The deployment scenario that LTE eNB are not synchronized with NR gNB when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that LTE eNB are synchronized with NR gNB is supported when operating on different and non-overlapping carrier frequencies is supported.

· For NR-NR DC, from UE perspective,

· The deployment scenario that one NR gNB are not synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that one NR gNB are synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· FFS: exact definition of synchronous

· For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent.


	Channel coding

	Agreement:

· Number of bits for TB-level CRC is: LTB,CRC =24 bits, at least for TBs larger than a threshold (e.g. around 512 bits)
· FFS the value of LTB,CRC for TBs smaller than the threshold, and the value of the threshold (0 is not precluded)
· If a TB is segmented into 2 or more CBs after code block (CB) segmentation,
· CB-level CRC is applied, i.e., CRC bits are attached to each code block individually (as in LTE)
· Number bits for CB-level CRC is: 0 < LCB,CRC <= 24 bits
· Exact value(s) LCB,CRC are to be agreed after base graph(s) are agreed, taking into account inherent LDPC PC capability
· FFS whether for a code block group (CBG) containing 2 or more CBs but not all CBs of the TB, any additional CRC bits are attached to the CBG
· To be decide after decision on the value(s) of LCB,CRC 
Agreement:

· For TB of size TBS > KCB,max – LTB,CRC, the TB is segmented into multiple CBs
· The CBs may be further grouped into code block groups (CBGs)
· It is not precluded that CBGs in a given TB may contain different numbers of CBs

Working Assumption: 

· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined is {8448, 384} => Kbmax = 22
· To be confirmed automatically at RAN1#89 if no significant implementation or performance issues are identified. 
· The base graph supporting Kmax should support the following set of shift sizes Z, where [image: image6.png]7 = ax2/
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· FFS by RAN1#89 whether some values can removed from the above table. 

· FFS by RAN1#89 whether some of {272, 304, 336, 368} can be added to the above table. 

Conclusion: 

· Companies to submit almost-final proposals for one base graph by RAN1#89

· Fine-tuning still permitted until submission deadline for June adhoc. 

· Final base graph to be finalized by the June NR Ad-Hoc meeting
· If it is agreed to support a second base graph, aim also to finalise it by the June adhoc. 
Agreement: 

The base graph design is selected from the following alternatives:

Alt 1: One base graph covering ~1/5 <= R <= ~8/9

Alt 1a: Two nested base graphs, where: 

· Base graph #1 
· Covers info block size K: 

Kmin1 <=K<= Kmax1, Kmin1 > Kmin, Kmax1 =Kmax
· Covers code rate R: ~1/3 <= R <= ~8/9; FFS whether Rmin can be ~1/5
· Base graph #2 
· Nested within base graph #1

· Covers info block size K: 

 Kmin2 <=K<= Kmax2, Kmin2 =Kmin, Kmax2 < Kmax, where 512<=Kmax2<=2560
· Covers code rate R: ~1/5 <= R <= ~2/3 
· Kbmax =16 is the starting point; lower values in the range 10<=Kbmax<16 are encouraged if feasible. 
· The set of supported shift sizes is taken from the set of shift sizes supported by the base graph supporting Kmax

Alt 2: Two base graphs, where: 

· Base graph #1 
· Covers info block size K: 

Kmin1 <=K<= Kmax1, Kmin1 > Kmin, Kmax1 =Kmax
· Covers code rate R: ~1/3 <= R <= ~8/9; FFS whether Rmin can be ~1/5
· Base graph #2 
· Not nested within base graph #1

· Covers info block size K: 

 Kmin2 <=K<= Kmax2, Kmin2 =Kmin, Kmax2 < Kmax, where 512<=Kmax2<=2560
· Covers code rate R: ~1/5 <= R <= ~2/3 
· Kbmax = 10 is the starting point; higher values in the range 10<Kbmax<=16 can also be considered if necessary.
· The set of supported shift sizes is taken from the set of shift sizes supported by the base graph supporting Kmax

BLER Performance is the main criterion for selecting between Alts 1, 1a and 2 (since it is already assumed that complexity is not increased significantly by the addition of a second smaller base graph); decoding latency (e.g. evaluated by the number of edges) should also be considered as an important criterion.

Conclusion for evaluations: 

· For BLER (using only the information bits) performance evaluations, use SPA, floating point Flooding 50 iteration, early termination based on parity check
Conclusion:

· Study until RAN1#89 polar code construction techniques to facilitate early termination (i.e. before decoding all the information bits) without degrading BLER performance or latency (especially considering the time for deinterleaving the information and assistance bits) compared to purely implementation based methods such as path-metric based pruning
· e.g. assistance bits distributed in the codeword in such a way that error detection can be performed after partial decoding
· Investigate performance, complexity and FAR impacts
· Study of use of data-independent scrambling to facilitate early termination is also not precluded
Agreement:

· J CRC bits are provided (which may be used for error detection and may also be used to assist decoding and potentially for early termination)
· J may be different in DL and UL
· J may depend on the payload size in the UL (0 not precluded)
· In addition, J’ assistance bits are provided in reliable locations (which may be used to assist decoding and potentially for early termination)
· J + J’ <= the number of bits required to satisfy the FAR target (nFAR) + 6

· Working assumption: 

· For DL, nFAR = 16 (at least for eMBB-related DCI)

· For UL, nFAR = 8 or 16 (at least for eMBB-related UCI; note that this applies for UL cases with CRC)

· J’>0

· Working assumption: J”<=2 additional assistance bits are provided in unreliable locations (which may be used to assist decoding and potentially for early termination)
· Can be revisited in RAN1#89 if significant benefit is shown from a larger value of J” without undue complexity – companies are encouraged to additionally evaluate J”=8
· The J’ (and J” if any) bits may be CRC and/or PC and/or hash bits (downscope if possible)
· Placement of the J, J’ (and J” if any) assistance bits is FFS after the study of early termination techniques

· Appended?

· Distributed?

· evenly?

· unevenly? 

Conclusions: 

At least the factors relevant for evaluating the sequences are:

· Performance

· Information granularity

· Compatibility with rate matching

· Complexity

· Latency

Agreement: 

· K=1 (if channel coding is applied):

· Repetition code

· K=2 (if channel coding is applied):

· Simplex code

· 3<=K<=11:

· LTE RM code

· Note that if NR requires a codeword size N that is not supported by the LTE RM code, then the LTE RM code will be extended by repetition as in LTE

· 12<=K:

· Polar code (single design for all control information sizes, except for possible omission of CRC bits for payloads <= ~22 bits)

Agreement:

· The primary candidates for PBCH channel coding are: 

· Polar control channel coding scheme, with Nmax <= 512, reusing same decoder

· LDPC data channel coding scheme, reusing same decoder – i.e. no new shift network, but a new base graph may be considered

· LTE TBCC may also be considered if fundamental problems are unresolved with the above candidates

· Evaluate BLER and FAR performance until RAN1#89, with the following assumptions:

· Implementable decoders, i.e.:

· For polar decoding: Lmax = 8

· For LDPC decoding: min-sum variants, flooding 50 iterations

· Info + CRC = 40-100 bits

· Target FAR is that achieved with CRC size = 16

· Starting code rate <= 1/6

· Performance to be compared based on a single transmission with no combining

· Note that it is assumed that PBCH uses Chase combining – i.e. IR is not supported.  

· Decoder power may optionally also be considered

	Modulation

	Agreements:
· pi/2 BPSK DFT-s-OFDM supports spectrum shaping without spectrum expansion of pi/2 BPSK data at least for uplink data for carrier frequencies above 6 GHz and below 52.6 GHz

· Note that UE still has to fulfill all RAN4 requirements

· FFS: Whether it will have RAN1 spec impact
· FFS: Applicability below 6 GHz

· Note that RAN1 needs to consider at least spectrum efficiency, PA efficiency, complexity, and coverage

	Duplexing

	Agreements:

· For cross link interference mitigation, 

· Further consider UE-UE measurement and reporting, and TRP-TRP measurement

· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics

· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI

· Once the detailed option(s) is available, decide whether or to support this feature 

· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact

· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.

Agreements:

· NR supports that at least the following information is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation: 

· Indication of intended DL/UL transmission direction configuration

· FFS details



	Wider bandwidth operations

	Agreement:
· For single-carrier operation,
· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE

· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD

· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation

Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block

· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM
Agreement:
· Support the following: 

· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster

· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 

· Allow single or multiple Sync signal locations in wideband CC

· Consider further impact on design for: 

· Reference signals

· Resource Block Group design and CSI subbands

LS was agreed in R1-1706615


	NR-LTE co-existence

	Conclusion:

· For LTE-NR coexistence in UL, several alternatives were proposed and discussed, and there is no common understanding of the corresponding performance impact. RAN1 to continue the discussion on possible alternative(s) to conclude on the performance impact via evaluation, RAN1 specification impact, analysis of potential impact on other NR features, etc.
Conclusions:

· Study further at least the following issues when UL carrier in one frequency range and DL NR carrier in a different frequency range:

· Potential timing offset due to differences in channel delay profiles between UL and DL

· Pathloss difference between UL and DL (it is assumed that DL is used by a UE to measure the path loss)

Agreements:

· NR supports DL transmissions scheduled in LTE DL non-MBSFN subframes

· Mini-slots can be scheduled on OFDM symbols not carrying CRS 

· It is expected that NR scheduling and at least semi-statically reserved resources for forward compatibility can be used to avoid NR transmissions colliding with other LTE signals/channels (e.g., LTE PBCH/PSS/SSS, SIB1, LTE PDCCH region, etc.) 


	Channel model

	38.802

R1-1706355 was agreed
38.901

R1-1706096, R1-1706182, R1-1705803, R1-1706098, R1-1706373, R1-1705804, R1-1705805, R1-1706374, 
and R1-1706097 were agreed.
36.873

R1-1705091 and R1-1706375 were agreed.


	Other

	Agreements:

· Subcarrier grid in NR is Alt.1, i.e., “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.”

· RAN1 send LS to RAN4 to inform RAN1 decision on subcarrier grid in NR.
LS was agreed in R1-1706756
Agreements:
· For 60kHz ECP in the case with WA will be confirmed
· One slot consists of 6 or 12 OFDM symbols
· If down selection of NCP will be appeared between 7 or 14 OFDM symbols, RAN1 will also apply the down selection of ECP between 6 or 12 OFDM symbols

· NR study DMRS patterns for ECP slot
· NR may support to configure different DM-RS patterns for a UE
· When UE is configured with ECP,
· FFS: UE receives a slot using ECP only for the given subcarrier spacing
· FFS: For receiving PSS/SSS and system information, the UE may have to receive a slot using NCP

· FFS: For receiving PDCCH, the UE may have to receive a slot using NCP

· FFS: UL and DL configured separately or simultaneously


3. RAN WG3 progress at RAN3 #95bis (April 2017)
NG-RAN architecture

NG-C/U name is confirmed for the itf between NG-RAN and 5GCN.

TP for TS38.300

Following TPs were agreed.

· NG interface (NG-C/U protocol stack and functions) in R3-171390.
· Xn interface (Xn-C/U protocol stack and functions) in R3-171330.
· Network entity related Identities (AMF identifier, NG-RAN Cell Global Identifier, gNB Identifier, Global gNB ID, Tracking Area identity, CSG identity and Single Network Slice Selection Assistance information) in R3-171391.

· Functional split between NG-RAN and 5G-CN in R3-171392

· CN Instance selection signalling on slicing in R3-171395

· General principles and requirements, CN Instance and NW Slice Selection,  Resource Isolation and Management  and Signalling Aspects  on slicing in R3-171353

· ANR and TNL address discovery for NG RAN in R3-171336

· Roaming and Access Restrictions in R3-171398

· Mobility Management in CM-CONNECTED in R3-171399(Support of RRC_INACTIVE) and R3-171147(Handover).

All above TPs were captured in R3-171329.
QoS
TP for QoS Flow Level Parameters (TS38.413 and TS38.423) was agreed in R3-171347.

TP for PDU Session Modification procedure(TS38.413 and TS38.423) was agreed in R3-171393 and R3-171372

Realization of Netwrok Slicing
TP for slice information exchange in Xn Setup Procedure (TS38.423) was agreed in R3-171351.

Support of Self-Organising Network (SON) functions
TP for ANR and TNL address discovery (TS38.413 and TS38.423) was agreed in R3-171337 and R3-171338

Intra NG-RAN mobility in RRC_CONNECTED (mode)
It was agreed that the LTE lossless intra-RAT handover procedures over the S1/X2 interfaces should be used as a basis for designing the lossless intra-system handover procedure for NR and LTE-5G-CN over the NG/Xn interfaces.
Intra NG-RAN mobility in RRC_INACTIVE (mode) 
Followings were agreed. 

· Context fetch between the new gNB and the old gNB should be supported over Xn.
· Data forwarding between the gNBs should be supported.
· Path switch procedure should be used to relocate the NG connection from old anchor gNB to the new gNB.
TP for some XnAP elementary procedures (TS38.423) was agreed in R3-171371

Dual Connectivity options (E-UTRA-NR DC via EPC where the E-UTRA is the master)
It was agreed that X2 interface will be enhance to achieve 3/3a/3x options i.e. X2-AP and X2 specifications between eNB and gNB for the EN-DC when eNB is the Master node and S1-C/U is also re-use for 3/3a/3x, if any impact.
List of open issues were captured in R3-171343.

CR for TS36.300 was agreed as baseline to support Option 3 families in R3-171339.

CR for TS36.425 was agreed as baseline to support Option 3 families in R3-171342.

Dual Connectivity options (E-UTRA-NR DC via 5G-CN where the E-UTRA is the master)
TP for General Principles for DC(TS38.300) was agreed in R3-171344

TP for Functions of XnAP and XnAP procedures (TS38.423) was agreed in R3-171345

TP for General and Xn user plane protocol (TS38.425) was agreed in R3-171346

High layer split option selection
It was agreed that enhancement of option 2 may support RLC PDU retransmission, if any.
It was agreed that RAN3 has decided to select Option 2 (based on centralised PDCP/RRC and decentralised RLC/MAC/PHY) for normative work in Release 15. With this selection, RAN3 agreed to work on possible enhancements to option 2, to address fast centralized retransmission of lost PDUs during the normative phase of Release 15. 
High layer functional split
Followings were agreed.

· The New interface is made of CP and UP interfaces with associated procedures.

· The name of the CU-DU interface is F1.

· CP uses SCTP/IP, other alternatives are FFS, if any

· UP uses GTP-U/UDP/IP, other alternatives are FFS, if any
· The standard should not prevent to separated CP and UP
· Termination point of the interface NG, X2, Xn and S1-U are the gNB
TP for Layer 1 specifications and Interface to management plane (TS38.401) was agreed in R3-170957

TP for F1 signalling bearer, Data link layer, IP layer and Transport layer (TS38.472) was agreed in R3-171363.

TP for Interface Management procedures and other parts (TS38.473) was agreed in R3-171364.

TP for F1 Interface user plane protocol and other parts (TS38.474) was agreed in R3-171365.

TP for General aspects, some parts of F1 user plane protocol and other parts (TS38.475) was agreed in R3-171367.
NG AP
It was agreed that RAN3 adopts Option 2 for NGAP, i.e. S1AP is maintained in TS36.413. NGAP in TS38.413 is based on TS36.413, but without the not applicable S1AP procedures/IEs/ASN.1 code.
TP for PDU session management procedures (TS38.410) was agreed in R3-171375.

TP for NGAP Procedures (TS38.410) was agreed in R3-171208.

N2/N3 termination & access agnostic core
Following was agreed as NG Principles:

· Interface is designed targeting gNB as the RAN endpoint

· Other possible nodes are assumed to support “NG terminating functionality”

· AMF is assumed to be access aware via e.g. TAI 

· Messages may include access-specific optional IEs as needed (whether these are simply added in a flat manner, or whether optional access-specific IE groups are defined is FFS).
Draft RAN3 Technical specifications
Draft TS with above agreements and editorial modification (e.g. terminology alignment) are available in following Tdocs.

	Spec
	Tdoc number

	TS38.401
	R3-171307

	TS38.410
	R3-171308

	TS38.411
	R3-171309

	TS38.412
	R3-171310

	TS38.413
	R3-171311

	TS38.414
	R3-171312

	TS38.420
	R3-171313

	TS38.421
	R3-171314

	TS38.422
	R3-171315

	TS38.423
	R3-171316

	TS38.424
	R3-171317

	TS38.425
	R3-171318

	TS38.470
	R3-171319

	TS38.471
	R3-171320

	TS38.472
	R3-171321

	TS38.473
	R3-171322

	TS38.474
	R3-171323

	TS38.475
	R3-171324


4. RAN WG4 progress at RAN4 #82bis (April 2017)
UE RF aspects:

· Handling NR band and band combination in Rel15 WI in [R4-174406]
· Proposal 1: Proponents on particular frequency ranges and LTE/NR combinations in the attachments in [1] need to contact the rapporteur and send relevant information on the 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG with the prefix [NR band and combo] in the title to have contact information added to the corresponding table by 17, April.
· Note that the contact persons shall fulfil the same responsibility as defined in CA basket approach such that reporting to the status report for his/her frequency ranges and band combinations.

· Proposal 2: Proponents on particular frequency ranges and LTE/NR combinations need to contact the rapporteur and send relevant information on the [3GPP_TSG_RAN_WG4 @LIST.ETSI.ORG] with the prefix [NR new band and combo] in the title to have their frequencies and band combinations added to the corresponding tables prior to the t-doc submission deadline.
· Proposal 3:  How to represent LTE/NR DC combinations more than 2CCs with unique meaning should be addressed in an urgent manner.

· Proposal 4: Basket WI approach should be adopted for LTE/NR DC combinations in the following manner.

· One delegate is assigned to each of categorized band combinations as responsible persons.

· The type of the categories and how many categories are established are FFS.

· At least one delegate is assigned to LTE/NR DC combination up to 2CC.

· The responsible persons should work as if they were the rapporteurs for the individual categories in Rel15.

· They will become officially the rapporteurs in Rel-16 when corresponding basket WIs are generated.

· Proposal 5: The following is proposed for LTE/NR band combination for 2CC.
	band combination category
	responsible person in Rel15(rapporteur in R16
	company
	email

	LTE/NR band combination for 2CC
	Kei Ando
	NTT DOCOMO, INC.
	kei.andou.ye@nttdocomo.com


· Proposal 6: In the RAN4 #83 meeting, companies provide the views on how to efficiently manage more than 2 CC cases.
· WF on LTE-NR coexistence with UL sharing [R4-1704411]
· The following Frequency ranges are to be defined for LTE-NR coexistence with UL sharing
	Frequency ranges for NR
	Operators whose request is included in the frequency range

	1710-1785MHz (UL)/3.3-4.2 GHz*(DL&UL)
	China Telecom, China Unicom, CMCC, Deutsche Telekom

	832-862MHz (UL)/3.3-4.2 GHz*(DL&UL)
	Orange, Telefonica, China Telecom, Etisalat, Deutsche Telekom

	880-915MHz (UL)/3.3-4.2 GHz*(DL&UL)
	CMCC

	703-748MHz (UL)/3.3-4.2 GHz* (DL&UL)
	Orange, Telefonica, Etisalat 


· Prioritize the work on conventional band arrangement and DC/NSA combinations until Dec. 2017 (Rel-15) followed by SA until June 2018

· Start working on the specific requirements for LTE-NR co-existence with UL sharing when RAN1 has sufficient progress, and complete the work by RAN#80 (i.e. Jun. 2018)

· Addition of LTE Band 70 for NR [R4-1704315]
· Proposal: RAN4 to approve adding LTE Band 70 to Release 15 NR WI and endorse it for RAN#76 approval, in June 2017.
· WF on 28GHz spectrum [R4-1704217]
· There were two proposals regarding band definition for 24.25 - 29.5GHz

· Proposal 1 : 24.25 - 27.5GHz  , 26.5 - 29.5GHz

· Proposal 2:  27.5 GHz – 28.35 GHz 

· Based on technical inputs, RAN4 will decide one option between below two options by RAN4 #83 

· Option 1 : proposal 1 only 

· Option 2 : proposal 1 & 2
· WF on 3.3-4.2 GHz and 4.4-4.99 GHz NR spectrum [R4-1704410]
· For 3.3-4.2 GHz:

· One of options below should be selected considering their pros/cons in RAN4#83.

· Option 1: Proposal 1

· Option 2: Proposal 2

· Option 3: Proposal 1 & 2 (which means specifying three different bands and the NW needs MFBI)

· RAN4 agrees that compared to a device only supporting 3.3-3.8 GHz, there shall be no additional losses in the TRx path within 3.3-3.8 GHz for a device supporting 3.3-4.2 GHz.

· Companies are encouraged to provide technical aspects of their preferred proposal, including but not limited to efficiency and gain flatness.

· How to treat the altimeter protection should be studied further

· If necessity of the study in 3GPP is identified, a possible way is to perform coexistence studies with the radio altimeter service with parameters based on the ITU-R Rec. 2059-0

· Requirements near 4.2 GHz subject to outcome of coexistence study if necessary
· For 4.4-4.99 GHz
· To specify 4.4-4.99 GHz as a single band.

· How to treat the altimeter protection should be studied further

· If necessity of the study in 3GPP is identified, a possible way is to perform coexistence studies with the radio altimeter service with parameters based on the ITU-R Rec. 2059-0

· Requirements near 4.4 GHz subject to outcome of coexistence study if necessary
· European LTE-NR band combinations, and coexistence analysis [R4-1703999]
· the LTE_4DL/1UL CC (B1,3,7,20) + NR_1DL/1UL CC (3.4-3.8GHz) proposal is now agreed by RAN4, and that the corresponding coexistence analysis is endorsed by RAN4.
· Ensure forward compatibility for adding new maximum channel BW in future releases
· Working Assumption: 

· For bands below 6GHz

· 100MHz maximum CBW

· For bands above 24GHz

· 400MHz maximum CBW
· WF on Subcarrier Spacing for NR in [R4-1704401]. Corresponding LS was sent to RAN1 [R4-1704223]
· SCS supported for bands below 1 GHz

· 15kHz, 30kHz

· The decision of supporting 60kHz is pending RAN1 check

· SCS supported for bands between 1GHz and 6GHz

· 15kHz, 30kHz, 60kHz

· SCS supported for bands above 24GHz and below 52.6GHz

· 60 kHz, 120kHz

· 240kHz is not applicable for data

· 240 for data can be further considered if a clear benefit is shown 

· SCS support is band dependent

· RAN4 assumes others SCS at least for data may be added in a forward compatible manner in later releases

· WF on Channel bandwidth related terminology in [R4-1704398]
· Channel bandwidth (CBW): Operating contiguous BW supported by gNB (1CC) in which UE is operated.

· UE Maximum Bandwidth (UMBW): Maximum aggregated bandwidth which a NR UE can transmit and/or receive.

· Note that the wording will be improved with the same meaning when they are included in the spec.

· How to define the RAN4 requirements should be further studied to achieve the methodology that a NR UE can access to a NR cell regardless of channel bandwidth in the cell as agreed in RAN1#85.
For UE RRM perspective
One WF on initial focus areas for NR RRM in RAN4#83 was approved [R4-1702888]. Approved initial focus areas for NR RRM were followings:

· Analysis of decisions made in other working groups eg RAN1, RAN2 in April and earlier meeting rounds, in view of the impact to RAN4 RRM requirements

· UE measurement capabilities such as number of cells, number of beams, number of frequency layers to be monitored, number of numerologies to handle in parallel, etc

· Consideration of requirements for NR UE transmit timing

· Expected measurement requirements needed for enabling NSA option 3 operation

· Draft system level simulation plan

· Draft link level simulation plan (Note: It will not be possible to agree simulation assumtions or provide resuts until further progress is made in RAN1 eg on NR-SS and CSI-RS design)

· RRM Specification structure for 38.133

· NR Measurement definitions and reference point

· UE architecture 

· the need for measurement gaps for inter-frequency and inter-RAT measurements

· Interruption requirements

· Other contributions are not precluded
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