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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 #89 (May 2017)
	Initial access and mobility

	Agreements: 
· Confirm following working assumptions on NR-PSS as agreements

· 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

Working assumption: 
· NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts

· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence
· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1
· Initial state is [0000001]
· The cyclic shift values [image: image2.png]
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 are jointly determined by the cell IDs carried by NR PSS (i.e., [image: image6.png]


) and NR SSS (i.e., [image: image8.png]


)), where the cell ID is given by [image: image10.png]NE = 3N + N
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Agreements: 
· For SS block composition, the following should be supported

· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.

· In case that number of PBCH symbols is two within a SS block,

· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS

· Down selection from above options should be done together with NR-PBCH design decision

Agreements:
· For the possible SS block time locations following mapping is followed:

· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols

· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing

· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols

· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing

· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols

· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing

· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing

· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation

Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L

· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded

· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS

· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval

· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
· DMRS sequence depends on at least cell IDs

Agreements:
· Following contents are carried in NR-MIB

· (Part of) SFN: [7 - 10] bits

· At least 80 ms granularity

· FFS: indication within 80 ms

· [H-SFN: 10 bits]

· RAN1 will ask RAN2

· Timing information within radio frame: [0 - 7] bits

· E.g., SS block time index: [0 - 6] bits

· E.g., half radio frame timing: [0 - 1] bit

· RMSI scheduling information: [x] bits

· CORESET(s) information: [x] bits

· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered

· E.g., Time/frequency resource configuration of CORESET(s)

· [Numerology of RMSI: [0 - 2] bits]

· [Information regarding frequency resources for PDSCH scheduling: [x] bits]

· [Information regarding bandwidth part: [x] bits]

· [Information for quick identification that there is no corresponding RMSI to the PBCH: [0 - 1] bit]
· [Information for quick identification that UE can not camp on the cell: [0-1] bit]

· RAN1 will ask RAN2

· [SS burst set periodicity: [0 - 3] bits]

· [Information on actual transmitted SS block(s): [0 - x] bits]

· [Area ID: x bits]

· RAN1 will ask RAN2

· [Value tag: x bits]

· RAN1 will ask RAN2

· [cell ID extension: x bits]

· RAN1 will ask RAN2

· [Information on tracking RS: x bits]

· Reserved bits: [x > 0] bits

· CRC size for NR-MIB is [16 + y] bits
R1-1709789 was agreed 
Agreements:
· RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC.

· Note: Based on the performance evaluation done so far, the upper limit range is between 72 and 48 bits

Agreements:
· Down select from following alternatives based on further evaluation/analysis in the next meeting

· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block

· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block
· Other Alternatives are not precluded

· Note that all proponents need to provide their own proposal until 26th May
· For evaluation purposes, followings should be considered

· Channel coding 

· Rate matching 

· Accuracy of CFO estimation

· DMRS RE mapping
· Channel estimation performance

· NR-PBCH one to four shot(s) performance within 80 msec

· Complexity of NR-PSS/SSS/NR-PBCH decoding and mobility measurement

· Reliability of time index

· All proponents need to provide followings until 2nd June to achieve further evaluation/analysis – Asbjorn (Ericsson)

· NR-PBCH RE mapping

· SS-block composition

· SS-block time index indication

· SFN indication

· DMRS RE mapping

· PBCH payload size

· PBCH channel coding scheme (all proponents need to follow the latest agreements/WAs in channel coding session) 

· Note that all decisions of channel coding scheme should be done in channel coding session/agenda

· Receiver algorithms

Agreements:
· For RMSI, the same subcarrier spacing is used for data and control channels

· For paging, the same subcarrier spacing is used for data and control channels

· RAN1 will strive to minimize the subcarrier spacing switching point during the initial access and idle mode

· FFS: Whether the subcarrier spacing of data and control channel is the same between RMSI and paging

Agreements:
· NR supports PRACH preamble formats 0 and 1 for the sequence length of 839.


[image: image15]
Working assumption:
· NR supports PRACH preamble format indicated in the table below for the sequence length of 839

· FFS on restricted set

· FFS other sequence(s) for large cell radius


[image: image16]
Conclusions:

· Continue study on necessity of RACH capacity enhancement and possible solutions (if capacity enhancement is necessary) until next meeting with considering at least following aspects 

· Capacity limit due to short sequence length (e.g., which can be applied to beam sweeping)

· Capacity due to higher subcarrier spacing

· Supported cell radius as function of PRACH preamble reuse distance

· Capacity impact due to cell radius impact on Ncs

· Possibility to exploit spatial separation

· Arrival rate of UEs within a beam/cell

· UE distribution within cell

R1-1709708 was agreed.

Conclusions:

· Continue study on necessity support RACH preamble sequence that is more resilient to frequency offsets and supports larger cell radius than the Zadoff-Chu sequence until next meeting
· Potential sequences as listed in R1-1704144
Agreements:
· For L = 839, NR at least supports subcarrier spacing of:

· 1.25 kHz
· FFS: which one of 2.5 kHz or 5 kHz will be supported
Agreements:
· For the shorter sequence length than L=839, NR supports sequence length of L = 127 or 139 with subcarrier spacing of {15, 30, 60, 120}kHz
· Note: this is based on the assumption that 240 kHz subcarrier spacing is not available for data/control

· FFS: 7.5 kHz subcarrier spacing

Conclusion:

· Use proposals in R1-1709767 as a starting point for evaluation until next meeting

· Companies to provide tables of supported preamble formats with SCS/CP/GP and support cell ranges on the reflector by June 9th – Jan (ZTE)
Agreements:
· Consider following new use cases for RACH design, 
· beam recovery requests 
· on demand SI requests

· Study the following aspects:

· requirements to satisfy above new use cases

· impact on capacity

· whether additional preamble format(s) is needed
· impact on RACH procedure
Agreements:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power
· RAN1 will definitely decide above FFS point
Agreements:
· NR does not support to report UE capability of beam correspondence during RACH procedure.
· Note that UE capability of beam correspondence is reported after RACH procedure
Agreements:
· Random access (RA) configuration is included in remaining minimum SI.
· Continue discussion on
· Whether all RA configuration information is transmitted in all beams used for RMSI within a cell or not

· Whether NW is mandated to use the same set of beams for RMSI and SS block or not

· Whether SS block and RMSI are spatial QCLed or not

Conclusion:
· Continue discussion whether indication of actually transmitted SS blocks can be included in remaining minimum SI or not
Agreements:
· RAN1 will study transmitting PRACH preambles in CONNECTED mode in resources based on CSI-RS

· FFS: use cases and configurations details based on CSI-RS

Agreements:
· RAN1 assumes at least SSS is used for SS block RSRP

· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS
Conclusions:
· RAN1 should conclude one or multiple SS burst periodicity and the timing for UE RRM measurement per frequency carrier if indicated in the next meeting

Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR

· Periodic CSI-RS transmission with configurable periodicity

· Note that CSI-RS transmission can be turned on and off

· FFS: candidate periodicity values

· Configurable transmission/measurement bandwidth
· FFS: whether/how transmission and/or measurement bandwidth is indicated to UE

· Configurable CSI-RS time/frequency resource
· Note that this property is the same with that for beam management based on CSI-RS

· Note that the numerology for CSI-RS should consider neighbor cell measurement aspects
Agreements:
· RAN1 provides the following response to Question 1:
· The design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline. 

· CSI-RS for L3 mobility can have same, partly same or different configuration from CSI-RS for beam management.
· For example, they could be the same when both are configured to be periodic with same periodicity

· For example, they could be different when CSI-RS for L3 mobility is configured to be periodic and CSI-RS for beam management is configured to be aperiodic

· For example, they could be partly the same when both are configured to be periodic but with different periodicities

R1-1709581 was agreed

Agreements:
· RAN1 provides the following response to the "cell-specific and configurable" part of Question 2 in R1-1709061:
· RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurements
Agreements:
· RAN1 studies the following methods for a CONNECTED UE to obtain parameters for CSI-RS for L3 mobility:
· Method 1: Configuration of a parameter that is valid for one CSI-RS resource
· Method 2: Configuration of a parameter, e.g. periodicity, that is valid for all CSI-RS resources on a carrier frequency
· Method 3: UE derives a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID
· Method 4: Configuration of a parameter, e.g. periodicity, scramble ID (if specified), UE (group) ID (if specified), virtual cell ID (if specified), that is valid for a group of CSI-RS resources on a carrier frequency
· Method 5: NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting
· Other methods are not precluded
· Different parameters may be obtained by different methods.
· Note: "configuration" above means UE specific configuration by RRC signaling
Agreements:
· At least the following properties of a CSI-RS for L3 mobility can be signalled to the UE using dedicated signaling:
· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· configurable transmission/measurement bandwidth 
· Note: it relates to wideband operation
· parameters for sequence generation
· FFS: configurable numerology
· FFS: Spatial QCL assumption e.g. QCL between SS block and CSI-RS
· FFS: Which parameters are common or partial-common to multiple CSI-RSs

· FFS: Serving cell assists to derive the reference time of target cell in synchronous system

Agreements:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE

· SINR-like metric as in LTE represents whether or not UE can receive PDCCH

· FFS: PDCCH in U-SS and/or PDCCH in C-SS

· RS used to derive SINR-like metric is down selected from following options

· Opt.1: CSI-RS

· Opt.2: DMRS for NR-PDCCH in C-SS

· Opt.3: DMRS for NR-PBCH

· Opt.4: NR-SSS

· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)

· FFS: how many options are used

· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.

· RAN1 plans to provide at least periodic IS/OOS indications.

· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.

Agreements of proposed reply to RAN2:
Q1: Can the in-sync/out-of-sync indications for RLF be provided per cell?
A1: RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.

Q2: Is RAN1 planning to provide in-sync/out-of-sync indications that are periodic (similar to LTE)?

A2: RAN1 plans to provide at least periodic IS/OOS indications.

R1-1709705 was agreed



	MIMO

	Agreements:
· For >4-layer transmission, each of the two CWs is mapped to at most 4 layers

Agreements:

· At least support the following layer split for L >4 layer transmission: the 1st [image: image18.png]/2]



 layers ( CW0 and remaining layers ( CW1

· For >4 layer transmission, investigate further whether or not to support additional correspondence with limited number of possibilities 

· The mapping is configured by gNB to the UE

· FFS whether by RRC signaling or DCI or both 

· FFS possible mapping configured by gNB

· FFS  whether the UE report the preferred layer mapping
Working assumption:

· In NR, support at least the following mapping order for modulated symbol stream to the allocated resource for DL data channel 

· First across layers associated with the codeword, then across subcarriers (frequency) and then across OFDM symbols (time)
· FFS whether the resource is associated with a CW or with a CB group
· FFS other schemes (e.g., Layer( Time( Frequency, Time( Frequency (Layer, Frequency( Layer( Time)

· If so, details of configuration signalling, e.g. RRC, DCI

· Companies are strongly encouraged to perform evaluations especially for high-speed scenarios, and interference limited/varying scenarios

Agreements:

· Companies are encouraged to perform further evaluations on whether or not to support frequency interleaving, and if supported, the detailed interleaving scheme (e.g. as summarized in R1-1709261, per-OFDM-symbol interleaver, either used all the time or conditionally multi-OFDM-symbol interleaver, configurable interleaver, etc.)

· Aim to make a decision in the next RAN1 meeting

Agreements:

· NR supports in one DCI containing one MCS (for the case of one CW) and two MCSs (for the case of two CWs) for a given UE

· FFS details

Agreements:

· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for unicast PDSCH in specification 

· Note: CSI feedback assuming open-loop/semi-open-loop and/or closed-loop transmissions is to be discussed separately
Agreements:

· One of the following UL codebook design principles is down-selected until next meeting.

· Alt1:

· NR supports UL codebook at least for a single panel. 

· Note: This does not preclude the use of components of single panel UL codebook for multi-panel.

· FFS on multi-panel UL codebook

· Whether or not support additional components (e.g., panel co-phase)  

· NR supports a UL codebook optimized for single-panel and support multi-panel via indicating multiple TPMIs

· Focus on single panel based UL codebook design first, then support multi-panel via selecting a panel via SRI or indicating TPMI per SRS resource.

· Alt 2: 

· Focus on designing a common framework UL codebook for single-panel and multi-panel

· Alt 3: 

· Design different UL codebooks for single-panel and multi-panel, respectively.

· Codebook details are FFS 

· Existing LTE codebooks should be considered as baseline.

Agreements:
· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
· Note: frequency-selective TPMI is to be discussed separately
Agreements:

· For UL transmit diversity for CP-OFDM, down-select between the following alternatives

· Alt. 1: transmit diversity is not explicitly supported for PUSCH in Rel. 15

· Alt. 2 non-transparent UL transmit diversity for CP-OFDM (e.g., SFBC, Non-transparent precoder cycling)
· For UL transmit diversity for DFTsOFDM and CP-OFDM, companies are encouraged to provide evaluation results and implementation analysis for the next RAN1 meeting

Agreements:

· For DL data transmission

· PRB bundling size include (including possible downselection)

· Case 1: value(s) based on RBG

· FFS RBG/k, where k is integer, FFS the value(s) of k

· FFS m * RBG, where m is integer, FFS whether m is always equal to 1

· Case 2: other values based on bandwidth part, and/or scheduled bandwidth and/or UE capability etc.

· E.g., Consecutive scheduled bandwidth 

· FFS restrictions

· E.g., Values equal or larger than scheduled BW

· FFS restrictions 

· FFS other cases;

· FFS the relationship between above values with e.g. DMRS patterns

· FFS UE feedback assisted PRB bundling size with respect to UE complexity, feedback overhead increase and performance gains.

· FFS joint or separate indication of PRB bundling size on data and DMRS
Agreements:

· Adopt the following for NR reception:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 

· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner

· Note: CSI feedback details for the above case can be discussed separately

Agreements:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:

· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4

· To be decided next meeting

· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH

Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling

· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

Agreements:
· Cell-specifically configured CSI-RS is not supported for beam management
Agreements:
· The following beam grouping criteria are considered:

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.

· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered

· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.

· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.

Agreements:
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 

· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 

· the number of Tx beams per group in the report Q

· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information

· L = 1, Q = 1 are supported which implies no impact to reporting and indication overhead
· Companies are encouraged to evaluate performance to determine values of M, N, L, Q for the first release of NR 

· Decide on the values of L, M, N, Q supported by the spec to be able to determine impact on reporting and indication overhead 
Agreements:
· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information

· Information related to CSI-RS resource configuration

· E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.

· Information related to number of CSI-RS resources 

· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource

· FFS: details of time-domain repetitions, e.g., signaling for time-domain repetitions may not be explicit

· FFS signaling details, e.g., explicit indication vs implicit indication

· Note this does not imply particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 

· FFS: whether different sub-time units have same or different ports
Agreements:

· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management

· FFS transmit power for the N SRS resources for UL beam management  

Working assumption:

· Support at least the following triggering condition(s) for beam failure recovery request transmission:

· Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification

· FFS Condition 2: Beam failure is detected alone at least for the case of no reciprocity

· FFS how the recovery request is transmitted without knowledge of candidate beam

· Note: if both conditions are supported, which triggering condition to use by UE also depends on both gNB configuration and UE capability

Conclusion:

· FFS SS-block in addition to CSI-RS is at least supported for P-1 in beam management 

· FFS with or without L1-RSRP reporting

Agreements:

· Support the following channel(s) for beam failure recovery request transmission:

· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case

· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources

· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 

· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 

· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure

· Support using PUCCH for beam failure recovery request transmission

· FFS whether PUCCH is with beam sweeping or not

· Note: this may or may not impact PUCCH design

· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources

· From traditional RACH resource pool

· 4-step RACH procedure is used

· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 

· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 

Agreements:
· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported

· FFS the time window is configured or pre-determined

· FFS the number of monitoring occasions within the time window

· FFS the size/location of the time window

· If there is no response detected within the window, the UE may perform re-tx of the request

· FFS details

· If not detected after a certain number of transmission(s), UE notifies higher layer entities

· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer 

Agreements:
· Maximum value of Ks for CSI acquisition is no more than 8
Email discussion till next meeting on the following – Rakesh (CATT)

· Maximum number of CSI reporting settings (N value), maximum number of resources settings (M value), maximum number of resource sets (S value), the number of links (L), and/or maximum number resources per resource set  (Ks value) in both non-CA and CA scenarios
Agreements:

1. RAN1 supports aperiodic CSI report on PUSCH, including two cases: 

a. Case-1: CSI reports multiplexing with uplink data in PUSCH

b. Case-2: CSI reports only in PUSCH (no uplink data)

c. Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
2. FFS: aperiodic CSI report on PUCCH

Working assumption:

· Support at least NZP CSI-RS based interference measurement 

· select at least one of following scheme

· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)

· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

· Aim to conclude whether to support one of them or both in the next RAN1 meeting

· FFS whether or not to support signaling of power boosting for NZP CSI-RS

· Other schemes are not precluded

· FFS whether or not support DM-RS based interference measurement, aim to decide in the next RAN1 meeting

· Companies are strongly encouraged to carry out analysis of the resulting overhead comparing NZP CSI-RS and DM-RS based approaches (e.g., as in contribution R1-1709452)

Agreements:

· Support following features for NR CSI acquisition

· FFS Frequency domain subset restriction

· FFS on number of configurable subsets

· FFS on detailed signaling/configuration

· FFS measurement restriction of interference measurement

· FFS on measurement restriction of channel measurement 

· For time domain, measurement restriction of channel and interference measurement

· CSI reporting via short duration PUCCH

· FFS on detailed setting in CSI reporting setting

· CSI reporting via long duration PUCCH

· FFS on detailed setting in CSI reporting setting

· PUCCH reporting which is contained in a single slot

· FFS on PUCCH reporting which is contained in multiple slots

Agreements:

· Slides 4 to 24 in R1-1709232 are agreed

· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details

· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers

Agreements:
· At least for CSI acquisition, for N=2 OFDM symbols, support adjacent OFDM symbols for one CSI-RS resource
· For N=4 OFDM symbols, down-selection between 2 and 4 for the minimum number of adjacent OFDM symbols for one CSI-RS resource
· At least for CSI acquisition, for N=2 OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource 

· FFS: For N=4 OFDM symbols, the RE mapping pattern of one CSI-RS resource
Agreements:

· Support at least OCC as one type of CDM sequence 

· FFS: CDM of CSI-RS antenna ports on an RE-level comb based on phase rotation (cyclic shift) sequences

· Support at least CDM 8 for an X-port CSI-RS resource at least when X=32 

· FFS:  Support for other pairings of CDM value and number of ports X 

· For an X-port CSI-RS resource, at least for X = 1, support density D >= 1 RE/port/PRB

· FFS: Support for D > 1 for other values of X

· Note: For X = 1, CDM code value(s) assumed to be 1 


Agreements:

· Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).
· 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
· Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part

Conclusion:

· FFS how NZP CSI-RS REs can be mapped (e.g., matching-around or puncturing) in a slot, considering potential overlapping with other channels/signals (e.g., DMRS, PTRS, SS block, some CORESET, etc.)

Agreements:
· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports,

· For N=1 OFDM symbol, support X=8, 12 ports

· For N=2 OFDM symbols, support X= 8, 12, 16ports

· FFS the case of X=24

· For N=4 OFDM symbols, support at least X=32 ports

· FFS the case of X=8/16/24

Agreements:

· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports, at least the following option is supported:

· For N=1 OFDM symbol, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource

· FFS whether it’s 2 or 4

· For N=2 OFDM symbols, support [2 or 4 ] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource

· FFS whether it’s 2 or 4

· For N=4 OFDM symbols, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource

· FFS whether it’s 2 or 4

· FFS whether or not to support other options such as CDM CSI-RS antenna ports on a RE level comb based on phase rotation [cyclic shifts/sequences] including D=1 and D≠1

Agreements:
· For CDM pattern(s) per X port CSI-RS for CSI acquisition 

· For X=2 with CSI-RS RE pattern (M,N)=(2,1), 

· FFS support no CDM 

· Support FD-CDM2

· For X=4 with CSI-RS RE pattern (M,N)=(4,1)

· FSS support no CDM

· Support FD-CDM2

· FFS CDM4

· For X=4 with CSI-RS RE pattern (M,N)=(2,2)

· FFS support no CDM

· Support FD-CDM2

· FFS support TD-CDM2

· FFS CDM4

Agreements:
· Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
· FFS: Necessity of reduced DMRS density in additional DMRS symbols
Conclusion:

· When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For 7-symbol slot. down selection should be done in next meeting

· Alt.1:   Only support front loaded DMRS

· Alt.2 :  Support  front loaded DMRS +additional DMRS

· Alt.3 :  Configurable between Alt.1 and Alt.2

· For  14-symbol slot, down selection should be done in next meeting

· Alt.1:   Only support front loaded DMRS

· Alt.2 :  Support  front loaded DMRS +additional DMRS

· Alt.3 :  Configurable between Alt.1 and Alt.2

· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 

Working assumptions:
· For DMRS port multiplexing schemes on 2 adjacent front-loaded DMRS symbols in the time domain:

· Support DMRS configurations with two alternatives

· Time domain OCC (TD-OCC) of antenna ports is supported. In addition, for the other alternative only one of following is supported:

· Option 1A: TDM of antenna ports

· Option 1B: Time domain repetition of all antenna ports

· Notes: 

· This is for both SU-MIMO and MU-MIMO

· If  1B is chosen then whether and/or not pattern shift is used must be decided

Objected by Huawei, HiSilicon

Working assumption:

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1

Agreements:
· Confirm the following working assumption.
· Uplink PTRS for DFT-s-OFDM waveform is supported.
· Presence of PTRS for DFT-s-OFDM is UE-specifically configurable
· Multiple pattern/density of PTRS for DFT-s-OFDM is supported

· FFS: implicit or explicit signaling
· Working assumption: Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM.
Agreements:
· The RBs containing PTRS can be derived from the scheduled RBs and the associated frequency density
· For a given RB, if present, one PTRS port should be mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group
· FFS: to support different subcarriers by complementary option  
· Support non-overlapping between PTRS and CSI-RS

· FFS whether PTRS or CSI-RS should be punctured or shifted on overlapping part if PTRS and CSI-RS are collided

· Support non-overlapping between PTRS and SRS

· FFS whether PTRS or SRS should be punctured or shifted on overlapping part if PTRS and SRS are collided

· FFS: Support non-overlapping between PTRS and SS block

· FFS whether PTRS or SS block should be punctured or shifted on overlapping part if PTRS and SS block are collided

Agreements:
· For SU-MIMO, support predefined and RRC-configured association between PTRS densities and scheduled MCS/BW

· FFS: RRC configuration can override the predefined association 

· Table 1 in R1-1709521 to represent association between PTRS time density and scheduled MCS
· Table 2 in R1-1709521 to represent association between PTRS frequency density and scheduled BW

· Note: The number of rows in Table 1 and 2 can be reduced if the densities are down-selected

· FFS: UE to suggest MCS/BW thresholds in Table 1 and 2

· FFS: complementary DCI signaling 
· For CP-OFDM and the tables on next page, the time-densities (TD) of PTRS include every 4th symbol, every 2nd symbol, and every symbol, while the frequency-densities (FD) of PTRS include occupying one subcarrier (not necessarily in all REs, depending on the time density) in [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB]

· The time density of PTRS is expected to increase with increasing the scheduled MCS (except for those reserved MCSs).

· The frequency density of PTRS is expected to decrease with increasing the scheduled BW (i.e., the number of scheduled RBs)
· FFS: frequency localized mapping
· FFS: The frequency density of PTRS is expected to increase with increasing the scheduled MCS
· For a UE, the configured PTRS ports are FDMed

· FFS: TDM

· Support association between one PTRS port and one DMRS port per DMRS port group

· FFS: Configurable or fixed association

· FFS: Signalling methods, e.g., RRC, MAC-CE, DCI

· FFS: Support association between one or multiple PTRS ports and multiple DMRS ports per DMRS port group

· Study the benefits of configuring the number of PTRS ports for a UE, based on UE capability or UE report on

· Panels/TXRUs sharing a common oscillator or not, and/or

· Maximum number of independent oscillators at this UE, and/or

· Whether phase errors measured on PTRS ports are same or different

Agreements:
· For CP-OFDM,

· For SU-MIMO, dynamic presence of PTRS is determined by allocated MCS, BW, and subcarrier spacing

· FFS: For MU-MIMO case
· For SU-MIMO, time pattern of PTRS is determined by allocated MCS, and subcarrier spacing

· FFS: For MU-MIMO case

Agreements:
· ZC based sequences shall be used for NR SRS sequence design
Conclusion:
· Regarding SRS sequence design, companies are encouraged to perform evaluations considering:

· Alt-1 SRS sequence generation is not a function of allocated PRB position

· Alt-2 SRS sequence generation is a function of allocated PRB position

· Aim to conclude next meeting
Agreements:
· Support switching between partial bands for SRS transmissions in a CC

· At least when an UE is not capable of simultaneous transmission in partial bands in a CC 

· Consider RF retuning requirement for partial band switching

· Note: definition of partial band is equivalent to “bandwidth part” definition in wider bandwidth operation agenda item

Agreements:
· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where

· N = 1, 2, 4 at least

Conclusion:

· Send an LS to RAN4 regarding the following:

· RAN1 is discussing the possibility of enabling SRS hopping within a slot. For an X-port SRS resource spanning N adjacent OFDM symbols within the same slot, all X ports may be sounded as frequently as up to each of the N symbols in a different portion of the band. In addition to other aspects that need to be investigated in RAN1, RAN1 is also wondering UE RF implementation aspects that may place constraints on the design (e.g., total SRS hopping bandwidth) of the hopping pattern, e.g., required time for frequency re-tuning (if re-tuning needed) or transient period if re-tuning is not needed. Note that RAN1 also made an agreement as follows (Mattias to copy previous agreements on SRS switching across bandwidth parts)

· Draft LS by Mattias (Ericsson) R1-1709819, which is endorsed. Final LS approved in R1-1709836
Agreements:
· When UE beam correspondence is not hold, 

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI

Agreements:
· When UE beam correspondence holds,

· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· The indication can be based on CSI-RS resource, 

· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI

Agreements:
· For the purposes of DL/UL CSI acquisition and beam management

· A UE can be configured with K >= 1 SRS resources where

· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource

· FFS whether or not support N adjacent sub-time-units

· FFS whether or not to additionally support non-adjacent symbols/sub-time-units

· FFS whether to not to additionally N>4

· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units

· FFS whether or not/how to support antenna switching using SRS

· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where

· Periodic: The resource is configured with a slot-level periodicity and slot-offset

· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset

· Multiple SRS resources can be activated/deactivated with a single message

· FFS: Activation/deactivation details

· Aperiodic: The resource is configured without a slot-level periodicity and slot offset

· Multiple SRS resources can be triggered with a single message

· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets

· FFS the location(s) of SRS symbol(s) within a slot

· FFS: Configuration details including grouping of SRS resources to allow low signaling overhead for indicating allocated SRS resources

Agreements:
· Support SRS sequence ID to generate SRS sequences where SRS sequence ID is UE specifically configured using
· RRC

· FFS: UE specific ID (example: C-RNTI) which can be overwritten by RRC signaling

· FFS: for combination of RRC and DCI

· Root(s) of Zadoff-Chu based sequence(s) of an SRS sequence is at least a function of SRS sequence ID
· FFS on details of the function, 
· Examples: 
· The function is parameterized only by SRS sequence ID
· The function is parameterized by SRS sequence ID, length of SRS sequence, SRS sequence scheduled time

· The function is a random number generator, intended for sequence hopping, with a SRS sequence ID as a random seed

· The function is parameterized by SRS sequence ID, scheduled time and frequency location of the SRS sequence

· FFS: sub-time-units for SRS (if supported),  SRS sequence generation details, e.g., block wise sequence generation and concatenation (one/multiple roots), long sequence based designs (one root), etc.

Conclusion:

· RAN1 considers a generic term “spatial Rx parameters” and defers to RAN4 performance testing the exact interpretation of “spatial Rx parameters”.

· The following interpretation alternatives for “spatial Rx parameters” can be further considered by RAN4:

· One or more of: AoA, Dominant AoA, average AoA, Power Angular Spectrum (PAS) of AoA, average AoD, PAS of AoD, transmit/receive channel correlation, transmit/receive beamforming, spatial channel correlation etc.

·  Prepare an LS – Mihai (Nokia) R1-1709822, endorsed by updating the 3rd paragraph with the above agreements, final LS agreed in R1-1709837
Conclusion:

· FFS For CSI-RS RSRP determination, CSI-RS RSRP is measured per CSI-RS port

· FFS reporting per CSI-RS port or not (if not per CSI-RS port, detailed reporting approaches)

· FFS impact due to sub-time-unit CSI-RS

Agreements:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)

· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)

· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)

· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed
Agreements:
· Fine/time frequency tracking RS (TRS) structure may include burst structure and TRS structure inside a burst
· Whether the term “TRS” appear in specifications is FFS
· RS(s) can be the existing ones, revision of the existing ones, or new ones

· The parameters for burst structure are at least

· X: the length of TRS burst in terms of number of slots
· Y: the TRS burst periodicity in terms of number of slots
· TRS supports a single port

· FFS: Other numbers of TRS ports, resources, etc
· TRS has an equal RE spacing in frequency domain within a TRS bandwidth
· FFS: Whether multiple values are supported
· Note that more than one equal RE spacing can be considered
· FFS on TRS configuration details
Conclusions:

· All proponents are recommended to evaluate TRS until the next meeting

· Evaluation assumptions for TRS

· The parameters for TRS structure inside a burst are least

· Sf: TRS subcarrier spacing
· St: TRS symbol spacing within a slot
· N: Number of OFDM symbols per TRS within a slot
· B: TRS bandwidth in terms of number of RBs
· The different slots in a TRS burst may have different TRS parameters (N,B, Sf , St )  (FFS)
· FFS: TRS may have a repetition or staggered structure in time domain within a slot

· FFS: Whether symbol spacing is equal or non-equal within slot

· Note that pages 6 – 9 in R1-1706940 are candidate parameters for evaluations

· Note that other candidate parameters are not precluded
R1-1709832 was agreed.



	Scheduling/HARQ aspects

	Agreements:
· CCE = 6 REGs (confirm Working Assumption)

· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:

· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive

· CCE(s) of one PDCCH is/are also consecutive

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle

· For REG-to-CCE mapping for a CORESET with more than 1-symbol;

· REG bundle is defined in time and frequency-domain

· At least support following:

· Time-first mapping where one of the following is configured

· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration

· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· FFS: time-domain precoder-cycling

· Support REG bundle in time-domain being equal to 1 symbol, or;

· Support following:

· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol

· A PDCCH candidate can be mapped across OFDM symbols

Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols

·  The configuration can indicate the starting OFDM symbol and time duration

· A CORESET is configured with only one CCE-to-REG mapping

Working assumptions:
· For a time-duration of a CORESET:

· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs

· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs

· FFS: X values

· FFS: Other time duration

· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions

Agreements:
· Confirm working assumption:

· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

· FFS: DMRS RE overhead for the REG transmitting DMRS is 1/3

· FFS on DMRS pattern

Agreements:
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots
· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots
· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts
· FFS: details for UE behaviour
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:

· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;

· Each periodicity is supported for particular SCS(s)/slot duration(s)

· FFS: details
Agreements:
· In ‘Slot format related information’, ‘other’ is at least:

· ‘Unknown’

· UE shall not assume anything for the symbol with ‘Unknown’ by this information

· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration

· FFS: ‘Empty’

· UEs can use this resource for interference measurement

· UE may assume there is no transmission
· Email discussion until the next meeting – Tony (CATT)

· Left-over FFSs regarding SFI including:

· FFS: ‘Empty’

· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· Contents

· What should be informed?

· Structure
· CCE re-use or completely reuse PDCCH?

· Type

· Depending on contents, different group-common PDCCH?

· UE behaviour

· Search space

· Relation with common search space?

Agreements:
· For 2-symbol NR-PUCCH

· option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1

· FFS method for sending UCI with more than 2 bits

· option 2 is not supported.

· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
Agreements:
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,

· DM-RS overhead of 1/3 is supported

· FFS on other values for DM-RS overhead, if necessary

· FFS on detailed DM-RS pattern

Agreements:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol

· FFS for distributed (non-contiguous) PRB allocation

Agreements:
· All proponents are recommended to have evaluations for 1-symbol NR-PUCCH until the next meeting
· Simulation assumptions for 1-symbol NR-PUCCH with 1 or 2 bit(s) UCI payload

· System bandwidth = 20Mhz

· Subcarrier spacing =  {15Khz, 60Khz}

· TDL-A or TDL-C channel with delay spread = {30nS, 300nS, 1000nS}

· # UE Tx =1, # eNB Rx =2

· # UCI bits = {1,2}

· Number of RB = {1 RB, 2 contiguous RBs, 2 dis-contiguous RBs} 

· Carrier frequency = 4Ghz

· Number of UEs = {1}

· For option 1: evaluate both UCI based on repetition coding and UCI with modulated sequence.  

· Practical channel estimation and ideal noise estimation

· Note: design target for 1-symbol PUCCH with 1 or 2 bits is a separate discussion.
· Design of 1-symbol short-PUCCH for UCI of 1 or 2 bits should consider tradeoff among PAPR, A-to-N, N-to-A, and DTX-to-ACK performances, and UE multiplexing capacity.
Agreements:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:

· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)

· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying

· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop
Agreements:
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity

· One PUCCH format for UCI with large payload with no multiplexing capacity

· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity

· Note: this could be a variation of one of the former PUCCH formats.

· Email discussion for collecting companies views on the following until the next meeting – Sorour (Ericsson):

· Detailed long-PUCCH structure(s) for a given slot taking into account various number (4 – 14) of OFDM symbols and multiple PUCCH formats, and various number of UCI bits, especially regarding to:

· DMRS location(s)

· Frequency-hopping boundary(ies) in time-domain
Agreements:
· Study whether to support frequency re-tuning within a slot for PUSCH or for PUCCH in the Rel.15 NR.

· More specifically, investigate the impact of frequency-hopping for PUSCH or for PUCCH for a given slot, i.e., intra-slot hopping, within a certain bandwidth or across bandwidths

· The certain bandwidth is maximum UE transmission bandwidth capability.
Agreements:
· Confirm that UCI piggyback on PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform.
· FFS: Whether common UCI piggyback rule for different waveforms.

Conclusions:

· Continue further study of UCI piggyback of following options:

· Opt.1: For all types of UCI, UL data is rate-matched.

· FFS: the case where UE missed the DL assignment.

· Opt.2: For all types of UCI, UL data is punctured.

· Opt.3: At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.

· FFS: handling of large HARQ-ACK payload

Agreements:
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, starting point is at least LTE DL RA type 0.

· Working assumption: In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.

· In frequency-domain, NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner.

· E.g., scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs.

Agreements:
· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported
· At least intra-slot frequency hopping is supported for 14 symbol slot case
· FFS on detailed resource allocation

· FFS on detailed frequency hopping for PUSCH

Conclusions:

· All proponents are encouraged to bring-up detailed mechanisms to support UL data transmission without UL grant
· Email discussion about UL data transmission without UL grant until 9th June – Daesung (LGE)

Agreements:
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied

· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.

R1-1709805 was agreed

Conclusions:
· “semi-static resource configuration in RRC” agreed by R1-1709537 includes UE-specific semi-static configuration for RS.

Agreements:
· A set of reference parameters is used for the purpose of soft buffer dimensioning

· A reference set of parameters includes at least DL HARQ RTT [Y ms] and data rate(s) of X Gbps 

· FFS: values of X and Y
· FFS: other conditions
· This does not imply UE has to have a HARQ-ACK timing based on the reference HARQ RTT

· FFS: how different UE categories are defined

· LBRM is taken into account

· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 

· This is at least for the single numerology case and a slot-level scheduling and single-TRxP transmission

· FFS: down-selection of 8 or 16

· FFS: soft-buffer handling

· FFS: the value may be different depending on a certain condition (e.g., subcarrier spacing) 

Agreements:
· All Rel. 15 UE supports minimum value of K0 equal to 0, i.e., DL assignment and the scheduled DL data are in the same slot. 

Agreements:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 
Agreements:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.
Agreements:
· For grouping CB(s) into CBG(s), following is adopted.

· With indicated 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 indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling

Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.

· The difference of CB number per CBG between any two CBGs is either 0 or 1.

· FFS on the detailed rule for the CB grouping.

· Study further benefit and realization of non-uniform CB distribution across CBGs.

Agreements:
· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 
· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH
· FFS: impact on the maximum number of HARQ processes

· FFS: potential restrictions (e.g., on combination of different numerology)

· Support joint UCI feedback for aggregated carriers with the same or different numerology. 
· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 
· FFS: impact on maximum number of HARQ process 
· FFS: potential restrictions (e.g., on combination of different numerology)
· Support SRS fast switching among N uplink carriers
· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N
· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
· Support one PUCCH in one cell group for NR DC/CA
· FFS: The carrier for PUCCH transmission can be configured within one cell group
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)


	Channel coding

	Keeth (Nokia) will provide work plan to the RAN1 reflector until 26th May of channel coding
Agreement: 

· If bit-level interleaving is applied, it should be limited to each code block individually

Next steps: 

· Evaluation of bit-level interleaving and decision on its adoption will take place in the channel coding session. 

· If adopted, decide the location of bit-level interleaving relative to circular buffer. 

Agreement: 

· FFS: how CB sizes are determined within a TB

· One of the following approaches will be selected at June Adhoc for determining the Z values of code blocks within a TB:

· Alt 1. Same value of Z 
· Alt 2. At most two different values of Z for a given TB

Working Assumption:

· The number of redundancy versions is at least 4

· FFS whether 8, 16 RVs should be available

Conclusion: 

· The maximum supported effective code rate for DL and UL transport blocks will be determined after selecting the code. 

Agreement: 

· The selection of base graph design is narrowed down to Alts 1a and 2 from RAN1#88bis

Agreement:  

· For base graph #1:

· The dimensions of the base matrix are 68 columns, 46 rows (to support R=1/3)

· Seven 46x68 base matrices are identified as the set of candidates:
· Provided in the excel file R1_1709751.xlsx in R1-1709751 as Candidates A to G.
· By constructive email discussion until Thursday 1st June – Keeth (Nokia), agree (from the set of candidates or a merged solution), for evaluation and downselection until June adhoc:

· a single 46x68 base matrix, 

· the set of shift sizes

· For base graph #2:

· By constructive email discussion until Monday 12th June – Keeth (Nokia), agree a single base matrix for Alt 1a and a single base matrix for Alt 2, for evaluation and downselection until June adhoc

· Kbmax = 10 

· Design supports Kmax2 = 

· Working assumption 2560 

· 3840 can be considered further if significant benefit is shown

· The dimensions of the base matrix are 42x52

· Evaluations are to be performed up to Kmax2; primary focus for code selection is performance for K up to around 1024

Open points to be concluded at June adhoc: 

· Selection between Alt 1a and Alt 2

· All coefficients and shift sizes to generate the final parity check matrices

Agreement:

· 1st version of set of Alt2 BG2 candidates are those sent to RAN1 by 31st May 11pm PST
· Final version of set of Alt2 BG2 candidates should be provided by 5th June 11pm PST
· Note that additional candidates can be included that were not in the first version
Summary of deadlines and process:

NxAlt2BG2 (31st May) -> 1xBG1 (1st June) 


-> 1xAlt1aBG2 (12th June)





-> NxAlt2BG2’ (5th June) -> 1xAlt2BG2’ (12th June)

Agreement: 

· For DL: 

· J’ = 3 or 6, to be downselected at June adhoc

· J’’ = 0

· At least some of the J + J’ bits are appended

· FFS until June adhoc:

· how the J + J’ bits are obtained 

· If J’=6, working assumption that at least some of the J + J’ bits are distributed (including to support early termination in the code construction) (Consideration of J’=6 proposals without distributed J+J’ bits are not precluded.)

· If J’=3, FFS until June adhoc whether some of the J + J’ bits are distributed (including to support early termination in the code construction)

· Consideration of distribution of bits shall consider complexity versus benefit and comparison to implementable purely implementation based methods for early termination

Email discussion until Thursday 1st June to align calculation methods for latency and complexity with early termination – Zukang (Huawei). 

Companies are requested to provide proposed schemes for evaluation by Thursday 8th June. 

Agreement: 

· Working assumption (1) that a single fixed sequence is provided for information and frozen bit selection for each mother code size

· FFS until June adhoc whether an additional fixed sequence per mother code size is beneficial for:

· 16QAM vs other modulations

· UL vs DL

· FFS until June adhoc the impact of channel interleaving on the possible need for multiple sequences

· A set of fixed sequences for different mother code sizes are derived from a single sequence for a single reference mother code size 
· The single reference mother code size is either: 
· the largest mother code size, max(Nmax,UCI, 512), or
· 64
· To be decided in June adhoc 

· If the working assumption (1) above is modified such that there is more than one sequence for the largest mother code size, additional set(s) of sequences may be derived for the other mother code sizes. 
· When selecting the sequences, take into account at least the known CCE sizes and if possible typical payloads 
Terminology for use in RAN1 from now on:

· Puncturing refers to non-transmission of coded bits such that the non-transmitted bits are unknown at the receiver and the corresponding LLRs can be set to zero.

· Shortening involves setting input bits to a known value, and non-transmission of coded bits corresponding to those input bits, such that the corresponding LLRs can be set to a large value at the receiver.

Working Assumption is confirmed: 
· Maximum code size, Nmax=2n, at the output of Polar encoding for Uplink Control Information (UCI) is:
· Nmax,UCI = 1024 for uplink control information
Agreement:

After segmentation (if any):
· K is the number of information bits (including CRC if one is attached)
· M is the number of coded bits for transmission
· NDM  is the smallest power of 2 that is >=M
· NM  is 
· NDM /2     if    M < β* NDM /2 and K/M < Rrepthr,   1<=β<2  (exact value FFS; it is not precluded that β is a function of NDM)
· Otherwise, NDM         
· FFS the value of Rrepthr;  Rrepthr = 0 not precluded
· NR is the smallest power of 2 that is >= K/Rmin
· Rmin is the supported minimum coding rate, 
· ~1/12<=Rmin<=~1/5, FFS the exact value 
· Nmax is the maximum supported mother code size 
· The mother code size N is determined as min(NM, NR, Nmax)
· Repetition is applied when   M > N
· Puncturing or shortening is applied when M < N    
· Puncturing for lower code rates, e.g. in cases where code rate <= Rpsthr, and/or other condition(s) 
· Shortening for higher code rates, e.g. in cases where code rate > Rpsthr, and/or other condition(s)
· Details FFS
Agreement:

· Polar coding is adopted for NR-PBCH

· Using same polar code construction as for the control channel

· Nmax = 512

· Working assumption that the data, including time index if carried by NR-PBCH excluding DMRS, is transmitted explicitly


· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design

R1-1709721 38.802CRxxxx with correction of “base graph” -> “base matrix” on cover sheet, and with latest CR cover sheet. 

Change consequences if not approved to “Terminology is not consistent”. 

Agreed in R1-1709722 38.912 CRxxxx with latest CR cover sheet. 



	Duplexing

	Agreements:

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 

· Details for the enablers, including:

· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 

Conclusion:

· Study further whether or not at least the following information is provided among gNBs via backhaul signaling: 

· Configurations of reference signal for CLI management, which is transmitted from gNBs

· FFS Details

· Also the connection with TRP-to-TRP measurement



	Wider bandwidth operations

	Agreements:
· Confirm the WA of RAN1#88bis.

· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration

· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))

· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling

· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement

· FFS: Details of measurement configuration
Agreements:
· The maximum bandwidth for CORESET for RMSI scheduling and NR-PDSCH carrying RMSI should be equal to or smaller than a certain DL bandwidth of NR that all UE can support in each frequency range

· At least, for one RACH preamble format ,the bandwidth should be equal to or smaller than a certain UL bandwidth of NR that all UE can support in each frequency range

· This implies there could be other RACH preamble format with larger bandwidth than a certain bandwidth of NR that all UE can support 

Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting
· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH

· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH

· Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH

Agreements:
· Same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier
· FFS: PRB indexing
Agreements:
· In case of one active DL BWP for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.
· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.

· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 
· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)
· Option #1: DCI (explicitly and/or implicitly) 
· Option #2: MAC CE
· Option #3: Time pattern (e.g. DRX like)
· Details FFS
Agreements:
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16
· FFS: necessity of other RBG sizes
· RBG size may or may not depend on the number of symbols for data
· For determining RBG size, the following options are considered

· Opt. 1: RBG size is determined by the NW channel BW

· FFS: Necessity of signaling

· Opt. 2: RBG size is determined by BW for the configured BW part

· FFS: Necessity of signaling
· FFS: Multiple configured BW parts
· Opt. 3: RBG size is configured by NW

· FFS: Set of configurable RBG sizes may depend on frequency range

· Opt. 4: RBG size is determined by DCI
· FFS: Signaling details


	NR-LTE co-existence

	Agreements:

· For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· FFS whether or not there is specification impact
· If there is RAN1 specification impact, aim to minimize the specification impact for NR
· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 
· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported
Agreements:

· Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL(at least for the case when NR spectrum is below 6 Ghz).
· Minimize impact to NR physical layer design to enable this co-existence

· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion
· Sent LS accommodating above agreement to RAN2 and RAN4 – Xiaodong (CMCC)
R1-1709843 was agreed

Agreements:
· For NR standalone operation for a UE, 
· NR supports that the UE is allowed to transmit on UL carriers on different frequency ranges but the UE has the capability to only transmit on one of the carriers at a given time in the following case:
· case of SRS carrier switching with at least one of the frequency ranges agreed for LTE-NR UL sharing by RAN4 (e.g. refer to R4-1704411)



	UL power control

	Agreements:
· From RAN1 perspective, it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz

· FFS: power sharing mechanism

· RAN1 will continue discussing the power sharing mechanism, including potential RAN1 specification impact 

· Applicability of power sharing mechanism for NR in particular bands, e.g., greater than 24GHz, should be discussed in RAN4

· Send back a LS to RAN4 with the above statements – Ryosuke (DCM)

R1-1709790 was agreed
Agreements:

· Support beam specific pathloss for ULPC

Agreements:

· The following DL RS can be used for PL calculation for UL PC 

· If the power offset between SSS and DM-RS for PBCH is known by the UE, both SSS and DM-RS for PBCH of SS block

· If the power offset between SSS and DM-RS for PBCH is not known by the UE, SSS only of SS block

· CSI-RS;

· FFS: the applicable case for above DL RSs; if both are used, whether/how to combine/handle the measurement



	Other

	Agreements:
· Confirm work assumption : LTE scaled extended CP is supported at least for NR 60kHz SCS in Rel-15
· UL and DL can be configured separately with different CP types
· When a UE is configured with 60kHz ECP for a downlink bandwidth part
· The UE monitors UE-specific PDCCH with ECP
· The UE assumes ECP is used for PDSCH and associated DMRS scheduled by UE-specific PDCCH DCI with ECP
· When a UE is configured with 60kHz ECP for a uplink bandwidth part
· The UE assumes  ECP is used for PUSCH and associated DMRS scheduled by UE-specific PDCCH DCI 
· The UE transmits PUCCH with ECP 
· FFS whether and how UE measure and report the delay spread for downlink channel



3. RAN WG3 progress at RAN3 #96 (May 2017)
Realization of Network Slicing

TP for the case that NG-RAN is unable to select an AMF using assistance information to support the selection of an AMF (TS38.300) was agreed in R3-171918

TP for Configuration of Network Slicing (TS38.413) was agreed in R3-171920.

Inclusion of the NSSAI in the PDU session resource was agreed.

Support for PWS
TP for PWS Message Transmission Function (TS38.401) was agreed in R3-171917.

Intra NG-RAN mobility in RRC_CONNECTED (mode)
TP for handover message IE (TS38.413 and TS38.423) was agreed in R3-171924 and R3-171925.

TP for adding reference of the principles for conveying roaming and access restriction info for MR DC (TS37.340) was agreed in R3-172021.

TP for roaming and access restrictions on inter-PLMN case and SCG selection (TS38.300) was agreed in R3-171926.

Intra NG-RAN mobility in RRC_INACTIVE (mode) 

TP for functions of the Xn interface protocols (Retrieve UE Context function, RAN Paging function and Data Forwarding function) (TS38.401) was agreed in R3-171927.

TP for adding some procedural texts for RAN paging and the tabular for RAN paging message.(TS38.423) was agreed in R3-171928.

TP for adding stage 3 descriptions for paging assistance information (TS38.423) was agreed in R3-171930.
It was agreed that the RAN-initiated paging functionality should be also supported when receiving the MT signalling for the UE in the RRC-INACTIVE state.

TP for RRC_Inactive mode (TS38.300) was agreed in R3-172012.
NR parts of inter-RAT mobility between NR and E-UTRA
LS to inform RAN3 understanding on this moment that there is no need for NG RAN to be aware of the EPS Bearer ID before initiating the (inter-RAT) inter-system handover preparation procedure for handover to EPS was agreed in R3-172028.
Dual Connectivity options (E-UTRA-NR DC via EPC where the E-UTRA is the master)

It was agreed to involve the Master Node directly into the resource allocation phase at the target Secondary Node.
LS to inform above agreement to RAN2 was agreed in R3-172013.
TP for EN-DC procedures (TS37.340) was agreed in R3-172014.
TP for the impact of the EN-DC on existing procedures (TS36.300) was agreed in R3-171992.
Working agreement to proceed with new procedures for option 3 was made.
TP for introducing new procedures to support interworking between LTE eNB and NR gNB (TS36.423) was agreed in R3-171993.
Dual Connectivity options (E-UTRA-NR DC via 5G-CN where the E-UTRA is the master)
LS to inform RAN3 understanding that the QoS flow concept allows different QoS types to be mapped in the same PDU session tunnel before DC is configured, then the standard should allow a scenario of simultaneous MCG flow and SCG flow, i.e., the different QoS flow are mapped to MCG flow and SCG flow when DC is configured was agreed in R3-172003.
High layer functional split
TP for fast centralized retransmission of lost PDUs (TS38.401) was agreed in R3-172029.
TP for clarifying gNB-CU/DU architecture (One cell is supported by only one gNB-DU and one gNB-DU is connected to only one gNB-CU.) (TS38.401) was agreed in R3-171996.
TP for deleting some FFS (TS38.401) was agreed in R3-171453.
TP for the functional distribution over the F1 interface (TS38.401 and TS38.470) was agreed in R3-172023.
TP for Interface Management messages and Radio Network Layer Related IEs (TS38.473) was agreed in R3-172000.
Working agreement that RRC message is transferred by F1-CP was made.
It was agreed that C-RNTI for initial UE access is allocated at the DU.
TP to capture above agreement (TS38.473) was agreed in R3-172001.
It was agreed that the mapping between QoS flows and DRB is located in CU and the granularity of bearer management over F1 should be bearer level instead of QoS flow level.

TP to capture above agreement (TS38.473) was agreed in R3-172006.
TP for TS38.300

Update of base line pCR was agreed in R3-172030.
It was agreed that the node providing NR in option 3 is “gNB”
TP for functional split of the gNB was agreed in R3-171940.
TP for TS37.340

TP for adaptation to the new endorsed terminology (e.g. “MR-DC”), clarifications for the SCG split bearer, added description for MR-DC with 5GC  of the gNB was agreed in R3-171950.
TP for TS38.401

TP for updated text and clarifying specification structure was agreed in R3-171961.
TP for editorial updates was agreed in R3-171680.
TP to indicate that the CU may be separated in control plane (CP) and user plane (UP) was agreed in R3-171963.
TP for TS 38.410/420/470
TP for general aspects (TS38.410) was agreed in R3-171964.
TP for NAS Message Transfer procedures (TS38.410) was agreed in R3-171981.
TP for general aspects and Xn interface protocol structure (TS38.420) was agreed in R3-171964.
TP for F1 interface general principles and modification of structure (TS38.470) was agreed in R3-171968.
TP for TS 38.411/421/471

TP for removing some FFS and adding the main functions of layer 1 (TS38.411) was agreed in R3-171964.
TP for editorial change (TS38.421) was agreed in R3-171972.
TP for TS 38.412/422/472

TP for terminology alignment (TS38.472) was agreed in R3-171429.
TP for initiation of SCTP association by gNB-DU (TS38.472) was agreed in R3-171435.
TP for TS 38.413

TP for terminology alignment was agreed in R3-171472.
Followings were agreed.

· RAN3 has decided the procedures/IEs/ASN.1 related to following features will not be included in TS38.413, when adopting TS36.413 as a starting point for TS38.413. 

· SRVCC

· CSFB

· LIPA/SIPTO@LN

· CSG/HeNB-GW 
· It was also agreed that rapporteur removes CSG from all new specification, if any
· CDMA

· MTC 

· CIOT

· Relay

· MBMS

· V2X/V2V

· Sidelink/Prose

· Inter RAT with UMTS/GERAN (e.g. Mobility Load Balance)

· RAN3 also decided the procedures/IEs/ASN.1 for MDT and Trace will be included in TS38.413 when adopting TS36.413 as a starting point for TS38.413, pending further SA5 decision.
TP for NG-RAN identifiers was agreed in R3-171977.
TP for UE Context Management Procedures and Context Management Messages was agreed in R3-171976.
TP for PDU Session Management Procedures was agreed in R3-171978 and R3-171979.
TP for Transport of NAS Messages Procedures and NAS Transport Messages was agreed in R3-171980.
TP for Transport of Path Switch Messages was agreed in R3-172022.
TP for TS 38.423

TP for some editorial changes was agreed in R3-171742.
TP for TS 38.473

TP for some editorial changes was agreed in R3-171783.
TP for TS 38.475

TP for some editorial changes was agreed in R3-171630.
Others
CR for a note to clarify a difference between the terminology adopted during the Study Item and the Work Item. (TS38.912) was endorsed in R3-171694.
Draft RAN3 Technical specifications
Draft CR/TS with above agreements and editorial modification (e.g. terminology alignment) are available in following Tdocs.

	Spec
	Tdoc number

	TS38.300
	R3-171932

	TS37.340
	R3-171961

	TS38.401
	R3-171962

	TS38.410
	R3-172019

	TS38.411
	R3-171970

	TS38.412
	R3-171824

	TS38.413
	R3-171975

	TS38.414
	R3-171514

	TS38.420
	R3-171967

	TS38.421
	R3-171973

	TS38.422
	R3-171825

	TS38.423
	R3-171983

	TS38.424
	R3-172020

	TS38.425
	R3-171743

	TS38.470
	R3-171969

	TS38.471
	R3-171443

	TS38.472
	R3-172017

	TS38.473
	R3-171984

	TS38.474
	R3-172018

	TS38.475
	R3-171989


4. RAN WG4 progress at RAN4 #83 (May 2017)
For general perspective

Five contributions on NR band and band combination perspective were approved in [R4-1706048, R4-1706325, R4-1706050, R4-1704770, R4-1704523] where the following agreements were captured.
· Further consideration for NR band and band combination in Rel15 WI in  [R4-1706048]
· Proposal 1: At least five new baskets should be established in Rel.15, and responsible persons should be allocated to the corresponding baskets in addition to the basket for LTE 1CC + NR 1CC combination.

· LTE 2DL/1UL + one NR band combination

· LTE 3DL/1UL + one NR band combination

· LTE 4DL/1UL + one NR band combination

· LTE 5DL/1UL + one NR band combination

· Intra-band NR CA (mDL/1UL) and inter-band NR CA (nDL/1UL) (m and n are FFS)

· Proposal 2: New TRs should be created for new NR frequency ranges which do not have corresponding LTE bands in TS36.101.

· Proposal 3: A new TR should be created to capture all the technical aspects for NR WI in RAN4 other than those for band/band combination specific TRs and testability SI TR. 

· Proposal 4: Contact persons of the LTE xDL/1UL + NR 1CC (x = 2, 3, 4) combinations shall share the information on required fallback modes for the corresponding combinations.

· A certain format shown in the section 3 shall be used.

· The information should be shared on the [3GPP_TSG_RAN_WG4@LIST.ETSI.ORG] with the prefix [Fallback LTE xCC/NR 1CC] in the title by 29th May. Note that x can be 2, 3 and 4 at present.

· Proposal 5: Each of the persons responsible for each of the baskets needs to reflect the proposed band combinations including fallback modes in their responsible table based on the report from the contact persons, and should share the table on the [3GPP_TSG_RAN_WG4 @LIST.ETSI.ORG] with the prefix [Basket LTE xCC/NR 1CC] in the title by TBD.  Note that x can be 2, 3 and 4 at present.

· Proposal 6: To efficiently handle band combinations, the common rules in subsections of 4.1, 4.2 and 4.3 should be adopted.

· Proposal 7: For the handling of harmonics, IMD and MSD analysis, common rule in section 6 should be adopted.

· Proposal 8: For the handling of NR WID, Status report and Technical report, the common rule in the section 7.1 should be adopted.

· Proposal 9.  At least the TRs listed in the section 7.2 should be created for Rel.15 NR WI. 

· Proposal 10: Only frequency ranges and/or LTE/NR band combinations meeting the requirements described in the common rule in the section 7.1 should be reflected in the tables [4] to be endorsed for updating Rel.15 NR WID [5] in RAN#76.

· Proposal 11: The frequency ranges or LTE/NR band combinations which are not meeting the requirements will be removed from the tables in [4]. Interesting or supporting companies should strive to satisfy the requirements (e.g. contact person and supporting companies) in an urgent manner to have their frequency range and band combinations.
· Proposed NR frequency range and band combination in  [R4-1706325]
· Proposal: The tables in Annexes A-G except gray rows should be endorsed for updating Rel.15 NR WID in RAN#76.
· WF on NR band numbering in [R4-1706050]
· Based on the discussion, it is agreed to continue studying the following aspects of band numbering:

1. For NR in LTE “refarming” bands, whether to re-use the LTE band numbers for NR.

2. For new NR bands, consider different alternative options:

a. To put new NR bands above 6 GHz in a new separate numbering range within existing signaling capability.

b. To group new NR bands below 6 GHz with the LTE bands, resulting in separate band numbering ranges for below 6 GHz and above 6 GHz bands.

c. To assign unused numbers to all new bands on a “first come first served” basis, regardless of frequency range, duplex mode or RAT (LTE, NR, etc.)

3. How to consider “Duplex mode” for different types of bands
· On band definition for 26.5-29.5GHz in [R4-1704770]
· Proposal: define two different bands only as below on frequency range of 24.25-29.5GHz in Rel-15

· 28GHz band: 26.5-29.5GHz

· 26GHz band: 24.25-27.5GHz

· Some companies had strong concern on the agreement in the online session after consensus-making. Based on the discussion, the following note was clarified by RAN4 chairman.

· Chair: we keep the agreements as it is. We also allow the companies to bring the new band proposals in this frequency range in the future meeting in Rel-15. RAN4 can further discuss if we can introduce the new band in the specification.  
· Enlarging maximum BWs of Band 8 in NR in [R4-1704523]
· [Proposal-1] It is proposed to expand the maximum BW of Band 8 at least up to 20MHz in NR. 

· [Proposal-2] It is proposed to evaluate A-MPR necessary for Japan. 

· [Proposal-3] It is proposed to confirm that no A-MPR is necessary other than for Japan. 

· [Proposal-4] 20MHz upper bound in Proposal-1 should be revisited if general scheme of NR requires further extension of maximum BW.
Seven contributions on general perspective were approved in [R4-1706321, R4-1706315, R4-1706323, R4-1706060, R4-1706316, R4-1706320, R4-1706063] where the following agreements were captured.
· WF on Channel Bandwidth in [R4-1706321]
· Addition of new maximum channel bandwidths is allowed in future releases

· NR design should ensure forward compatibility, send LS to RAN1/2 to inform about this agreement

· Addition of new UE channel bandwdiths that are not larger than previously defined maximum in the band is FFS. 

· UE is allowed to aggregate channel bandwidths to operate within a gNB configurable CHBW that is higher than the maximum bandwidth supported by the UE

· For example, a 400MHz UE that does not support 400MHz channel bandwidth can support 2x200MHz or 4x100MHz even if the gNB could configure 400MHz channel bandwidth

· Each CC bandwidth is from the set of channel bandwidths defined for that band

· UE should indicate to gNB its bandwidth capability and how it supports this bandwidth (e.g. what CA combination)

· Signaling details are FFS

· Which aggregated channel bandwidth combinations are allowed is FFS, BS complexity should be considered

· All defined channel bandwidths should be supportable by at least one type of UE capability

· UE shall support any Rel-15 channel bandwidth that is smaller than its UE supported maximum channel bandwidth.

· The set of channel bandwidths specified in Rel-15 shall be band and SCS specific.

· A definition for channel bandwidth is required in the BS spec, for testing certain requirements, such as ACLR & ACS. However the exact definition and how it relates to Base Station RF Bandwidth is FFS. 

· the actual BS RF bandwidth can be different from the channel bandwidth (as shown in the figure on slide 2). 

· Implementation and support of channel bandwidths in the specs will be done in order to minimize market fragmentation of UE.

· The maximum channel bandwidth supported by UE can be different for UL & DL and SCS specific.

· Base station RF bandwidth can be larger than the largest channel bandwidth specified in Rel-15.
· For bands below 6GHz

· 100MHz maximum CHBW

· For bands above 24GHz

· 400MHz maximum CHBW

· Different maximum channel bandwidths can defined for different SCS

· Maximum channel bandwidths for certain SCS can be smaller than the ones listed above but not larger

· Not all UEs need to support the maximum channel bandwidth but the maximum channel bandwidth specified in UE specs shall not be lower than the maximum channel bandwidth specified in BS specs
· WF on supported channel bandwidth and SCS on [R4-1706315]
· Summary of agreements (Range 1 means below 6GHz and Range 2 means above 24GHz)

· NOTE: These agreements and the following open issues agree to the data channel, not the PSS/SSS
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· Open issues (below 6GHz)
· 30khz SCS minimum bandwidth 5 or 10MHz

· Issues to consider:

· 5MHz / 30khz SS cannot be supported currently

· However 15khz SCS for SS and 30khz for data might possibly be supported

· Low spectral utilization for combination of 5Mhz and 30k SCS

· 60khz SCS minimum bandwidth 10 or 20MHz

· Issues to consider:

· Low spectral utilization for combination of 10Mhz and 60k SCS

· Likely URLLC deployment scenarios in LTE reframing band that need 60k SCS

· Way forward (below 6 GHz)
· 100MHz maximum CHBW for 60khz SCS

· UE RF and performance requirements for 200MHz aggregated bandwidth should be introduced at least for Rel.15 NSA scenario

· UE category supporting 200MHz aggregated bandwidth will be introduced

· CA configuration is 100MHz x 2 continuous CCs

· BS can use CA of two 100MHz CHBW to support such UEs

· Way forward (above 24GHz)
· 400 MHz maximum channel bandwidth for 120khz SCS

· UE RF and performance requirements for [800] MHz aggregated bandwidth should be introduced at least for Rel.15 NSA scenario.

· UE category supporting [800]MHz aggregated bandwidth will be introduced

· CA configuration is FFS (e.g. 400MHz x 2 continuous CCs)

· BS can use CA of two [400MHz] CHBW to support such UEs
· WF on Channel Raster and Synchronization Raster/SCS for sub 6GHz in [R4-1706323]
· Way forward on channel raster
· For sub 6GHz in LTE bands
· Option 1: 100KHz
· Option 2: 180KHz
· It is agreed to evaluate the pros and cons of both options, in particular
· The definition of guard band between component carriers and how the channel raster impact to this guard band. 
· Coexistence with adjacent channels, especially in case of refarming.

· Sync raster definition and impact to initial system acquisition

· Down selection should be done between option 1 and 2 in next meeting
· FFS synchronization raster
· Way Forward on Spectral Utilization in [R4-1706060]
· The following agreements assume continuous operation of a single numerology. Multi numerology is FFS

· RAN4 defines a single set spectrum utilization values in Rel-15 for 

· Both UL and DL

· More details are given in the following slides on what forward compatibility entails. 

· X%, Y%: spectrum utilization,  90≤X (except for less than 20MHz with 30kHz or 60kHz SCS), Y <100, Y is greater than X
· Coexistence scenarios for two adjacent NR channels
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· From TX side, BS/UE should always meet all TX requirements such as out-of-band emission requirements (SEM and ACLR) and spurious requirements, EVM for the Rel-15 utilization X%. From TX side, BS/UE TX requirements will be developed for scenario 1.
· From RX side, BS/UE RX RAN4 minimum requirements will be developed for scenario 1 (i.e. with X% utilization)
· In REL-15, for a co-ordinated operator deployment, 2 and 3 would be beneficial shall be allowed on a “system level” (i.e. from BS perspective) with no change or addition  to RAN4 UE or BS core and conformance requirements compared to scenario 1. However, it is requested for It would be asked from RAN1/2 if it is feasible to ensure that the protocol stack design enables the BS and UE to operate in resources located outside of those corresponding to X% occupancy
· Note that this does not require higher spectrum utilization from the UE perspective. More specifically, for such scenarios UE TX / RX baseband processing capabilities are limited by the X% resource utilization and UE may not support higher utilization

· The impacts to interference, blocking etc. will need to be considered and managed by the operator considering the deployment

· X% is defined as utilization required to be achievable with the Rel-15 requirements. Y% is defined as utilization not required to be achievable with the Rel-15 requirements
· How to accommodate future potential RAN4 minimum requirements for Y% utilization in scenarios 2 and 3 can be addressed according to deployment scenario and operator arrangements.
· A RAN4 minimum requirement for higher spectrum utilization Y% is considered only if it can improve system and/or user throughput compared to X% . How to evaluate system and user throughput is FFS
· Feasibility and complexity cost also need to be considered when we evaluate RAN4 minimum requirement for higher spectrum utilisation in future release
· If the analyses justify the introduction of higher spectrum utilization Y% 
· Later release specification and requirements impact is FFS
· The same BS/UE Tx Rel-15 requirements will be applicable. 

· If needed relevant BS/UE RX minimum requirements can be revised/added. 
· No impact on BS/UE TX and RX Rel-15 requirements defined for X% 
· Whether Y% is mandatory for BS/UE or not is FFS in the future release
· Companies are encouraged to propose the spectral utilization values in terms of number of RBs
· For below 6GHz, channel BW (5, 10, 15, 20, 40, 50, 60, 80, 100MHz) and SCS (15, 30, 60kHz)
· For above 6GHz, channel BW (50, 100, 150, 200, 400MHz) and SCS (60, 120kHz)
· Evaluations must be performed with agreed requirements
· R4-1706073, mmW SEM
· R4-1706063 WF on mmWave ACLR and ACS 

· R4-1706316 WF on sub 6GHz ACLR and ACS

· Also relevant receiver blocking requirements must be considered (impact on both filtering and reciprocal phase noise mixing)

· Companies are encouraged to provide info on spectral efficiency 

· Companies should provide relevant information used in the evaluation including EVM and Sub-6 SEM
· Note: The BWs here are examples; a subset may be selected for the final set of BWs.
· WF on sub-6GHz ACLR and ACS in [R4-1706316]


· Way forward on BS (conducted) ACLR
· Adopt the E-UTRA BS (45dB) ACLR1 and ACLR2 to all NR BS classes for wanted channel bandwidth up to 20MHz.
· ACLR for other NR wanted channel bandwidth are FFS.
· The adjacent channel has the same channel bandwidth as the transmitted carrier.
· For bands defined also for UTRA, the adjacent channel bandwidth is the corresponding UTRA (FDD or TDD) channel bandwidth.
· E-UTRA adjacent channel bandwidth other than 5MHz are FFS.
· Adopt each E-UTRA BS absolute limit to the corresponding NR BS class , whichever is less stringent compared to the ACLR.
· Way forward on BS (conducted) ACS
· Adopt the E-UTRA BS (46dB) ACS to all NR BS classes for wanted channel bandwidth up to 20MHz.
· ACS for other NR wanted channel bandwidth are FFS.
· The allowed REFSEN degradation is 6dB.
· The adjacent channel bandwidth is FFS.
· Way forward on UE (conducted) ACLR
· NR-Sub6ACLR1 = 30dB for power class 3 for wanted channel bandwidth up to 20MHz.
· Other power class is FFS.
· The adjacent channel bandwidth the same as the wanted signal.
· NR-Sub6ACLR1 for other NR wanted channel bandwidth are FFS.
· E-UTRAACLR1 for different channel bandwidth is FFS.
· For bands defined also for UTRA, adopt UTRAACLR1 = 33dB and UTRAACLR2 =36dB for power class 3.
· Adopt the E-UTRA UE (-50dBm) absolute limit, whichever is less stringent compared to the ACLR1 or ACLR2.
· Way forward on UE (conducted) ACS
· ACS = 33dB for wanted channel bandwidth up to 20MHz.
· ACS for other NR wanted channel bandwidth are FFS.
· The adjacent channel bandwidth the same as the wanted signal.
· ACS for different adjacent channel bandwidth are FFS.
· ACS may be updated as SNR for Refsens is currently TBD.
· Case 1: Refsens+14dB for wanted signal and Refsens+45.5 dB for interferer.
· Case 2: -56.5dBm for wanted signal and -25dBm for interferer.

· Case 1 and 2 is based on IM=2.5dB and SNR=-1dB.


· WF on mmW ACLR and ACS in [R4-1706063]
· Way forward on BS and UE ACLR
· BS ACLR

· 28dBc for 30GHz frequency range

· 26dBc for 45GHz frequency range

· The absolute limits for ACLR values corresponding to different BS classes are FFS

· UE ACLR

· 17dBc for 30GHz frequency range

· 16dBc for 45GHz frequency range

· The above ACLR are meant for a UE power class corresponding to the UE assumptions described in slide 3

· The absolute limits for ACLR values corresponding to low output power are FFS

· Way forward on BS and UE ACS
· For mmW specifications the bandwidths of wanted and unwanted signals are assumed to be the same

· BS ACS:

· 24dBc for 30GHz frequency range

· 23dBc for 45GHz frequency range

· UE ACS

· 23dBc for 30GHz frequency range

· 22dBc for 45GHz frequency range
· WF on the mixed numerology and associated in-band requirements in  [R4-1706320]
· RAN4 will study the in-band requirement for SS and data channel only if SS and data use different numerologies

· It is possible we may not have requirements on data and SS with different numerology, even though different numerology on data and SS is supported. 
· FDMed mixed numerologies for downlink and uplink data channel from BS perspective can be supported without additional in-band RF requirements compared to single numerology.

· UE shall be able to TX and RX with one of these numerologies.

· Whether or not mixed numerologies operation using FDM is supported from a UE point of view is FFS
· spectrum utilization for mixed numerology is FFS

Three CRs on TR 38.803 maintenance perspective was approved in [R4-1705103, R4-1705104, R4-1705768] where the following agreements are captured.
· OTA measurements in the radiative near field in [R4-1705103]
· Clause 10: a new sub-clause describing measurements in the radiative near field are described.
· Sampling grids for UE TRP measurements in [R4-1705104]
· Clause 10: a new sub-clause describing the sampling grids is introduced.
· CR to TR38.803: Occupied bandwidth in [R4-1705768]
· The discussion on occupied bandwidth conduct requirement was agreed in R4-1702834 during the NR RF requirement discussion, and the occupied bandwidth OTA requirement was agreed in R4-1702269 and R4-1703452 during the eAAS RF requirement discussion. 

· The CR mainly to add the outcomes for occupied bandwidth requirement for NR.
For UE RF perspective

Twelve contributions on UE RF perspective were approved in [R4-1706156, R4-1706157, R4-1706067, R4-1706322, R4-1706068, R4-1706317, R4-1706072, R4-1705308, R4-1706073, R4-1705477, R4-1705237, R4-1705204] where the following agreements were captured.
· UE RF ad-hoc meeting minutes in  [R4-1706156]
· WF on the 38.101 specification structure in [R4-1706157]
· Define Technical Specifications as follows

· Technical Specification for NR range 1
· Technical Specification for NR range 2 
· Technical Specification for NR interworking between NR range1 + NR range2 and between NR and LTE 
· Update WID accordingly
· For performance requirements:

· Study what is impact to performance requirement documentation structure in light of agreements above

· Consider also locations of general definitions

· WF on UE reference architecture in [R4-1706067]
· In Rel-15 UE in the 28GHz mmWave range NR

· REFSENS requirement shall be based on DL MRC diversity (rank 1 with two receivers).

· FFS whether this apply to all directions.

· UE architecture shall support minimum dual layer (same as LTE rank 2) for demodulation performance requirement. 

· FFS whether this apply to all directions.

· RF architecture support for higher order DL layers is optional.

· WF on mmWave UE output power in [R4-1706322]
· Both TRP and EIRP are considered for power class definition

· EIRP can be peak, boresight or %-tile or minimum value

· TRP can be max or min and max 

· Max allowed EIRP for all UEs is 43 dBm for regulatory reasons

· Companies are encouraged to provide input

· For discussed issues mentioned in previous slides and their relevance for power class definition

· Feasible UE output power values, both TRP and EIRP considering different implementations

· Understanding of co-existence study outcome and impact to power class definition

· Feasible definition and values for spherical coverage

· Definition and values for power class and other in channel output power requirements will be decided in RAN4-NR#2 in Qingdao based on input

· WF on high power UE for 3.5GHz in [R4-1706068]
· It is proposed to specify both PC2 and PC3 UE for 3.5GHz NR frequency range in Rel-15 to accommodate different operator demands

· The high power UE (PC2 UE) specific work plan in Rel-15 is shown below
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· WF On Off Mask Transient Time in [R4-1706317]
· Recommendation

· In June Adhoc 2017

· Consider LS response to RAN 1
· Consider BS demod performance results for 10 us
· Consider UE vendors input for 5us transient time sub6
· WF on general spurious emission for NR UE in [R4-1706072]
· It will be discussed how to specify NR general spurious emissions taking regions/countries where -30 dBm/MHz could be required in future into account in the next meeting.

· Potential options are below.

· Option 1: Harmonic exceptions (like the current UE-to-UE co-existence requirement)

· Option 2: A-MPR with NS signaling

· Option 3: Implement analog filter (if feasible)

· Option 4: Extend measurement BW (if the bottleneck is narrow spurious)

· Option 5: Other
· NR UE Tx spurious emissions in [R4-1705308]
· Proposal: The boundary between OOB and spurious for NR below 6GHz is BW+5 MHz, which is offset from channel bandwidth edge.
· mmW SEM in [R4-1706073]
· Below Table, is the SEM for NR mmW  for all BWs from 50-400 MHz BW. The SEM levels come from FCC limits 47CFR Part 30.203. Note; should other BWs be added to mmW, this table is to be updated accordingly.

	ΔfOOB
(MHz)
	50 MHz
	 100 MHz
	 200 MHz
	400 MHz
	Measurement bandwidth

	( 0-5
	-5
	-5
	-5
	-5
	1 MHz

	( 5-10
	-13
	-5
	-5
	-5
	1 MHz

	( 10-20
	-13
	-13
	-5
	-5
	1 MHz

	( 20-40
	-13
	-13
	-13
	-5
	1 MHz

	( 40-50
	-13
	-13
	-13
	-13
	1 MHz

	( 50-100
	-13
	-13
	-13
	-13
	1 MHz

	( 100-200
	
	-13
	-13
	-13
	1 MHz

	( 200-400
	
	
	-13
	-13
	1 MHz

	( 400-800
	
	
	
	-13
	1 MHz


· UE minimum output power requirement for mmW in [R4-1705477]
· Proposal: for modulation orders which are higher than QPSK the dynamic range should be smaller compared to the one required by QPSK.
· 4Rx UE for 5G NR in 3.5GHz in [R4-1705237]
· Proposal: it is proposed to specify UE with 4Rx for 3.5GHz in Rel-15 NR WI, and 2Rx should be considered as a baseline
· Definitions for mmW blockers in [R4-1705204]
· Proposal: ACS and in-band blockers will be specified and tested from main beam direction. Out of band blockers will be tested only from main beam direction when frequency offset is ≤ ±15 %. Other directions when frequency offset is > 15 % above operating frequency are FFS.

For BS RF perspective

Nine contributions on BS RF perspective were approved in [R4-1706227,R4-1706228, R4-1706158, R4-1706159, R4-1706160, R4-1706222, R4-1706223, R4-1704544,R4-1706313] where the following agreements were captured.
· NR BS RF ad-hoc mintues in [R4-1706227]

· TS 38.104 v0.0.2 NR Base Station (BS) radio transmission and reception (Skeleton) in [R4-1706228]

· Proposal: the NR BS RF specification skeleton TS 38.104 v0.0.3 is approved as baseline for further text proposals.
· WF on new BS requirements in [R4-1706158]
No.1 Guarantee of several fluctuations
· In RAN4-NR#2 meeting (June, 2017), companies encourage to provide the views which is best option.
· Option 1: clarify in the spec that core requirements are intended to be met over the life of the product.

· Option 2: capture the justification in NR WI TR that “additional clarification in the spec is not needed, since it is applied for the all RAN4 spec without any additional clarification”
No.2 Beam steering speed
· The name of “”beam steering speed” should be replaced by “Beam switching speed”
· RAN4 agrees to work to create a description of a RF Beam switching speed requirement for potential introduction in Rel-15 NR core spec is derived based on a NR BS with analog BF.
· If requirement description becomes agreed, RAN4 introduces the requirement in core spec.
· BB and/or RRM related beam switching speed requirement is FFS.
· Applicability of the requirement is FFS. (e.g., BS power class, Analog or Digital BF etc.)
· In RAN4-NR#2 meeting (June, 2017), companies encourage to provide how to specify RF beam switching speed requirement.
· Feasibility of OTA testing of this requirement should be studied further.
· Even if feasibility is not identified by November, RAN4 would consider whether to introduce the requirement in core spec only (without testing) or not
No.3 SLSR and FBR
· In RAN4-NR#2 meeting (June, 2017), companies encourage to provide the views which is best option.
· Option1: SLSR and FBR should be included as declarations for 5G NR BS in Rel-15.

· Option2: Side lobe level and front to back ratio potential requirements can be combined into a “emissions spatial mask” declaration
· Option3: Declared The total power that is radiated outside of the 3dB beamwidth within the context of the NR   declarations (assuming similar declarations to AAS with this addition)
· WF on the exclusion of the Tx requirements in Range 2 in [R4-1706159]

· The agreements apply to BS requirements, not UE
· For TX IMD requirement for mm wave BS

· The isolation between co-located elements is expected to be in excess of 50dB for down to 10cm separation

· Further investigation of BS array to BS array (i.e. BS with multiple elements)  interference needed

· Impact of IMD between elements within the same BS internal to an array is captured by an OTA unwanted emissions requirement

· For co-location emissions requirements for range 2 to range 1

· Companies should provide contributions to confirm whether the isolation to range 1 is in excess of 70dB or could be lower in some circumstances

· If it is confirmed that the isolation is very large and the requirement level so low that it is untestable, the requirement might be excluded

· TX co-location emissions requirements for range 2 to range 2 should consider both isolation and feasible filter and antenna implementations

· WF on the exclusion of the Rx requirements in Range 2 in [R4-1706160]

· The agreements apply to basestation requirements, not UE
· For RX dynamic range requirement

· Confirm in next meeting whether other requirements implicitly demonstrate compliance to a small (e.g. 5dB) dynamic range

· Companies should provide contributions on whether the out of band blocking requirement should be applied in a general way at all frequencies or:

· Not applied for some frequencies (contributions should identify which, if any frequencies)

· Applied and potentially modified for other frequencies (Contributions should identify which, if any frequencies and proposed requirement at those frequencies)

· For receiver co-location blocking requirements for range 1 interfering to range 2

· Companies should provide contributions to confirm whether the isolation to range 1 is in excess of 70dB or could be lower in some circumstances

· If it is confirmed that the isolation is very large and the requirement level so low that it is untestable, the requirement might be excluded

· Receiver co-location blocking requirements for range 2 to range 2 should take into account both isolation and feasible filter and antenna performance

· WF on NR BS mmWave unwanted emission in [R4-1706222]

· NR BS mmW spectrum emission mask should be defined taking into account following assumptions: 
· NR should have the boundary between OOB and spurious domain limits defined by regulation

· Masks in the Out-of-band domain should be carrier frequency centric SEM

· The NR emission mask (SEM) should use the emission limits submitted to WP5D as a baseline

· Further investigations of SEM limits for different channel bandwidths, BS power levels and BS classes to be conducted

· Investigate possibility to specify multiple fixed boundaries according to carrier channel bandwidth and/or frequency range for unwanted emissions

· Agreed ACLR values should be considered

· Upper boundary of fundamental frequency range for BS spurious emission should be specified to cover at least 28GHz NR bands

· i.e. Upper limit of frequency range should be 56GHz as a 2nd harmonic.

· OTA testability for high frequency should be further studied and taken into account for higher frequency bands

· Investigate how to specify OTA requirements together with EMC, since emissions from antenna and enclosure cannot be separated 

· WF on BS spectrum emission mask for below 6GHz in [R4-1706223]

· ΔfUEM =40 MHz for NR bands wider than 100 MHz  as baseline for the boundary between UEM and spurious emission( for both Cat A and Cat B );  
· The same emission levels for LTE should be used with frequency range (FDL_low– ΔfUEM) ~ (FDL_high+ΔfUEM) 
Applicability of regional requirement for NR only bands could be considered further, however relaxed regional emission mask should be excluded for further discussion; 
· Proposal on occupied bandwidth requirement for NR BS in [R4-1704544]

· Proposal: The same occupied bandwidth principle with existing (99% power should be within CBW) can be reused for NR BS (not only for below 6GHz but also for above 24GHz)
· WF on NR BS blocking for mmWave operation in [R4-1706313]

· Identify appropriate methodology taking into account the Probability of blocking as 99% 

· Whether to consider joint probability of wanted signal and blocking signal is FFS 

· Consider wanted signal level while defining blocker interferer level 

· Consider receiver rejection capability in both first and second adjacent channels 

· Identify methods to define OTA value and directions 

· Investigate how to deal with analog and digital beamforming 

· After the blocking analysis, if the level is lower than the level we derive for ACS, then separate blocking levels may not be needed.  

The partialiy agreement which is written in RAN4-83 Main Session Chairman Note is following.

· Discussion on TAE requirement of NR BS in [R4-1705481]

· Proposal 1: for range 1, to reuse the legacy TAE requirement 65ns for NR BS conducted requirement and OTA requirement.
· Necessity of TRP BS output power requirement for NR in [R4-1704539]
· Proposal 1-1: For NR BS for below 6GHz, TRP accuracy requirement should be specified as OTA BS output power core requirement.

· Proposal 1-2: For NR BS for above 24GHz, TRP accuracy requirement should be specified as OTA BS output power core requirement
· Discussion on frequency error requirement of NR BS in [R4-1705374]
· Frequency error requirement of LTE can be reused for NR range 1.
· Discussion on receiver spurious emission requirement of NR BS in [R4-1705480]

· Proposal 1: for NR BS in the range1, propose to reuse the same spurious limit as that of LTE. For the range1-O, the TRP could be used as measurement metric which is aligned with transmitter spurious emission.
For UE RRM perspective

Three contributions on UE RRM perspective were approved in [R4-1706314, R4-1706324, R4-1704806] where the following agreements were captured.
· NR UE RRM ad-hoc mintues in [R4-1706314]
· Draft of TS38.133 v0.0.1 in [R4-1706324]

· NR RRM way forward in [R4-1704806]

· TS skeleton

· The top level section headings in R4-1704696 are used as the basis for the initial TS skeleton

· Measurement capabilities

· Companies are encouraged to discuss whether RAN4 should involvしed in discussion of definitions of intra-frequency and inter-frequency.

· Further evaluate the capabilities for number of interfrequency ad inter-RAT frequency layers to measure

· Further evaluate the need for FDD/TDD differentiation in the number of carriers to measure

· Further discussion on the methodology for determining capability for number of cells, number of beams etc to measure

· UE TX timing

· Further analysis on the impact of downlink and uplink subcarrier spacing, and RF/implementation margin for initial TX timing requirements

· Further analysis on NR timing advance requirements

· Expected RRM requirements for NSA
· Further analysis is needed on the changes for 36.133 to support interRAT operation
	RRM requirements expected in TS38.133 for enabling dual connectivity option 3

	Types of requirements
	Functionalities
	Huawei
	Ericsson
	Agreement

	RRC_IDLE state mobility
	Cell selection/re-selection
	N
	N
	No requirement

	E-UTRAN RRC_INACTIVE state mobility
	
	
	Pending RAN2
	

	E-UTRAN RRC_CONNECTED state mobility
	Handover
	N
	N
	

	RRC Connection Mobility Control
	RRC re-establishment
	Y
	N
	

	
	Random access
	Y
	Y
	Requirement is needed

	UE timing and signalling characteristics
	UE transmit timing
	Y
	Y
	Requirement is needed

	
	UE timer accuracy
	N
	
	

	
	Timing advance
	Y
	Y
	Requirement is needed

	
	Radio link monitoring
	Y
	Y
	Requirement is needed

	
	Interruption with DC
	Y
	Y
	Requirement is needed

	
	Cell phase synchronization accuracy
	TBD
	Y for TDD
	

	
	PSCell addition/release/change delay 
	Y
	Y
	Requirement is needed

	
	Maximum Receive Timing Difference in Dual Connectivity
	TBD
	
	

	
	Maximum Transmission Timing Difference in Dual Connectivity
	TBD
	
	

	
	NR SCell Activation and Deactivation Delay
	Y
	Y
	

	UE Measurements Procedures in RRC_CONNECTED State
	[Intra/inter-frequency] measurement (including cell identification, beam management)
	Y
	Y
	Requirement is needed

	Measurements performance requirements for UE
	Measurement accuracy
	Y
	Y
	Requirement is needed


Other requirements are not precluded if to be identified as necessary.
· Measurement gaps

· Companies may evaluate further the scenarios where measurement gaps are needed for measurements eg interfrequency measurements, intra-frequency measurements, interRAT measurements

· Further analysis is needed on suitable measurement gap pattern(s) for NR measurements and scenarios in which gaps are needed

· System level simulation plan

· Option 1 : System level simulations are used to study suitable requirements for sub 6GHz and >6GHz frequency ranges

· Option 2 : System level simulations are used to study suitable requirements for >6GHz frequency range only

· Note : System simulation assumptions for >6Ghz do not depend on which option is chosen

· Scenarios will be based on Indoor hotspot,Dense urban, Rural and Urban macro scemarios in 38.802

· Detailed assumptions need to be discussed in RAN4 NR AH#2 eg UE RX beamforming and antenna modelling assumptions

· Techniques may be considered which minimise simulation time (eg limiting certain combinations of paramters which do not need to be simulated).

· Link level simulation plan

· For the link studies include at least:

· RLM (in-sync and out-of-sync)

· Cell detection

· Beam identification

· Measurements for mobility and beam management from the core requirements point of view (e.g., number of samples, measuemrent period, measurement accuracy etc.)

· Basic SI reading (PBCH acquisition)

· Any additional link study if needed for SA specifically

· Discuss the link simulations methodology.

· Agree on simulation assumptions for link level studies.

· Measurement definition and reference point

· Companies are invited to contribute initial text proposals for RSRP and Quality Metrics in NR RRM Adhoc #2 

· Incoming liaision statements

· Further evaluation of the feasibility of the SS burst periodicities which RAN1 requested to be investigated in R4-1704311 LS on set of configuration values for SS burst set periodicity is needed

· Further investigation of questions raised by RAN2 in R4-1704509
LS on the feasibility of DC-related mobility enhancements in NR is needed
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