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1
Work plan related evaluation
1.1
History

	TSG meeting #
	TSG Tdoc number of status report
	TSG Tdoc of WI/SI description sheet as approved by TSG (if any)
	overall level of completion as decided by TSG for the
SI / 
Core part / 
Testing part
	completion date
as decided by TSG for the
SI / 
Core part / 
Testing part
	overall level of completion as decided by TSG for the
Perf. part
	completion date
as decided by TSG for the Perf. part

	71
	SI started
	RP-160671
	0%
	March 17
	
	

	72
	RP-161267
	RP-161214
	10%
	March 17
	
	

	73
	RP-161597
	RP-161596
	20%
	March 17
	
	

	74
	RP-162201
	RP-162469
	55%
	March 17
	
	


NOTE:
The table covers all TSG meetings from the start of the WI/SI but not the current RAN meeting.
Please indicate the RAN Tdoc numbers for the WI/SI description sheets in the 3rd column above as link to the 3GPP server, i.e. ftp://ftp.3gpp.org/tsg_ran/TSG_RAN/TSGR_xx/Docs/RP-xxnnnn.zip.
1.2
Status at this TSG meeting
NOTE:
This status reflects the conclusion of the leading WG (e.g. achieved by email). In case there was no consensus a corresponding range has to be provided and reason for missing consensus has to be mentioned. If this status report covers Core and Perf. part, then the rapporteur may have to contact 2 WGs (one for the Core and RAN4 for the Perf. part).
1.2.1
Estimated level of completion of the work/study item

overall (mandatory to be provided):

Core part:


XXX %








RAN4 Perf. part:

XXX %








RAN6 Perf. part:

XXX %








RAN5 Testing part:

XXX %








SI:



100 %

NOTE:
Please leave the XXX for lines that are not applicable for this status report.
per WG (mandatory to be provided) for Core part or SI:
RAN WG1:

100%










RAN WG2:

100%











RAN WG3:

100%











RAN WG4:

100%











RAN WG5:

XXX%











RAN WG6:

XXX%

NOTE:
Please leave the XXX for lines that are not applicable for this status report.
additional comments:


<if any, otherwise leave it blank>
1.2.2
Estimated completion date of the work/study item
This SI is planned to be 100% complete in:



March 17

which is:
RAN #75
The Core part WI is planned to be 100% complete in:


<e.g. March 17>
which is:
RAN #XX
The Performance part WI is planned to be 100% complete in:
<e.g. March 17>
which is:
RAN #XX
The Testing part WI is planned to be 100% complete in:

<e.g. March 17>
which is:
RAN #XX
NOTE:
Please leave the XX for lines that are not applicable for this status report.
additional comments:


<if any, otherwise leave it blank>
1.2.3
Future time budget situation (not applicable to RAN5 WIs/SIs)
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No


If you answered No:
Then please remove the Excel file from the zip file of this status report.
If you answered Yes:
Then please fill out the attached Excel template to request a modification of the time 

budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 

up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 

RAN meeting. Please highlight all changes of the values.


One time unit (TU) corresponds to ~ 2 hours in the meeting.


If this status report covers a WI with Core and Performance part, then please have one 

line for each in the attached Excel table.


Note: If no Excel table is attached, then this means no time budget change.

additional explanations/motivations for the time budget changes in the attached Excel table:

2.
Technical status related evaluation
2.1
Detailed progress report since last TSG meeting (for all involved WGs)
NOTE:
A good progress report lists what was done for each open issue in all affected WGs.
2.1.1
Progress of the SI or Core part WI or Testing part WI
RAN1 NR Ad-hoc (January 2017)

The agreements and conclusions are summarized below.
	General

	TR38.802 was agreed in R1-1701422 as v1.1.0

	Initial access and mobility

	Agreements:
· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design

· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals

· Alt.1: sequence length is about 255

· Alt.2: sequence length is about 127

· Alt.3: sequence length is about 63

· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence

· FFS on message-based synchronization signal design

Agreements:
· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined

· Frequency range category #1 is evaluated for below 6 GHz

· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting
· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz

· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting
· FFS on the necessity of finer categorization
· Note: The impact of SS block duration on the achievable latency should be considered in addition to existing criteria
· RAN1 aims to down select default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories
· Note that final set of frequency categories may include more than the above two categories
· FFS whether PBCH subcarrier spacing is default subcarrier spacing for the respective frequency range category or not
Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.

· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

Agreement:

· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent.
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
· A single set of possible SS block time locations is specified per frequency band.
· FFS whether the set is defined with respect to SS burst set or radio frame
· FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted
Agreements:
· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]

· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]

· The above frequency range categories may be further divided into different categories with different parameters

· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· FFS: UE bandwidth
Agreements:
· At least for single beam scenario, time division multiplexing of PSS and SSS is supported.
Working assumption: 
· Time division multiplexing of PSS and SSS is supported for multiple beam scenario
Agreements:
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:

· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
· Possible mechanisms to indicate the SS block index includes

· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.

Agreements:
· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 

· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster  

Agreements:
· RAN1 aims to select a default SS burst set periodicity for each agreed frequency range category from the following candidate values:

· For carrier frequency range #1 (below 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]

· For carrier frequency range #2 (above 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]

· Note that final set of frequency categories may include more than the above two categories

· Companies are encouraged to investigate the candidate default SS burst set periodicity values considering at least the following factors:

· UE IDLE mode and initial cell search power consumption and latency

· Including single/multi-beam operation at Tx and Rx

· NW power consumption

· Inter-RAT/Inter-frequency measurement 

· Forward compatibility and deployment flexibility including standalone and non-standalone NR deployments

· Benefits and feasibility of SS burst set configuration assistance signaling (e.g. periodicity indication or measurement window) for CONNECTED and/or IDLE UEs

· NW synchronization requirements/assumptions

Agreements:
· Down-select the number of NR cell IDs in PSS and SSS from
· Alt 1: 504
· Alt 2: about 1000 to 2000

· Alt 3: 600
· Note that other information is not excluded from PSS/SSS
· Down-select from the following alternatives on the number of NR-PSS sequence(s):

· Alt 1: One
· Alt 2: Two
· Alt 3: Three

· Alt 4: Four
· Alt 5: Six
· Companies are encouraged to evaluate and down-select from the above alternatives in the next meeting.

Agreement:

· NR-PBCH contents shall include:
· At least part of the SFN (system frame number)
· FFS on the number of bits used to indicate SFN
· FFS how much of the SFN is indicated explicitly, and how much (if any) is indicated implicitly
· CRC (FFS number of bits)
· FFS:
· In case remaining minimum system information is carried on PDSCH, configuration for PDSCH or control resource set for scheduling PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuation of secondary physical broadcast channel 
· Configuration information for initial uplink transmission; in this case, it may not be necessary to include configuration information for remaining minimum system information
· Other parameters
Agreement:

· No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE
· For NR-PBCH transmission, a single fixed number of antenna port(s) is supported
· For NR-PBCH transmission, a single one of the following transmission schemes is supported; down-selection will be done in RAN1#88 to one of the following transmission schemes:
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 
· For reference signal of NR-PBCH demodulation, down selection will be done in RAN1#88 to one of the following: 
· Alt.1: Synchronization Signal (e.g. NR-SSS)
· Alt.2: Self-contained DMRS 
· NOTE: It does not preclude additional channel estimation aid from synchronization signal.
· Alt.3: MRS multiplexed in an SS block, if MRS is supported in an SS block.
· Numerology: FFS whether NR-PBCH is the same as NR-SSS – decision to be taken at RAN1#88
Agreements:
· Companies are encourage to provide evaluation results based on the following assumptions:
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· Companies should provide exact values for following parameters:

· Payload size with CRC & Required number of REs (w/o reference signal) 
· DMRS overhead assumption if used
· Number of OFDM symbols for NR-PBCH
· Number of OFDM symbols for SS block
· Transmission bandwidth for NR-PBCH
· Periodicity for NR-PBCH
· Multiplexing of NR-PBCH in the SS block
· Subcarrier spacing
· Companies should mention if NR-PBCH implicitly convey other information, e.g. SS block timing
· Companies should provide frequency and time estimation error
· Note that above simulation assumption will not affect the decisions of channel coding scheme of NR-PBCH
Agreements:
· Companies are encouraged to compare the following options for channel design for paging, taking the necessity of beam sweeping into consideration

· Opt-1: Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted over PCH carried by NR-PDSCH

· Opt-2: Paging message is transmitted in a non-scheduled physical channel 
· Where the paging indication may be carried by NR-PBCH or some other channel(s)
· Opt-3: Paging message is transmitted over PCH carried by NR-PDSCH without DCI. The resource is semi-statically configured

· Opt-4: Paging message (e.g., only for SI change indication) is transmitted over NR-PDCCH without NR-PDSCH
· Opt-5: Paging message is transmitted by PDSCH and paging indication is transmitted non-scheduled physical channel
· Companies are encouraged to provide their views on 

· Definitions of paging occasion and paging periodicity

· Content and payload of paging message

· RAN1 sends a LS to RAN2, asking about

· Paging payload and capacity requirement
· Prepare draft LS to RAN2 within Thursday in R1-1701495 – Teck (Huawei)
Agreed next steps: 

· For down selection purpose, until the next meeting do evaluation of the following RACH SCS alternatives at least considering
· Robustness towards Doppler frequency, Beam sweeping latency, Link budget, Cell size, RACH capacity, frequency offset 
· RACH SCS alternatives
· SCS = [1.25 2.5 5 7.5 10 15 20 30 60 120 240] kHz
· Note: in case RACH SCS = [15 30 60 120 240] there are two design options:
· use the same SCS as the subsequent UL data and control 
· use different SCS than the subsequent UL data and control 
· The following RACH preamble sequence types are considered
· Zadoff-Chu
· M-sequence
· Zadoff-Chu with cover extension using M-sequence
Note that new designs are not precluded in the future. 
Agreement:

For single/multi-beam operation, 

· For multiple/repeated RACH preamble transmissions, consider only option 1, option 2 and option 4 

· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH OFDM symbols, CP/GT between RACH symbols is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH symbols
· Option 2/4: The same/different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Study:
· Multiplexing with different orthogonal cover codes 
· Independent RACH sequences in a RACH preamble 
· For supporting various coverage and forward compatibility, flexibility in the length of CP/GT and the number of repeated RACH preambles and RACH symbols is supported 
· Note: specific use of these three options may depend on RACH subcarrier spacing and TRP beam correspondence
Agreement:

· NR defines that: 

· a random access preamble format consists of one or multiple random access preamble(s),

· a random access preamble consists of one preamble sequence plus CP, and

· one preamble sequence consists of one or multiple RACH OFDM symbol(s) 

· UE transmits PRACH according to the configured random access preamble format

Agreed Definition:

· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam 
Agreement:

For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored  RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises
Agreement:

For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
Conclusions:
· RAN1 point of view, further study is needed for 2-step RACH
· RAN1 has no plan to spend 2-step RACH in Rel-14 SI timeframe
Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:

· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or

· Note: How to use DM-RS for RRM measurement is up to UE implementation

· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:

· FFS: CSI-RS,

· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded
Agreement:

· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set

· The measured values are referred to “SS-block-RSRP”

· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode

· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility

Agreement: 

· The additional RS for mobility if defined can be transmitted on multiple beams.
Summary of next steps: 

· At least the following aspects need to be further studied for the additional RS for L3 mobility in CONNECTED mode

· To acquire synchronization for RSRP measurement, consider the following options until RAN1#88:

· Option 1: UE uses NR-SS

· Option 2: UE uses the additional RS

· Option 3: UE uses NR-SS and the additional RS

· Maximum number of antenna ports
· Configuration/derivation of mapping/configuration parameters (e.g., number of antenna ports, RE mapping, time locations (periodicity and offset), number of antenna ports, BW, scrambling, etc.)
· Option 1: Cell-specific
· Option 2: Non-UE-specific, e.g., beam-specific, or UE-group-specific 
· Option 3: UE-specific
· Option 4: Combinations of above
· Use of the RS for fine time/frequency tracking and estimation of QCL parameters

· The RS can be turned off.

· Association of time frequency resources with beam(s) if needed

· The RS can be used for PBCH demodulation

· Down-selection from MRS-1, MRS-2, MRS-3 and CSI-RS

Aim for downselection at RAN1#88. 


	MIMO

	Agreements:
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS

· Small-delay CDD with transparent DMRS

· DMRS based SFBC

· For rank>1, 

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS

· Layer shifting

· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS

· Large-delay CDD with non-transparent DMRS

Agreements:
· For the DL, NR supports configurable PRG size for data DMRS

· FFS: Signaling for the configuration of PRG size (semi-static or dynamic)

· FFS: available options/schemes.

· FFS: continuous precoding in time domain for DMRS channel estimation with the following examples:

· Semi-static measurement window

· Dynamic indication of precoding sets

· Support of continuous precoding when gNB supports slot aggregation

· Contiguous time allocations 

· FFS: multiplexing of DMRS ports using time domain OCC between aggregated slots
· Note: Consider impact of DMRS pattern
· Note: Other code is not precluded.
Agreements:
· Support at least the following UL transmission schemes for data in NR

· Scheme A: Codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).

· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 

· Study the following DL signaling, e.g.,

· One level DCI

· Two level DCI

· MAC CE

· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)

· Scheme B: Non-codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).

· Support the indication of DL measurement RS for UE to calculate candidate precoder

· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based

· Diversity-based transmission schemes

· FFS: Whether the scheme has specification impact or not

· FFS: Merging of the schemes

· Support rank determination by gNB

· Support PRB bundling for CP-OFDM

· Study configurability of PRG size for CP-OFDM

· Study the PRG size

· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.

Agreements:
· RAN1 will down select among followings and select one alternative in the next meeting
· Alt. 1: NR supports single CW per PDSCH/PUSCH assignment per UE for 1 and 2 layers

· One UL- or DL-related DCI includes one HARQ-related (NDI and RV) fields

· FFS: the number of CQIs and MCS fields in DCI

· FFS: number of CWs for 3 and more layers
· Alt. 2: NR supports configurability regarding the number of CWs for 1 and 2 layers
· Alt. 3: NR supports 2 CWs for 2 layers
Agreements:
· The following additional five antenna array configurations for TRP are encouraged to evaluated as optional:

· (M,N,P,Mg,Ng) = (8,8,2,1,1) with 16 CSI-RS ports

· (M,N,P,Mg,Ng) = (8,4,2,1,1) with 8 CSI-RS ports

· (M,N,P,Mg,Ng) = (8,2,2,1,1) with 4 CSI-RS ports

· (M,N,P,Mg,Ng) = (8,1,2,1,1) with 2 CSI-RS ports.

· (M,N,P,Mg,Ng) = (1,1,2,1,1) with 2 CSI-RS ports.
· Agreed pages 6, 7 by adding “optional” to each low in the yellow color parts
Agreements:

· For the DL/UL data channels, study whether/how the interleaving is performed in the codeword to layer mapping procedure (e.g., a per-OFDM-symbol subcarrier interleaver in the codeword to layer mapping procedure, etc.)
· This may or may not be connected with coding design
Agreements:

· Study whether or not support non-coherent transmission scheme in uplink MIMO transmission to improve the reliability and capacity

· Study multiple timing advance for one component carrier (example scenario: multiple antenna ports / beams at UE pointing to different directions)

· Antenna port / beam indication in timing advance commands

· Multiple timing advance commands for one component carrier

· Study multiple power control for multiple antenna ports/beams

· Antenna port / beam indication in power control commands

· UE reporting of the capability of multiple power control

· Study whether or not there is spec impact

Agreements:

· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:

· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)

· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 

· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.

· Study network coordination schemes with ideal & non-ideal backhaul links, considering 

· Fast CSI acquisition

· e.g. coordinated TRPs obtain CSIs through physical air interface

· e.g. SRS configuration exchanging between different TRPs

· Other techniques are not precluded

Agreements:
· NR supports that UE can trigger mechanism to recover from beam failure 

· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose

· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region

· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel
· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams

· FFS: Transmission of a beam swept control channel is not precluded

· This mechanism(s) should consider tradeoff between performance and DL signaling overhead

Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include

· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.
Agreements:
· The following two categories of Type II CSI are considered:

· Category 1: Precoder feedback

· Category 2: Covariance matrix feedback

· Category 3: Hybrid CSI feedback i.e. Type II CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)

· For Category 1, study the following candidates. 

· Scheme 1-1:
· Support dual-stage W = W1W2 codebook for Type II codebook for single-panel
· For W1: orthogonal basis based on, e.g. DFT beams

· Freely select [image: image3.png]L e{2,34[68]}



 beams out of the group ([image: image5.png]


 is configurable)

· FFS: down selection of L 
· Beam selection is wideband

· For W2: L beams are combined in W2 independently per layer with common W1

· Subband reporting of phase quantization 
· FFS: alphabet size for phase quantization 
· Beam amplitude scaling can be wideband or subband reporting

· With subband reporting, independent amplitude on different polarizations and layers
· FFS: different wideband amplitude on different polarizations and/or layers
· FFS: either configurability or down selection between wideband or subband

· FFS: the number of bits for quantization 
[image: image6.emf]•   ;   
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 diagonal matrix with diagonal elements in [0,1] which correspond to amplitudes of L coefficients for polarization r and layer l  

[image: image9.emf]•   phase combining coefficients   –   For rank 1:     ,    –   For rank 2:     •     ;    ,    –     is a 2D DFT beam where   –     –     –     corresponds to the nu mber of CSI - RS ports   


[image: image10.emf]•     beam amplitude scaling factor for beam    and on polarization r and layer    (diagonal elements of P)   •   F FS if  = (common amplitude on layers), or  = (c ommon amplitude  on polarization)   •     beam combining coefficient (phase) for beam    and on polarization  r  and layer     


· Further refinement on details can be done

· Scheme 1-2: similar to Scheme 1-1 except for
· [image: image12.png]


 diagonal matrix with diagonal elements in [0,1] which correspond to amplitudes of L coefficients for port group r and layer l  

[image: image13.emf]•   phase combining coefficients   –   For rank 1:     
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  •     ;  ,2, 3 ,    –     is a 2D DFT beam where   –     –     –   N 1 =2M 1 , N 2 = M 2   or   N 1 = M 1 , N 2 = 2 M 2   –     corresponds to the number of CSI - RS ports   


[image: image14.emf]•     beam amplitude scaling factor for beam    and on  port group   r and layer    (diagonal  elements of P)   •   FFS if  = (common amplitude on layers), or  = (common amplitude on  port group )   •     beam combining coefficient (phase) for beam    and on  port   group   r  and layer      


· Further refinement on details can be done
· Scheme 1-3: similar to Scheme 1-1 except for 

· W1 consists of orthogonal DFT beams

[image: image15.emf]•     •     is a 2D DFT beam where   •     •     •   Rotation factors    commo n for all beams in   


· W2

· Beams are combined on subband

[image: image16.emf]•   For layer  ,  ,  ,2,….  


[image: image17.emf]•     and   


· Same or different number of quantization bits for [image: image19.png]N; or Pi




· Scheme 1-4: similar to Scheme 1-1 except for

· W1 consists of non-orthogonal DFT beams

[image: image20.emf]•     •   is a 2D DFT beam and  , where    and reported on  wideband  


· W2

· Beams are combined on subband

[image: image21.emf]•   For layer  ,  ,  ,2,….   •     and    •   Same or different number of quantization bits for   


· Scheme 1-5: similar to Scheme 1-1 except for
· W1 consists of orthogonal DFT beams selected from configured beam groups
· W2: L beams are combined in W2 with common W1

[image: image22.emf]•   Co efficients for all layers and beams are designed jointly to achieve inter - layer  orthogonality, i.e., for L beams (beam 0  –   beam L - 1), R layers (layer 1  –   layer R)  and two pols (pol 0  –   pol 1)   ,   


· Other candidates are not precluded

· For Category 2, study the following candidates:

· Scheme 2-1: UE feedbacks the best M orthogonal DFT basis vectors along with corresponding covariance matrix entities
[image: image23.emf]•   UE selects best    from  the specified  NR Type I, and then find the remaining  vec tors  to construct  U   matrix accordingly which fulfils  U H U   =  I,  .    •   UE feedbacks best  M   indices and  A (π(1: M ), π(1: M )) values where  A=U H CovU   and  Cov   is wideband covariance matrix.   


· Scheme 2-2: Use the same codebook as Category 1 to quantize M (≥1) dominant eigenvectors of the (sample) covariance matrix 
· Other candidates are not precluded
· For Category 3, study the following candidates:
· W1: Long term CSI W1 can be acquired by the following approaches

· W1 codebook in Category 1 e.g orthogonal DFT beams selected from configured beam groups
· Beam selection based on beamformed CSI-RS (e.g. DFT beams based)

· Channel reciprocity

· NOTE that RSRP-like report may be used instead of CQI

· Some restrictions should be considered in Beam/Beam group based feedback
· E.g. To avoid two or more selected DFT beams corresponding to one path, the direction difference should be sufficient for any two selected beams.
· Other restriction is not precluded
· FFS:  Criteria for beam selection
· Both CQI and RSRP-like reporting should be studied.
· FFS : How to determine the number of reported beams 
· Both Configured by gNB and determined by UE can be considered
· W2:  Full CSI feedback based on beamformed CSI-RS and ports selection/combination codebook (Class-B-like codebook). (NOTE: W1 and W2 are derived from different set of CSI-RS resources)
Agreements:
· For Type I for single panel case with two-stage, i.e. W1W2, codebook-based PMI feedback, 

· Bi in W1 consists of a set of L DFT beams 

· For all ranks: FFS value(s) of L 
· FFS: Orthogonal or non-orthogonal beams

· Select from following alternatives:
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, B as Alt 3
· Other alternatives are not precluded

· Note: the above matrices are constructed with 2D DFT precoders
· W2 is constructed, by down-selecting from following alternatives: 

· Alt 1: co-phasing only; beam selected wideband (in W1). 

· Alt 2: basis combination coefficient based on L basis based W1

· Alt 3: beam selection and co-phasing from L-beam based W1
· Alt 4: LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook) (NOTE: W1 and W2 are derived from different set of CSI-RS resources)

· Other alternatives are not precluded
Agreements:
· Refine the agreement on RS and IM settings as follows:

· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement

· Remove “IM setting”

· Terminology clarification

· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links

· Each of the L links corresponds to a CSI reporting setting and a Resource setting

· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 

· N, M, and L – indicated either implicitly or explicitly

· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· In each Resource setting: 

· A configuration of S≥1 CSI-RS resource set(s) 

· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE

· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)

· One CSI reporting setting can be linked with one or multiple Resource settings

· Multiple CSI reporting settings can be linked with the same Resource setting

· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· One or multiple CSI reporting settings within the CSI measurement setting

· One or multiple CSI-RS resource sets selected from at least one Resource setting

· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering
Agreements:
· For periodic CSI-RS,

· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· FFS: Necessity of additional signaling with MAC CE

· For semi-persistent CSI-RS,

· Periodic CSI reporting is not supported.

· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission
· Aperiodic CSI reporting is triggered by DCI

· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Necessity of additional signaling with MAC CE

· For aperiodic CSI-RS,

· Periodic [and semi-persistent] CSI reporting is not supported
· Aperiodic CSI reporting is triggered by DCI
· Aperiodic CSI-RS is triggered by DCI and/or MAC CE
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission
· FFS: Necessity of additional signaling with MAC CE
· Note that further down selection can be done later between MAC CE and DCI in above bullets
· Note that it is possible to dynamically trigger RS and reports through links in the measurement setting
Agreements:
· NR supports mechanism(s) to trigger aperiodic CSI-RS and aperiodic CSI reporting simultaneously.

· FFS: signaling details (e.g. single DCI or separate DCI)

· FFS: method(s) for interference measurement  

· FFS: reference resource of aperiodic CSI reporting

· For aperiodic CSI-RS timing offset X, support X=0 at least, if aperiodic CSI-RS triggering is done by DCI
· FFS: supporting other values of X

· Note: ‘aperiodic CSI-RS timing offset X’ refers to the time gap between aperiodic CSI-RS triggering and aperiodic CSI-RS transmission w.r.t. number of slots.

· For CSI reporting timing offset Y that is fixed or configurable by the network but with certain restriction on lower limit of Y to provide sufficient CSI computation time.

· Candidate values of Y are fixed or pre-determined by certain rule(s).

· Rule is FFS (e.g. number of CSI measurement/RS/reporting settings, CSI feedback type, number of ports, nearest CSI-RS transmission timing, UE capability, etc.)

· Note: ‘aperiodic CSI reporting timing offset Y’ refers to the time gap between aperiodic CSI reporting triggering and aperiodic CSI reporting w.r.t. number of slots.
· FFS Y is fixed or configurable
· FFS configuration is done by DCI and/or MAC CE and/or higher layer signaling
Working assumption:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s)

· Details are FFS, including at least the following study:

· Signal(s) for the mechanism(s) if necessary

· E.g., SRS, PRACH preamble, UL DMRS

· Additional contents can also be included, e.g., beam reporting

· Method(s) and content for TRP to indicate selected UE Tx beam and configure UE sweeping

· Impact of beam correspondence Status

· E.g., When to use the mechanism(s)

· E.g., Procedures such as U-1, U-2, U-3, and beam correspondence based procedure

· UE capability reporting

· E.g., capability of analog beamforming

· Consider the cases when UL and DL are from the same TRP and from different TRPs

· Conditions when the mechanism is particularly useful

Agreements:
· For the definition of beam correspondence:

· Confirm the previous working assumption of the definition

· Note: this definition/terminology is for convenience of discussion

· The detailed performance conditions are up to RAN4

Agreements:
· Support capability indication of UE beam correspondence related information to TRP

· FFS details including capability definition,  case(s) (if any) when the indication is not necessary

Agreements:

· For NR UL, support transmissions of SRS precoded with same and different UE Tx beams within a time duration

· Detailed FFS, including the resulting overhead, time duration (e.g., one slot), and configuration, e.g., in the following:

· Different UE Tx beam: FFS per SRS resource and/or per SRS port

· Same UE Tx beam across ports: for a given SRS resource and/or a set of SRS resources

· FFS: The SRS resources can be mapped in TDM/FDM/CDM manner.

· FFS: overhead reduction schemes such as IFDMA or larger subcarrier spacing

· FFS gNB can indicate selected SRS port/resource for UE after receiving the SRS.

Agreements:
· For NR, support at least two types of resources used for interference measurement in CSI configuration based on the following candidates:

· ZP CSI-RS, NZP CSI-RS, DMRS

· Including independent or joint usage of any combination of the above three candidates

· Selection is to be done in RAN1#88

Agreements:
· When a UE is configured with K>1 NZP CSI-RS resources, a UE can report a set of N UE-selected CSI-RS-resource-related indices

· FFS: The name of the corresponding CSI reporting parameter

· FFS: Maximum value of N (support of N=1 only is not precluded)

· FFS: What other CSI parameter(s) are reported together with the CSI-RS-resource-related indices, if any, and joint reporting mechanism (in case of multiple reporting parameters)

· FFS: Extension of this feature to other types of Resources

Agreements:
· Support at least one scheme taken from Category 1, 2, and/or 3 for Type II CSI

· Possible down selection can be performed throughout Phase I WI
· If more than one schemes is supported, these schemes should be complementary

· This includes further refinement within each category

· Note: other schemes within each category are not precluded
· Descriptions for Category 1 and 2 are given in the following slides

· For the purpose of summary in TR38.802
· Category 1: precoder feedback based on linear combination codebook
· Dual-stage W = W1W2 codebook 

· W1 consists of a set of L orthogonal beams, e.g. 2D DFT beams

· The set of L beams is selected out of a basis, e.g. oversampled 2D DFT beams

· Beam selection is wideband

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

· Subband reporting of phase quantization of beam combining coefficients

· Beam amplitude scaling quantization can be configured for wideband or subband reporting
· Category 2: covariance matrix feedback
· A quantized/compressed version of covariance matrix is reported by the UE

· Quantization/compression is based on a set of M orthogonal basis vectors

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

· FFS: basis set 

· Category 3: Hybrid CSI feedback 
· Type II Category 1 or 2 CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)
· The LTE-Class-B-type-like CSI feedback can be based on either Type I or Type II CSI codebook
Agreements:
· At least Type I CSI feedback should support multi-panel scenarios by choosing one of the two following alternatives:

· Alt1: only wideband co-phasing factor across panels

· Alt2: wideband and subband co-phasing factor across panels 

· At least the following criteria should be used:

· Performance-overhead tradeoff

· Description of design goal, e.g. for channel compensation or hardware impairments  

· FFS: How to capture this feature (co-phasing factor across panels) in codebook design

· Examples: in W3 with W1W2W3, W1W3W2 or W3W1W2 structure, W1W2 where multi-panel co-phasing is included in either W1 or W2
· Other examples are not precluded

Agreements:
· The CSI acquisition framework (including CSI measurement, Resource, and CSI reporting settings) supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms 1 and 2, e.g.
· Long-term CSI for a number of antenna ports or multiple NZP CSI-RS resources

· Short-term CSI for a number of antenna ports with one or more NZP CSI-RS resources

· The number of ports for long-term and short-term CSIs can be the same or different

· Contents of the CSI report are FFS

· This is achieved without introducing new features into the agreed upon CSI acquisition framework

Agreements:

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

· For full channel reciprocity 

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

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

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

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

· Partial CSI feedback for eNB to acquire full CSI 

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

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

Agreements:
· For UL CSI acquisition, UE can be configured with multiple SRS resources, where

· UE can be configured to transmit SRS in each configured SRS resource. Adopt at least one of alternative(s) below:

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

· Alt.2: UE should apply a Tx beamformer to SRS according to gNB indication with details FFS (e.g., Tx beam for each SRS port is indicated by gNB)

· Alt.3: Other possible scheme (not precluded)

Working assupmtions:
· Support at least one of these two alternatives of beam reporting:

· Alt 1:

· UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s).  

· where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal

· Note: It is UE implementation issues on how to construct the Rx beam set.  

· One example: each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel.

· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam

· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.

· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE

· Alt 2:

· UE reports information about TRP Tx Beam(s) per UE antenna group basis

· where UE antenna group refers to receive UE antenna panel or subarray 

· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam

· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.

· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE

· FFS: How UE antenna group or Rx beam set is captured in the specification

Agreements:
· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 

· FFS: signaling method 
· Note: Indication may not be needed for some cases:
· For reception of DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel 

· FFS: which DL RS(s) to use for this purpose
· Different set of DMRS antenna port(s) for the DL data channel can be indicated as QCL with different set of RS antenna port(s)

· Option 1: Information indicating the RS antenna port(s) is indicated via DCI

· FFS: whether the information indicating the RS antenna port(s) will be assumed only for the scheduled “PDSCH” or until the next indication

· Option 2: Information indicating the RS antenna port(s) is indicated via MAC-CE, and will be assumed until the next indication

· Option 3: Information indicating the RS antenna port(s) is indicated via a combination of MAC CE and DCI
· At least one option is supported

· FFS: whether to support either or both options

· FFS: whether the information indicating the RS antenna port(s) for DMRS ports for DL control channel also applies to DMRS ports for DL data channel

· Note: Indication may not be needed for some cases:
Agreements:
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.

· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.

· Partial
QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 

· For downlink, NR supports CSI-RS reception with and without beam-related indication,

· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE

· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 

· FFS: information other than QCL

Agreements:
· The CSI-RS RE mapping pattern of one N-port CSI-RS resource is composed of one or multiple CSI-RS RE mapping patterns of CSI-RS resources of equal or smaller number of ports, [e.g., 2, 4, or 8]
· A CSI-RS RE mapping  pattern is defined within a slot

· FFS: A CSI-RS RE mapping  pattern can span multiple configurable consecutive/non-consecutive OFDM symbols 
· FFS on mapping of ports to the CSI-RS RE mapping pattern
· Density per port in terms of RE per port per PRB is configurable supports for density greater than 1 is not precluded
Agreements:

· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:

· Opt1. IFDMA

· Opt2. Larger subcarrier spacing

· Other solutions are not precluded

· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.

· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.

· Note that it does not imply prioritizing different aspects in CSI-RS design

Agreements:
· For the design of front-loaded DMRS, Alt. 1 is agreed as a working assumption.
· Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· FFS: Further down-selection between 1 and 2, if necessary
· Companies are encouraged to propose further details
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
· DMRS configuration can be up to the max. number of DMRS ports.
· Note: DMRS design should take into account channel estimation accuracy for low-to-high SINR scenario, throughput performance for SU and MU-MIMO, DMRS overhead, receiver complexity, receiver implementation, support of the use cases/features, UL/DL symmetry, etc.
· FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH
· Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
Agreements:
· Study the following options: 
· Option1: with 16 orthogonal DMRS ports or 
· Option2: with non-orthogonal  DMRS ports in addition to 8 orthogonal ports
· Other options are not precluded.
Conclusion:

· Companies are encouraged to provide additional evaluation results in next meeting. 

· Observations are to be drawn based on additional evaluation results with further aligned simulation assumptions

· FTP traffic model is baseline, full-buffer traffic model is optional

· Each company is to report assumption of the traffic model

Agreements:
· Regarding PT-RS for CP-OFDM, the following is supported

· For a given UE, the designated PT-RS is confined in scheduled resource as a baseline

· Whether/how to share DL PT-RS among UEs is FFS

· Presence of PT-RS in scheduled resource is UE-specifically configured/indicated

· Multiple PT-RS densities defined in time/frequency domain are supported

· UE can assume same precoding for a DM-RS port and a PT-RS port

· Among which ports and mapping rules (fixed and/or configurable, etc) are FFS

· Number of PT-RS ports can be fewer than number of DM-RS ports in scheduled resource

· Study the following for PT-RS, taking overhead and forward compatibility into account

· Details on frequency domain patterns/densities

· How to indicate presence/patterns of PT-RS

· E.g., implicitly indicated based on association with numerology/MCS/number of allocated PRBs/UE category

· E.g., explicit indication by L1/L2/L3 signaling

· Port multiplexing methods

· E.g., non-orthogonal multiplexing within PT-RS ports and with data

· Using PT-RS for CFO/Doppler estimation

· QCL relationship between PT-RS and DM-RS

· Joint transmission of CSI-RS and PT-RS for improving CSI acquisition accuracy

· Others are not precluded

Agreements:
· NR considers frequency offset and PN compensation for DFTsOFDM
· FFS the exact method (e.g. pre-DFT /post-DFT insertion of PT-RS, blind detection, DM-RS)
· Consider receiver complexity, PAPR, modulation order to be supported, etc 
Agreements:
· NR SRS design should not assume a particular antenna configuration at UE and should support dynamic port/antenna/resource selection by gNB and UE

· In the case of UE selection, it can be disabled/enabled by gNB (if the UE selection is not transparent). FFS whether or not the selection is transparent

· E.g., UE with 4 ports can be configured with 2 ports SRS by gNB

· E.g., UE sends 2 ports SRS even though configured with 4 ports SRS by gNB

Agreements:

· NR supports periodic and semi-persistent NR-SRS transmission. 
· Note aperiodic SRS transmission has been agreed 

· Out of K ≥ 1 configured NR-SRS resources:

· For aperiodic transmission, the UE can be configured to transmit a subset of or all K NR-SRS resources with no precoding, the same or different precoding

· For periodic and semi-persistent transmission, the UE can be configured to transmit K NR-SRS resources with no precoding, the same or different precoding

· FFS details related position & timing of SRS transmission (including configurable)

· NR supports SRS transmission including 
· Number of SRS ports are 1, 2, 4, FFS 3, 8 (possibly other values)
· Comb levels are 2 and 4
· Configurable frequency hopping (details FFS)
· Clarify the following agreed configurations are applicable to each NR-SRS resource from K configured NR-SRS resources:
· NR-SRS bandwidth
· Number of CP-OFDM/DFT-S-OFDM symbols
· Number of SRS ports
· Comb level
Agreements:
· To down-select one method for NR SRS sequence generation based on at least the following alternatives:

· Alt-1: SRS sequence is a function of the sounding bandwidth and does not depend on the sounding bandwidth position or the PRB position. 

· Sequence design and other design details are FFS.

· Alt-2: SRS sequence is a function of the sounding bandwidth position or the PRB position. 

· Sequence design and other design details are FFS.

· Taking into account metrics such as PAPR, capacity/flexibility, etc.

· Other parameters, if any, determining SRS sequence are FFS (e.g. SRS sequence ID)

Agreements:
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.
· Study RS for performing estimation of large scale properties of channel (E.g., Doppler shift/Doppler spread/delay spread)

· QCL supports following functionalities
· Beam management functionality: at least including spatial parameters

· Frequency/timing offset estimation functionality: at least including Doppler/delay parameters

· RRM management functionality: at least including average gain

· Others are not precluded

Agreements:
· For fine time/frequency tracking, consider

· The required RE resource/patterns

· E.g. CSI-RS, RS for mobility (if adopted, may be CSI-RS or other RSs), DM-RS for broadcast/unicast/control (if introduced), PT-RS, a dedicated RS (if required), etc.

· Other RSs are not precluded

· The required periodicity and the corresponding configurations

· Tracking performance
Agreements:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.

· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS

· FFS: on multiple type of RS 

· FFS: other DL RS

· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes [image: image28.png]
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.  

· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).

· Same gNB antenna port can be used for pathloss measurement for multiple process.

· FFS: Different gNB antenna ports can be used for pathloss measurement for each process

· NR supports power control for UE side multiple panel transmission

· FFS: specification impact to support multiple panel 

· FFS: waveform independent/dependent parameters for power control

Agreements:
· Set-up email discussions to collect phase1~3 results separately – Chuangxin (ZTE)

· For updating phase-1 results: Until Feb. 6

· Companies are encouraged to update results (particularly for the micro layer of dense urban scenario)

· If further clarification of simulation assumptions is needed, it can also be discussed under this email thread

· For phase-2 results: Until Mar. 31

· For phase-3 results: Until Apr. 28

· Separate the excel sheet(s) for link level and system level.

· Email discussion moderator to summarize the above results and submit separate tdocs.

· Add in TR 38.802 A.1 link level evaluation assumptions/results for MIMO calibration

· Summarize evaluation assumptions based on email discussion

· Capture the reference tdoc # containing the link level evaluation assumption

· Capture the reference tdoc # containing the excel sheet(s)

· Add in TR 38.802 A.2 system level evaluation assumptions/results for MIMO calibration

· Summarize evaluation assumptions based on email discussion

· Capture the reference tdoc # containing the system level evaluation assumption

· Capture the reference tdoc # containing the excel sheet(s)

· FFS: how to capture the phase-2 and phase-3 results

R1-1701526 was agreed.
R1-1701517 was agreed.


	Scheduling/HARQ aspects

	Agreements:
· NR supports at least following functionalities

· At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)
· A PDCCH candidate consists of a set of CCEs. A CCE consists of a set of REGs. A REG is one RB during one OFDM symbol.
· For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot
Agreements:
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 

· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.

· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not

· Common does not necessarily imply common per cell.

· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD

· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.

Agreements:
· Each candidate of NR DL Control channel search space is composed by K NR-CCE(s)
· A NR-CCE is defined in fixed number of REGs

· FFS: Different REGs can be in the same or different symbols depending on REG to NR-CCE mapping

· FFS: NR-CCE includes the REs assumed for UE-specific DMRS to demodulate that NR-CCE
· FFS: REG to NR-CCE mapping within a control resource set is frequency first, time first or gNB configurable
· FFS: Down selection of REG to NR-CCE mapping
· E.g. K can be 1, 2, 4, or 8, etc

Agreements:
· Transmit diversity scheme for DL control channel is supported.

· FFS; SFBC or precoder-cycling, etc

· Other schemes are not precluded

· FFS number of antenna ports (1 or 2)

· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs

· FFS;  if the fixed number is configurable

Agreements:
· A control resource set is defined as a set of REGs under a given numerology

· Control search space includes at least the following properties

· Aggregation level(s)

· Number of decoding candidates for each aggregation level

· The set of CCEs for each decoding candidate

· FFS: if any of the following properties belong to control resource set or control search space

· Transmission/diversity scheme

· CCE to REG mapping

· RS structure

· PRB bundling size

· FFS: if the control resource sets can overlap or not

· FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many 

Agreements:
· The staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE.

· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’

· FFS: how and with what granularity the unused control resource set(s) can be used for data

Agreements:
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings

· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings

· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot

· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not

Agreements:
· ‘Slot format related information’

· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively

· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc

· FFS: ‘Control resource set duration’

· FFS: Indicates the duration of the control resource set(s) 

· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.

Agreements:
· For PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:

· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.

· FFS actual structure and waveform.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least semi-static configuration for the following is supported.

· A PUCCH resource of a given UE within a slot.

· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.

· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
· 
· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.

Agreements:
· For PUCCH in long-duration,

· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.

· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.

· Intra-slot frequency-hopping is supported

Agreements:
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration
Agreements (updating RAN1 #87 agreements):
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.

· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot

Agreements:
· HARQ-ACK feedback with one bit per TB is supported.

Agreements:
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting
· Option 1: CB-group based re-transmission (Samsung) 
· Option 2: Decoder state information feedback (Nokia)
· Option 3: CB-level outer erasure code (Qualcomm)
· Option 4: Any combination of Option 1-3
· Other options are not precluded
· Note that if RAN1 will not reach consensus in the next meeting, no support of utilization HARQ-ACK feedback with more than one bit per TB in Rel-15
Agreements:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing
Agreements:
· NR UE supports a set of minimum HARQ processing time
· FFS: set size
· NR supports different minimum HARQ processing time at least for across UEs
· The HARQ processing time at least includes:

· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing

· Delay between UL grant reception timing to the corresponding 
UL data transmission timing

· NR UE is required to indicate its capability of minimum HARQ processing time to gNB
· FFS how the capability is indicated by UE
· e.g. reported processing time granularity
· e.g. dependency of DMRS pattern configuration
· FFS definition of minimum HARQ processing time

Agreements:
· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)
· FFS: Details of  the granularity for impacted region used in the indication 
· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot
· The indication is transmitted at one of the following (will be down selected later)
· during current eMBB TTI
· after current eMBB TTI
· during  and after current eMBB TTI
· The indication is one of the following (will be down selected later)
· explicit
· implicit
· explicit and implicit
Agreements:
· DL dynamic resources sharing between eMBB and URLLC is supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources.

· No specific specification work is expected  

· The above should be captured into TR 38.802

Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point

Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions
Agreements:
· Blocking probability of DL control channel should be taken into account in NR-PDCCH design

Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported

· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 
Agreements:
· Time interval between SR resources configured for a UE can be smaller than a slot


	Mini-slot design

	Agreements:
· Take into account following targets/use-cases to design mini-slots:

· Support of very low latency including URLLC for certain slot lengths

· Target slot lengths are at least 1ms, 0.5ms.
· Support of finer TDM granularity of scheduling for the same/different UEs within a slot

· Especially if TRxP uses beam-sweeping (e.g., above 6GHz).

· NR-LTE co-existence
· Note that this use case also exists for slot-based scheduling
· Forward compatibility towards unlicensed spectrum operation

· FFS until phase II

· Take the following into account for designing slot-level channels/signals/procedures:

· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs

· At least one of DMRS format/structure/configuration for slot-level data channel is re-used for mini-slot-level data channel

· At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling

· At least one of UL control channel format/structure/configuration for slot-level UCI feedback is designed to be applicable to mini-slot-level UCI feedback

· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:

· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs

· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel
· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling

· UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback

· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot

· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot

· FFS: exact timelines

· FFS: One mini-slot does not contain symbols for different link directions (i.e., DL-only or UL-only)



	Channel coding and modulation

	Working Assumption: 

· For at least one base graph, 
· the parity check matrix consists of five sub-matrices (A, B, C, D, E)

[image: image31]
· A may contain systematic and parity bits
· B: 
· B is not necessarily square

· One of the columns has weight-three 
· The columns of B after the weight-three column have a dual diagonal structure, e.g.:
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· C is a zero matrix

· E is an identity matrix for the above base graph
· Other structures can be considered for other base graph(s), if any

· Can be revisited if another structure is shown to be superior in performance and complexity

Agreement:

· Number of base graphs NBG is FFS between 1, 2 and 3, considering the trade-offs
· If NBG >1, 
· Each base graph covers a different range of block sizes and/or code rates (not necessarily precluding partially overlapping ranges)
· FFS whether one range can be fully covered by another range
Agreement: 

· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs: 

· {8192, 256}, {8192, 512}, {8192, 1024},

· {FFS near 8192, 320}, {FFS near 8192, 384}

· The exact {Kmax, Zmax} pair to be selected from the above 5 at RAN1#88
Agreement:

· Base graph for supporting Kmax has minimum code rate Rmin,kmax = ~1/3 
· ‘~’ means approximately
· This does not preclude extending the same base graph to code rate lower than ~1/3 when supporting K<Kmax, provided that the number of variable nodes (after lifting) of any parity check matrix, Nmax, is not exceeded, where:
· Nmax = Kmax / Rmin,kmax + Nsys,punct
· Nsys,punct is the number of built-in punctured systematic bits
· Base graph for any info block sizes K has
· Rmin,k >= ~1/5, provided that Nmax is not exceeded
Working Assumption:

· For the purpose of H matrix design, minimum Code Block Size (including CRC) in the range 40-100 bits should be considered
Conclusion:

· Evaluations at BLER of a single code block = 1e-2 (for performance comparison between codes) and 1e-4 (for the purpose of comparing the error floor performance of the codes)

· (Note that this does not preclude other comparison criteria)

Conclusion:

· At least the following criteria are considered for LDPC design comparison in addition to BLER performance
· Implementation complexity 
· Latency 

· discuss details in the email discussion. 
· Companies are encouraged to provide at least the following for the base matrix for the considered code rates: 

· Zmax 
· Total number of edges
· Maximum row weight 
· Maximum column weight 
· FFS if/how to define and compare numbers of (quasi) layers

Agreement:

· For the QC-LDPC design, the non-zero sub-blocks have circulant weight = 1
· Circulant weight is the number of superimposed circularly shifted Z(Z identity matrices
Agreement:

· Shortening is applied before LDPC encoding when necessary
· Working assumption: Filler bits F are attached at the end of info block B to form vector U = [B F] 
· Can be verified at RAN1#88
· Vector U is the input to LDPC encoding
· The filler bits F are not transmitted
Agreement: 

· Built-in puncturing of systematic bits is supported for LDPC coding, that is:
· At least for the initial transmission, the coded bits are taken after skipping the first Nsys,punct  systematic bits 
· Nsys,punct is selected from: 0, Z, and 2*Z
· The rate matching for LDPC code is circular buffer based (same concept as in LTE)
· The circular buffer is filled with an ordered sequence of systematic bits and parity bits
· FFS: Order of the bits in the circular buffer
· For IR-HARQ, each Redundancy Version (RV), RVi,  is assigned a starting bit location Si on the circular buffer
· For IR retransmission of RVi, the coded bits are read out sequentially from the circular buffer, starting with the bit location Si
· Limited buffer rate matching (LBRM) is supported
Agreement:

· Before code block segmentation, LTB,CRC bit TB-level CRC are attached to the end of the transport block
· LTB,CRC <=24 bits
· LTB,CRC value is determined to satisfy probability of misdetection of TB error <=10-6
· Inherent error detection of LDPC codes is taken into account in determining the LTB,CRC value
Agreed Description Method:

· In NR Polar Code discussion, polar codes will be described without bit reversal in the encoder, i.e.:
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Note that this does not affect any aspect of the Polar code design.
Agreement:

· Maximum mother code size of Polar code, N=2n, is:
· 256 <= Nmax,DCI <=1024 for downlink control information
· 1024 <= Nmax,UCI <= 2048 for uplink control information
· Exact values to be revisited with the aim of agreeing at RAN1#88  
Agreement:

· To compare CRC-related aspects of polar code design,
· The same FAR performance (the same as LTE) should be considered for a fair comparison
· List size Lmax 8 is the baseline (evaluations of other values are not precluded)
· Performance metrics (may be based on analytic derivation)
· BLER
· FAR (with AWGN as input to the decoder)
· Polar codes for control channels support one of the following alternatives:
· Alt. 1: CRC + “basic polar” (i.e. as per above agreed description) codes
· 1a: Longer CRC
· e.g.
(J + J’) bits CRC + basic polar
· 1b: J bit CRC

· The J bits can be distributed
· The CRC can be used for both error detection and error correction
· Alt. 2: J bits CRC + concatenated polar codes 
· e.g.
 J bits CRC + J’ bits CRC + basic polar;
            
 J bits CRC + J’ bits distributed CRC + basic polar;
           
 J bits CRC + PC bits + basic polar; (i.e. PC-Polar)
           
 J bits CRC + Hash sequence + basic polar;

…
· J bits CRC is only used for error detection
Agreement: 

· The channel coding working assumptions from RAN1#87 are agreed, with clarification that the mentioned DL control information means DCI (i.e. does not include PBCH, SIBs or PCFICH (if it exists for NR))
Agreement:
· NR supports 0.5*pi BPSK modulation for DFT-s-OFDM

Agreement:
· Prepare draft LS to RAN4 to inform current RAN1 modulation agreements and WA, and RAN1 following assumptions 
· Frequency band
· Bandwidth allocation
· RAN1 also ask feasibility of it in the draft LS
· Note that additional performance results to address concerns from RAN4 have been submitted in RAN1


	Duplex and interference management

	Conclusion:

· Discuss further offline on how to capture performance evaluation results – Zukang (Huawei). Revisit later this week. 

· Companies are encouraged to further update the evaluation results 
Conclusion:

· The WF in R1-1701329 is agreed

· Companies are encouraged to perform evaluations under various RU percentage values

· Note: the RU for a link direction (DL or UL) herein is defined as the amount of occupied resources for the given link direction divided by the total number of resources (irrespective of link directions)

· Companies should also report assumptions regarding backhaul

· In performing evaluations for flexible duplexing operation, companies should take into account additional overhead for the operation. 

Conclusion:

· The proposal of adding a note as in R1-1700087 is agreed

Conclusion:

· Companies shall provide the following information in RAN1#88 for analyzing interference mitigation schemes for TRP-to-TRP and/or UE-to-UE cross-link interference

· Gains provided by the considered interference mitigation scheme

· Potential specification impacts (not limited to RAN1) of the considered interference mitigation scheme



	Wider bandwidth operations

	Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15
· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands
· RAN1 asks the feasibility of at least followings
· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered
· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz
· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15
· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier

· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]

· The maximum FFT size is not larger than [8192, 4096, 2048]
Agreements:
· If it is decided that maximum CC BW is greater than or equal to 400 MHz and smaller than or equal to 1000MHz

· The maximum number of CCs in any aggregation is [either 8 or 16]
· If it is decided that the maximum CC BW is <=100MHz

· The maximum number of CCs in any aggregation could be [either 16 or 32]
· If it is decided that the maximum CC BW is greater than 100 MHz and smaller than 400MHz
· The maximum number of CCs is FFS


	LTE-NR coexistence

	Agreements:

· LTE-NR co-existence should support the following UL sharing scenarios:

· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE

· Detailed sharing on the UL is FFS 

· Note: this is not intended to have impact on legacy LTE UEs

· LTE DL on a paired frequency F3

· NR DL transmission on frequency F2 (different than LTE DL frequency)

· NR UE operates in either of the following cases based on a common NR design:

· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 

· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2

· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).

· NR DL and UL frequencies (and/or NR band number) are signaled by RRC

· Non-collocated LTE and NR base stations is FFS

Agreements:

· NR supports the case when an NR UE is not expected to understand or detect LTE signals/channels in the frequency band shared by NR and LTE.

· Detailed conditions are FFS

· Initial access procedure design for NR should be used as a baseline for the case of NR-LTE coexisting

· FFS whether or not additional impact 

Agreements:

· NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum  

· FFS detailed mechanism
· NR supports efficient adjacent channel co-existence with LTE-TDD using all the special subframe configurations in unpaired spectrum
· Notes:

· The above bullets does not necessarily imply that two or more frame structures are to be defined for NR

· The wording “efficient” in the above two bullets does not imply exact alignment of configurations

· RAN1 has agreed the following
· Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration
Agreements:

· Supporting NR DL in MBSFN subframes of LTE
· FFS details


	Other

	Agreements:
· Handling of transmitter DC subcarrier at the transmitter
· DL
· 
· 
· UE may assume transmit DC subcarrier at the transmitter (gNB) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· UL
· Transmit DC subcarrier at the transmitter (UE) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· The transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible
· The specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs
· This should be considered in the RS design for NR
· Specify means for the receiver to determine DC subcarrier location
· This involves semi-static signalling from UE and also standard specified DC subcarrier location
· FFS how to determine and how to indicate DC subcarrier location in the case of bandwidth adaptation
· Note that above DC subcarrier can be interpreted as DC subcarrier candidate
Agreements:
· RAN1 should consider the impact of the potential receiver DC subcarrier collision with RS used by that receiver, and whether NR design would offer the possibility of collision free operation
· Note that this does not create the requirement for receiver on receiver DC subcarrier handling


Outgoing LS is listed below.
· R1-1701487
Response LS on UE capability aspects for LTE/NR tight interworking
· R1-1701541
Reply LS on PRACH preambles for on demand SI requests
· R1-1701495
LS on Paging Requirements
· R1-1701501
LS on NR Mobility
· R1-1701547
LS on pi/2 BPSK with spectrum shaping for DFT-S-OFDM uplink
· R1-1701223
LS on wider bandwidth operation for NR
Email discussions after the meeting are listed below.
· [NRAH1-02-Ph1] NR MIMO calibration Phase 1
· Summary was submitted to RAN1#88 meeting
· [NRAH1-02-Ph2] For phase-2 results: 
· Summary was submitted to RAN1#88 meeting
· [NRAH1-02-Ph3] For phase-3 results: Until Apr. 28
· Summary was submitted to RAN1#88 meeting
· [NRAH1-04] Granularity of information block sizes to be evaluated 
· Summary was submitted to RAN1#88 meeting
· [NRAH1-05] Details of other evaluation criteria
· Summary was submitted to RAN1#88 meeting
· [NRAH1-06]Option 2/4 agreement for PRACH
· For single/multi-beam operation in the Option 2/4 case 

“The same/different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences”
should be “The same/different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH preambles”
RAN1#88 (February 2017)

The agreements and conclusions are summarized below.
	General

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

	Initial access and mobility

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

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

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

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

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

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

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

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

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

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

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

Agreements:

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

· Single or multiple values for B

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

· NR-SS transmission bandwidth

· NR-PBCH transmission bandwidth

· NR SS block bandwidth

· UE type
· DL/UL control design

· DL/UL data reception/transmission for UE

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

Agreements:

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

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

· Number of symbols per SS block

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

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

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

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

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

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

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

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

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

· FFS how to signal the position(s)

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

Agreements:
· For carrier supporting initial access,
· For frequency range up to 6 GHz, minimum carrier bandwidth for NR can be either 5 or 10 MHz and is frequency band dependent
· For frequency range from 6 GHz to 52.6 GHz, minimum carrier bandwidth for NR can be either 40 or 80 MHz and is frequency band dependent
· RAN1 considers that RAN4 will determine mapping between frequency band and minimum carrier bandwidth value in consideration with above
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· NR minimum carrier bandwidth for mMTC is FFS
LS on NR minimum carrier bandwidth was agreed in R1-1704100 with following update
2. Actions:

Action to RAN4:
RAN1 would like RAN4 to consider the agreements above and let RAN1 know if these assumptions made can be used in the further design of the NR physical layer. 
3. Date of Next RAN1 Meetings:

RAN1#88bis
3rd – 7th Apr 2017
Spokane, WA, USA

RAN1#89
22nd – 26th May 2017
Hangzhou, China
Agreements:
· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

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

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

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

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

· FFS more than one periodicity/timing/duration indication 

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

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

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

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

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

· E.g. range for #A (0 ~ 6 GHz)

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

· E.g. range for #B (6 GHz ~ 60 GHz )

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

· Note that this does not preclude further sub-categorization of frequency ranges. And additional frequency sub-ranges defined shall support a single default SS burst set periodicity, value selected between 10, 20 ms
· Note that this does not preclude additional categorization of frequency ranges not covered by #A and #B. SS burst set periodicity for potential additional frequency ranges is FFS
· RAN4 will determine the exact values of frequency ranges

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

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

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

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

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

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

· FFS more than one periodicity/timing/duration indication 

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

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

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

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

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

· Email discussion about NR-SS design until the next meeting – Hyunsoo (LGE)
· All proponents need to disclose their proposed sequence design until 3rd March

· Template for evaluation results
· Following information should be disclosed 

·  NR-PSS/SSS sequence design

·  Sequence length for each parameter set

·  Default numerology

·  NR-SS transmission BW

·  The number of hypothesis: 1000

·  The number of antenna ports for NR-SSS and how the sequence is mapped to antenna port

· All proponents are requested to show both 1 and 2 antenna port performance results

· Assumption of the minimum UE bandwidth 

· At least NR-SSS transmission BW will be evaluated by all proponents
· All proponents are requested to evaluate it until the next meeting

· Note that all proponents need to disclose detailed evaluation assumptions/results such as 

· Assumption of transmit power of NR-SS

· PAPR/CM performance

· Cell search performance

· Detection probability performance

· etc.
Agreements:
· The number of antenna port of NR-PSS is 1
Working assumption:
· UE assumes the same PBCH numerology as that of NR-SS

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

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

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

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

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


· NR-PBCH provides the control channel search space 

· NR-PBCH provides the scheduling assignment

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

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

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

· FFS: 

· Paging indication triggers UE beam reporting (if supported) 

· Opt-1: paging indication is in DCI

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

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

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

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

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

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

· The following methods can be considered for evaluations:

· Zadoff-Chu with cover extension using M-sequence

· M-sequences

· Zadoff-Chu sequence
· Other methods are not precluded

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

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

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

· Email discussions about PRACH sequence design until the next meeting – Jan (ZTE)
· Email discussion on baseline assumption for calibration purpose until 24th Feb.
· Starting points for the email discussion is below
· Fixed false alarm rate: 0.1%
· Template for evaluation results

· Focusing on single cell scenario
· All proponents need to disclose their proposed sequence design until 3rd March
· Following information should be disclosed 
· PRACH sequence type
· Sequence length for each parameter set
· Default numerology
· PRACH transmission BW
· CP/GP length
· All proponents are requested to evaluate it at least for 1 RACH OFDM symbol case until the next meeting
· Note that all proponents need to disclose detailed evaluation results such as 
· PAPR/CM performance
· Miss-detection probability performance
· False alarm rate performance
· Timing estimation accuracy
· MCL
· etc.
· Note that all proponents need to disclose detailed evaluation assumptions such as 
· Receiver SNR
· Timing/frequency offset
· Number of RACH preambles generated from PRACH sequence
· etc.
Agreements:

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

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

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

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

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

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

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

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

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


	MIMO

	Agreements:
· For DFT-S-OFDM based transmission

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

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

· Multi cluster case FFS (if supported)

· CP-OFDM based transmission

· For codebook based:

· PRB Bundling should be supported.

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

· FFS applicability to some non-codebook based cases

· Non-codebook based:

· PRB Bundling should be supported.

· FFS: Configurability by gNB side e.g.

· PRB bundling on or off.

· PRB bundling size

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

· For 1 to 2-layer transmission: 1 codeword

· fFor 5 to 8-layer transmission: 2 codewords

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

Working assumption:

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

· For 3 and 4-layer transmission: 1 CW

· FFS: the support of Alt2 (mapping 2-CW to 3 layers and 2-CW to 4 layers)
· Companies are encouraged to evaluate the case of multi-panel/multi-TRP scenarios

Agreements:

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

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

· Transmit Rank indicator (TRI)

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

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

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

· UL MCS indication

· UL HARQ related information

· UL Resource allocation

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

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

· RAN1 should down select them in WI phase.

· FFS the corresponding spec impact (if any)

R1-1703848 was agreed.
R1-1703533 was agreed
Email discussion on FFS parts in R1-1703533 until 02/22 – Ruyue (ZTE)
Agreements:

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

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

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

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

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

·  L1 measurement reporting

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

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

· Frequency-granularity if multiple frequency granularities are supported

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

· RS type: NZP CSI-RS at least

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

· FFS whether or not support >1 CSI-RS resource set per resource setting

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

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

Agreements:

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

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

Agreements:

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

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

· Information indicating group at least for some cases

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

· Measurement quantities for Nl beam (s)

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

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

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

· FFS: Configurability between L1 RSRP and CSI report

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

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

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

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

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

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

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

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

Agreements:

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

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

· Details of beam related indication signaling (if any)

Agreements:

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

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

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

· FFS: number of OFDM symbols for each beam

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

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

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

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

Agreements:

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

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

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

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

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

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

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

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

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

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

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

· FFS: The necessity of such indication

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

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

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

· Resources orthogonal to PRACH resources 

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

· FFS channels/signals 

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

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

· FFS the signal/channel for the UL transmission

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

Agreements:

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

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

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

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

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

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

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

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

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

· Alt 0: single-stage codebook 

· Alt 1: dual-stage codebook 

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

Agreements:

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

· FFS the applicability to CSI acquisition/beam management

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

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

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

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

· The maximum value of N [image: image36.png]€{12,..,K}



 may be a UE capability

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

Agreements:

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

· FFS how the CSI reporting band is determined

· Three frequency granularities are supported:

· Wideband reporting

· Partial band reporting

· Subband reporting

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

· FFS details 

Agreements:

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

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

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

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

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

Agreements:
· In NR MIMO CSI framework, study aspects related to hybrid CSI reporting (e.g., long-term vs. short-term, joint vs. separate configuration in one reporting setting and/or one resource setting, etc.)
R1-1703953 was agreed.
Agreements:
· Refine the description in 38.802 for Type II CSI Category I as follows
· Dual-stage W = W1W2 codebook 

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

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

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

· Beam selection is wideband

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

· Subband reporting of phase quantization of beam combining coefficients

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

Agreements:

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

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

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

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

· FFS: basis set

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

Agreements:

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

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

· For full channel reciprocity 

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

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

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

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

· Partial CSI feedback for eNB to acquire full CSI 

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

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

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

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

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

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

· Note: this support is not transparent to specification

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

· Whether to support one of them or both

· Whether the support is transparent to specification or not

Agreements:

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

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

· FFS the potential impact on PDSCH rate matching

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

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

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

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

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

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

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

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

· N = {1, 2, 4}

· FFS, other value(s) of N

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

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

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

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

· FFS on the following aspects:

· Location of N OFDM symbols within a slot

· Replication of RE pattern across the N OFDM symbols

· Supported CDM values

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

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

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

Agreements:

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

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

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

· Other options are not precluded

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

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

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

· Confirm working assumption with some updates:

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

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

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

· Support PN sequence for CP-OFDM

· FFS: ZC-sequence for CP-OFDM

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

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

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

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

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

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

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

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

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

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

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

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

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

· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:
· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.
· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM
· Possible frequency domain configurations considering:
· DMRS overhead 
· Channel estimation performance
· Possible time domain configurations assuming the following scenarios 
· Low, Medium, high, & very high mobility
· Carrier frequency
· Latency
Agreements:
· Presence/patterns of PT-RS are configured by a combination of RRC signaling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI.
· Whether PT-RS can be present or not depends on RRC configuration. 
· When configured, the dynamic presence is associated with DCI parameter(s) including at least MCS
· FFS: Time domain density is associated with dynamic configuration by MCS. 
· When present, frequency domain density is associated with at least dynamic configuration of the scheduled BW.
· FFS: Frequency domain density is associated with dynamic configuration by MCS. 
· FFS: Frequency-domain pattern design supports both frequency-localized and frequency-distributed allocation of PT-RS subcarriers.
· Other association factors/rules are not precluded.
· Usage of PT-RS, e.g. CFO/Doppler correction, is not precluded, pattern/signaling for this use case can be different
Agreements:
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.

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

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

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

· Alt. 3: QCL types are pre-defined

Agreements:

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

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

Agreements:

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

· FFS: w.r.t. which QCL parameter(s)

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

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

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

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

· PT-RS

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

· The RS design for time and frequency tracking should study

· Tracking range for the frequency error

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

· Resolution for the timing error

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

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

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

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

· The detailed signaling mechanism

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

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

· Evaluation is encouraged

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

· Performance when DRX in connected mode is configured 

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

· Note: Channel model example is as follows

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

· Dynamic model

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

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

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

· Adding MIMO aspects in the body of the text

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

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

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

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

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

· System level and link level NR MIMO calibration has been conducted through the following phased approaches:

· Phase 1: Calibration is to check the link and system level channel models with basic beamforming behavior in terms of SNR/SINR distribution.

· Phase 2: Calibration is to check the link/system level performance through observing the metrics of BLER, spectrum efficiency and outage.

· Phase 3: Calibration is to check the additional link (if necessary)/system-level features including UE movement, UE rotation and channel blockage in terms of coupling loss, ASA, SINR and spectral efficiency. 

· Capture following simulation assumptions and results in TR 38.802. 

· R1-1701823 Evaluation assumptions for Phase 1 NR MIMO link level calibration 
· R1-1703534 Evaluation assumptions for Phase 1 NR MIMO system level calibration 

· R1-1703535 Evaluation assumptions for Phase 2 NR MIMO link level calibration

· R1-1703536 Evaluation assumptions for Phase 2 NR MIMO system level calibration

· R1-1701828 Evaluation assumptions for Phase 3 NR MIMO system level calibration
· R1-1701829 Calibration results for Phase 1 NR MIMO link level calibration
· R1-1701830 Calibration results for Phase 1 NR MIMO system level calibration

	Scheduling/HARQ aspects

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

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

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

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

· Practical channel estimation

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

· Proponents should state assumptions on 

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

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

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

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

· Channel model

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

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

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

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

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

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

Agreements:

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

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

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

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

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

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

Agreements:

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

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

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

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

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

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

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

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

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

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

Agreements:

· Further study the following alternatives:

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

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

Conclusion:

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

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

· Performance including at least the following:

· Frequency-diversity

· Interference-diversity

· PAPR/CM and emission

· RS overhead

· Interference randomization should be enabled

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

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

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

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

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

· Interference randomization should be enabled

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

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

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

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

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

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

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

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

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

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

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

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

· Combination of above options are not precluded

Agreements:
· For 1-symbol PUCCH, consider following options
· Option 1: RS and UCI of one UE are multiplexed by FDM manner in each symbol.
· Already agreed.
· Option 4: Sequence based design without RS only for small (1~2) payload size case
· Information is delivered by which sequence/code is transmitted
· Sequence is mapped over contiguous or non-contiguous REs

· UCI sequence can be CDMed with DMRS sequence of other UEs
· Option 5: Sequence based design with RS only for small (1~2) payload size case
· Information is delivered by which/what sequence/code is transmitted
· RS and UCI are multiplexed by CDM manner
· Option 6: Pre-DFT multiplexing of RS and UCI

· Consider for both small and large UCI payload size cases

· Possibility 1: {CP + Pilot} + {CP + Data} to avoid MPI b/w pilot and data
· Possibility 2: CP + {Pilot + Data} as current DFT-s-OFDM
· Other possibilities are not precluded
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting
Agreements:

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

· FFS the set of supported values

Agreements:
· For PUCCH in long duration, 

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

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

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

· FFS for >2 UCI bits

· FFS the case of within a slot
Conclusion:

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

· Option 1: explicit and dynamic indication

· Option 2: explicit semi-static configuration

· Option 3: implicit determination

· Or a combination thereof

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

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

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

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

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

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

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

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

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

Agreements:

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

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

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

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

· Reference signal parameters

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

· FFS other parameters

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

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

· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)

· Note that other termination condition of repetition may apply

	Channel coding and modulation

	Conclusion:
· Minimum set of information block sizes granularity for evaluation at BLER 1e-2 and 1e-4:
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· Some off-grid values of K shall also be evaluated. 

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

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

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

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

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

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

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

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

Agreement: 

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

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

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

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

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

· The following are examples:

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

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

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

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

· FFS the error detection targets

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

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

· FFS the details of the selection criteria
Observations:

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


	Duplex and interference management

	Conclusion:
· Summarize the evaluation results for indoor hotspot scenario based on the agreed framework from last meeting – Yousuke (DCM)
· Summarize observations based on the evaluation results for indoor hotspot scenario - Zukang (Huawei)
Conclusion:
· Summarize the evaluation results for urban macro scenario based on the agreed framework from last meeting – Yousuke (DCM)
· Summarize observations based on the evaluation results for urban macro scenario - Zukang (Huawei)
Conclusion:
· Summarize the evaluation results for dense urban scenario based on the agreed framework from last meeting – Yousuke (DCM)
· Summarize observations based on the evaluation results for dense urban scenario - Zukang (Huawei)
Agreements:

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

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

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

Agreements:

· Observations for indoor hotspot scenario:

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

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

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

Agreements:

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

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

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

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

Agreements:

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

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

Conclusion:

· Summarize the interference management schemes including specification impact, how/whether to categorize different schemes, etc. – Dongkyu (LGE)
Agreements:

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

· 10F: change it to “implementation based”

· Merge 4F into 5F

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

· Merge 4G into 5G

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

· To further capture aspects in R1-1702296

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

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

· B4 ( “Advanced receiver (IC/IS)”

· Merge 16 & 28 into one category

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

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

	Wider bandwidth operations

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

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

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

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

· Note: final value for a given channel BW is up to RAN4 decision
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

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

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases
LS on wider bandwidth operation for NR was agreed in R1-1703895
Agreements:
· Prepare draft LS in R1-1703919 – Peter (Qualcomm) to RAN4 to inform that RAN1 is discussing following alternatives for a wider BW CC, i.e., CC BW greater than X (e.g., 100 MHz), 
· A) UE is configured with one wideband carrier while the UE utilizes multiple Rx/Tx chains (Case 3)
· B) A gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains)
· FFS: Potential impact on design for the wide BW signal/channels
· Note: The support of multiple Rx/Tx chains in the gNB within one wideband CC is not addressed in above discussion 
LS on Wideband Operating Options was agreed in R1-1703920

	Other

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

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

· Alt.2

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

· Fractional PRB is not supported in Rel. 15
LS on subcarrier grid for NR was agreed in R1-1704125 by changing action points to “None”
Agreements:
· Working assumption: LTE scaled extended CP is supported at least for NR 60kHz SCS in Rel-15
· Revisit and design CP choice from 48, 52, or 49 OFDM symbols in 1 msec if other extended CP(s) have benefits for identified use cases
· The CP type can be semi-static configured with UE-specific signalling
· FFS extended  CP for other numerologies including forward compatible aspects


Outgoing LS is listed below.
· R1-1704100
LS on NR minimum carrier bandwidth
· R1-1703836
LS on NR-SS periodicity
· R1-1704103
LS on time and frequency tracking
· R1-1703782
LS on transient period for NR
· R1-1703895
LS on wider bandwidth operation for NR
· R1-1703920
LS on Wideband Operating Options
· R1-1704125
LS on subcarrier grid for NR
Email discussions after the meeting are listed below.
· [88-10] TR 38.802
· Agreed 
· [88-11] TR 38.912
· Agreed 
· [88-12] NR-SS design

· [88-13] NR-PRACH design
· Summary is agreed as R1-1704144
· [88-14] NR DL/UL based mobility
· Agreed and captured in TR38.802
· [88-15] R1-1703533 Evaluation on beam management
· Agreed and captured in TR38.802
· [88-16] NR duplex and interference management
· Agreed and captured in TR38.802
RAN2
New Radio Access was discussed:


for three days at RAN2 NR ad-hoc in Spokane, and


for three days at RAN2 #97 in Athens.

Summary of discussions:

655 and 610 contributions were submitted to RAN2 NR ad-hoc and #97, respectively.

User plane:
Overall use plane architecture:
RAN2 continued to study overall layer 2 functions for each protocol layer and agreed as follows:
1.
MAC sub-headers are interleaved with MAC SDUs.
2.
As in LTE the UEs shall not send padding if there is data available and the remaining TB size is greater than X bytes (actual number can be discussed later when header sizes are known. In LTE X = 7 bytes).

3.
MAC CEs are not placed in the middle of the MAC PDU but at the beginning or at the end (placement can be decided later).

4.
Working assumption on no RLC concatenation taken at RAN2#96 is confirmed (i.e. concatenation of RLC PDUs is performed in MAC).

5.
PDCP and RLC layers have separate PDCP SN and RLC SN.

6.
NR RLC supports three transmission modes, i.e., AM, UM and TM.
Bearer types for LTE-NR Dual Connectivity:

1.
Support Split bearer via SCG for E-UTRA-NR DC for case where LTE is the master node.
2.
SCG split bearers where master node is LTE and secondary node is NR uses NR-PDCP.

3.
For SCG split bearer connected to EPC there is a 1:1 mapping between S1 bearer and DRB.

4.
Split bearers support RLC UM mode besides RLC AM mode.

5.
The SCG split bearer is supported for Option 7/7a, i.e. eLTE as anchor, but not supported for the cases option 4/4a when NR is the master node.

Multiple services/numerologies:

RAN2 continued to study multiple services/numerologies and agreed as follows:
1.
A single logical channel can be mapped to one or more numerology/TTI duration.
2.
ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to.

3.
The RLC configuration is per logical channel without dependency on numerology/TTI length.

4.
Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

5.
RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations.

6.
Wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.

7.
A single MAC entity can support one or more numerology/TTI durations.

8.
LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase.

URLLC aspects:
RAN2 continued to study potential technologies aimed for URLLC requirements and agreed as follows:
1.
Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
2.
The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

3.
RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC.

4.
RAN2 will study redundancy schemes operating below PDCP in CA scenarios for the purpose of meeting the reliability/latency requirements of URLLC. Study should consider the performance of the underlying Phy layer.

5.
For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.

-
FFS whether this is a single or two MAC entities.

6.
NR supports an SPS and skipping UL grant schemes similar to LTE.

QoS:

RAN2 continued to study new QoS framework supported by NextGen Core and agreed as follows:
1.
A new user plane AS protocol layer (e.g. PDAP) above PDCP should be introduced to accommodate all the functions introduced in AS for the new QoS framework, including:
-
QOS flow->DRB routing;
-
QoS-flow-id marking in DL/UL packets;

2.
The new protocol layer is applicable for all cases connecting to the 5G-CN.

3.
Single protocol entity is configured for each individual PDU session.

4.
RAN2 to confirm that the timing of non-default DRB establishment (RAN to UE) for QoS Flow configured during PDU Session Establishment could be done NOT at the same time as PDU Session Establishment (up to eNB implementation).

5.
Working assumption from RAN2#96 is confirmed. i.e. First UL packet that doesn't have a mapping to a DRB, is mapped to a default DRB.

6.
“Lossless HO”, that is,  lossless, in sequence without duplication to upper layers, should be supported in specification for intra-NR.

-
FFS whether we support QoS flow remapping at handover and, if supported, whether the handover is lossless for this case.

MAC:

Logical/transport/physical channel mappings were agreed to leverage the LTE structure, allowing possibility of new channels for URLLC and P-BCH and new channel names to be decided by RAN1.
Control plane:

UE state machine and state transitions:
RAN2 continued to study functionality for UE in RRC_INACTIVE and UE state transitions involving with RRC_INACTIVE and agreed as follows:
1.
NR RRC state machine has a direct transition between RRC_IDLE and RRC_CONNECTED states.
2.
NR RRC state machine has a direction transition between RRC_INACTIVE and RRC_CONNECTED states.

3.
RRC state transition from IDLE to CONNECTED follows the three-step handshake procedure (e.g. request, setup, complete).

4.
The RRC state transition from CONNECTED to IDLE uses (at least) a release procedure.

5.
RRC state transition from CONNECTED to INACTIVE uses (at least) an 'inactivation' procedure.

6.
The RRC state transition from INACTIVE to CONNECTED using an RRC procedure.

-
FFS Whether the RRC state transition from INACTIVE to CONNECTED can follow three step, two-step and one-step procedure.

7.
The RRC state transition from INACTIVE to IDLE is supported.

-
FFS for what cases this transition is supported (e.g. reject from network, other failure cases, other cases, etc).

8.
For UTRAN, a UE in CELL_FACH/PCH, URA_PCH or UTRA_Idle can perform cell reselection to NR entering RRC_IDLE.

9.
For GERAN, a UE in GPRS Packet transfer mode, GSM_Idle or GPRS Packet_Idle can perform cell reselection to NR entering RRC_IDLE.

UL/DL data transfer in RRC_INACTIVE:

RAN2 continued to study two solutions for UL data transfer in RRC_INACTIVE and agreed as follow:
With regards to Solution A (UL data transfer while UE remains RRC_INACTIVE):

1.
Agree to the context description as a baseline, with additional enhancements FFS, and with the RLC information as FFS. The UE context in RRC_INACTIVE includes the configuration of radio bearers, logical channels and security.  The UE maintains the same PDCP entity like in RRC_CONNECTED and maintains PDCP COUNT and SN of PDCP.  The possibility to maintain the RLC entity and SN is FFS.  Additional information can be considered for the context if a need is identified.

2.
Agree to the message contents as follows:

-
UE -> Network: data+UE ID.

-
Network -> UE: UE ID (used for identifying the target UE for the response).

-
FFS whether BSR or other information to be included in message 1 (security information is addressed separately).
-
FFS whether other information to be included in message 2 (security information is addressed separately).

-
FFS which layer handles the acknowledgement function for the second message.  It is FFS if subsequent transmissions are allowed without a transition to RRC_CONNECTED.

3.
The network should be able to send the UE into RRC_CONNECTED in response to UL data transmission if necessary.

4.
UE ID should be able to uniquely identify the UE context in the RAN.

5.
Receiving an application response is handled by whatever mechanism is used for delivering DL data that arrives in RAN while the UE is in RRC_INACTIVE.  Possible enhancements are FFS. It isFFS How the UL grant size is determined.

6.
The UE context is maintained in an anchor gNB.

7.
The UE decides whether to use small data transmission based on a threshold taking into account at least the amount of data in the UE’s buffer. If amount of data is above the threshold then UE initiates RRC procedure to move to connected. Additional criteria that could be considered (e.g. latency) are FFS.

8.
Multiple DRBs can be maintained in RRC_INACTIVE, and data transmission takes place on the DRB associated to the concerned service.  It is FFS which bearers are maintained (e.g. some bearers could be treated as suspended such that the UL data cannot be sent on this DRB in inactive.).

9.
If bearers with configured QoS are allowed to be used for UL small data transmission, the QoS is still required to be met.

With regards to Solution B (UL data transfer while UE transits from RRC_INACTIVE to RRC_CONNECTED):

1.
Transition from RRC_INACTIVE to RRC_CONNECTED based on 3-step RRC procedure should be baseline and 2-step RRC procedure (resume request, resume) should be further studied. FFS whether 3 step or 2 step would eventually be specified if option B is selected. FFS study the impact of removing the “complete” message (e.g. in terms of security).
2.
Msg. 3 (“RRC Connection Resume Request”) should contain at least the required information for the network to perform contention resolution, identify the UE AS context and verify that this is the right UE.

3.
UE should be able to encrypt the small UL data transmission transmitted in RRC_INACTIVE. FFS whether it is acceptable to use the old security keys used when the UE was in RRC_CONNECTED.

4.
Upon receiving the Msg. 4 response from the network (e.g. “RRC Connection Resume”) the UE should be able identify this is the right network, perform contention resolution and receive DL data and either remain in RRC_INACTIVE or resume its previously suspended connection i.e. moving to RRC_CONNECTED.

5.
DL transmissions/responses and subsequent UL transmissions after message 3 should be supported without the UE having to move to RRC_CONNECTED. It is FFS any optimizations for the reception of DL transmissions/responses (e.g. additional paging occasions).

6.
HARQ ACK/NACK transmission can be supported in the same way as it is supported in LTE when MSG3 is transmitted (i.e. UE is expected to continuously monitor the DL PDCCH-like channel once it sends first UL packet, DL RLC ACK/NACK messages can be scheduled normally when a UE still listens to the DL channels).

-
FFS Whether the UE should be able to indicate that at least it wants to transmit small UL data transmission in RRC_INACTIVE in Msg. 1 (if network configures). Additional info is also FFS.

7.
UE provides information to enable the network to decide whether to leave the UE in RRC_INACTIVE or move to RRC_CONNECTED. FFS what is indicated e.g. MAC buffer related information.

-
FFS Whether the UE should be able to provide some cause in Msg. 3, which can be used to reject the connection attempt.

8.
For small data transmission in RRC_INACTIVE the UE should use a currently configured DRB.

9.
The solution for small data transmission in RRC_INACTIVE should be applicable to either a 2-step or 4-step RACH design (depending in RAN1 and RAN2 decision to support 2 step RACH).

Agreements for common aspects of the potentials solutions for UL data in inactive (as yet there is no agreement to support UL data in inactive):

1.
The solution for UL small data transmission in RRC_INACTIVE should be service-agnostic, catering different service requirements (more focus should be given to eMBB and URLLC).
2.
The UE AS context identifier used for uplink data transmission in RRC_INACTIVE should be the same as the one used in state transition from RRC_INACTIVE to RRC_CONNECTED.

3.
The UE AS context is located and identified in the network via an “AS Context ID” which is allocated by the network and stored in the UE (and the network) when the UE goes to RRC_INACTIVE and is used to locate the AS context when the UE either tries to transmit small data and/or to perform a transition to RRC_CONNECTED.

4.
The UE AS Context can be stored in an “anchor”/source gNB and may be fetched to the new serving gNB when needed upon the triggering of small data transmission and/or transition from RRC_INACTIVE to RRC_CONNECTED. 

5.
The network should have the ability to perform a context update when the UE sends small data in RRC_INACTIVE. That update should rely on RRC signalling and should be done in the “second” message (e.g. RRCConnectionResume or a control response message triggered by small data transmission).

6.
Small data transmission can both operate with 2-step or 4-step RACH procedure.  

7.
Small data transmission uses the AS Context ID transmitted in the “first” message for contention resolution (at least when RACH is used).

8.
After the “first” message with small UL data is received the network should be able to inform the UE that it should move to RRC_CONNECTED via a DL RRC message (e.g. RRCConnectionResume).

9.
Transmission of large data is envisioned to cause a state transition to RRC_CONNECTED.  The state transition is a network decision.

10.
The UE provides in the “first” message with the initial uplink data transmission all necessary information to enable the network to move the UE to RRC_CONNECTED state or to enable the network to let the UE remain in RRC_INACTIVE e.g. BSR.  It is FFS if a data threshold would be applied to trigger a separate procedure for data transmission as opposed to connection resume.

11.
Subsequent small uplink data transmissions (I.e. transmissions after the first UL data) in RRC_INACTIVE should be supported. FFS whether the term “subsequent small data” cover only the case of infrequent transmissions or also frequent transmissions.

12.
It is beneficial to send small downlink data to the UE with the network response message (e.g. Msg4) if user plane data are available, provided that the user plane design supports it.

13.
Small data transmission solution should be able to support at least RLC ARQ mechanism. 

NOTE: Wait for RAN1 progress regarding HARQ retransmissions.

14.
Whichever solution is selected, the UE performs the tasks based on its RRC state.  Further tasks specific to the data transmission procedure can be discussed if they are found necessary.

15.
The “first” message with small UL data could provide information to enable the network to apply Overload control and prioritisation, if needed.  It is FFS what form of overload control/prioritisation might apply in the contention based case.
In the end, there was no consensus on capturing UL data transfer in the main body of TR 38.804 as one of the functionalities for RRC_INACTIVE.
RAN notification area management:

RAN2 continued to study RAN notification area management for UE in RRC_INACTIVE and agreed as follows:
1.
RAN2 understanding is that the UE will perform RRC signalling in order to perform a CN update whenever it leaves its registered TA (as a consequence of the RRC signalling the RAN is aware of the UE's location).
2.
Support option 2 (cell list) and/or option 3 (RAN id) (FFS which one or both).

3.
Final selection of option 2 (cell list) and/or option 3 (RAN id) will be concluded in the WI phase.

4.
A UE in INACTIVE is reachable via RAN-initiated notification and CN-initiated Paging. RAN and CN paging occasions overlap and same paging/notification mechanism are used.

5.
A RAN node can configure a UE in INACTIVE with a RAN configured paging DRX cycle (which could be UE specific configuration).
System information handling:

RAN2 continued to study on-demand SI provisioning and agreed as follows:
1.
UE can request one or more SIs or all SIs (e.g. SIBs) in single request. 

2.
One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work.

3.
The scheduling information for other SI includes SIB type, validity information, periodicity, and SI-window information in minimum SI irrespective of whether other SI is periodically broadcasted or provided on demand.

-
It is FFS whether there is an additional indication that an on demand SI is actually being broadcast at this instant in time.

4.
If minimum SI indicates that a SIB is not broadcasted, then UE does not assume that this SIB is a periodically broadcasted in its SI-Window at every SI-Period. Therefore the UE may send an SI request to receive this SIB. After sending the SI request, for receiving the requested SIB, UE monitors the SI window of requested SIB in one or more SI periods of that SIB.

5.
Minimum SI includes at least SFN, list of PLMN, Cell ID, cell camping parameters, RACH parameters.  

6.
Scheduling information in minimum SI includes an indicator whether the concerned SI-block is periodically broadcasted or provided on demand.

7.
Parameters required for requesting other SI-block(s) (if any needed, e.g. RACH preambles for request) if network allows on demand mechanism shall be included in minimum SI.

8.
Cell-reselection neighbouring cell information is considered as other SI and can be provided on demand based on UE request.

9.
Broadcasting some kind of index/identifier in minimum SI to enable the UE to avoid re-acquisition of already stored SI-block(s)/SI message(s). The index/identifier and associated system information can be applicable in more than one cell. System information valid in one  cell may be valid also in other cells.

-
It is FFS what the index/identifier is (e.g. single index or area plus value tag, etc).

C-plane aspects for LTE-NR Dual Connectivity:

RAN2 continued to study C-plane aspects for LTE-NR Dual Connectivity including UE capability coordination and agreed as follows:
UE capability coordination:

1.
Only two nodes (i.e. one LTE eNB and one NR gNB) need to be considered in the LTE/NR capability coordination. The forward compatibility with multiple nodes can also be considered.

2.
For capabilities for which coordination is needed, then it is up to master node to make the decision on how to resolve the dependency..

3.
For capabilities for which coordination is needed, the secondary node is allowed to initiate the re-negotiation of capability, and with the re-negotiation request from secondary node, it is up to master node to make the final decision.
4.
LTE capabilities changes to support EN-DC:

a)
LTE capabilites shall include information related to NR measurements 

b)
LTE capabilites shall include support of EN-DC

c)
Further changes to LTE capabilities are FFS

5.
NR capability reporting:

d)
NR shall support independent capabilities reporting (this does not preclude the NR and LTE capabilities indicating dependencies in the capabilities reported).

6.
LTE/NR capabilites dependencies to support EN-DC:

e)
For Type I capabilities (where the use of the capability is isolated to the RAT), no coordination is needed and the NR specific capabilities are just forwarded by the MeNB to the SgNB using LTE DC as a baseline.

7.
Type definitions are guidance for the purpose of discussion in the SI and early part of the WI phase. They will not limit further discussion and will not be captured in the specifications.

8.
Type II, the use of the capability in one RAT has impacts to the other RAT, however the use of capability in one RAT is not understood by the NW side of the other RAT.  

9.
Type III, the use of the capability in one RAT has impact to the other RAT, and the use of capability in one RAT is understood by the NW side of the other RAT. 

10.
Some capabilities (e.g. RF capability) are coordinated using Xx and involve a reconfiguration of the UE. The configuration of the UE does not exceeds its capabilities.

11.
Some capabilities (e.g. buffer size) are coordinated using Xx and will not involve a reconfiguration of the UE. The ongoing operation of the network does not exceed the UEs capabilities

RRC message transport and DC related procedures:
1.
For initial configuration of LTE/NR tight interworking, the measurement configuration used by the UE should be configured by the master node.

2.
For the LTE/NR tight interworking, the intra-secondary node mobility (including PSCell change and SCell release/addition) should be managed by the secondary node itself. At least in some cases, the master node needs to be informed of intra-secondary node mobility.

3.
For the LTE/NR tight interworking, the measurement configuration used by the UE the intra-secondary node mobility should be managed by the secondary node. At least in some cases, coordination with the master is required.

4.
Take the triggering of CP procedure listed below as baseline for the LTE/NR tight interworking:

-
Secondary Node Addition procedure: Triggered by master node.

-
Secondary Node Release procedure: Triggered by both master node and secondary node.

-
FFS Whether the secondary node or master node triggers change of secondary node

· -
Intra-secondary node mobility: Triggered by secondary node.

· -Addition/Release of SCell within secondary node: Triggered by secondary node.
5.
For the SN/MN RRC reconfiguration requiring also MN/SN RRC reconfiguration, a MN RRC message is delivered with an embedded SN RRC message.

6.
UE can be configured with an SCG SRB to allow SN RRC messages to be sent directly between UE and SN.

7.
For SN RRC reconfigurations not requiring any coordination with MN then SN RRC messages can be transported directly to the UE (or eNB implementation can be deliver it embedded within a MN RRC message)

8.
Measurement reporting for mobility within the SN can be transported in SN RRC messages directly from UE to SN, if SCG SRB is configured. Detail rules for UE to select transmission path for UL message to be defined in WI.

9.
These agreements do not imply that the UE has to do any reordering of RRC messages.
10.
Secondary node initiates the secondary node change procedure in the connected active mode.

11.
In some cases the MN is involved and takes final decision before the secondary node change occurs. FFS whether the MN needs to be involved for other cases (e.g. SN cell change without PDCP change)

12.
The RRM measurement configuration for secondary node change is maintained by secondary node and also processes measurement reports.

-
FFS what additional information can be provided from the SN to the MN when the SN change is initiated.

-
FFS Whether master node can also initiate secondary node change procedure (e.g. inter-freq HO for load balancing reasons)

System information handling for LTE-NR Dual Connectivity:

1.
For EN-DC, the NR SN is not required to broadcast system information other than for timing and SFN. 

2.
RAN2 assumption is that EN-DC should support the deployment scenario that LTE eNB are not synchronized with NR gNB.

3.
For LTE-NR DC where MCG is comprised of LTE cell(s) and SCG is comprised of NR cell(s), system information (for initial configuration) is provided for the UE by dedicated RRC signalling via LTE eNB as Master Node.

-
FFS how to handle changes of system information in the SN

4.
The UE acquires, at least, radio frame timing and SFN of SCG from the xSS/PBCH of NR PSCell.

5.
For LTE-NR DC where MCG is comprised of NR cell(s) and SCG is comprised of LTE cell(s), system information (for initial configuration) is provided for the UE by dedicated RRC signalling via NR gNB as Master Node.

6.
In this case, the UE acquires radio frame timing and SFN of SCG from PSS/SSS and MIB on LTE PSCell.

Security:

RAN2 continued to study security aspects and agreed as follows:
1.
Security key refresh is not performed at every mobility procedure (i.e. handover), at least for the case of mobility where the PDCP anchor point is not changed. (To be confirmed by SA3)

2.
RAN2 will let SA3 consider whether the agreement 1 has any implication on the inputs for key derivation (e.g. PCI).
3.
For Scenario 3/a/x of LTE/NR tight interworking, the S-KeNB is derived from the master node KeNB.

Paging:

RAN2 started to investigate paging mechanism for NR and agreed as follows:
1.
UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 

2.
UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 

3.
The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signalling.

4.
The number of paging occasions in the DRX cycle is configurable and provided in system information.

5.
If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.

6.
RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)

7.
Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).

8.
The number of time slots in a paging occasion is provided in system information.
Access control:

RAN2 started to investigate access control for NR and agreed as follows:
1.
NR system should support overload/access control functionality of RACH backoff, RRC Connection Reject, RRC Connection Release and UE based access barring mechanisms.

2.
RAN2 should aim to specify one unified access barring mechanism for NR that can address all the use cases and scenarios defined in LTE.

3.
The unified access barring mechanism needs to be forward compatible in order to cope with future use cases/scenarios.

4.
RAN2 should aim to specify an access barring mechanism for NR that is applicable for all RRC states in NR (RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE). [FFS whether it will be possible for the mechanism to be completely common between the states]

5.
Study whether it is possible to specify the unified access barring mechanism fully inside the 3GPP WGs.
An LS was sent to CT1, SA1 and SA2 to ask to study the feasibility of the unified access barring mechanism from NAS and upper layer viewpoints.
UE capability reporting:

RAN2 started to investigate UE capability reporting for NR and agreed as follows:
1.
The UE reports its UE capability at least when the network requests.

2.
The gNB can request what capabilities for the UE to report (e.g. similar band and band combination requests in LTE). Details to be finalised in stage 3.
3.
Following issues should be considered in NR design (e.g. capabilities) with general solution:

Issue 1:
Hardware sharing between NR and other things, e.g. WLAN, BT, GPS, etc.

Issue 2:
Interference between NR and other things, e.g. WLAN, BT, GPS, etc.

Issue 3:
Exceptional UE issues (e.g. overheating problems)

4.
The UE radio access capabilities are static and the change is just to temporarily (e.g. under network control) limit the availability of some capabilities, e.g. due to hardware sharing, interference or overheating.

-
FFS To which capabilities it may apply and how the limitation is expressed to the gNB.

5.
The temporary capability restrict should be transparent to the NG core, i.e. only static capability is stored in the NG core.

6.
The UE signals the temporary capability restriction request to the gNB.

RRC specification methodology:

RAN2 started to investigate RRC specification methodology based on the LTE experience and agreed some principles captured in TR 38.804.
Mobility:

Measurements in connected:
RAN2 continued to study measurements in connected and agreed as follows:
1.
An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 

2.
An RRC_CONNECTED UEs should be able to perform RRM measurements on additional RS (e.g. CSI-RS, MRS, etc.).

3.
Network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS 

NOTE:
Above agreements 2 and 3 are based on the assumption that RAN1 will define additional RS or connected mobility purposes which is not yet concluded in RAN1.
4.
Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 

-
FFS: Details of filtering to be applied

-
FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)

-
FFS: Whether the agreement applies to both additional RS and idle RS.

-
FFS: Whether to only consider beams above a threshold ('good' beams)
5.
Support reporting of individual beam measurement i.e. that network can configure the UE to report the N best beams. Actual beam result may be reported (as in LTE).

-
FFS whether it will be possible to report 'beam' based on idle RS (RAN1 issue).

6.
Measurement events can be configured for xSS and for additional RS for RRM measurement. At least, event A1-A6 can be configured for xSS.

-
FSS Which events that can be configured for additional RS.
On UL measurements in connected mode, it was agreed to capture in the TR that UL measurements on the serving cell can be done by network implementation. RAN2 didn’t study UL measurements in the non-serving cells.

Handover procedure in connected:

RAN2 continued to study handover procedure aspects and agreed as follows:
1.
Access information (e.g. RACH configuration) for the target cell is provided in the HO command to enable the UE to access the cell without reading system information. Access information may include beam specific information (if any).
2.
Whether to support HO without RLC re-establishment will be discussed in the WI when the RLC design is more clear.
3.
'Conditional' handover can continue to be discussed within the WI phase.

4.
We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO.

5.
RAN2 protocols for NR should be flexible to allow the possibility of intra-frequency DC/multi-connectivity.
Idle/inactive mode mobility:

RAN2 continued to study idle/inactive mode mobility and agreed as follows:
1.
LTE cell selection and reselection mechanisms are the baseline for NR.

2.
In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell.
3.
For cell reselection, cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 

-
FFS: Details of filtering to be applied (e.g. for the case N=1, the best beam is filtered by a single filter as the best beam changes)

-
FFS: Whether to only consider beams above a threshold ('good' beams)
4.
As in LTE, UE can prioritise a frequency based on service. On the selected frequency the UE attempts to camp on the best cell.

5.
Suitability criterion: Cell quality is above a threshold; Cell is not barred; Cell belongs to selected/R (E) PLMN. Other conditions (if any) are FFS.

6.
Cell broadcasts (e.g. in minimum SI) the service(s) supported by it.
-
FFS for which services (e.g. MBMS, CSG, V2X, URLLC) we apply this mechanism.

-
FFS how this might apply for the case of network slices.

-
FFS whether a cell may also broadcast service(s) supported in neighbouring frequencies.
7.
On UL measurements in RRC_INACTIVE, it was not possible to make a conclusion at this time. More study is needed to make a conclusion. RAN2 has not identified anything that would prevent UL based mobility to be introduced in a future release.
Inter-RAT mobility:

RAN2 started to investigate inter-RAT mobility and agreed as follows:
1.
From RAN2 perspective as a baseline, for a “conventional” S1/NG based HO procedure between LTE connected to EPC and NR,  the target RAT receives the UE CN information and configures the UE based on this information with a complete RRC message and Full configuration (not delta).  Final decision on support and further details of CN information are dependent on SA2 decisions on HO using CN interface between NG Core and EPC.

2.
RAN2 does not consider direct RAN interface between LTE connected to EPC and NR.  This does not preclude in-direct data forwarding as it has been supported between LTE and 3G could be considered by RAN3 without any RAN2 impact.

3.
HO between LTE connected to NG Core and NR is supported by RAN2 specifications 

4.
For HO between LTE connected to NG Core and NR, the target RAT receives the UE CN information and configures the UE based on this information with a complete RRC message and Full configuration (not delta).  Whether the HO is over Xn or CN is transparent to the UE.

5.
Lossless HO between RAN nodes (eNB and gNB) connected to NG Core should be supported by the specifications.  Further discussion is needed on the topic on both problem and solutions. This agreement should not restrict NR PDCP design.

6.
Source RAT should be able to configure Target RAT measurement and reporting for inter-RAT HO.  Discussion on use of measurement gaps for inter-RAT measurement should be done after intra-RAT measurement details are agreed.

7.
Release with redirection is supported between NR and LTE (both directions, and both connected to NG Core and EPC).

8.
Capture both solutions in the TR. First solution (that UE goes to idle) will need to be supported for cast of LTE and NR both connected to NGC, at least for the case that LTE does not support inactive/light connected. For second optimised solution capture that it has benefits in terms of signalling, etc. The second solution can further discussed in the WI phase.

NW slicing:

RAN2 started to investigate radio interface protocol impacts on network slicing and agreed as follows:

1.
RAN2 understanding is that traffic for different slices is handled by different PDU sessions.
2.
Network can realise the different network slices by scheduling and also by providing different L1/L2 configurations.

3.
UE should be able to provide assistance information for network slice selection in RRC message, if provided by NAS.

-
FFS whether it is possible to provide different PRACH, access barring and congestion control information for different slices.

4.
Above agreements and FFS are also applicable for LTE connected to 5G-CN.
LTE operation with NextGen Core:

RAN2 started to investigate radio interface protocol impacts on LTE operation with NextGen Core and agreed as follows:
1.
RAN2 understanding that E-UTRA with 5G-CN is not be required to fulfil the performance requirement captured in RAN TR 38.913, unless it has been specified explicitly.
-
FFS: Slicing in relation to E-UTRA with 5G-CN will be discussed after slicing for NR has been discussed.

2.
For the control plane of E-UTRA with 5G-CN, the LTE RRC protocol should be used as baseline, and some enhancements (e.g. for new QoS related configuration in RRC) will be introduced in the LTE RRC protocol (i.e. 36.331) to support the NextGen Core.

3.
For the User Plane of E-UTRA with 5G-CN, the LTE user plane should be reused as baseline, and some enhancement (e.g. new QoS related UP operation) will be introduced to support the NextGen Core.

4.
RAN2 understand is that the consequence of agreements 2 and 3 is that future evolution of 5G-CN may need updates to both LTE and NR specifications.)

5.
The eNB with connection to NG-Core can also have connection to EPC, and the LTE cell can support both UEs connected EPC and the UEs connected to 5G-CN.

6.
In order to support both UEs connected EPC and UEs connected to 5G-CN in an LTE cell simultaneously, both the LTE NAS specific parameters and NextGen NAS specific parameters should be broadcasted in system information.

7.
Commonality between LTE/NR tight interworking and LTE/NR tight interworking with LTE connected to 5G-CN should be maximised.

RAN3
· RAN3 NR ad-hoc (January 2017)

General
TR 38.801

Following text proposals for the TR was agreed:

· R3-170268:  Terminology TP to update “gNB” definition. .

· R3-170270: Terminology TP to add definition of “NG-C” and “NG-U.”.

New RAN functions
Multi connectivity was clarified as low priority in R3-170271.

Function of E-UTRA - NR handover via CN and  Contacting UEs in inactive mode were clarified as New RAN function in R3-170272 and R3-170274.

Some FFS were cleaned up in R3-170318

New RAN architecture
A text proposal for TR38.801 was agreed in R3-170275 to note that whether to define a New RAN logical node that is able to provide both NR and E-UTRA U-plane and C-plane protocol terminations towards the UE will be determined in the normative phase.
NG interface
Two further solutions for selection of NG-U protocol stack were captured in R3-170178 and R3-170237

GTP-U was clarified a baseline for NG-U in R3-170320, however, later some enhancements or introduction of a new alternative protocol is still possible if justified.
Paging for potential NG Enhancements was captured in R3-170321.

It was indicated that in order to support IMS multimedia services, including emergency calls, according to SA2 requirements, it may be necessary to introduce additional procedures for UE radio capability handling in R3-170280.
Some FFS were cleaned up and some interface management procedure was added and UE Mobility Management Procedure was captured in R3-170322

UE Context Management Procedures were clarified in R3-170323.
Configuration Transfer was added as NG interface function and the procedure was captured in R3-170284.

Procedure for initial UE access was clarified to be used to establish a signalling connection between RAN and CN in R3-170183.
Xn interface
GTP-U was clarified a baseline for Xn-U in R3-170320, however, later some enhancements or introduction of a new alternative protocol is still possible if justified.
Note for Interference coordination procedure was clarified to be addressed in the work item phase, and are pending input from RAN1 on NR-ICIC schemes in R3-170298.
Some FFS and notes were clarified to be discussed in normative phase in R3-170286.
Network slicing
 Network slice selection procedure was updated to align with SA2 agreements in R3-170325.

How to introduce NW slice awareness to the RAN signalling (i.e. Validation of the UE rights to access a NW slice, Granularity of slice awareness and Impacts on RAN signalling) was captured in R3-170290.Possible solutions for how slice availability may be handled during mobility and Connected Mode Mobility were captured in R3-170333.

Some FFS and notes were clarified to be discussed in normative phase in R3-170327.

QoS
QoS principles were updated in R3-170228.

Some FFS were cleaned up in R3-170199.

UL QoS marking over NG3 was captured in R3-170296.

QoS impact on handover procedure was captured in R3-170295 and clarified to be discussed in normative phase.

Some FFS and notes were clarified to be discussed in normative phase in R3-170297.

Tight interworking between New RAT and LTE
General principles for S1 interface was captured in R3-170299 to conclude from a functional point of view the S1 interface is able to support deployment of Option 3/3a/3x.
Xx interface for Option 3/3a/3x was concluded that X2 interface protocols, i.e. X2AP and X2 U-Plane protocol are baseline in R3-170330.
Evaluation on SCG split bearer as option 3x was concluded that there is no difference on the number of signalling messages between SCG bearer and SCG split bearer with some enhancements to LTE DC specification in R3-170307.
New RAN operation: Inter-system mobility
Principle was captured in R3-170282 as the NG-based handover shall be supported, and LTE S1-based handover procedure as in TS 23.401 Figure 5.5.1.2.2-1 is taken as a baseline.
Procedure for handover from the NG System to the EPS was captured in R3-170308.

Inter-system intra-RAT handover scenario was captured in R3-170334 with the clarification that the details of  CN relocation will be discussed in the normative phase.
Some FFS and notes were clarified to be discussed in normative phase in R3-170306.

New RAN operation: Session setup / Initial UE access
CU-DU split
Summary and questions of Option 2 and Option 3 for joint session between RAN2 and RAN3 was agreed in R3-170266. To capture the result of discussion, a TP was agreed in R3-170302 that there was no consensus on some benefits and drawbacks from RAN2 point of view.
Option 8 was clarified that the Option 8 has been available in today deployment based on a de facto standard from a forum other than 3GPP and 3GPP should not attempt to specify this option 8. in R3-170135.

Migration towards RAN for NR
From Implications of migration paths on RAN3, followings are captured in R3-170118.

· -RAN3 should focus on the following with highest priority (i.e. Rel-15): Xx interface support, NG interface support, and Xn interface support for essential functionality that is not “option-specific” (e.g. interface management, UE connected mode mobility management, etc.).

· -Prioritization of Xn interface functionality that is “option-specific” requires input from other groups.
Some FFS were cleaned up in R3-170314.
· RAN3#95 (February 2017)

General
TR 38.801

Following text proposal for the TR was agreed:

· R3-170795:  FFS and editor’s note on TR38.801
New RAN functions
New RAN architecture
NG interface
A reference toTR23.799, which already captured general aspects on RAN-CN functional split, was added in R3-170798.

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

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

Paging procedure was captured in R3-170801.
Xn interface
Some correction was done and note for DC between two gNBs was deleted as RAN2 agreed to support it in R3-170853 
Network slicing
The scope of “8.1 Key principles for support of Network Slicing in RAN” was clarified for new RAN, including both gNB and eLTE eNB in R3-170797.

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

Connected Mode Mobility was clarified in R3-170899.

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

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

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

Some clarification was done in R3-170855.

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

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

TNL address discovery aspects was captured in R3-170424

New RAN operation

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

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

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

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

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

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

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

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

Further study is required to assess on low layer split, the feasibility, the selection of options and assess the relative technical benefits, based on NR, before the decision to go to specification phase can be made. Discussion in the Study Item, favored option 6 and 7 for a future study.”
However, RAN3 could not agree a way forward on the timeline:  some companies expressed the view that remaining open issues could be clarified during the normative phase while some other companies are of the opinion that the work should be suspended until that the level of standardization of low layer protocols has reached sufficient level of maturity i.e. beyond rel-15.
UP-CP separation
Followings are captured in R3-170906.

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

· Conclusion that some of the benefits of Control and User Plane separation based on Release 12 Dual Connectivity were identified, but solutions details were not discussed during the study item..
Migration towards RAN for NR
Migration Paths of China Telecom was captured in R3-170865.
RAN4
· RAN4#81AH (January 2017)
In total, 291 contributions were submitted and an evening AH meeting was held [R4-001]. During the meeting, 30 documents were approved [R4-002 to R4-031].
For WP5D related issues
There was further discussion on ACLR/ACS taking into account ACIR based on both co-existence simulation results for WP5D and feasibility study on ACLR/ACS. In addition to the coexistence simulation study, RF parameters not derived by co-existence simulation were discussed. One evening AH was held on Wednesday where above topics were discussed further. As a result, the following way forward documents and text proposals were approved after the AHs. 
· WF on ACLR and ACS [R4-1700302, R4-1700303]
· For the ITU-R response, it is proposed that

· BS ACLR: 27.5dB for 30GHz, 25.5dB for 45GHz, 23.5dB for 70GHz

· UE ACS: 22.5dB for 30GHz, 21.5dB for 45GHz, 20.5dB for 70GHz

· UE ACLR: 17dB for 30GHz, 16dB for 45GHz, 15dB for 70GHz

· BS ACS: 23.5dB for 30GHz, 22.5dB for 45GHz, 21.5dB for 70GHz

· These ACLR/ACS values shall be used only for WP5D response. 

· Further study on the actual ACLR/ACS to be used to define RF requirements shall be performed in the WI phase.
· WF on  BS SEM [R4-1700287]
· Two masks are defined for BS SEM, based on scenario:

· Indoor

· Outdoor (Urban hotspot, Suburban hotspot)

· Outdoor mask levels (at 30 GHz, based on ACLR = 27.5 dB)

· For for PTx ≥ 34.5 dBm

· FCC limits

· For PTx < 34.5 dBm

· Fixed limit of -5 dBm (=FCC limit) for 0-20 MHz offset

· Relative limits based on ACLR-3 dB for 20-400 MHz offset

· Minimum level of the mask at -20 dBm

· Indoor mask levels:

· FCC limits minus 7 dB

· WF on  BS Spurious Emissions [R4-1700288]
· Proposed text for response to WP5D:

· “-13 dBm/MHz Total Radiated Power (Note 2). The feasibility of more stringent spurious domain emission limits is under investigation by 3GPP.”

· WF on UE sensitivity blocking response [R4-1700276]
· Blocking response for UE in LS
· It is agreed to add the following not to the reply LS to ITU to capture the blocking response :

· Note 3: Blocking response can be derived from the ACS and NF as being: UE noise floor + NF + ACS + 4.7dB (Assumed interfering signal bandwidth is the same as the wanted signal channel BW (200MHz), assumed interfering signal centre frequency offset to the wanted signal edge is at least 300MHz)
· Sensitivity for the UE in the LS
· UE sensitivity: it is proposed not to report this parameter as it is not crucial for compatibility studies with other systems
· WF on BS sensitivity and blocking for WP5 response [R4-1700268]
· BS sensitivity: it is proposed not to report this parameter as it is not crucial for compatibility studies with other systems

· BS blocking: for WP 5D response, introduce a note the blocking interfering signal level will be at least equal to the ACS interfering level described by the following formula: 

· ACS interfering signal level [dBm] = BS noise floor + NF + ACS + 4.7dB

· Assumed interfering signal bandwidth is the same as the wanted signal channel BW (200MHz), assumed interfering signal centre frequency offset to the wanted signal edge is at least 300MHz.

· The actual ACS and blocking requirement will be studied further and decided in the WI

· Actual 3GPP NR requirements above 6GHz are OTA system requirements which will give at least as good blocking and ACS protection as envisaged in the response to ITU-R

· The text for the note to be added is as follows:

· Blocking response can be derived from the ACS and NF as being: BS noise floor + NF + ACS + 4.7dB (Assumed interfering signal bandwidth is the same as the wanted signal channel BW (200MHz), assumed interfering signal centre frequency offset to the wanted signal edge is at least 300MHz)
· WF on UE and BS NF for mm-waves [R4-1700279]
· It is proposed to adopt the following NF values for UE and BS for mm-wave example frequencies of 30, 45 and 70 GHz:

· For BS: 10dB at 30GHz, 12dB at 45GHz, and 14dB at 70GHz

· For UE: 10dB at 30GHz, 12dB at 45GHz, and 14dB at 70GHz

· These NF values shall be used only for WP5D response. 

· Further study on the actual noise figure to be used to define RF requirements for UE and BS shall be performed in the WI phase.
· TP on Coexistence simulation assumptions [R4-1700205]
· TP on Text improvement of throughput vs SINR mapping [R4-1700254]
Finally, an LS capturing the all RF parameters for WP5D was agreed [R4-1700305]
For operating band and channel arrangement perspective

Four contributions on operating band and channel arrangement perspective were approved in [R4-1700293, R4-1700301, R4-1700292, R4-1700284] where the following agreements are captured.
· WF on subcarrier spacing for NR [R4-1700292]

· RAN4 study in SI phase and intermediate reply to RAN1 (R4-1700239) will be based on per frequency range.

· A minimum of two ranges are considered as start point

· Below 6GHz

· Above 24 GHz

· More ranges may need to be added depending on the results of the study below

· 15kHz, 30kHz, 60kHz, 120kHz and 240kHz are considered as subcarrier spacings in phase 1 study

· Companies are encouraged to provide contributions focus on following topics for RAN4#82.

· Phase noise model

· Feasible subcarrier spacings per frequency band with analyse on 

· Supported channel bandwidth

· Support for URLLC

· Test

· EVM

· Implementation impact due to multiple subcarrier spacing

· Others are not excluded

· WF on flexible channel bandwidth for NR [R4-1700301]

· Companies to study and assess the “pros” and “cons” in supporting flexible channel bandwidth for NR under the following two operation scenarios

· 1) Maximum bandwidth of UE = X MHz, and base station operated RB utilization = X + Y MHz, where Y >= 0 (in granularity of 1 or more RBs).

· 2) Maximum bandwidth of UE = X MHz, and base station operates RB utilization = X – Z MHz, where Z could be of granularity of 1 or more RBs.

· based on the following aspects

· Spectrum utilization efficiency

· Implementation complexity in both RF and digital baseband sides

· Signaling complexity

· Specifications workload and testing burden

· To consider only contiguous spectrum for single carrier flexible bandwidth.
· Companies to study what other aspects need to be considered in order to support flexible channel bandwidth, such as

· How to define UE maximum channel bandwidth capability?

· How to define guard band for flexible channel bandwidth?

· Companies are encouraged to study the UE maximum bandwidth which can be supported for both sub-6GHz and above 6 GHz based on the following considerations,

· Available contiguous spectrum

· Implementation feasibility in both RF and digital baseband sides

· Performance impact

· Cost
· Companies to propose what bandwidth set to be defined for UE RF specifications for both sub-6GHz and above 6 GHz based on the following considerations,

· RF specifications scalability

· Test coverage

· Specifications workload and testing burden  
· WF on UE RF bandwidth adaptation for NR [R4-1700293]

· Transition time aspects

· Transition time from RF and RRM perspectives requires further discussion in RAN4

· AGC aspects

· For UE RF bandwidth adaptation in single-carrier operation, reference signals are not required for AGC settling, assuming DL signal from the same cell before & after bandwidth adaptation and 5MHz as the minimal UE RF bandwidth considered in UE RF bandwidth adaptation 

· For UE RF bandwidth adaptation in multi-carrier operation across different frequency bands or within the same frequency band, it’s FFS whether or not reference signals are required for AGC settling

· Power saving aspects

· Certain power saving from enabling UE RF bandwidth adaptation is expected from both RF & digital baseband perspectives

· Power saving for UE RF bandwidth adaptation can be further discussed from both RF and digital baseband perspectives in RAN4

· Note: UE RF bandwidth means transmission bandwidth configuration.
· WF on LTE-NR coexistence [R4-1700298]
· The requirements for LTE-NR co-existence with uplink sharing  should be specified in Rel-15 NR WI

· To specify the requirements, the frequency range of LTE bands where the UL carrier is shared by LTE and NR needs be introduced.

· Additionally, the pairing of UL in such band with DL NR band used should be defined.

· The candidate LTE bands will be discussed in the next meeting and the further discussion is needed to keep reasonable workload.

· The details on the requirements are FFS.

For ECC requirements in 3400-3800MHz

There was discussion on ECC requirements. As a result, the following way forward document and text proposals were approved [R4-1700122, R4-1700123].

· WF on evaluation of ECC requirements in 3400-3800MHz in  [R4-1700122]
· Evaluate the relation between the present RF requirements for E-UTRA/MSR BS and the BEM requirements in ECC DEC (11) 06

· Some parameters used in the evaluation

· BS output power: 43dBm

· Channel BW: 20MHz

· Legacy antenna parameters

· Antenna numbers: 8

· Element antenna gain: 9dBi

· NR antenna parameters

· Antenna numbers: 64

· Element antenna gain: 9dBi

· TP for 38.803: ECC requirements in 3400-3800MHz [R4-1700122]
For common to UE and BS RF

One contribution on common UE and BS RF perspective was approved where the necessity of two sets of UE Tx in-band emission and EVM requirements are captured [R4-1700053] as below. 

· In order to enable better UL coverage for CP-OFDM waveform RAN4 should study a possibility to define two sets of in-band emissions and EVM requirements for NR UE Tx; more and less stringent requirements.
For UE RF perspective

Six contributions on UE RF perspective were approved in [R4-1700300], [R4-1700069], [R4-1700296], [R4-1700016], [R4-1700262] and [R4-1700299] where the following agreements are captured. 

· WF on UE RF in  [R4-1700300]
· Reference architecture (mmWave)
· Feasibility of filters at mmWave will be studied further. Aspects to consider:

· Filter passband IL impact to NF/EIS and EIRP

· Parasitic impact to filter performance (passband and stopband) 

· Filter size for implementation

· How to realise filters in multiband UE reference architecture (26 and 39 GHz)

· Study Feasible EIRP

· Co-ex study assumptions for max EIRP are 34 dBm total, 31 dBm for one polarization

· Study feasibility of max EIRP (Max EIRP = max conducted power + max array gain + max antenna element gain)

· TRX impairments for NR UL in-band emissions and EVM requirements at UE TX below 6GHz
· Similar Transmitter impairments to LTE will be used as baseline for sub-6 and mmWave  studies (IQ Image, Carrier leakage, CIM3, Phasenoise)

· Companies are encouraged to provide view on achievable performance on these impairments

· EIRP/EIS directional requirements
· Consider if CDF of testpoints with uniform surface density will be used to describe spherical coverage of mmWave UE EIS and EIRP

· Number of points and how to plot CDF is FFS

· How to define requirement with CDF as metric is FFS

· Different spatial coverage requirement (i.e., not necessarily the full sphere coverage) may apply to different UE types, this will be supported by requirements. 

· Priority for Rel-15 WI is handheld and full spherical performance 

· Transmitter characteristics
· Minimum output power

· To specify -40dBm for sub-6GHz

· To study if -40dBm EIRP should be used considering NF, MCL and degradation of noise floor for > 24GHz

· Tx OFF power

· To specify -50dBm for sub-6GHz

· To study if -50dBm should be used for mmWave

· ON/OFF mask

· To study 

· Whether shorter transient period than 20 us can be used in sub-6GHz according to possible sub-carrier spacing

· Achievable transient period in mmWave (e.g., 28 GHz) devices assuming dynamic range (OFF(ON and ON(OFF) of 63 dB

· Frequency error

· To specify 0.1 ppm in sub-6GHz

· To study achievable value in mmWave considering settling time, etc,…

· SEM, ACLR, Spurious Emissions

· To study if there is any justification not to follow the ITU response

· UE-to-UE coexistence

· To study if -50dBm/MHz can be applied for mmWave bands

· Actual required protection level can be studied further

· Receiver characteristics / Blocking
· WF for mmWave 

· ACS and In-band blocking are verified with the wanted signal and blocker coming from the same direction

· Out-of-band blocking is verified with the wanted signal and blocker coming from the same direction for cases where OOB blocker is <±FFS% away from the center frequency of the wanted signal

· For cases where OOB blocker is ≥±FFS% away from the center frequency of the wanted signal the blocker direction is FFS

· Beam correspondence
· RAN4 will study UE beam correspondence

· RAN4 will study how to define requirements for UE beam correspondence

· TP for 38.803: UE beamforming and number of UE transmitter antennas in [R4-1700069]
· UE antenna arrangement and feasibility of UE beamforming was updated.

· WF on NSA operation between sub-6GHz and mmWave bands in [R4-1700296]
· NSA impacts between licensed sub-6GHz bands and mmWave (> 24 GHz) will be studied

· Case C and I (i.e. In-device blocking) will be further studied considering below factors in the next meeting

· LNA Selectivity

· PA noise

· RFIC linearity

· RF front-end loss

· Filter attenuation

· Phase noise

· Antenna isolation

· Other (if any)

· Other cases have no issue for IDC and UE-to-UE coexistence, which means no desense and [-50] dBm/MHz if issues are not identified by further studies in future
· To study if there is any justification to assume power sharing between NR and LTE in NSA operation from regulatory and/or SAR point of view in each region/country (other aspects are not precluded)

· If any justification is identified, dependent power control (namely, Option 1) should be adopted and how to calculate and test the total power should be studied

· If no justification is identified, independent power control (namely, Option 2) should be adopted

· To send an LS to inform RAN1 and RAN2 the outcome in RAN4#82

· UE OTA testability for NR above 6 GHz in [R4- 1700016]
· OTA measurement is the baseline testing methodology for UE RF at high frequency (f > 6 GHz).
· TP on UE RF requirements testability in [R4-1700262]
· General description on test methodology at below/above 6 GHz frequency and baseline measurement setup of UE RF requirements testability were captured.
· Way Forward on NR UE Testability in [R4-1700299]
· Far-field distance criterion
· The far-field distance criterion should be defined for the baseline measurement setup
· Companies are encouraged to provide proposals for the criterion for the next meeting
· Whether different RF requirements may have different far-field distance criteria is FFS
· Test interface
· Companies are encouraged to provide proposals for the next meeting on the following:

· Whether a standardized test interface is needed

· If needed, what high level aspects can be identified

· Baseline measurement setup
· Companies are encouraged to provide the following proposals for the next meeting:

· Diagram of the baseline measurement setup

· Proposals on which aspects of the baseline measurement setup can be simplified for the centre of beam measurement setup

· NSA Testability
· Depending on the outcome of the IDC study, the testability aspects of NSA(LTE+mmWave) may need to be identified

· For setups intended for measurements of UE RF characteristics for f > 6 GHz in non-standalone (NSA) mode, an LTE link antenna setup is used to achieve a stable link during the NR RF measurements
For BS RF perspective

Five contributions on BS RF perspective were approved in [R4-1700263], [R4-1700277], [R4-1700265], [R4-1700271], and [R4-1700273] where the following agreements are captured. 

· Current SI status of each BS RF requirement is summarized in  [R4-1700263]
· Statuses of BS RF requirements are agreed, and they are listed in the table.

· RAN4 should continue to discuss according to the table. 
· Note that some outcome which was agreed in this meeting may be missed in the table. In that case, RAN4 should follow the agreed documents for each requirement. Missing contents will be updated in the RAN4#82 meeting.
· Way Forward on BS class description in [R4-1700277]
· The purpose of BS classification is understood to be to create individual appropriate sets of requirements for each BS class specific deployment scenario
· It is not ruled out that other reasons for creating BS classes may be identified for NR (e.g. service related etc.)

· The deployment scenarios to which the BS classes relate will be described by means of a minimum distance (in 3D space) of UE to BS
· Adding other description parameters in the future not ruled out

· No existing requirements for below 6GHz are changed as a result of changing the BS class description from MCL to minimum distance
· Requirements might be changed for other reasons than the BS class description

· The BS class is understood to apply to the whole BS, including all antenna connectors (if present)
· WF on BS output power accuracy value for NR in [R4-1700265]
· Regarding below 6GHz,
· If conducted requirement is specified:
· Accuracy value should be 2.0dB (same as non-AAS) 

· If OTA requirement is specified:

· Accuracy value should be 2.2dB (same as AAS) 

· Regarding above 6GHz,

· If conducted requirement is specified:

· RAN4 needs to discuss how to decide the accuracy value. Interested companies encourage to present the method to decide the value in RAN4#82 meeting.

· If OTA requirement is specified:

· RAN4 needs to discuss how to decide the accuracy value. Interested companies encourage to present whether the same EIRP accuracy equation with AAS (shown in the next slide) can be reused or not  in RAN4#82 meeting. If not, accuracy modeling method would be also provided.

· Note that it is open issue whether conducted only, OTA only or both conducted/OTA for below 6GHz and above 6GHz. This issue will be discussed separately with accuracy value issue...

· WF on NR BS Tx spurious emission frequency for below 6GHz NR in [R4-1700271]
· For spurious emission requirements for above 300MHz and below 6GHz on NR, it is propose:

· For conducted requirements (at antenna connector/ at the transceiver array boundary) use same limits as 37.104/105 i.e. 9kHz lower limit, 5th harmonic upper limit

· For OTA use the same limits as agreed in eAAS WI i.e. 30MHz lower limit, 5th harmonic upper limit

· The corresponding reference bandwidths for the specified spurious emission domain level measurement are:

· 10kHz for below 30 MHz

· 100 kHz between 30 MHz and 1 GHz

· 1 MHz for above 1 GHz.
· WF on NR BS specific new requirements in [R4-1700273]
· 10 potential requirements (No.1 to 10 in the attached spread sheet) and Pros/Cons of each are summarized in the attached spread sheet.

· It was agreed that 4 potential requirements (No.7 to 10) were removed from the list
· In RAN4#82, February 2017;

· Interested companies continue to provide the Pros/Cons of each potential NR specific beam related requirements (No.1 to 6) 

· Identify Pros/Cons of each potential candidate requirement.

· Discuss (and down select if possible) the requirement(s) to be specified in the first Rel-15 NR spec from the listed in the previous slide.

· Details of the requirement(s) will be discussed in WI phase.

· Note: If any, It is not precluded to propose new requirement(s) other than listed.
In addition to the above, two contributions were approved. One is a way forward on coordinate system for NR. The other is a text proposal for editorial corrections.

· WF on coordinate system for NR [R4-1700284]

· For UE

· Coordinate system for MIMO OTA defined in annex E of TR 37.977 is adopted for NR UE as a baseline

· For BS

· Choose from

· use coordinate system for AAS in subclause 7.1 of TR37.842 

· use MIMO OTA system

· Rel-13 AAS may be modified to use same coordinate system
· TP for 38.803: Editorial correction to PA models [R4-1700222]

· RAN4#82 (February 2017)
In total, 341 contributions were submitted. During the meeting, 53 documents were approved [R4-292 to R4-344]. 

For spectrum

There was an intensive discussion on Spectrum for NR. As a result of discussion, a way forward of [R4-1702504] was approved where the following guidelines are made.
· WF on NR spectrum [R4-1702504]
· Guideline for general aspect
· In this WF, following terminologies apply:

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

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

· RAN4 recommend following guideline to RAN-Plenary#75

· How to propose NR spectrum in Rel-15 timeline

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

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

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

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

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

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

· Release independence

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

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

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

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

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

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

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

	31.8-33.4GHz
	Orange, Telecom Italia, British Telecom

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

	1.427-1.518G
	Etisalat

	Band 3
	CMCC, China Telecom

	Band 7
	CHTTL, British Telecom

	Band 8
	CMCC

	Band 20
	Orange

	Band 28
	Orange

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

	band 66
	T-mobile

	Band 1
	China Unicom, China Telecom


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

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

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

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

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

· Feasibility study should be conducted by considering

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

· Implementation impact and complexity of both BS and UE

· Regulatory aspects

· Specification impact and complexity

· Timeline with respect to other RAN4 R15 NR work

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

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

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

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

For UE/BS common

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

· For sub 6GHz

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

· For above 6GHz

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

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

· Feasibility of 480kHz is FFS

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

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

· SCSs mentioned above are not applicable to all bands

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

· For sub 6GHz

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

· For above 6GHz

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

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

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

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

· Subsets of CBW will be discussed in WI phase.

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

· For FFT size

· For the maximum FFT size

· 4096 FFT size is feasible 

· feasibility of 8192 FFT size is FFS

· Note: there is no mandate on UE and BS implementation with respect to FFT size.
· WF on Phase noise model for NR [R4-1702035]
· Define an oscillator phase noise model and related parameter configurations for simulation purposes 

· Model total oscillator PSD by using a PLL-based model in the phase domain including the impact of reference clock, loop filter noise and VCO sub-components

· Include a description of the impact of feasible component FOM, frequency, power consumption, loop bandwidth and PN floor at high offset to the oscillator PSD model and/or to its parameterization(s)

· Propose a range for each of the respective parameters

· Provide justification for the proposed values/range for these parameters

· In particular for PLL bandwidth describe whether a BW of around 1MHz is achievable or why not

· Consider alternative approach based on measurements to verify the presented model

· Define the dependency of the oscillator PSD level w.r.t carrier frequency of the oscillator output

In addition, one TP and one LS were agreed.

· TP for 38.803: mm-wave phase noise and phase noise model [R4-1702358]
· LS on subcarrier spacing and carrier frequencies [R4-1702019]
Regarding the flexible channel bandwidth, there was a discussion on how to define flexible CBW for NR. As a result, a way forward of [R4-1702091] was approved where the followings are concluded.
· WF on UE RF requirements scalability for flexible channel bandwidth consideration [R4-1702091]

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

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

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

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

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

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

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

Regarding the Spectrum utilization and in-band requirements, A way forward of [R4-1702093] was approved where the following agreements are made.
· Way forward on in-band  requirements for NR [R4-1702093]
· Assumptions
· Start evaluations of in-band performance and needed requirements for mixed numerology case by evaluating 20 MHz NR carrier with roughly two 10 MHz sub-blocks with different numerologies (15 kHz and 60 kHz SCS) for <6 GHz frequencies at the first phase

· When RAN4 defines 5G NR requirements, RAN4 should ensure sufficiently good spectral efficiency in both single and mixed numerology cases

· Flexibility in approach to allocating non used PRBs (guard) and filtering/windowing in order to maximize spectral efficiency for each specific link situation and different reference measurement channels e.g. with different MCSs should be enabled

· For NR mixed numerology case RAN4 should specify new type of minimum requirements to define. These might include some of the following

· how close to each other in frequency BS Tx can transmit two sub-blocks with different numerologies while still meeting the other relevant requirements like the EVM

· The possibility of several requirements with different  sub-block spacing, different reference measurement channels (e.g. different MCS) and EVM may need to be considered

· Requirements should consider both the interference arising from the other numerology and impact to EVM due to filtering of a numerology

· how close to each other in frequency two sub-blocks with different numerologies could be while BS Rx and UE Rx still need to meet the relevant receiver requirements like the selectivity

· The possibility of several requirements with different sub-block spacing and selectivity may need to be considered

· It is FFS how many requirements are needed for ensuring flexibility to optimize for different link situations and whether all requirements should be mandatory

· Companies should express analysis & views on which requirements are needed and whether they should be mandatory

· NR DL EVM and in-band emission requirements at BS TX
· For single numerology case define both average BS Tx EVM requirements over all the PRBs and over 1 PRB for the edge PRBs

· For mixed numerology case define both average BS Tx EVM requirements over all the PRBs of a given numerology and over 1 PRB for the edge PRBs

· Consider reducing the number of test cases and testing in first phase NR specification development by defining only EVM based requirements for BS Tx in-band requirements with the mixed numerology case

· Define the receiver assumptions for validating the requirements as Tx EVM measurement depends on the implementation of the receiver used for the measurement

· Tx and Rx complexity should be taken into account 

· NR UL selectivity requirements at BS RX

· Define the minimum requirement for NR BS in-channel selectivity requirements with mixed numerologies as follows

· For NR, the throughput shall be ≥ TBD % of the maximum throughput of the reference measurement channel as specified in Annex TBD with parameters specified in Table TBD for NR TBD type BS
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· Several requirements may need to be defined to enable flexibility to optimise the in-band approach; FFS
· NR UL in-band emissions and EVM requirements at UE TX
· Define both average UE Tx EVM requirements measured over all the allocated PRBs and a few edge PRBs

· Study further to decide if 1 PRB EVM measurement could be assumed as narrow bandwidth UE Tx EVM measurement

· TRX impairments like Image and carrier leakages and PA ACLR impact must be carefully budgeted when interference between different numerologies are studied

· TRX impairments are to be considered at any UL power levels where ACLR is only to be considered for the upper part of the UE power levels

· Need for Improved TRX impairments compared to LTE and achievable sub6GHz and mmW UE image and carrier leakage values should be further studied

In addition, two TPs were agreed.

· TP for 38.803: Conclusion of NR spectrum utilization [R4-1702375]
· TP for 38.803: Conclusion of NR in-band requirements [R4-1702372]
Regarding the channel raster, a following proposal from [R4-1700848] was approved. Note that the contribution of [R4-1700848] itself was not approved.
· Approved proposal from [R4-1700848]

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

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

· Possible restrictions on channel bandwidth and other RF parameters.

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

· Impact on possible carrier aggregation for NR.

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

In addition, following TPs are approved.

· TP for TR 38.803: Summary of SI agreements on Common RF aspects [R4-1702036]
· TP for NR Rel-14 TR 38.803: common issues for mmWave [R4-1702373]
· TRP terminology in NR discussions in RAN4 [R4-1702018]
For UE RF perspective

Twelve contributions on UE RF perspective were approved in [R4-1702371], [R4-1702044], [R4-1702045], [R4-1701520], [R4-1702095] [R4-1702047], [R4-1702048], [R4-1702078], [R4-1702089], [R4-1702053], [R4-1702083] and [R4-1702082] where the following agreements are captured. 

· WF on UE RF in  [R4-1702371]
· Antenna Configurations
· Further study UE Rx and Tx path configuration for which requirements should be defined

· For Rel-15 EMBB sub-6

· Baseline is 1 Tx 2 Rx

· For mmWave, the following will be studied for high level architecture assumptions to be used for EIRP/EIS requirement and test study but these don’t limit the implementation

· Antenna polarization: Dual-polarization or single polarization

· Antenna number: Total number and/or number for each polarization

· BB path number: Total number and/or number for each polarization

· Spherical coverage Requirement
· For CDF method, RAN4 method for describing spherical coverage of RF parameters is CDF where each point represent equal surface area in sphere surrounding the UE. 

· Companies are encouraged to study the advantage of this CDF method.

· The other method(s) are not precluded.

· Following aspect on defining spherical coverage requirements were agreed

· EIRP and EIS requirements can be defined based on a CDF

· CDF will be based on data taken in connected mode and by measuring EIRP and/or EIS after UE beamforming

· Link antenna position in relation to UE is changed for each testpoint

· Each test point represents an equal surface area on a sphere surrounding the UE The surface area corresponding to each test point is equal to all UE types with different spherical requirement

· Test point defintion, applicability of CDF-based requirements, method and quantity are FFS

· Other parameters are FFS

· Companies are encouraged to study the advantage of this CDF method.

· The other method(s) are not precluded. 

· Tx Power Requirement
· Minimum of peak EIRP

· Requirement of peak EIRP level should be studied, if peak EIRP is defined FFS.

· Proposed value range [27dBm-34dBm]

· How to define is FFS, min of peak, min of 90 % in CDF

· Maximum allowed TRP

· It should be studied whether TRP should be limited by defining a maximum allowed TRP to limit co-channel interference 

· Value is FFS

· Power Class

· Power class should be defined based on maximum EIRPif peak, average, minimum EIRP will be used FFS

· Whether TRP is used for power class definition is FFS: unwanted emissions are specified as TRP and must be met by a device for any in-channel TRP up to its maximum power capability for the UE and (regardless of the antenna configuration)

· Minimum Power

· Minimum power level is FFS regalrd

· Out of Band Blocking
· Blockers for >24GHz should be studied based on the systems deployed in adjacent bands

· Companies are encouraged to bring more information on deployed systems in all regions

· Companies should share their current view on what are expected values/ at least the direction in which the frequency range definition & power level of blockers should progress further. 

· Studying every single radio system should be dealt with caution in favour of time availability.   

· Reference architecture (10.4.2.1)
· A high level of the architecture including impairments are given in these contributions.

· The different impairments - which depend on the reference architecture - need to be further study, such as:

· PA nonlinearity 

· IQ imbalance

· Phase noise

· EVM degradation

· Intermediate Frequency related issues for above 24GHz such as emissions and blocking behavior.

· TP for TR 38.803 Summary of SI agreements on UE RF aspects in  [R4-1702044]
· Summary table on agreement in SI and issue to be addressed in WI for each UE RF requirement were captured into TR 38.803
· TP for TR 38.803: SI agreements and background for each UE RF requirement in  [R4-1702045]
· Backgrounds on how each SI agreement for UE RF was reached were captured into TR 38.803
· Applicability of UE RF conducted and OTA requirements in  [R4-1701520]
· Following agreements were reached.

· If necessity of OTA test is identified for below [6] GHz, the associated requirements should be specified accordingly. 

· Note: The applicability (conducted, OTA or both) may depend on the requirements. 

· RAN4 doesn’t need to discuss the exact frequency threshold where conducted requirement is available at this moment.

· If the frequency range(s)/band(s) between [6] GHz and [24] GHz is (are) introduced in NR Rel-15 WI, then RAN4 could discuss the availability of conducted requirements per band basis.

· At least for above [24] GHz, only OTA requirements should be specified.
· TP for 38.803: Transceiver architecture for mmWave in  [R4-1702095]
· Several transceiver architectures for mmWave were captured into TR 38.803
· 5G UE reference architectures in  [R4-1702047]
· Several transceiver architectures for mmWave were captured into TR 38.803
· TP for TR38.803:  UE spherical coverage requirement in  [R4-1702048]
· Several UE types for mmWave were captured into TR 38.803
· Way forward on potential LS response on pi/2 BPSK with Spectrum Shaping in  [R4-1702078]
· RAN4 thinks that low PAPR waveforms are useful for NR deployments and therefore could be considered in RAN1.

· Additionally, RAN4 would like to point out that coverage extension, spectrum efficiency, and receiver complexity should be studied in RAN1. Further, RAN4 has not yet defined a PA model for frequency bands above 6 GHz. In the absence of an agreed PA model for above 6GHz bands, RAN4 does not expect the study on power efficiency to be completed in a reasonable time frame. Therefore, RAN4 requests RAN1 to continue studying other aspects indicated in the LS such as receiver complexity, coverage extension and spectrum efficiency in RAN1.

· TP for far field criteria in  [R4-1702089]
· Far Field Criteria for the baseline measurement setup was captured into TR 38.803
· TP on UE RF requirements testability in  [R4-1702053]
· Testability of UE RF TX and RX characteristics – without test interface control of beam direction was captured into TR 38.803
· NR UE Test Interface Aspects in  [R4-1702083]
· Test Interface was modified in TR 38.803
· TP on NR UE coordinate system in  [R4-1702082]
· UE coordinate system was captured into TR 38.803
For BS RF perspective

Ten contributions on BS RF perspective were approved in [R4-1702377], [R4-1702060], [R4-1702038], [R4-1702097], [R4-1702357], [R4-1702040], [R4-1702352], [R4-1702042], [R4-1702370] and [R4-1702362] where the following agreements are captured. 

· TP for TR 38.803: Summary of SI agreements on BS RF aspects in  [R4-1702377]
· Summary table on agreement in SI and issue to be addressed in WI for each BS RF requirement were captured into TR 38.803
· Range 1: at least below 6 GHz. In here, both conducted and OTA requirements will be required. (Note: The applicability may depend on the requirements.)
· Range 2: at least above 24 GHz. In here, only OTA requirements will be required.
· TP for TR 38.803: SI agreements and background for each UE RF requirement in  [R4-1702038]
· Backgrounds on how each SI agreement for BE RF was reached were captured into TR 38.803
· WF on NR BS coordinates system in [R4-1702060]
· The coordinate system used for the requirements and declarations in the technical specifications is the same as the AAS coordinate system (ref TR 37.842 sub-clause 7.1)

· If a different coordinate system is used in TR to carry out simulations or present results that’s ok as long as it is clearly indicated that it is different

· Note. this is similar situation to AAS and allows for fact different system already adopted for NR simulations.
· TP to 38.803: Coordinate system for NR BS in [R4-1702097]
· The reference coordinate system for NR BS based on the WF [R4-1702060] was captured into TR 38.803
· Way Forward on BS class for NR BS in [R4-1702357]
· NR BS classes for BS without antenna connectors are defined as indicated bellow:

· Wide Area Base Stations are characterized by requirements derived from Macro Cell scenarios with a BS to UE minimum distance along the ground equal to 35 m.

· Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum distance along the ground equal to 5 m.

· Local Area Base Stations are characterized by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.

· NR BS classes for BS with antenna connectors are defined as indicated bellow:

· Wide Area Base Stations are characterized by requirements derived from Macro Cell scenarios with a BS to UE minimum coupling loss equal to 70 dB.

· Medium Range Base Stations are characterized by requirements derived from Micro Cell scenarios with a BS to UE minimum coupling loss equals to 53 dB

· Local Area Base Stations are characterized by requirements derived from Pico Cell scenarios with a BS to minimum coupling loss equal to 45 dB.

· The following text is added together with any definition of BS classes:

· The deployment scenarios associated with and definitions of BS classes are exactly the same for BS both with and without connectors. An MCL of 70dB corresponds to a minimum distance of around 35m, 53dB to around 5m and 45dB to around 2m respectively for BS with connectors.

· NR Home BS class is FFS.
· WF on noise floor rise of ICS and dynamic range in [R4-1702040]
· To Investigate the noise floor rise for dynamic range for NR BS firstly in RAN4;  

· For above 24GHz:  

· reuse the existing simulation assumptions of WP5D coexistence study captured in the TR 38.803 for  preliminary study; 

· Other options are not precluded in the future.

· Work plan
· RAN4#82bis

· to align the initial simulation results among the interested companies;

· RAN4#83 ~RAN4#84

· to make the final agreement for this perspective with updated simulation assumption;

· WF on NR BS receiver requirements in [R4-1702352]
· Way forward: Blocking
· To Investigate power level  interfering signal of in-band blocking by system-level simulation in RAN4;  

· For above 24GHz:  

· Derive a methodology for deriving a OTA interferer and wanted signal level rather than a conducted interferer level

· If possible reuse the existing simulation assumptions of WP5D coexistence study captured in the TR 38.803 with slight modification for  preliminary study;  

· Other options are not precluded in the future.  

Statistical method: 

· Discuss and agree on what blocker and wanted signal probabilities to use in the simulations

· To further check the interfering signal power level and frequency range of out of band blocking instead of reusing directly as E-UTRA BS for both above 24GHz and below 6GHz.
In the absence of guidance on frequency range for out of band blocking requirements for NR, to further check if the proposal to adopt the range from 30 MHz to 26GHz for frequency bands above 6 GHz up to 13GHz and 30MHz to 2nd harmonic for above 13 GHz bands is acceptable or to consider alternative proposal.

· Narrowband blocking in the in-band frequency range will be not specified for NR BS above 24GHz if there is no narrowband system (e.g. GSM) operation in that frequency range.

· Way forward: intermodulation
· Narrowband intermodulation in the in-band frequency range will be not specified for NR BS above 24GHz if there is no narrowband system (e.g. GSM) operation in that frequency range.
· Work plan
· RAN4#82bis 

· Agree OTA criteria and statistical method to be used for the simulation

· to align the initial simulation results from interested companies;

· RAN4#83-RAN4#84

· to make the final agreement for this perspective with updated simulation assumption;

· WF on NR BS specific requirements in [R4-1702042]
· In RAN4#82bis April 2017, interested companies are encouraged to solve and/or mitigate Cons of No.1 to 6 presented in [R4-1700273] and [R4-1701699], in terms of following views.

· Any solutions to overcome Cons whose possibility is not clear.

· Any solutions to minimize Cons which have negative impact on testability such as the number of test.

· Any advantages, motivation and demand for the introduction of the requirements even with the Cons.

· In RAN4#82bis April 2017, companies are encouraged to answer on the following questions presented in [R4-1701160], for each potential requirement.
· Is the proposal aimed at systems below 6GHz or above 24GHz?

· What is the underlying concern about system performance that the requirement is aiming to capture?

· Why is it useful or necessary to capture this requirement/parameter in a 3GPP standard? Can and should the requirement be tested in a standardized manner?

· Are we aiming at general requirements that can be applied to any kind of BS or at requirements relating to particular types?

· Is it really a requirement that is targeted or rather a standardized method of declaration and testing?

· Does the proposed requirement represent an RF, an RRM, a demod or some new category?

· RAN4 needs to decide requirement(s) to be specified (if needed) taking into account NR WI time schedule.
· Note: It will be required to decide the requirement(s) to be specified (if needed) by RAN4#83(May) or RAN4#3-NR(June), since RAN4 needs to continue the discussion on the detail of the requirement by November.
· TP for TR 38.803: Adding sub-clause 10.3 for BS testing aspects in [R4-1702370]
· A sub-clause for BS OTA testing aspects and some introduction were captured into TR 38.803.

· TP for TR 38.803: Adding sub-clause 10.3.2.1 for BS OTA test aspects in [R4-1702362]
· Some general information related to how to measure fundamental parameters and general information on how critical OTA parameters can be tested OTA were captured into TR 38.803.

For RRM perspective
Following seven TPs of [R4-1702367, R4-1702376, R4-1702059, R4-1702366, R4-1702368, R4-1702065, R4-1702061] were approved.
· TP on UE measurements for NR [R4-1702367]

· TP on mobility for NR [R4-1702376]
· TP on measurement bandwidth related RRM requirements for NR [R4-1702059]
· TP on beam management requirements for NR [R4-1702366]
· TP on power consumption models for NR [R4-1702368]
· TP on timing aspects for NR [R4-1702065]
· TP on baseline measurement setup for NR RRM test [R4-1702061]
For WP5D related issues
Following seven TPs of [R4-1701564, R4-1702363, R4-1702085, R4-1702086, R4-1702001, R4-1702087, R4-1702088] were approved in order to capture outcome of RAN4 works related to WP5D.

· TP for TR38.803: Coexistence simulation results [R4-1701564]

· TP for TR38.803: Summary of coexistence study [R4-1702363]

· TP for TR38.803: Antenna and beam forming pattern modelling for coexistence simulation assumptions [R4-1702085]

· TP for NR Rel-14 TR 38.803: Noise figure in mm-wave systems as assumed for ITU-R related coexitence simulations [R4-1702086]

· TP for TR 38.803: IMT parameters and LS to WP5D [R4-1702001]

· TP for TR 38.803: IMT Tx parameters for WP5D [R4-1702087]

· TP for TR 38.803: IMT Rx parameters for WP5D [R4-1702088]

2.1.2
Progress of the Performance part WI
NOTE:
Please leave this section empty if not applicable to this status report.
2.2
List of completed elements (compare with open issues of last TSG)
2.2.1
Completed elements of the SI or Core part WI or Testing part WI
· Evaluation assumptions for technology assessment
· Numerology and frame structure
· Channel coding and modulation 
· Initial access and mobility
· Multi-antenna scheme
· Physical layer channel structure
· NR-LTE coexistence
· Built guidelines for C/U-plane radio protocol design.
· Baseline C/U-plane functions for L2/L3 protocols
· Performance evaluation and high level concept of on-demand SI provisioning
· High level characteristics for RRC_INACTIVE
· Baseline intra-NR cell level mobility procedure in connected and measurement framework
· Identification of deployment scenarios
· Baseline for RAN architecture, RAN-CN interfaces and Xx/Xn interfaces
· Baseline for RAN procedures on Network slicing and QoS
· Baseline for RAN procedures for NR+LTE tight interworking and New RAN operation
· Identification of different options for CU-DU functional split
· Identification of motivation for UP-CP separation
· Carrier aggregation/dual connectivity operation within NR carriers
· Bearer types to be supported for LTE-NR Dual Connectivity.
· C-plane architecture for LTE-NR Dual Connectivity, including UE capability coordination.
· Report on forward compatibility of non-stand-alone and stand-alone operations
· Standalone operation, including idle mode mobility and paging

· NW slicing

· Scheduling/HARQ

· Inter-RAT mobility

· RAN impacts on security

· Stage 2 level details on RAN architecture, interfaces and procedures
· Analysis on specification impacts for CU-DU functional split and UP-CP separation 
· NFV, SON, Wireless Relay, Interworking with non-3GPP systems
2.2.2
Completed elements of the Performance part WI
NOTE:
Please leave this section empty if not applicable to this status report.
· xxx

· xxx

· xxx

2.3
List of open issues
NOTE:
Usually, at the beginning of a WI/SI the list of open issues is copied from the objectives of the WID/SID into this open issues list. Once an open issue is completed it is moved up to section 2.2.
When a WI/SI is 100% complete the list under 2.3 is empty. Otherwise please justify why an open issue is not essential for the WI/SI.
2.3.1
Open issues of the SI or Core part WI or Testing part WI
None

2.3.2
Open issues of the Performance part WI
NOTE:
Please leave this section empty if not applicable to this status report.
· xxx

· xxx

· xxx
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WF on UL Power Control
Huawei, HiSilicon

[R1-1403] R1-1701402
WF on CSI-RS design principle
LG Electronics, Ericsson

[R1-1404] R1-1701403
WF on codebook design for DL multi-panel MIMO
Huawei, HiSilicon, Intel

[R1-1405] R1-1701404
WF on scheduling-based approach for DL dynamic resource sharing between URLLC and eMBB
Huawei, HiSilicon, NTT DOCOMO, CATT, CATR, Ericsson, vivo, MediaTek, Panasonic, InterDigital , LGE, Nokia,AT&T, China Unicom, Sequans, OPPO

[R1-1406] R1-1701405
WF on NR-PDCCH design for URLLC
Huawei, HiSilicon, CATR, Sony, Samsung, Ericsson, Qualcomm, ZTE, ZTE Microelectronics

[R1-1407] R1-1701406
Correction for low and high frequency model harmonization
Ericsson, Samsung, NTT DOCOMO, Nokia, Intel, Telstra, Verizon Wireless, Deutsche Telekom, T-Mobile US

[R1-1408] R1-1701407
CR to TR36.873 on rural channel model
Huawei, HiSilicon

[R1-1409] R1-1701408
WF on NR SS Periodicity
AT&T, NTT DOCOMO

[R1-1410] R1-1701409
WF on Synchronization and Channel Raster
Qualcomm Inc.

[R1-1411] R1-1701410
Correction for scenario description
Ericsson, Fraunhofer HHI

[R1-1412] R1-1701411
Correction for fast fading model
Ericsson

[R1-1413] R1-1701412
TR38.900_CR_Ground_Reflection_Model
Fraunhofer HHI, ZTE, Ericsson

[R1-1414] R1-1701413
TR38.900_CR_Normalize_Cluster_Powers
Fraunhofer HHI, Ericsson

[R1-1415] R1-1701414
Correction for spatial consistency
Ericsson

[R1-1416] R1-1701415
Correction for spatially-consistent UT mobility modelilng
Ericsson, Nokia, Fraunhofer HHI

[R1-1417] R1-1701416
Correction for blockage model B and its calibration assumptions
Ericsson, Fraunhofer HHI

[R1-1418] R1-1701417
Correction for correlation modeling for multi-frequency simulations
Ericsson, Fraunhofer HHI

[R1-1419] R1-1701418
WF on PUCCH
NTT DOCOMO, INC., Mitsubishi, Panasonic, Qualcomm, Huawei, HiSilicon, Ericsson, Intel, OPPO, InterDigital, CATT, MediaTek, Samsung, LG Electronics, Motorola Mobility

[R1-1420] R1-1701419
WF on RACH transmission in 4-step Random Access
ZTE, ZTE Microelectronics, Nokia, Alcatel-Lucent Shanghai Bell, Samsung, Huawei, HiSilicon, Sony

[R1-1421] R1-1701420
WF on Transmission Schemes for DL control channel
LG Electronics, NTT DOCOMO, Samsung, Ericsson, Qualcomm, OPPO, MediaTek, Huawei, HiSilicon, CATT, Intel, ZTE, ZTE Microelectronics

[R1-1422] R1-1701421
WF on Study of wake up signal for NR
Qualcomm, CATT, Sony, Ericsson

[R1-1423] R1-1701422
TR 38.802 v1.1.0 Study on New Radio (NR) Access Technology - Physical Layer Aspects
NTT DOCOMO, INC.

[R1-1424] R1-1701423
WF on NR-LTE coexistence
CMCC, Softbank, CATT, Nokia, ASB

[R1-1425] R1-1701424
WF on CSI-RS for beam management
Intel, Qualcomm, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Verizon Wireless, CATT, NTT Docomo

[R1-1426] R1-1701425
CR for TR38.900 to update calibration results on additional features
Samsung

[R1-1427] R1-1701426
TR36.873_CR_Scenarios
Fraunhofer HHI, Ericsson

[R1-1428] R1-1701427
TR36.873_CR_Section_7.1
Fraunhofer HHI, Ericsson

[R1-1429] R1-1701428
TR36.873_CR_Section_7.2
Fraunhofer HHI

[R1-1430] R1-1701429
TR36.873_CR_Incorrect_Reference
Fraunhofer HHI, Ericsson

[R1-1431] R1-1701430
TR36.873_CR_Align_LSP_Notation
Fraunhofer HHI, Ericsson

[R1-1432] R1-1701431
TR36.873_CR_Notation_of_Cluster_Angular_Spreads
Fraunhofer HHI, Ericsson

[R1-1433] R1-1701432
TR36.873_CR_Normalize_Cluster_Powers
Fraunhofer HHI, Ericsson

[R1-1434] R1-1701433
TR36.873_CR_Incorrect_Reference_to_LSP_Table
Fraunhofer HHI, Ericsson

[R1-1435] R1-1701434
Outcome of offline discussion on uplink control channel (Wednesday)
NTT DOCOMO

[R1-1436] R1-1701435
WF on PT-RS for DFTsOFDM
Mitsubishi Electric, CATT, InterDigital, Intel, Qualcomm

[R1-1437] R1-1701436
WF on DL transmission for URLLC
LG Electronics, Ericsson, Huawei, HiSilicon, Samsung, OPPO

[R1-1438] R1-1701437
WF on SRS transmission for NR
Samsung, Nokia, ASB, InterDigital, NTT DOCOMO, KDDI, Huawei, HiSilicon, Sony

[R1-1439] R1-1701438
Phase 1 and Phase 2 calibration results for above 6GHz
Qualcomm Incorporated

[R1-1440] R1-1701439
WF on resource mapping for one-symbol NR-PUCCH
LG Electronics, Panasonic

[R1-1441] R1-1701440
WF on HARQ timing for NR
LG Electronics, NTT DOCOMO, Huawei

[R1-1442] R1-1701441
WF on paging
Huawei, HiSilicon, Samsung, CATT, Panasonic, NTT DOCOMO, Fujitsu, LG Electronics, MediaTek

[R1-1443] R1-1701442
WF on the channel estimation for DL control channel
LG Electronics, Samsung, Qualcomm, ETRI

[R1-1444] R1-1701443
WF on HARQ process number
Huawei, HiSilicon, Nokia

[R1-1445] R1-1701444
WF on scheduling for slot and slot aggregation
Huawei, HiSilicon

[R1-1446] R1-1701445
WF on beam indication
Samsung, Ericsson, KT Corp., Verizon, NTT DOCOMO

[R1-1447] R1-1701446
TR36.814_CR_Align_LSP_Notation
Fraunhofer HHI, Ericsson

[R1-1448] R1-1701447
TR36.814_CR_Incorrect_Reference_to_LSP_Table
Fraunhofer HHI, Ericsson

[R1-1449] R1-1701448
TR36.814_CR_Normalize_Cluster_Powers
Fraunhofer HHI, Ericsson

[R1-1450] R1-1701449
WF on QCL for NR
Huawei, HiSilicon, ZTE, ZTE Microelectronics

[R1-1451] R1-1701450
TR25.996_CR_Correction_of_Circular_Angle_Spread
Fraunhofer HHI, Ericsson

[R1-1452] R1-1701451
TR25.996_CR_Correction_of_Channel_Coefficient_Indexes
Fraunhofer HHI

[R1-1453] R1-1701452
TR36.814_CR_Correction_of_B-22
Fraunhofer HHI

[R1-1454] R1-1701453
WF on uplink power control
Nokia

[R1-1455] R1-1701454
WF on LDPC Matrix
Qualcomm

[R1-1456] R1-1701455
WF on RS for time/frequency tracking
Qualcomm, Samsung, MediaTek

[R1-1457] R1-1701456
Summary of offline discussion on multiplexing of eMBB and URLLC in DL
Samsung, ZTE, Qualcomm, NTT Docomo, Sony, Oppo, Sequans, Sharp

[R1-1458] R1-1701457
WF on nonlinear precoding
Mitsubishi Electric, Huawei, HiSilicon, InterDigital, NTT DOCOMO, IITH, CeWiT, IITM, Tejas Networks, AT&T

[R1-1459] R1-1701458
WF on PRACH preamble numerology
ZTE, ZTE Microelectronics, Samsung, Nokia, ASB, NTT DOCOMO, CATT, Ericsson, LGE, Huawei, HiSilicon, MediaTek, Qualcomm, Sony, Intel, Sharp, Fujitsu

[R1-1460] R1-1701459
WF on retransmission for UL URLLC
ZTE, ZTE Microelectronics, NTT Docomo,  Sony, CATT, Qualcomm, CEWiT, IITH, IITM, Tejas Networks

[R1-1461] R1-1701460
WF on LDPC lift size
ZTE, ZTE Microelectronics, Qualcomm

[R1-1462] R1-1701461
WF on observation of DL DM-RS evaluation
Huawei, HiSilicon, MediaTek Inc., Mitsubishi Electric, vivo, CATT, Xinwei, Ericsson, AT&T, CMCC

[R1-1463] R1-1701462
WF on terminologies in 4-step RACH procedure
LG Electronics ,Qualcomm, NTT DOCOMO, Samsung, Motorola Mobility, CATT

[R1-1464] R1-1701463
WF on LDPC Design for NR
Samsung, Nokia, ASB

[R1-1465] R1-1701464
WF on Shortening of LDPC Codes
Ericsson, Qualcomm, LG, Intel, Nokia, ASB, Samsung

[R1-1466] R1-1701465
WF on Rate Matching for LDPC Codes
Ericsson, Qualcomm, Intel, LG, Samsung, ZTE, MediaTek, Nokia, ASB, InterDigital

[R1-1467] R1-1701466
WF on LDPC Design Parameters
Ericsson, LG

[R1-1468] R1-1701467
WF on CRC Attachment
Ericsson, LG, Nokia, ASB

[R1-1469] R1-1701468
WF on SCL List Size for Polar Codes
Ericsson, Nokia, ASB, LG, Samsung

[R1-1470] R1-1701469
WF on LDPC comparisons
MediaTek, Huawei HiSilicon, CATT, CATR, ZTE, ITRI

[R1-1471] R1-1701470
High performance LDPC design features
MediaTek Inc.

[R1-1472] R1-1701471
WF on coding scheme for small block length
LG Electronics, AT&T, Ericsson, Nokia, ASB

[R1-1473] R1-1701472
WF on RACH association
ZTE, ZTE Microelectronics

[R1-1474] R1-1701473
Compact LDPC design for eMBB
ZTE, ZTE Microelectronics

[R1-1475] R1-1701474
WF on evaluation methodology of Polar Code for NR
LG Electronics, Samsung, Ericsson

[R1-1476] R1-1701475
Correction for channel generation for multi-frequency simulations
Ericsson, Fraunhofer HHI

[R1-1477] R1-1701476
WF on QCL assumptions for NR
Huawei, HiSilicon, ZTE, ZTE Microelectronics, vivo, Sony, AT&T

[R1-1478] R1-1701477
[Draft] Response LS on UE capability aspects for LTE/NR tight interworking
Nokia

[R1-1479] R1-1701478
WF on 2-Stage DCI for NR
Qualcomm, Huawei, HiSilicon, National Instrument, Vivo, ZTE, Sony, MediaTek

[R1-1480] R1-1701479
[Draft] Response LS on UE capability aspects for LTE/NR tight interworking
Nokia

[R1-1481] R1-1701480
WF on DL beam management framework
LG Electronics, AT&T, CATT, Ericsson, NTT DOCOMO

[R1-1482] R1-1701481
WF on Beam Recovery in multi-beam NR systems
Qualcomm, Nokia, ASB, Xinwei, Intel, Interdigital

[R1-1483] R1-1701482
WF on pi/2 BPSK Modulation with frequency domain shaping
IITH, CEWiT, IITM, Tejas Networks, ATT, NTT DoCoMo, KDDI, Qualcomm, Deutsche Telekom, Samsung, INL, Panasonic, MediaTek, Straightpathcommunications, NI, IAESI, Interdigital, Sony, Kyocera, Intel

[R1-1484] R1-1701483
Performance Results for COMP Coherent JT Performance with THP (Cloud RAN)
IITH, IITM, CEWIT, Tejas Networks

[R1-1485] R1-1701484
WF on CSI-RS for beam management
Intel, Qualcomm, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Verizon Wireless, CATT, MTK, NTT Docomo, CMCC, ZTE, ZTE Microelectronics, KT

[R1-1486] R1-1701485
WF on short-duration PUCCH
LG Electronics, NTT DOCOMO, Qualcomm

[R1-1487] R1-1701486
WF on preamble format definition for PRACH
NTT DOCOMO, Ericsson, CATT, Qualcomm, Samsung, Intel, ZTE, ZTE Microelectronics, Sony, Huawei, HiSilicon, Sharp, Nokia, ASB, LG Electronics, DISH Network

[R1-1488] R1-1701487
Response LS on UE capability aspects for LTE/NR tight interworking
RAN1, Nokia

[R1-1489] R1-1701488
WF on frozen set selection of Polar Codes
NTT DOCOMO, InterDigital, MediaTek, Qualcomm, ZTE, ZTE Microelectronics

[R1-1490] R1-1701489
Draft CR to TR36.873 on indoor hotspot channel model
CMCC

[R1-1491] R1-1701490
Summary of email discussion [87-30] on NR-MIMO calibration
ZTE, ZTE Microelectronics

[R1-1492] R1-1701491
WF on Resource Allocation
Huawei, HiSilicon, OPPO, Nokia, Panasonic, NTT DoCoMo, InterDigital, Fujitsu

[R1-1493] R1-1701492
WF on SS-block index indication
Huawei

[R1-1494] R1-1701493
WF on RACH preamble format
Samsung, Qualcomm, ZTE, ZTE Microelectronics, NTT DOCOMO, Ericsson, DISH Network, Thales, MediaTek, CATT, Huawei

[R1-1495] R1-1701494
SR-triggered UL transmission for URLLC
LG Electronics, Intel, OPPO, Lenovo

[R1-1496] R1-1701495
LS on Paging Requirements
RAN1, Huawei

[R1-1497] R1-1701496
WF on short duration one symbol uplink design
IITH, CEWiT, IITM, Tejas Networks, Qualcomm,INL

[R1-1498] R1-1701497
Draft LS on NR Mobility
Huawei, Intel

[R1-1499] R1-1701498
Summary of offline discussion on group common PDCCH
Ericsson

[R1-1500] R1-1701499
WF on Type II Codebook
Samsung, Ericsson, Huawei, HiSilicon

[R1-1501] R1-1701500
WF on NR SS Periodicity
AT&T, NTT DOCOMO, Samsung, Sierra Wireless

[R1-1502] R1-1701501
LS on NR Mobility
RAN1, Huawei, Intel

[R1-1503] R1-1701502
WF on Simulation Assumptions for NR-PBCH
LG Electronics, NTT DOCOMO, Ericsson, Samsung, InterDigital, ZTE, ZTE Microelectronics, Intel

[R1-1504] R1-1701503
WF on group-based beam reporting
ZTE, ZTE Microelectronics, Ericsson, Intel, MediaTek, Nokia, ASB, Samsung

[R1-1505] R1-1701504
WF on beam management on control and data channels
ZTE, ZTE Microelectronics, ASTRI, Intel

[R1-1506] R1-1701505
WF on retransmission for UL URLLC
ZTE, ZTE Microelectronics, NTT Docomo,Huawei, Hisilicon,Intel,CATT , Nokia,ASB, Sony, CEWiT, IITH, IITM, Tejas Networks, Interdigital

[R1-1507] R1-1701506
WF on beam indication
Samsung, Ericsson, KT Corp., Verizon, NTT DOCOMO, AT&T, LGE

[R1-1508] R1-1701507
Correction for channel generation for multi-frequency simulations
Ericsson, Fraunhofer HHI

[R1-1509] R1-1701508
WF on NR-PDCCH Blocking Probability for URLLC
InterDigital, NTT DOCOMO, Intel

[R1-1510] R1-1701509
WF on RS for time/frequency tracking
Samsung, Qualcomm, Ericsson, MediaTek, Intel, Xinwei, KT

[R1-1511] R1-1701510
WF on evaluation methodology & channel models
Telecom Italia, Deutsche Telekom, Orange, Ericsson, Nokia

[R1-1512] R1-1701511
WF on coordinated transmission scheme
Huawei, HiSilicon, Samsung, CATT, LGE, AT&T

[R1-1513] R1-1701512
WF on LTE-NR Coexistence in UL
Samsung, KDDI, AT&T, DT, Softbank, Verizon, Nokia, ASB, Ericsson, LGE

[R1-1514] R1-1701513
WF on uplink power control
Nokia, ASB, Huawei, Intel, KDDI, NTT DOCOMO, Samsung, SoftBank

[R1-1515] R1-1701514
WF on evaluation assumptions on beam management
ZTE, ZTE Microelectronics, Nokia, ASB

[R1-1516] R1-1701515
WF on Synchronization and Channel Raster
Qualcomm, CATT, Samsung, Sierra Wireless

[R1-1517] R1-1701516
WF on MIMO calibration
NTT DOCOMO, ZTE, ZTE Microelectronics, LG Electronics, Samsung, Xinwei, Spreadtrum, ETRI

[R1-1518] R1-1701517
Summary of email discussion [87-30] on NR-MIMO calibration
ZTE, ZTE Microelectronics

[R1-1519] R1-1701518
LS on PRACH preambles for on demand SI requests
RAN2, BlackBerry

[R1-1520] R1-1701519
Response LS on minimum system information
RAN2, LG Electronics

[R1-1521] R1-1701520
WF on Mobility
Samsung

[R1-1522] R1-1701521
Summary of offline discussion on group common PDCCH-part 2
Ericsson

[R1-1523] R1-1701522
WF for NR Modulation
MediaTek, IITH, CEWiT, IITM, Tejas Networks, NTU, Samsung, AT&T, Xiaomi

[R1-1524] R1-1701523
WF on PUCCH resource indication for NR
LG Electronics, Qualcomm, NTT DOCOMO, Samsung, Ericsson, Panasonic

[R1-1525] R1-1701524
WF on Scheduling request for URLLC UL transmissions
Idaho National Laboratory, Qualcomm

[R1-1526] R1-1701525
WF on DC handling
Panasonic, Intel, Huawei, HiSilicon

[R1-1527] R1-1701526
NR MIMO Phase 1 and Phase 2 calibration results
ZTE, ZTE Microelectronics

[R1-1528] R1-1701527
WF on LTE-NR DL TDM Coexistence Mechanisms
Huawei, HiSilicon, AT&T, LG Electronics

[R1-1529] R1-1701528
Way forward on Wideband Carrier Support
Qualcomm Incorporated

[R1-1530] R1-1701529
WF on CSI-RS for beam management
Intel, Qualcomm, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Verizon Wireless, CATT, MTK, NTT Docomo, CMCC, ZTE, ZTE Microelectronics, KT

[R1-1531] R1-1701530
WF on SS-block index indication
Huawei, HiSilicon, NTT DOCOMO, ZTE, ZTE Microelectronics, Sierra Wireless, Samsung, CATT, InterDigital, Nokia, ASB, Intel, Ericsson

[R1-1532] R1-1701531
WF on reciprocity based CSI acquisition
Huawei, HiSilicon, Fujitsu, IITH, CEWIT, IITM, Tejas Networks, Softbank, Xinwei

[R1-1533] R1-1701532
WF on CSI-RS for beam management
Intel, Qualcomm, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Samsung, Verizon Wireless, CATT, MTK, NTT Docomo, CMCC, ZTE, ZTE Microelectronics, KT, LG, vivo

[R1-1534] R1-1701533
Action plans for RAN1#88
NTT DOCOMO

[R1-1535] R1-1701534
WF on Enhanced Modulation Schemes
Sony, Samsung, InterDigital

[R1-1536] R1-1701535
TR36.873_CR_Adding_3D-InH_Scenario
CMCC

[R1-1537] R1-1701536
Way Forward on CSI-RS for Beam Management
Intel, Qualcomm, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Samsung, Verizon Wireless, CATT, MTK, NTT Docomo, CMCC, ZTE, ZTE Microelectronics, KT, LG, vivo

[R1-1538] R1-1701537
DRAFT LS on pi/2 BPSK with spectrum shaping for DFT-S-OFDM uplink
IITH, Nokia

[R1-1539] R1-1701538
[Draft] Reply LS on PRACH preambles for on demand SI requests
Ericsson

[R1-1540] R1-1701539
SR-triggered UL transmission for URLLC
LG Electronics, Intel, OPPO, Lenovo, Ericsson, NTT Docomo

[R1-1541] R1-1701540
Chairman's notes of AI 5.1.9 on NR-LTE coexistence
Ad-Hoc chair (Qualcomm)

[R1-1542] R1-1701541
Reply LS on PRACH preambles for on demand SI requests
RAN1, Ericsson

[R1-1543] R1-1701542
WF on PUCCH in one symbol short duration low PAPR design
IITH, CEWiT, IITM, Tejas Networks, Huawei, Qualcomm, Interdigital

[R1-1544] R1-1701543
WF on retransmission for UL URLLC
ZTE

[R1-1545] R1-1701544
WF on extended CP
Huawei, HiSilicon, Nokia, ASB, NTT DOCOMO, Ericsson, LGE, Vodafone, Deutsche Telekom, Samsung, Intel, OPPO, AT&T, China Unicom, CATT, Sony, vivo, InterDigital, Mediatek, Verizon

[R1-1546] R1-1701545
DRAFT LS on pi/2 BPSK with spectrum shaping for DFT-S-OFDM uplink
IITH, Nokia

[R1-1547] R1-1701546
WF on framework for DL beam mangement
LG Electronics, Ericsson, NTT DOCOMO

[R1-1548] R1-1701547
LS on pi/2 BPSK with spectrum shaping for DFT-S-OFDM uplink
RAN1, IITH, Nokia

[R1-1549] R1-1701548
SR-triggered UL transmission for URLLC
LG Electronics, Intel, OPPO, Lenovo, Ericsson, NTT Docomo, CATT, Nokia, ASB, Qualcomm

[R1-1550] R1-1701549
WF on Enhanced Modulation Schemes
Sony, Samsung, InterDigital
RAN1 88 

To be added

RAN2
RAN2 NR ad-hoc:
[R2-1] R2-1700001 Agenda for RAN2 NR AdHoc, Spokane Chairman

[R2-2] R2-1700002 LS on minimum system information (R1-1613692; contact: LGE) RAN1

[R2-3] R2-1700003 Reply LS on Requirements for mobile backhaul/fronthaul in a G.fast Deployment Environment (R1-1613796; contact: Nokia) RAN1

[R2-4] R2-1700004 Reply LS to LS on state of SA3 discussions on NG security architecture (S2-167250; contact: Nokia) SA2

[R2-5] R2-1700005 Reply to: LS from SA4 to SA5 on QoE reporting for streaming services (S5-166463; contact: Ericsson) SA5

[R2-6] R2-1700006 Overview of the NR RRC state machine and modelling of the INACTIVE state Samsung 

[R2-7] R2-1700007 NR RRC state machine, transitions and signalling procedures Samsung 

[R2-8] R2-1700008 Email discussion report for RAN notification area definition  Samsung 

[R2-9] R2-1700009 RAN notification area for NR Samsung 

[R2-10] R2-1700010 Further considerations on radio network identifiers for NR Samsung 

[R2-11] R2-1700011 On Demand SI Delivery: Signaling Aspects Samsung Electronics Co., Ltd

[R2-12] R2-1700012 SI Message TX/RX in NR Samsung Electronics Co., Ltd

[R2-13] R2-1700013 SFN based Broadcast TX at Higher Frequencies Samsung Electronics Co., Ltd

[R2-14] R2-1700014 Initial Access Signal TX: Multi-Beam Sweeping/Single Beam Repetition Samsung Electronics Co., Ltd

[R2-15] R2-1700015 Analysis of Paging Overhead in Beamformed System Samsung Electronics Co., Ltd

[R2-16] R2-1700016 Paging in NR Samsung Electronics Co., Ltd

[R2-17] R2-1700017 Text Proposal for TR 38.804 on Paging in NR Samsung Electronics Co., Ltd

[R2-18] R2-1700018 System Information Update in NR Samsung Electronics Co., Ltd

[R2-19] R2-1700019 Random Access in NR ・Flexible UE Bandwidth Aspects Samsung Electronics Co., Ltd

[R2-20] R2-1700020 Cell Selection & Reselection in NR Samsung Electronics Co., Ltd

[R2-21] R2-1700021 Inter-RAT mobility in the RRC INACTIVE state Samsung 

[R2-22] R2-1700022 LCP procedure support of URLLC traffic in different numerologies III

[R2-23] R2-1700023 Consideration on use cases of 2-step RACH procedure ASUSTEK COMPUTER (SHANGHAI)

[R2-24] R2-1700024 Consideration on fallback of 2-step RACH procedure ASUSTEK COMPUTER (SHANGHAI)

[R2-25] R2-1700025 MAC PDU Structure for NR PANASONIC 

[R2-26] R2-1700026 Intra-5G Mobility related requirements  Samsung R&D Institute UK

[R2-27] R2-1700027 Mobility in NR CONNECTED-ACTIVE Samsung R&D Institute UK

[R2-28] R2-1700028 Two levels of 轍OS flow mobility  Samsung R&D Institute UK

[R2-29] R2-1700029 NR QOS - Impact to RAN User Plane Protocol architecture Samsung R&D Institute UK

[R2-30] R2-1700030 NR QOS ・AS handling of a new QOS flow Samsung R&D Institute UK

[R2-31] R2-1700031 NR UP ・Single or Double SN ? Samsung R&D Institute UK

[R2-32] R2-1700032 NR+NR DC: QOS architecture Samsung R&D Institute UK

[R2-33] R2-1700033 NR + NR DC: QOS decision responsibilities Samsung R&D Institute UK

[R2-34] R2-1700034 System Information for NR validity considerations including area ID introduction Gemalto N.V.

[R2-35] R2-1700035 Initial access with 菟reliminary・credentials for massive-MTC Gemalto N.V.

[R2-36] R2-1700036 Further Discussions on RRC Inactive State Configuration MTI

[R2-37] R2-1700037 UE RRC State Transition in New Radio MTI

[R2-38] R2-1700038 SI Request Mechanism for On demand SI Beijing Xiaomi Mobile Software

[R2-39] R2-1700039 Discussion on mapping between MAC and multiple TTI length vivo

[R2-40] R2-1700040 Discussion on DL data transmission in RRC Inactive state vivo

[R2-41] R2-1700041 Discussion on RAN-based notification area update vivo

[R2-42] R2-1700042 TR 38.804 v0.4.1 on Study on New Radio Access Technology; Radio Interface Protocol Aspects NTT DOCOMO, INC. (Rapporteur)

[R2-43] R2-1700043 RAN WG痴 progress on NR technology SI in the November meeting NTT DOCOMO, INC. (Rapporteur)

[R2-44] R2-1700044 Consideration on the Support of RAN Slicing Beijing Xiaomi Mobile Software

[R2-45] R2-1700045 Discussion on Remaining Issues of Other SI Design Guangdong OPPO Mobile Telecom.

[R2-46] R2-1700046 Discussion on IDLE/INACTIVE UE Mobility Guangdong OPPO Mobile Telecom.
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v04.69
12.08.2015

minor adaptations for RAN #69

v04.68
21.05.2015

minor adaptations for RAN #68

v04.67
01.02.2015

minor adaptations for RAN #67

v04.66
16.11.2014

minor adaptations for RAN #66

v04.65
16.08.2014

minor adaptations for RAN #65

v04.64
22.05.2014

minor adaptations for RAN #64

v04.63
24.01.2014

restructuring for RAN #63 to cover Core & Perf. in one doc file

v03.62
11.11.2013

section 1.2.3 adapted for RAN #62

v03
11.08.2013

section 1.2.3 added on time budget

v02
07.05.2010

history added, some spelling corrections

v01
13.11.2009

First version of the template
A
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