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1. Introduction
This paper is aimed at sharing with RAN2 the progress of WI on New Radio Access Technology in the other RAN WGs, which are relevant to the RAN2 work area.
2. RAN WG1 progress at RAN1 #90 (August 2017)
	General aspects

	TR38.802

Endorsed in R1-1714778
TS38.201

The TS is endorsed as v 0.1.0 in R1-1715069 as the basis for further updates.
TS38.202

The TS is endorsed as v 0.1.0 in R1-1714655 as the basis for further updates.
TS38.211

The TS is endorsed as v 0.2.0 in R1-1714656 as the basis for further updates.
TS38.212

The TS is endorsed as v 0.1.0 in R1-1714659 as the basis for further updates.
TS38.213

The TS is endorsed as v 0.1.0 in R1-1714658 as the basis for further updates and recommend offline discussions in this week
TS38.214

The TS is endorsed as v 0.1.0 in R1-1715077 as the basis for further updates.
TS38.215

The TS is endorsed as v 0.1.0 in R1-1714660 as the basis for further updates.
Agreements:
· Set email approvals about specs (i.e., 201, 202, 211, 212, 213, 214, and 215) until 4th September to include this week agreements/WA,

· Editors will submit updated versions until 29th August
· If RAN1 will successfully agree it by the email, RAN1 will submit it to the next RAN as information

· Note that even in the case that RAN1 will fail to agree it by the email, RAN1 will submit Monday versions to the next RAN as information

RRC parameter list was agreed in R1-1714819
LS was agreed in R1-1714969

	Initial access and mobility

	LS was agreed in R1-1715316
Agreements:
· Candidate OFDM symbol position within half radio frame for SS/PBCH block for 120/240kHz SCS is modified as below
· 120 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.

· 240 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.
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Agreements:
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Working assumptions:
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case, and an indication method is down-selected from following alternatives

· Alt.1: Group-Bitmap + Bitmap in Group

· A Group is defined as consecutive SS/PBCH blocks

· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted

· E.g., [8]+[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group

· Alt.2: Group-Bitmap + The number of actually transmitted SS/PBCH block in Group (with fixed starting index of SS/PBCH block)

· A Group is defined as consecutive SS/PBCH blocks

· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, the number of actually transmitted SS/PBCH block indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index, and the number is commonly applied to all transmitted Groups

· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group

· Alt.3: Bitmap in Group + The number of actually transmitted Groups (with fixed starting index of Group)

· A Group is defined as consecutive SS/PBCH blocks

· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and the number of actually transmitted Groups indicates how many consecutive Groups are actually transmitted starting from the first Group

· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group

· Alt.4: Group-Bitmap + The number of actually transmitted SS/PBCH block in each Group

· A Group is defined as consecutive SS/PBCH blocks

· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, and the number of actually transmitted SS/PBCH block for each Group indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index

· Minimum [8]+[3] bits, maximum [8]+[3]*[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group

· Alt.5: The number of actually transmitted SS/PBCH blocks + starting index + gap between two consecutive SS/PBCH blocks

· [6]+[6]+[6] bits

· Alt.6: Group-Bitmap

· A Group is defined as consecutive SS/PBCH blocks

· Group-Bitmap can indicate which Group is actually transmitted, and all SS/PBCH blocks within a transmitted Group are actually transmitted

· E.g., [8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Other alternatives are not precluded

· Indicated resources are reserved for actually transmitted SS blocks

· Data channels are rate matched around actually transmitted SS blocks

Agreements:
· UE assumes a single periodicity i.e., SS burst set periodicity, for all SS/PBCH blocks for a cell
· At least for rate matching purpose, the single periodicity value is configured for the serving cell separately from SMTC. Otherwise the default periodicity, 5 ms, is assumed
· Note: UE is not expected to perform rate matching based on SMTC
Agreements:
· A UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are quasi-collocated with respect to spatial, average gain, delay, and Doppler parameters
· By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indexes are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters
· FFS: Whether the network indication of SS block repetition and the impact on QCL assumption
· Note: In the above agreements, gNB has the flexibility to use different physical beam(s) and its mapping  for the SS/PBCH block transmission

· Note: The case where antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are not quasi-collocated with respect to spatial, average gain, delay, and [Doppler] parameters is not specified
· FFS: Whether gNB will signal the change of QCL associations and how to signal it
Agreements:
· NR supports NW adaptation and indication of SCS used for SS/PBCH block for NSA carrier access

· RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information

· UE can assume a single subcarrier spacing of SS/PBCH block per frequency carrier

· In case that target NSA carrier is in below 6 GHz range, 

· NW can adapt either 15 kHz or 30 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· In case that target NSA carrier is in between 6 GHz and 52.6 GHz range, 

· NW can adapt either 120 kHz or 240 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· If there is no indication on SCS used for SS/PBCH block transmission on target NSA carrier, UE assumes default SCS for SS/PBCH block transmission
LS was agreed in R1-1715071 with following updates


Agreements:
· NR strive to support same payload size between below-6 and above-6 GHz

· SS block time index:

· 3 bits (b5, …, b3) for SS block time index in NR-PBCH payload only in case of above 6 GHz

· b5, …, b3 for SS block time index are not carried in NR-PBCH payload in case of below 6 GHz

· 3 bits in NR-PBCH payload in below 6 GHz case may be used for other purpose(s)

Agreements:
· SS burst set periodicity is not carried in NR-PBCH payload

Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, 

· CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH
· Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth for the given frequency band

Agreements:
· The single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload

· FFS: numerology to be used for paging, Msg.2/4 for other purposes and on-demand OSI

Agreements:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM
Agreements:
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process

· The part of SFN is one the following, (to be  selected by NR AH3)

· 3 LSB bits of SFN

· 2nd and 3rd LSB bits of SFN

· FFS: half radio frame index as part of the initialization of the 1st scrambling
· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block

Agreements:
· SS block time locations are indexed from 0 to L-1 in increasing order within a half radio frame according to the agreed SS burst set composition

· For the case of L = 8 or L = 64, 3 LSBs of SS block time index are indicated by 8 different PBCH-DMRS sequences {a_0,…, a_7}

· For the case of L = 4, 2 LSBs of SS block time index are indicated by 4 different PBCH-DMRS sequences {b_0,…, b_3} 
· One remaining bit out of 3 LSBs is set to 0 and not transmitted by PBCH
· {a_0,…,a_3} are same with {b_0, …, b_3} for a given cell ID
Agreements:
· Sequence mapping rule for PBCH-DMRS is frequency-first time-second mapping, in particular lowest to highest frequency mapping

Working assumption:
· Regarding the number of sequences and sequence mapping rule:
· Single long sequence is mapped to all PBCH-DMRS REs within a SS block
· LTE PN generator is reused for PBCH DMRS sequence generation, and related parameters are

· Gold Code LFSR size: 31

· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages
· Regarding EPRE offset between PBCH-DMRS and NR-PBCH data:
· FFS: UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied

· Note that power boosting is up to NW implementation

· Regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations:
· vshift = NIDcell mod 4

· Regarding PBCH-DMRS sequence generation:
· PBCH-DMRS sequence is based on long Gold sequence (e.g., polynomial order >= 30)

· Sequence modulation is QPSK

Agreements:
· Sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS

Agreements:
PDSCH carrying the broadcast other system information is scheduled by the PDCCH

Agreements:
· Paging mechanism should be decided for Rel-15, where the issue of beam sweeping overhead for paging transmission should be considered, especially for high frequency band with up to 64 SS-block beams
· E.g., paging occasion design with beam sweeping

· E.g., techniques to reducing the paging sweeping beams 

Agreements:
· For NR PRACH preamble L=839 with SCS = 1.25 kHz, Ncs restricted set type B is supported in addition to restricted set type A
· For NR PRACH preamble L=839 with SCS 5kHz, Ncs restricted set type A and type B are supported

Agreements:
· At least confirm the working assumption for preamble formats A1, B1, B2, B3
· 
· Not define preamble format B0
· Change TCP value from 192 to 216 and TGP value from 96 to 72 for format B1

Agreements:
· RACH preamble formats with L = 839 is not supported in over-6 GHz band, and is supported in below-6 GHz
· For short sequence (L = 127/139) based preamble formats, RACH transmission at over-6 GHz band
· supports 60 and 120 kHz subcarrier spacing, and 
· does not support 15 and 30 kHz subcarrier spacing
· For short sequence (L = 127/139) based preamble formats, RACH transmission at below-6 GHz band
· supports 15 and 30 kHz subcarrier spacing, and 
· does not support 60 and 120 kHz subcarrier spacing
Agreements:
· Preamble formats for PRACH with short sequence length support preamble formats A0, C0 and C2 in addition to the agreed formats A1, A2, A3, B1, B2, B3 and B4

Preamble format
# of seq.
TCP
TSEQ
TGP
Path profile (Ts)
Path profile (us)
Max cell radius (m)
Use case
C0
1
1240
2048
1096
144
4.69
5300
(660 in case of 120 kHz SCS)
Normal cell
C2
4
2048
8192
2916
144
4.69
9200 
(1160 in case of 120 kHz SCS))
Normal cell
Agreements:
· Same cyclic shift values as defined in LTE is applied for NR PRACH preamble format 0 and 1.

· FFS: Whether same cyclic shift values as defined in LTE can be applied for NR PRACH preamble format 2 and 3, considering parameters (e.g. delay spread, guard time, filter length, etc.)

Agreements:
· It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)

· If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power

· UE has a flexibility to select its RX beam to find the list of SS blocks that satisfy the threshold(s)

· FFS: whether threshold(s) for SS block selection is configured or fixed in the spec 
· Counter of power ramping when UE changes its selected SS-block in message 1 re-transmission is unchanged

Agreements:
· UE computes pathloss based on ”SS block transmit power” and SS block RSRP
· At least one ”SS block transmist power” value is indicated to UE in RMSI
· FFS: whether and how to support multiple values
· Note: different SS blocks in an SS burst set can be transmitted with different power and/or with different Tx beamforming gain at least as NW implementation

Agreements:
· NR supports the total maximum number of transmissions, M (like LTE), per carrier to indicate Random Access problem
· M is NW configurable parameter

Agreements:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration

· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH

· For single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration from the end of Msg1 transmission

· The fixed duration is X T_s

· X is the same for all RACH occasions

· FFS: whether CORESET starting position is aligned with slot boundary

· FFS: the value of X

· FFS: whether X is frequency range dependent

· For a single Msg1 RACH from UE,

· The size of a RAR window is the same for all RACH occasions and is configured in RMSI

· RAR window could accommodate processing time at gNB. 

· Maximum window size depends on worst case gNB delay after Msg1 reception including processing delay, scheduling delay, etc
· Minimum  window size depends on duration of Msg2 or CORESET and scheduling delay

· FFS: multiple Msg1 RACH case if supported

Agreements:
· For initial access, either long sequence based preamble or short sequence based preamble is configured in a RACH configuration

Agreements:
· For contention-based NR 4-step RA procedure

· SCS for Msg 1 

· configured in the RACH configuration

· SCS for Msg 2

· the same as the numerology of RMSI

· SCS for Msg 3

· configured in the RACH configuration separately from SCS for Msg1
· SCS for Msg 4

· the same as in Msg.2

· For contention-free RA procedure for handover, the SCS for Msg1 and the SCS for Msg2 are provided in the handover command

Agreements:
· NR studies reporting of SS block index, e.g., strongest SS block index, through Msg3 of contention based random access

· NR studies reporting of multiple SS block indices through Msg1 of contention free random access procedure

· e.g. network can assign multiple RACH transmission times and RACH preambles to the UE. UE can convey one SS block index by selecting a RACH transmission time and another SS block index implicitly by selecting a RACH preamble
Agreements:
· In NR RRM measurement for L3 mobility, 

· RSRQ based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in IDLE and CONNECTED mode

· RSRQ based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode

· RS-SINR based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode

· RS-SINR based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode

· SS block based RSRQ/RS-SINR are at least based on SS/PBCH-RSRP, and CSI-RS based RSRQ/RS-SINR are at least based on CSI-RSRP

· FFS: how to define RSRQ and RS-SINR, e.g.,

· Which time/frequency resource(s) are used for RSSI/interference measurement

· Whether/how to indicate the resource(s) for RSSI/interference measurement

· How to treat UE RX beam for RSRQ/RS-SINR measurement

· RAN1 strives to have common definition on RSRQ and RS-SINR for below-6 and above-6 GHz
Agreements:
· UE is not required to measure CSI-RS configured for L3 mobility outside the active time

· Note exact definition of C-DRX active time depends on RAN2
· In this context the active time referred by RAN1 relates to the time when UE is monitoring PDCCH in onDuration or due to any timer triggered by gNB activity 
· I.e. when any of ‘onDurationTimer’, ‘drx-InactitivityTimer’ or ’ drx-RetransmissionTimer’ is running
· FFS:
· whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation

· whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time 
Agreements:
· Sequence design used for CSI-RS for beam management is baseline

· For CSI-RS based RRM measurement for L3 mobility, CSI-RS sequence seed to generate CSI-RS sequence is UE-specifically configured
· FFS: sufficient CSI-RS sequence seed size for L3 mobility

Working assumptions:
· Design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
· Values of D for CSI-RS for beam management are reused for CSI-RS for L3 mobility

· FFS: maximum number of CSI-RS resources in total for L3 mobility that can be configured to a UE

· For one cell, all CSI-RS resources for L3 mobility are confined to X slot(s)

· FFS: value of X
Agreements:
· CSI-RSRP measurement quantity should be defined per configured CSI-RS port

Agreements:
· NR supports RLM on PCell and PSCell only
· For RLM, NR supports to configure a single type of RS for a CORESET for a UE at a time

· FFS on interference measurement resource for each RS type

· Signal and interference measurements for a given CORESET may be performed by using same RX beam

Agreements:
· Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time
Agreements:
· Hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM
· UE assumes same antenna port between hypothetical PDCCH and RS used for RLM
· FFS: UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters
Agreements:
· NR supports to configure X RLM-RS resource(s)

· One RLM-RS resource can be either one SS/PBCH block or one CSI-RS resource/port

· The RLM-RS resources are UE-specifically configured at least in case of CSI-RS based RLM

· FFS: how to configure RLM-RS resources in case of SS/PBCH block based RLM

· FFS: whether/which the default RLM-RS resource(s) is defined

· FFS: whether configured RLM-RS resource(s) and RS(s) used for beam failure detection are same or different set

· FFS: in case of CSI-RS based RLM, which CSI-RS is used, beam management CSI-RS or L3 mobility CSI-RS

· FFS: if/how to configure interference measurement resource for RLM

· The symbols used for interference measurement can be same or different from the symbol from RLM-RS resource(s)

· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS: Y is configurable or fixed, and the value, e.g., Y=1

Agreements:
· Periodic OOS is indicated 
· If the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold

· FFS: The evaluation of OOS takes beam failure recovery procedure into account
· FFS: Aperiodic OOS

Agreements:
· NR supports x in-sync BLERs and x out-of-sync BLERs for a hypothetical PDCCH

· The number of different BLER values x in the range of [1 < x <= 3]
· FFS: One or more in-synch BLER and one or more out-of-synch BLER is configured per UE at a time

· FFS: Default one in-synch BLER and one out-of-synch BLER values are used if not configured.

· FFS: the values of the BLERs of for hypothetical PDCCH corresponding to x In-synch and x out-of-synch thresholds


	MIMO

	Agreements:
· For DL data channel, the modulated symbol stream associated with a codeword (CW) is only mapped to the allocated resource with the following order in Rel-15 NR:
· First across layers associated with the codeword (CW), then across subcarriers (frequency) and then across OFDM symbols (time)
· For UL data channel with CP-OFDM waveform, support the same layer mapping procedure with DL
· No frequency and/or time interleaving is supported in Rel-15 NR
· FFS for DFT-s-OFDM uplink with and without frequency hopping

· Note that additional layer correspondence can be a separate discussion from 3 to 8 layers

R1-1715161 was agreed
Agreements:
· For DFT-S-OFDM, use rank 1 precoders from table below for 2 Tx with wideband TPMI only

· Note: in the following table “codebook index” should be called “TPMI index”
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Agreements:

· For CP-OFDM

· At least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 are used

· One of the two following Antenna port selection mechanisms is supported; 

· Decide among the two alternatives in RAN1# 90bis

· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM

· Alt 2: SRI indicates selected antenna ports

Agreements:

· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15

· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI

· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains

· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains

· FFS: how UL MIMO precoding design takes into account the above capability

R1-1715235 was agreed
Agreements:
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification

· Send an LS to RAN4 to inform the agreements for them to consider for their future work – Cristina (Mitsubishi). LS in R1-1715273, which is endorsed and finally approved in R1-1715274
Agreements:

· For DFTsOFDM waveform based PUSCH, further consider the following alternatives:

· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM 

· Note: there are several possible schemes proposed in various contributions. 

· FFS exact scheme with the aim to finalize in the next meeting

· Alt. 2: Time domain beam/precoder cycling is supported for PUSCH with DFTsOFDM

· FFS exact scheme with the aim to finalize in the next meeting

· If Alt 1 and Alt 2 is not supported or either of them is supported and is not configured

· Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
· Companies are encouraged to further perform analysis and evaluations (link and/or system-level) regarding the above schemes
Agreements:
· PRB bundle is based on absolute PRB-grid of a component carrier

Agreements:
· For DL unicast data transmission:

· Case 1 PRB bundling size values are at least 2 and 4

· FFS whether or not to additionally support PRB bundling size 1 – companies are encouraged to perform analysis and evaluations especially w.r.t. PRB bundling sizes 2 and 4

· FFS: PRG configuration for broadcast PDSCH

Agreements:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH

· Note: this topic is more suitable for discussion under scheduling/HARQ session

Agreements:
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group

· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 

· Note: L1-RSRP reporting on SSB is not yet agreed

· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded

· The value of N is FFS, but is at most [3] bits

· FFS: The case of more than one DMRS port group

· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 

· FFS: Signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state, e.g., 

· The association is explicitly signaled to the UE

· The association is implicitly determined by the UE

· Combination of the above is not precluded

· FFS: An indicator state may or may not also include other parameter(s), e.g., for PDSCH to RE mapping purposes analogous to PQI in LTE, other QCL parameters

· FFS: Whether or not an indicator state may be associated with more than one DL RS index

· FFS: PDCCH beam indication may or may not be based on the beam indication states for PDSCH

Agreements:

· After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise

· Note: The above QCL assumption may or may not be used for MSG2 and MSG4 – for discussion in initial access session

· FFS: Details

· FFS: Whether or not the default QCL assumption is contained in a default indicator state if supported

· Note: This does not necessarily mean that the PDCCH beam indication is through DCI

· In RRC CONNECTED mode, 

· RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s)

· FFS: necessity of DCI signalling

· FFS: Use of Aperiodic CSI-RS 

· FFS: RAN1 to study impact of delay (including determination of Rx beam) and reliability on the beam mgmt scenarios aiming to provide input to RAN2 with regard to higher layer protocols

Working assumption:

· CSI-RS resource(s) with 2-port with D>1 for beam management is not supported in Rel-15

Agreements:

· Support of CSI-RS resource(s) with 2-port with D=1 for beam management in Rel-15 is subject to RAN4 feedback

Agreements:
· For non-PMI feedback:

· Alt 1: Port selection codebook is used for CQI calculation for non-PMI feedback

· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry

· FFS other details of the port selection codebook

· Codebook subset restriction is supported to indicate a single precoder per rank in the codebook used for CQI calculation

· FFS whether this indication can be dynamic using L1/L2 signaling

· Support at least up to 8 CSI-RS ports and 8 layers

· Alt 2: The UE shall assume a codebook for RI and CQI determination where for each rank, R, the codebook contains only one precoder which is the first R columns of an identity matrix

· Alt 3: An existing codebook is used for CQI calculation for non-PMI feedback

· FFS details

· To down-select one of the above alternative in the next meeting

Agreements:
· Support antenna switching for SRS transmission within a carrier for the following UE antenna configuration:

· UE configured with 2Tx (transmit antenna ports)

· UE configured with 1Tx (transmit antenna ports)

· Note: 1Tx and 2Tx is dependent on UE’s capability for SRS transmission

· FFS: details

Agreements:

· Codebook subset restriction (CSR) is supported for Type I single-panel

· CSR supports DFT beam restriction and rank restriction

· Beam restriction is bitmap of length N1O1N2O2 where each bit is associated with DFT beam

· If a PMI is comprising of at least one restricted DFT beam, this PMI is considered as restricted

· FFS:  Beam restriction for rank 3-4 codebooks for 16,24 and 32 ports

· CSR is supported for Type I multi-panel

· CSR supports at least rank restriction and beam restriction

· FFS: Details

· FFS beamforming direction restriction, e.g., it can include at least DFT beam

· FFS CSR for Type II

· CSR supports DFT beam restriction and rank restriction and FFS power restriction

· FFS: Details

· FFS: Impact of CSR on CSI reporting payload size

· FFS CSR for 2Tx

Agreements:
· R1-1715288 is agreed

· Note: the ordering of UCI bits is to be decided by channel coding session

Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

Agreements:

· Support the following for group based beam reporting, if group based beam reporting is configured:

· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously

· Note: UE may report N or fewer beams in a given reporting instance

· N is configured by the gNB where N<= Nmax

· Nmax depends on UE capability

· FFS:  how to define the UE capability

· N =2 is supported. Further study {4,8}

· Notes: Information indicating group is not required to be reported in Rel-15

· Note: 

· From the perspective of Alt-1, the UE reports one group with N Tx beams.

· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.

· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied

Working assumption:

· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where

· The set configuration contains an information element (IE) indicating whether repetition is “on/off”

· Note: In this context, repetition “on/off” means:

· “On”: The UE may assume that the gNB maintains a fixed Tx beam

· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam

· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols

R1-1714798
WF on Beam Reporting NTT DOCOMO, AT&T, ZTE, MediaTek, Mitsubishi, LGE, NEC, Intel, Huawei, Sony
Agreements:
· At least for non-grouping based beam reporting, taking the following parameter values for further consideration

· For maximal TX beam numbers for a UE to measure for a given reporting instance: candidate value is, e.g., around K = [64]

· For maximal TX beam numbers reported by a UE per reporting instance are, e.g., N = [1, 2, 4, 8]

· For L1-RSRP levels, candidate value is, e.g., around [100]

· Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm

· Considering step-size of L1-RSRP, e.g., Z dB

· Companies are encouraged to evaluate/analyze appropriate values considering

· P1, P2, and P3 procedures

· The values could be different for aperiodic reporting, and semi-persistent/periodic reporting if supported

· The values could be different for PUCCH and PUSCH based reporting, if supported
· CSI-RS and/or SS-block related measurement/reporting
Agreements:

· Support UE to provide information to gNB to assist UL beam management

· The information can be a number representing the amount of SRS resources required for UE Tx beam training

· FFS the supported number(s), taking into account performance and implementation complexity aspects

· Note: these set of SRS resources are associated with a set of Tx beams

· FFS: signaling method

· E.g., capability signaling, or msg3, or dynamic signalling

· FFS: impact of multi-panel 

· FFS: if to support the antenna structure with both omni-directional antenna panel and directional antenna panel, whether or not there is any additional impact

Agreements:

· Beam failure is declared only when all serving control channels fail.

· When a subset of serving control channels fail, this event should also be handled


· Details FFS

Agreements:

· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification

· The following options can be configured for new candidate beam identification  

· CSI-RS only

· Note: in this case, SSB will not be configured for new candidate beam identification

· SS block only

· Note: in this case, CSI-RS will not be configured for new candidate beam identification

· FFS: CSI-RS + SS block

Working assumption:

· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources.

· Note that CDM means the same sequence design with PRACH preambles. 

· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for content-free PRACH operation in Rel-15

· Note: this feature is not intended to have any impact on design related to other PRACH resources

· Further consider whether TDM with other PRACH is needed

R1-1715023 was agreed
Agreements:
· For CSI acquisition, the number of CSI-RS ports can be configured as 24 ports

Agreements:
· Support following CSI-RS RE patterns for CSI acquisition.

X
Density [RE/RB/port]
N
(Y, Z)
CDM
1
>1, 1, 1/2
1
N.A.
No CDM
2
1, 1/2
1
(2,1)
FD-CDM2
4
1
1
(4,1)
FD-CDM2
8
1
1
(2,1)
FD-CDM2

8
1
2
(2,2)
FD-CDM2, CDM4 (FD2,TD2)
12
1
1
(2,1)

FD-CDM2

12
1
2
(2,2)
CDM4 (FD2,TD2)
16
1, 1/2
2
(2,2)
FD-CDM2, CDM4 (FD2,TD2)
24
1, 1/2
4
(2,2)
FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)
32
1, 1/2
4
(2,2)
FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4) 
· TD4 in CDM8 in the above table always spans 4 adjacent symbols

· FFS until next meeting whether or not components are allowed to be non-adjacent in frequency

Agreements:
· For UE’s perspective,

· For REs that is configured as a CORESET,

· NZP CSI-RS is not multiplexed.

· For REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 

· FFS: Whether NZP CSI-RS can be multiplexed or not
Agreements:

· For CP-OFDM waveform based PUSCH and DFT-S-OFDM waveform based PUSCH without frequency hopping, the possible locations of UL DMRS symbol(s) are the same for a same number of DMRS symbol(s) for PUSCH

· FFS the case of DFT-S-OFDM waveform based PUSCH with frequency hopping

Agreements:

· DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource-specific, and is a function of at least the following parameters: scrambling ID and offset 

· FFS how to define the offset parameter (e.g., via signalling, implicitly derived, etc.)

· FFS the details of resource-specific (e.g., w.r.t to the wideband of a carrier, or a BWP, etc.)

· FFS the values of scrambling ID

· FFS other parameters

Agreements:
· For broadcast/multicast PDSCH:

· Additional DMRS is always present (Alt. 1)

· FFS: location and number of additional DMRS

Agreements:

· A UE is configured with the number of additional DMRS for PDSCH and as a working assumption for PUSCH with the following signaling method:

· By UE-specific higher layer signaling 

· For PUSCH, companies are encouraged to perform analysis/evaluations taking into account T/F sync impact particularly for front-loaded DM-RS

R1-1715082
Remaining issues on NR DM-RS
Qualcomm
Agreements:
· For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol, 

· FFS the applicability of each additional DMRS location depending on slot format or last PDSCH symbol, etc. 

· Note: See the agreed positions in the figure. 

· The yellow region in the figure below does not contain PDSCH.

[image: image3.png]



Working assumption:

· For 14-symbol slot and 2-symbol front-load DMRS

· One 2-symbol additional DMRS can be configured

· Companies are encouraged to perform additional evaluations and design analysis, also taking into account 1-symbol front-load DM-RS

Agreements:

· For 14-symbol slot and 1-symbol front-load DMRS

· At least two 1-symbol additional DMRS may be configured

· FFS whether or not to additionally support three 1-symbol additional DMRS may be configured

· Companies are encouraged to perform additional evaluations and design analysis

Agreements:
· Slide 6 in R1-1715261 is agreed

Agreements:

· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
Agreements:
· For DMRS for CP-OFDM with ECP (at least 60kHz SCS), configuration type 1 as in NCP is supported.
Conclusion:

· Frequency-domain DM-RS density reduction or increase for both configuration type 1 and configuration type 2 is not supported in Rel-15. Can be further discussed in future releases. 

Agreements:
· Confirm the Working assumption: 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM
Agreements:
· For pre-DFT PTRS insertion for DFTsOFDM
· Define for the sake of discussion the pre-DFT pattern as X chunks of K>=1 adjacent PTRS samples
· The chunk sizes K can be {1,2,Y}, values to be down-selected at RAN1#90bis 
· Y is a single value, larger than 2, FFS the exact value
· At most two K values is supported after down-selection

· FFS: configuration of K is by higher layer or implicit by DCI depending on e.g. allocation size and/or MCS 
· The supported number of chunks : X includes at least {2, Z}
· Z is larger than 2, FFS the exact value
· FFS: configuration of X is by higher layer or implicit by DCI depending on e.g. MCS 
· FFS: the exact positions of the chunks and sequence
· Note: K=1 corresponds to distributed allocation
Working assumption:

· PT-RS frequency density table for 60 and 120 kHz SCS

· The listed BW thresholds are only for the predefined (default) table.

· As agreed before, the BW thresholds (N_RBi,i=1,…) in this predefined table can be replaced by RRC configuration 

· If frequency density is 1/n, then every n:th RB in the scheduled BW carry a PTRS port

· FFS on RB location offset in steps of one RB

Contiguous Scheduled BW
Frequency density (1/n)
NRB < [3 or 1]
No PT-RS
[3 or 1]≤  NRB < [5]
[1]
[5]≤  NRB < [10]
[1/2]

[10]≤  NRB < [15]
[1/3]
[15]≤ NRB
1/4
· FFS; the case of non-contiguous resource allocation

· FFS: bracketed values to be decided

Agreements:
· When one or more of PT-RS RE(s) is overlapped with CSI-RS

· The one or more overlapping PT-RS RE(s) is punctured

Agreements:
· For DL, if one PT-RS port is configured for an DM-RS port group, 

· For 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation.

· For 2 CW case, down-selected between

· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.

· If MCS of the 2 CWs is the same, CW 0 is selected

· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)

· FFS: UE can provide some information to facilitate gNB to map the PT-RS port onto the layer with higher received SINR.

· FFS: information details, e.g. signaling carried by MAC-CE or UCI, UL signal e.g. SRS

· FFS: Which subcarrier to be used for PTRS mapping in RB assigned to contain PTRS

Agreements:
· PTRS is not mapped to RBs that are not scheduled for the UE

Working assumption:

· For non-consecutive scheduling, RBs are indexed among the scheduled RBs only
· For the purpose of identifying RB containing PTRS, RB indexing within scheduled RBs is common for contiguous and non-contiguous scheduling 
· Companies are encouraged to check whether or not there are significant issue(s) for the case of non-continugous scheduling taking into account PTRS density
Working assumption:

· SRS sequence for NR is supported for up to [272] PRBs by using LTE SRS sequences generation equation
· Companies are encouraged to evaluate PAPR and cross correlation properties of these sequences
· Note [272] PRBs corresponds to the maximum bandwidth support by NR

· FFS On the set of supported SRS bandwidths
Agreements:
· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier

· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not

· Option 1-1: symbol level TDM
· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization
· Examples of prioritization rules
· Example 1
· Always prioritize PUCCH over SRS
· Example 2
· If PUCCH contains ACK/NACK, prioritize PUCCH

· Otherwise prioritize SRS

· FFS the case of FDM SRS and short PUCCH

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

· Within the resource, each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols 

· FFS for the case with frequency hopping depending on RAN4 LS reply

Agreements:
· SRS transmitted in an active UL BWP has the same numerology as that configured for that BWP. 
· For LTE SRS sequences: 
· NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE)

· FFS the parameters used for configuring bandwidth allocation, e.g. whether or not CSRS and BSRS   can be reused in a UE specific manner

· NR should support to sound substantially all UL PRBs in a BWP 

· FFS details of SRS bandwidth sets and RE mapping methods

· Note that the design shall consider the maximum allowed bandwidth of a BWP
Working assumptions:
· At least X=2 is supported

· FFS on X= 1 and 4
· Check whether X=1 can provide sufficient Doppler spread estimation performance

· Total symbol number summed over X=2 slots is 4 (Consider further 2+2 and 3+1, support one or both (FFS)). 
· Consider further the positions, taking into account DMRS

Agreements: 
· Consider further supporting the bandwidth of TRS to be configured up to the bandwidth of the BWP in addition to ~24, ~50 RBs, and make decision in next meeting

· Sf=4 

· Y>=160ms is not supported. Consider further down-selection on other values agreed in RAN1AdHoc2 

Agreements:
· A UE can be configured multiple TRS at least if the UE supports multi-TRP/multi-panel deployment

· Details FFS

· TRS can be QCLed with PDSCH DMRS, regarding at least delay spread, average delay, Doppler shift and Doppler spread. 
· Configuration / signalling details FFS
· Note: The QCL assumption may be implicit via QCL assumption with other RS
· FFS for other QCL parameters
· TRS sequence is based on PN generator

· Study whether TRS is needed in idle mode

· For example, paging, RMSI, RAR demodulation performance by considering without TRS for Doppler spread estimation

· Study whether TRS needs to be configured on a BWP/carrier without SS block
· Study the relationship between SS burst, TRS, and DRX ON duration especially with longer DRX cycle
· The slots with TRS can be immediately after SS burst before the starting point of DRX ON duration. The DRX ON timing is aligned with SS burst within a number of slots
· There is timing offset between TRS and SS burst. The DRX ON timing is aligned with SS burst, or with TRS within a number of slots 
· Configure aperiodic TRS before the starting point of DRX ON duration, so that DRX ON timing is independent of SS burst appearance 
· Other solutions are not precluded
Agreements:
· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS at least for sub-6 GHz

· Before receiving the RRC configuration of TRS, FFS

Agreements:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:

· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:

· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively

· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group

· Note: The RSs within a RS set may be of different types

· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc

· Configuration of RS set for each state can be done via higher layer signaling

· E.g., RRC/RRC + MAC CE

· FFS the timing when the QCL is applied relative to the time of the QCL indication

Agreements:
· FFS the indicator state referred in below text may or may not be the indicator state defined in R1-1714885
· Following ways of configuring QCL relations between a reference RS and a targeted RS are supported
· If configured, at least spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· FFS : Other candidate relations
Agreements:
· For single CC/BWP and single TRP, at least the following is supported:

· Antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS wrt to the following parameters:

· TRS w.r.t . {average delay, delay spread, Doppler shift, Doppler spread} and one of SSblock w.r.t {spatial Rx parameters} or NZP CSI-RS w.r.t. {spatial Rx parameters)

· FFS Antenna ports of DM-RS can be QCL-ed with SSblock w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters} for PDSCH demodulation before TRS configuration

· FFS for PDCCH

· FFS the case where antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS: 

· SS block: w.r.t .{average delay, FFS delay spread, Doppler shift, FFS Doppler spread, spatial Rx parameters}

· Especially regarding whether this case must be supported if there is potential absence of TRS or not

· FFS Antenna ports of DM-RS can be QCL-ed with NZP CSI-RS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}

· FFS Antenna ports of DM-RS can be QCL-ed with TRS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}

· Other cases are FFS

· Companies are encouraged to perform analysis and evaluations to finalize the supported case(s)

R1-1715256 (R38.802_CR_Section_7.1.6_MIMO calibration) was agreed


	Scheduling/HARQ aspects

	· Agreements:
· Working assumptions are confirmed with the following details.

· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.

· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.

· FFS: CORESET(s) configured by non UE-specific signaling.

· FFS: UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.

· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
· Agreements:
· Interleaving operates on REG bundles
· FFS: interleaving in the case if and when gNB informs to the UE to assume the same precoder over multiple REG bundles
· Agreements:
· For interleaving CORESET, the interleaving pattern is derived by the CORESET configuration and is not dependent on other CORESET configuration.
· Note: 

· Following metrics can be considered

· Good frequency distribution of REG bundles within the CORESET

· Blocking probability for potential overlapped CORESET(s)

· Inter-cell/inter-TRP interference randomization

Agreements:
· DMRS density for a CORESET is down-selected between 1/3 or 1/4.

· FFS: need of additional DMRS density.

· Sequence, density, and applicability of MU-MIMO is still under discussion
Working assumption:
· DM-RS density per REG is 1/4 at least for normal CP
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.

· FFS: URLLC

Agreements:
· The CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s)
Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].

· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X
Agreements:
· Supported aggregation levels for NR-PDCCH are at least 1, 2, 4, 8
· FFS 16 and 32 aggregation levels and also other numbers
Agreements:
· A PDCCH search space at an aggregation level in a CORESET is defined by a set of PDCCH candidates
· For the search space at the highest aggregation level in the CORESET, the CCEs corresponding to a PDCCH candidate are derived as following

· The first CCE index of a PDCCH candidate is identified by using at least some of the followings
· (1) UE-ID, (2) candidate number, (3) total number of CCEs for the PDCCH candidate, (4) total number of CCEs in the CORESET, and (5) randomization factor
· The other CCE indexes of the PDCCH candidate are consecutive from the first CCE index
· Searching space design for the lower aggregation level can be discussed separately
Working assumptions:
· In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X

· The value of X does not exceed 44

· FFS the exact value of X

· FFS for multiple active BWP, multiple TRP, multiple carriers, multi beams
· FFS for non-slot based scheduling
· FFS numerology specific X
Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH is rate-matched around the resource set(s) when the scheduled PDSCH overlaps 

· FFS: exact configuration of a resource set including granularity.

Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).

· FFS: details of the L1 signaling 

· FFS: exact configuration of a resource set including granularity

Agreements:
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded
Working assumption:
·  ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

Working assumption:
· False alarm target equivalent to 21 bit CRC (i.e., 2-21) is supported for NR DL control channel
Agreements:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.

· Further study 24 or 48 REs.

· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).

· Including comb-structure

· For the sequence length of 12 REs,

· The supported number of base sequences is 30

· The number of cyclic shifts available for one base sequence is 12
Agreements:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· The number of PRBs that can be used for a PUCCH is configurable.

· Support contiguous and non-contiguous PRB allocation.

· If prioritization is necessary, contiguous PRB allocation is prioritized.

· The number of DM-RS REs per PRB is 4.

· DM-RS REs are at the fixed positions within a PRB.
· The sequences used for DM-RS are one of the following:

· Option 1: PN sequences as for PUSCH
· Option 2: LTE computer-generated/ZC sequence

Working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· DMRS REs are evenly distributed within a PRB

· FFS: Shifted mapping
Agreements:
· For 2-symbol short-PUCCH for UCI of more than 2 bits, encoded UCI bits are mapped across two symbols.
· FFS: 1 symbol short-PUCCH for UCI of more than 2 bits are repeated across 2 symbols with or without freq. hopping
Agreements:
· For a long-PUCCH for UCI of up to 2 bits,

· Confirm the WA:

· DMRS always occurs in every other symbol in the long PUCCH
· FFS: even or odd symbols
· For a long-PUCCH,
· Frequency-hopping is enabled/disabled by RRC signaling.

· FFS: if frequency-hopping is always enabled for a long-PUCCH with larger than a certain duration
Agreements:
· Frequency-hopping for a PUCCH occurs within the active UL BWP for the UE

· FFS message 4 ACK/NACK
· FFS multiple active BWP

· The active BWP refers to BWP associated with the numerology of PUCCH
Agreements:
· Long-PUCCH for moderate UCI payload with multiplexing capacity is supported

Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· If frequency-hopping is enabled,
· For each frequency-hop with less than X symbols, there is one DMRS symbol.

· X is not smaller than 4.

· For each frequency-hop with equal to or more than X symbols, there are two DMRS symbols.

· For each frequency-hop, at least one DMRS symbol is included.

· FFS: number of DMRS symbols if frequency-hopping is disabled.

· Targeting one value for X.

· FFS: The value of X

· FFS: DMRS structures
· Note:

· Continue discussion on simulation assumptions

Agreements:
· Simulation assumptions for purpose of identifying the number of DMRS symbols for long PUCCH format without multiplexing capability for more than 2 bits UCI payload

· System bandwidth = 20Mhz

· Subcarrier spacing = {15kHz, 30 kHz}

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

· # UE Tx =1, # gNB Rx =2 ( Optional: # gNB Rx = 4 and 32)
· Payload sizes without CRC: 20bits, 60bits, 100 bits (only for 14 symbols long PUCCH)

· Number of RB = {1 RB} 

· Carrier frequency = 4Ghz

· Number of UEs = {1}

· UE speed: 3km/h, 120km/h, 500km/h at least for 20 bits 
· Polar code with 8+3 CRC and/or TBCC with 8 CRC bits
· Practical channel estimation and ideal noise estimation

Agreements:
· For the format of long PUCCH supporting multiplexing of users, target to select one from:

· Alt.1: User multiplexing is realized by time-domain OCC.

· Alt.2: User multiplexing is realized by pre-DFT-OCC.

· Alt.3: User multiplexing is realized by FDM within the PRB.

· Alt.4: User multiplexing is realized by pure TDM in the slot.

· Note: Other alternatives are not precluded.

· Note: The following Simulation assumptions are recommended:

· System bandwidth = 20Mhz

· Subcarrier spacing =  {15kHz, 30 kHz}

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

· # UE Tx =1, # gNB Rx =2 ( Optional: # gNB Rx = 4 and 32)
· Payload sizes without CRC: 4bits, 10bits, 20bits, 40bits

· Number of RB = {1} 

· Carrier frequency = 4Ghz

· Number of UEs = {at least 2}

· UE speed: 3km/h, 120km/h, 500 km/h 
· Reed-Muller for 4 and 10 bits
· Polar code with 8+3 CRC and/or TBCC with 8 CRC bits
· Practical channel estimation and ideal noise estimation

· Note: Study of the effect of impairments such as power imbalance, time/frequency errors are not precluded.

Agreements:
· In order to identify PUCCH resource, at least following are known by the UE:

· PUCCH format

· Starting symbol in a slot

· Which slot(s) the PUCCH is transmitted

· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· Code/sequence index(es)

· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· No additional parameters are identified

· For 2-symbol short-PUCCH for UCI of up to 2 bits,

· Code/sequence index(es)

· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,

· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,

· Duration of the long-PUCCH within a slot

· Note: take the case of multi-slot into account.

· Sequence/code index

· OCC and, e.g., cyclic-shift

· Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,

· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot

· Note: take the case of multi-slot into account.

· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,

· FFS: details

· FFS: for transmit diversity

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
Agreements:
· For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform

· At least for periodic CSI report configured by RRC and aperiodic CSI report triggered by UL grant, the UL data is rate-matched around the UCI
Working assumptions:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
· Note: NR ensures sufficiently reliable common understanding on HARQ-ACK bits between gNB and UE. 
Agreements:
· NR supports some combinations of following:

· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH

· Following is informed to the UE:

· One-slot case:

· Starting symbol and ending symbol in the slot.

· Which slot it applies to

· Multi-slot case:

· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to

· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to

· The starting symbol and ending symbol are applied to all the aggregated slots
· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot
· Non-slot (i.e., mini-slot) case:
· Starting symbol and ending symbol

· FFS: starting symbol is:

· Opt.1: Starting symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included
· FFS: ending symbol is:

· Opt.1: Ending symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the starting symbol
· Scheduling DCI with and without time domain field is supported

· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH
· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

· FFS: which are valid combinations
· FFS: handling of semi-static UL/DL and SFI assignment

Agreements:
· Single maximum TB size is defined for the reference case, and is not exceeded.

· Reference case is a slot with 14 symbols.

Agreements:
· RAN1 strives for finding TBS determination by using a formula

· The formula has following as parameters:

· The number of layers the codeword is mapped onto

· Time/frequency resource the PDSCH/PUSCH is scheduled

· Opt.1: The total number of REs available for the PDSCH/PUSCH

· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH

· FFS: Details of reference number

· FFS: for the case of more than one slot

· Modulation order

· Coding rate

· RAN1 should also consider at least the following:

· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission

· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation

· TBS determination for specific packet sizes (e.g., VoIP, etc)

· TBS determination for specific services (e.g., URLLC, etc)

· Possibility of decoupling the coding rate and modulation order for some cases

· Note: Byte alignment is required

· Note: in addition to the formula, table(s) may be needed to determine the TBS value

Agreements:
· It is up to RAN2 how many SR configurations the UE can be configured with.

· In case of SR only, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

· Multiplexing of SR and HARQ feedback is supported on short-PUCCH

· Multiplexing of SR and HARQ feedback is supported on long-PUCCH

· An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)

· Working assumptions:

· X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
· FFS: Supported periodicity values

· FFS: Possible limitations due to other factors

· One configured SR can be associated with either short or long PUCCH

Agreements:
· Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· It is not necessary to support Type 3 UL transmission without UL grant
Agreements:
· Support using MAC CE as an acknowledgement for L1 signalling for activation/deactivation of Type 2 UL transmission without grant (similar/same behaviour as in LTE SPS).
· Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:

· For Type 1:

· Option 1: Fixed to

· 1-1: a single value

· 1-2: a RV pattern  

· Option 2: RRC configured

· 2-1: a single value

· 2-2: a RV pattern  

· For Type 2:

· Option 1: Same as Type 1

· Option 2: Based on the L1 signalling

· Repetition number K for Type 2 UL transmission without grant is down-selected from the following:

· Option 1: Only RRC signalling

· Option 2: Combination of RRC + L1 activation signalling

· At least when an UL grant is used for retransmissions of Type 1 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed.

· FFS how to determine the RNTI.
· For Type 2 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed for activation/deactivation and at least for re-transmission.
· FFS how to determine the RNTI. 

· Send a LS to RAN2 to inform all the agreements (Lihui)

Email approval about LS until 31st August – Lihui (DOCOMO)
Agreements:
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.

· Option 1: Based on UL grant to indicate “ACK”

· Option 2: Group-common DCI

· 2-1: Only ACK 

· 2-2: ACK and NACK

· Option 3: Define a Timer, UE assumes following, when the Timer expires

· 3-1: ACK if an NACK is not received after the K repetitions

· 3-2: NACK if an ACK is not received 

· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 
· Note: UL grant for the same TB initially transmitted without grant can indicate “NACK”
Agreements:
· At least for single CW case, at least support that the maximum number of CBGs per TB is indicated by RRC signaling

· FFS whether also support to indicate the number of CBGs per TB by L1 signaling
Agreements:
· For DL CBG-based (re)transmission,

· Following information can be separately configured to be included in the same DCI:

· Which CBG(s) is/are (re)transmitted.

· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.

· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed

Agreements:
· At least for single CW case

· The maximum number N of CBG(s) per TB is configured by RRC signaling

· The number M of CBG(s) in the TB equals to min(C, N), where C is the number of CB(s) within the TB.
· For CBG construction
· The first Mod(C,M) CBG(s) out of total M CBG(s) include ceil(C/M) CB(s) per CBG 

· The remaining M-Mod(C,M) CBG(s) include floor(C/M) CB(s) per CBG. 

Agreements:
· Confirm the working assumption that, for initial transmission and retransmission, each CBG of a TB has the same set of CB(s).

Agreements:
· For multiple CW cases, the following can be considered.

· Option 1. The gNB configures the maximum number of CBGs per TB.

· Each TB has the same maximum number of CBGs.

· Option 2. The gNB configures the maximum number of CBGs per TB.

· Each TB can be configured with different/same maximum number of CBGs.

· Note: the gNB configures two parameters on the maximum number of CBGs per TB to the UE.

· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. 

· FFS: How to divide the total number of CBGs to two CWs

Agreements:
· For the purpose of further discussion, we conclude following:

· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining

· At least following is supported for DL CBG-based (re)transmission.

· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI

· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether jointly using other field as CBGTI or CBGFI

· FFS on multiple CW case.
· At least following is supported for DL and UL CBG-based (re)transmission.

· A DCI includes CBGTI.
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether NDI is re-interpreted as CBGTI

· FFS: whether jointly using other field as CBGTI

· FFS on multiple CW case
Agreements:
· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB

· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))
· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs

· Each HARQ-ACK bit corresponds to each CBG
· FFS payload size reduction

· ACK is reported for a CBG if the same CBG has been successfully decoded

· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs
Agreements:
The candidate factors for (N1,N2) processing time characterization (Step 3) are given in following table

· Nominal assumptions are provided for this characterization in the table, for which the (N1,N2) values are evaluated

· Additional candidate factors indicated in [] can be optionally considered for (N1,N2).

· It is understood that if nominal assumptions change, the (N1,N2) characterization can be modified accordingly.

Candidate factors for UE processing time (N1,N2)
N1

N2

Nominal assumptions

Single carrier / Single BWP / Single TRP

· Full range of MCS and multi-layer support up to the 4-layer MIMO and 256-QAM

· Up to 3300 active subcarriers2
PDCCH

· Same numerology / BWP as PDSCH

· Single grant monitored for PDSCH

· 44 blind decodes, single symbol CORESET
PDSCH

· PDSCH does not precede PDCCH

· 14-symbol slot-based scheduling

· Frequency-first RE-mapping, no time-interleaving of CBs across TB

PUCCH 

· Short formats for HARQ-ACK

Single carrier / Single BWP / Single TRP

· Full range of MCS and multi-layer support up to the 2-layer MIMO and 64-QAM

· Up to 3300 active subcarriers

PDCCH

· Same numerology / BWP as PUSCH

· Single grant monitored for PUSCH

· 44 blind decoding, single symbol CORESET

PUSCH

· 14-symbol slot-based scheduling

· No time-interleaving of CBs across TB 

· DFTsOFDM or OFDM

· Front loaded DMRS for low latency4
· No UCI multiplexing

Candidate factors 

· SCS

· DMRS configuration3
· [Percentage of peak rate]

· [RE-mapping1]

· SCS

· RE-mapping (depending on specification)1 
· [Percentage of peak rate]


1Preferred RE-mappings may be specified in cases where decisions are pending.
2Some consideration can also be given to N1 when the 3300 active subcarriers are achieved with carrier aggregation. 
3Front loaded and distributed patterns are assumed. For front loaded, the 3rd and 4th symbols have DMRS. 
4N2 is measured from the start of DMRS (since front-loaded assumption is made). One DMRS is TDM with PUSCH.

Agreements:
· NR specification should decouple the transmit (or RV) buffer from soft buffer size of the UE receiver.

· Note: transmit (or RV) buffer refers to the PDSCH rate-matching buffer

Agreements:
· Remove the support for 7-symbol slots from NR

· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling
· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
· Allow additional DMRS position with non-slot based scheduling
· RAN1 recommends to define test cases for following cases:

· Slot-based scheduling for downlink

· The first DMRS position of the PDSCH is fixed on the 3rd or 4th symbol of the slot

· Non-slot-based scheduling for downlink

· The first DMRS position of the PDSCH is the 1st symbol of the scheduled data

· At least PDSCH durations of 2, 4, and 7 OFDM symbols including DMRS are recommended to be specified

· Note: the LS includes the motivations of selected values

· Note: Final decision is up to RAN4

LS was agreed in R1-1715188 with following updates

The PDSCH durations of 2, 4, and 7 OFDM symbols (including DMRS) are motivated by

· Support of PDSCH durations that align with SS block transmissions with the same or different numerology in order to allow FDM of SS block transmissions and PDSCH transmissions , especially if TxRP uses beam-sweeping (e.g., above 6GHz)

· This use case includes unicast and broadcast PDSCH
· This use case includes FDM across CC in case of intra-band CA where the same RF hardware is used for more than one CC 

· Support of finer TDM granularity of scheduling for the same/different UEs within a slot, especially if TxRP uses beam-sweeping (e.g., above 6GHz)

· This use case includes unicast and broadcast PDSCH (e.g., for RMSI)

· Support of very low latency 
· Support of NR transmissions scheduled in LTE non-MBSFN subframes 

· PDSCH can be scheduled on OFDM symbols not carrying CRS

· Support of forward compatibility, e.g., multiplexing of Rel. 15 waveforms with future services, e.g., integrated access and backhaul

Agreements:
· Preempted resource(s) within a certain time/frequency region (i.e. reference downlink resource) within the periodicity to monitor group common DCI for pre-emption indication, is indicated by the group common DCI carrying the preemption indication

· The frequency region of the reference downlink resource is configured semi-statically

· FFS: explicit signaling or implicitly derived by other RRC signalling

· The time region of the reference downlink resource is configured semi-statically 

· FFS: explicit signaling or implicitly derived by other RRC signalling

· The frequency granularity of pre-emption indication is configured to be y RBs within the reference downlink resource for the given numerology

· FFS: explicit signaling or implicitly derived by other RRC signalling

· Note: The y RBs can correspond to the whole frequency region of the downlink reference resource.

· The time granularity of pre-emption indication is configured to be x symbols within the reference downlink resource for the given numerology

· FFS: explicit signaling or implicitly derived by other RRC signalling

· Note: Time/frequency granularities of pre-emption indication should take into account the payload size of the group common DCI carrying the pre-emption indication

Agreements:
· Confirm the WA at RAN1 NR AH#2

· HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology

· The time granularity of a HARQ-ACK transmission on PUCCH, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission

· FFS: For cross-carrier scheduling, support the following functionalities

· Multi-slot scheduling (i.e., one DCI schedules N slots with N TBs)

· For NR CA, for the scenario that all the carriers are 15Khz, around [32.47us] maximum uplink timing difference between two TAGs should be assumed in NR

· Granularity of TA for SCS = 15kHz is same as LTE

· Maximum number of TAGs is 4

· Note: final decision of the maximum timing difference is up to RAN4

· FFS: for other scenarios
· For NR CA, both semi-static and dynamic HARQ-ACK codebook are supported

· NR supports 2 cell groups for PUCCH for NR CA

· NR supports at least the configuration of one carrier transmitting the PUCCH within the cell group

· FFS The carrier transmitting the PUCCH is always PCC and/or carrier(s) transmitting the PUCCH can be SCC in a cell group containing PCC

Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state

· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling

· FFS the configuration is by RMSI and/or UE-specific signaling

· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH

· FFS: common PRB indexing for UL

Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI

· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

Agreements:
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap

· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET

Email approval of LS to RAN2 about bandwidth part until 31st August – Yunjung (LGE)


	Channel coding 

	LS was agreed in R1-1715317
Agreement: 

· LTB-CRC = 16 for TBs smaller than or equal to 3824 bits 

· LCB-CRC = 24 bits

· CRC polynomials: 

· 24 bits: Reuse both A and B from 36.212 for corresponding CB and TB CRCs 

· 16 bits: Reuse from 36.212

Agreement:

· Equal code block size after segmentation

· Working Assumption: TBS determination procedure ensures that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS (before addition of LDPC encoding filler bits).

· (If a special case emerges where the TBS determination procedure cannot achieve the above criterion, equal CBS would be achieved by zero-padding.)

Working Assumption, to be checked after finalisation of the TBS table and confirmed if TBSs exist for which the following is meaningfully beneficial and does not cause meaningful degradation: 
· For initial transmissions with code rate Rinit > 1/4*, BG2 is not used when TBS>3824 

· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 

· BG2 is used for initial transmissions with code rate Rinit <= ¼* for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840

· * ¼ is TBC at NR AH#3

Email agreement on the definition of Rinit until Wednesday 30th August (Yufei, Ericsson):

Alt 1: 

· Denote the code rate of the initial transmission after applying LBRM (if applied) as Rinit

Alt 2: 

· Rinit is the effective code rate at initial transmission of the transport block. An effective code rate is the code rate used in running the LDPC encoder and decoder, after taking into account both: 
· (a) the nominal code rate, as signalled in a control information to schedule the transmission of the transport block; and 
· (b) LBRM (if applied)
Modifications to the above alternatives can also be considered. 

This definition should also applies to previous agreements on BG selection.
Agreement: 

· A bit-level interleaver within a code block is included at the output of the rate matcher

Agreements: 

· Confirm the Working Assumption that the punctured systematic bits are not entered into the circular buffer

· Filler bits are entered into the circular buffer.

· The starting position of each RV is an integer multiple of Z.

· The starting positions of RVs for limited buffer should be approximately scaled from the full buffer positions, while remaining integer multiples of Z.

Agreement: 

X=3840

Y=0.67

Working Assumption: 

· Denote the input to the CRC computation by u0, u1, u2, …, uL-1, and the parity bits by p0, p1, p2, …, p23. The parity bits are generated by the following cyclic generator polynomial:

· gCRC24(D) = [D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1]

· After CRC calculation, the bits which will be fed into an interleaver are denoted by v0, v1, v2, …, vKmax+23, which fulfils:

· vk = uL-1-k

   for k = 0, 1, 2, …, L-1. 

· vk = <NULL>
for k = L, L+1, L+2, …, Kmax-1.

· vk = pk-Kmax

for k = Kmax, Kmax+1, …, Kmax+23.

· where Kmax = max(140, max DCI payload size in Rel-15 + 20),  and Kmax + CRC length is the size of the interleaver. 

· Then v0, v1, v2, …, vKmax+23 is fed to the interleaver. Denote the output of the interleaver is w0, w1, w2, …, wKmax+23. The relationship between the input and output of the interleaver is as follows:

· wk = vΠ(k)

for k = 0, 1, 2, …, Kmax+23,

· where the pattern is the pattern for nFAR=21 in R1-1712167. 

· If problems are identified with this pattern, companies can propose modifications to the polynomial and/or interleaver pattern at NR AH#3, keeping the modifications as minimal as possible.
Agreement: 

For UL code construction: 

· (nFAR + 3) CRC bits are generated by a single CRC polynomial

· CRC polynomial is FFS 

· Companies are to provide CRC proposals by 6th September

· Working Assumption: The CRC bits are attached as a block to the end of info bits

· Can be revisited at NR AH#3 if FAR is shown to exceed 1.5 x 2^-nFAR.

· FFS until Friday:

· K + nFAR > 100: nFAR = 16

· 22 <= K + nFAR <= 100: nFAR = 8

· 12 <= K + nFAR <= 22: nFAR = FFS till Fri

Proposal for email agreement by Wed 30th August – Yufei (Ericsson):

· 12 <= K + nFAR <= 22: 

· For 8<=K<=18, nFAR = 4

· This gives: 12<= K + nFAR <= 22

· 22 <= K + nFAR <= 256: 

· For 19<= K <=248, nFAR = 8

· This gives: 27 <= K + nFAR <= 256

· K + nFAR > 256: 

· For K>248, nFAR = 16

· This gives: K + nFAR > 256

Conclusion: study further until NR AH#3

Conclusions:

· Huawei, Ericsson and Samsung sequences are selected according to the procedure from the last meeting. 

Agreement: 

· Huawei sequence from R1-1712174 is selected. 

Observations: 

· Performance is very close between the two options in R1-1715000
· Main comments focus on complexity differences and feasibility of overcoming complexities

Working Assumption: 

· Polar rate matcher: Option 2 from R1-1715000 with corrections of typos:

· Slide 13: in top part of figure, second “25” -> 26

· Slide 15: 0.7/16 -> 7/16

· Channel interleaver:

· Uplink: Triangular interleaver (e.g. as in R1-1713474)

· Downlink: Parallel rectangular interleaver (e.g. as in R1-1714691)

· To be confirmed at NR AH#3 unless it is shown that there are no meaningful benefits of including the downlink channel interleaver, using evaluation assumptions in R1-1714983
Agreement: 

· R1-1714983
Proposed Evaluation assumptions for Polar Channel Interleaver for DL
Intel, Fujitsu

· Results with other channel models are not precluded in addition. 

· Interference modelling can also be included. 

· Use the distributed CRC and interleaver from the Working Assumption. 

Agreement: 

· For UL, the channel bit interleaver is a separate stage after rate matching.

· For DL, see working assumption above in 6.1.4.2.3.

Conclusion: See above for Working Assumption. 



	Duplexing

	Agreements:

· TRP-to-TRP measurement is not specified in NR Rel-15 (i.e., left to NW implementation)

Agreements:
· UE-to-UE interference measurement and reporting can be configured to be ON or OFF semi-statically and UE-specifically
· Note: there may or may not be an explicit ON/OFF indicator; in the latter case, it can be implicitly derived by other parameters (if any)
Agreements:
· Definitions of metrics for CLI:
· SRS-RSRP:
· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions
· RSSI:
· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE
· For SRS-RSRP based UE-UE CLI measurement  

· At least SRS can be used for UE-UE CLI measurement
· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS

· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 

· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 

· FFS details, e.g. configuration signaling, measurement triggering mechanism

· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.

· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect

· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported

· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]

· FFS whether there is spec impact. 

· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement

· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]

· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 

· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement

· FFS whether or not to have measurement accuracy relaxation

· For RSSI based UE-UE CLI measurement  

· UE can be configured with a set of resource elements to measure UE-UE CLI interference.

· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism

· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement

· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement

· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement

· To conclude whether or not to down-select the above two approaches in the next meeting



	NR-LTE coexistence

	Agreements:
· Define the necessary mechanisms to ensure that NR-PUSCH which carries only control information can reach a similar coverage as NR DL control in scenario 1

· Example mechanisms 

· Support for a small TB size design to carry RLC-feedback and CSI-feedback

· FFS for piggybacking HARQ-ACK

· Support for TTI bundling / repetition, TBS scaling for improved coverage for NR-PUSCH

· Note that these mechanisms may be useful for other scenarios, e.g., scenario 2
Agreements:
· For LTE-NR coexistence in overlapping spectrum,

· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including

· LTE cell on/off configuration with details up to RAN3

· LTE MBSFN subframe configuration

· DL and/or UL carrier center frequency (ARFCN) 
· Carrier bandwidth
· Signaling related to timing synchronization and SFN

· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio-frame-boundary aligned

· Note: It is up to RAN3 if this requires new procedures in addition to signaling support

· Indication of semi-statically used resources (to avoid collisions with, e.g., CSI-RS, SRS, PRACH, PUCCH, DRS, PSS/SSS, PBCH, …)

· Indication of slots/PRBs not intended for transmissions by the eNB and gNB, respectively

· For LTE-NR coexistence in adjacent spectrum,

· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including

· Signaling related to timing synchronization and SFN

· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio-frame-boundary aligned

· Note: It is up to RAN3 if this requires new procedures in addition to signaling support

· TDD UL/DL configuration in case of LTE and NR and special subframe configuration in case of LTE

Draft LS in R1-1714978, which was endorsed and agreed in R1-1715041 (with the red color text updated to black color)

Agreements:

· RAN1 should investigate resource management approaches (e.g., time-domain, frequency-domain, etc.) for handling harmonic-related interference between a pair of UL (F1) and DL (F2) carriers 

· The investigation should include performance, complexity, necessary potential specification impacts (e.g., network signaling, etc.), etc.

Agreements:
· When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· For LTE carrier, UE can be configured with 

· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 

· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied

· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration

· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact

· Case 2: Release 15 LTE-FDD HARQ timing

· No impact on LTE RAN1 specifications

· Note: it doesn’t necessarily imply that UE has to support both cases

· 
Agreements:

· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2 
LS was agreed in R1-1715260
Agreements:

· Each UL carrier (including SUL) available for initial access has its own separate power control configuration.

· Power adjustment for SUL should be taken into account in the uplink power control

· The power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI.

· Note: it may be possible to include the power adjustment in P0.



	UL power control

	Agreements:
· At least for LTE-NR NSA operation

· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately

· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 

· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax

· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.

· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.

· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation

· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability

· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 

· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)

· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation

· For LTE, no change in power control procedure

· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE

· The following is FFS

· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)

LS was agreed in R1-1715313
Agreements:

· For open-loop power control parameters for PUSCH for a UE, 

· gNB configures one or multiple P0 values 

· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)

· gNB can configure one or multiple alpha values

· FFS the case of closed-loop power control 

· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control
Agreements:

· PL calculation can be based on periodic CSI-RS if configured at least for the following cases:

· PUSCH
· SRS 

· PUCCH 
Agreements:
· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission

· E.g., specification of fixed power back-off, specification of power back-off as MPR



	Others

	R1-1714807(WF on pi/2 BPSK with Spectrum Shaping) was agreed
LS was agreed in R1-1715312 with following updates
RAN1 would like to ask RAN4 to take into account the above RAN1 views on defining the performance requirements for PUSCH pi/2 BPSK modulation.


3. RAN WG1 progress at RAN1 NR AH#3 (September 2017)

	Initial access and mobility


	· For format 3, use table below. 

· The values in red are working assumption
ZeroCorrelationZoneConfig

Sequence length 839, SCS = 5KHz

Unrestricted

Restricted set type A

Restricted set type B

0

0

36

36

1

13

57

57

2

26

72

60

3

33

81

63

4

38

89

65

5

41

94

68

6

49

103

71

7

55

112

77

8

64

121

81

9

76

132

85

10

93

137

97

11

119

152

109

12

139

173

122

13

209

195

137

14

279

216

-

15

419

237

-

Agreements:
· Restricted set is not supported for NR PRACH preamble based on short sequence length

· Use one common table for cyclic shift (Ncs) values for short sequence based PRACH formats for all SCS

· The number of cyclic shift values is up to 16 values represented by 4 bits, the following table is adopted

ZeroCorrelationZoneConfig

Ncs values

0

0

1

2

2

4

3

6

4

8

5

10

6

12

7

13

8

15

9

17

10

19

11

23

12

27

13

34

14

46

15

69

Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval

· FFS: time interval e.g 5/10/20ms

· FFS pattern

· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH

· FFS: Within each slot 

· Alt1: RACH resources within a slot are consecutive

· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols

Agreements:
· At least for initial access, 

· The PDSCH for RAR is confined within NR UE minimum DL BW for a given frequency band

· The PDSCH for Msg4 is confined within NR UE minimum DL BW for a given frequency band. 

· FFS: If PDSCH for RAR and Msg4 are confined within initial active DL BWP.

· Send an LS to RAN4 informing tone spacing and bandwidth of different RACH preamble formats 

· Check if these RACH preamble formats are confined within UE’s minimum UL BW 

· Assigned to Dhiraj (Samsung) – R1-1716805, approved in R1-1716814 with the following updates

· The minimum uplink bandwidth needed for supporting this PRACH preamble format is 1.25MHz for 1.25kHz SCS and 5 MHz for 5kHz SCS.
· Update the action to: RAN1 would like to ask RAN4 to take the above information into account in their future work, and to inform RAN1 if there are concerns over the above information.
Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI

Agreements:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling((/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where ( is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4
Agreements:
· RMSI indicates only a single transmit power for SS blocks in Rel-15

· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP

· FFS details, including ping-pong effect handling 

Agreements:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4

· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4

Agreements:
· Msg3 is scheduled by the uplink grant in RAR
· Msg3 is transmitted after a minimum time gap from the end of Msg2 over-the-air reception 
· gNB has the flexibility to schedule the transmission time of Msg3 while ensuring the minimum time gap
· FFS the minimum time gap w.r.t. UE processing capability
Conclusion:
· FFS Message 2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to

· FFS Message 3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to

· FFS If there is no beam reporting in RACH message 3, Message 4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 4 is QCL'ed with that of Msg 2 

· FFS: If there is beam reporting in RACH message 3

· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption

Agreements:

· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier

· Different sets of RX beams can be used in measurements based on different measurement objects

· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object

· FFS

· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set

· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set

· Other alternatives are not precluded

Agreements:
· Candidate value(s) for SMTC window duration

· At least 1ms, 5 ms are supported

· FFS other values 

Agreements:
· At least for inter-frequency measurement, SS block based RSSI measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec

· At least for inter-frequency measurement, SS block based interference measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec

Agreements:
· Study further between the two alternatives on the type of the RSSI measurement resource in time domain: 

· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both

· Alt 2: RSSI is measured only within the DL part

· Note: UE at least knows that the OFDM symbols corresponding to the SS block locations indicated in the RMSI is for DL

· Note: Identification of the DL part of a slot of a serving/selected cell for the RSRQ measurement purpose, if necessary, will follow the decisions from the control sessions

· Study further among the following alternatives on the configurability of the RSSI measurement resource in time domain: 

· Alt a: The resource is predefined in the spec

· Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements

· Alt c: UE detects RSSI measurement resource

· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI

· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection

Agreements:
· For a cell group, 

· A single IS or OOS is reported by the UE 

· A single IS BLER is configured for a UE at time

· A single OOS BLER is configured for a UE at a time

· Configurable from two pairs of values for IS/OOS BLERs

· Detailed pair of values up to RAN4 to decide

· FFS whether the configuration is an explicit RRC configuraiotn or implicitly derived from other parameter

· FFS the case of URLLC & mMTC

· Send an LS to RAN4 capturing the above agreements, and also add:

· For the two pairs of values for IS/OOS BLERs, RAN1 discussed use cases such as VoIP vs. eMBB.

· LS to be drafted by Tomoya (DCM) in R1-1716862, which is agreed in R1-1716917
Agreements:
· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS the interference measurement resource related to the estimated link quality crresponding to the hypothetical PDCCH BLER
Agreements:
· RLM-RS is undefined until explicitly/implicitly configured.

· Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM

Agreements:
· When SS blocks are used as RLM-RS

· A set of SS blocks are explicitly configured by RRC

· When CSI-RS is used as RLM-RS

· a set of CSI-RS resources are explicitly configured as RLM RS by RRC

· FFS whether a subset of CSI-RS resources configured for P1 BM is configured as RLM-RS



	MIMO 

	Agreement:

For RE mapping for DFT-S-OFDM without frequency hopping:

· Option 1

For RE mapping for DFT-S-OFDM with frequency hopping, downselect between the following alternatives in RAN1#90bis:

· Option 1

· Option 3
Agreement:
· For DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15

· Additional codewords for antenna port selection will be also supported

· FFS: Details on the additional codewords for antenna port selection (e.g. number of codewords, scale factors, etc)

Working assumption
· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 
· Note: to support high rank transmission, multiple SRS resources should be indicated

· FFS: subband SRI indication

· FFS: Details of DCI for wideband SRI indication

· FFS: Details on how to reduce the overhead and SRS resource

Agreement:
For DFTsOFDM waveform based PUSCH, UL transmit diversity is not supported for PUSCH with DFTsOFDM from NR specification point of view

· Above applies for the RAN1 specification for completion by Dec, 2017 due to lack of simulation results
· Previous studies and decisions on UL TxD will be taken into account in future RAN1 discussions

Agreement:
The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary
Agreement:
· Support the 1 bit DCI indication for PRB bundling size
· Dynamic PRB bundling is part of UE capability signalling discussion;
· FFS details; 

· If UE does not support dynamic PRB bundling, then only one PRB bundling size is higher layer configured;
· FFS the detailed usage of the 1 bit;
Agreement:
RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.

Agreement
For non-PMI codebook, down-select one between the following alternatives

· Alt A: Port selection codebook is used for CQI calculation for non-PMI feedback

· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry

· Codebook subset restriction is supported to indicate a single precoder per rank in the codebook used for CQI calculation

· FFS whether this indication can be done by using L1/L2 signaling or RRC signaling

· Support at least up to 8 CSI-RS ports and 8 layers

· Alt B: Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback

· Port index indication selects the CSI-RS port(s) used for RI/CQI calculation per rank

· Indentity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation

· N ports are selected for rank N

· FFS Signaling details e.g. whether this indication can be done by using L1/L2 signaling or RRC signaling

· Support up to 8 layers and at least up to 8 CSI-RS ports

· If down-selection between the above alternatives cannot be achieved until RAN1#90bis, it's up to editor how to capture Alt A or Alt B in specifications

Agreement:
UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:

· Alt.1, a single CSI-RS resource for both channel and interference measurement

· Alt.2, separately configured CSI-RS resources for channel and interference measurement 

· UE shall assume each port in the set corresponds to an interference layer  

· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM

Agreement:
· Confirm the working assumption: NR supports semi-persistent IMR based on ZP CSI-RS for interference measurement for CSI feedback

Contents of R1-1716902 have been agreed
Conclusion:

The WF was presented and discussed in the MIMO session with clear majority to agree on all the slides in the WF. However, due to objection by Intel, LGE, an agreement could not be reached. The issue will be revisited in the main session on Thursday. Intel and LGE had concerns on Slides 6, 7(for long PUCCH for part1, support of A-CSI on long PUCCH), 11, 16 in R1-1716726. Rest of the slides were acceptable to LGE and Intel. 

R1-1716901 was agreed
Agreement:
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication

· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH

· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH

· Each TCI state can be configured with one RS Set

· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:

· SSB

· Periodic CSI-RS

· Aperiodic CSI-RS

· Semi-persistent CSI-RS

· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item

· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes

· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.

· The mechanisms used for different RS types are FFS

· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes

· FFS: Value of N, where N is at most [3] bits

Note: More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.

Agreement:
The QCL configuration for PDCCH contains the information which provides a reference to a TCI state

· Alt 1: The QCL configuration/indication is on a per CORESET basis

· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.

· Alt 2: The QCL configuration/indication is on a per search space basis

· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.

· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)

Note: The above options are provided as input to the control channel agenda item discussion

Agreement:

· For QCL indication for PDSCH:

· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI

· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state

· FFS: whether or not a QCL type is configured, configuration details are for further study

·  Whether or not the TCI field is always present in a given DL-related DCI is FFS

· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment

· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH

Conclusion: 

The the range of values for the following set of parameters are for further email discussion for beam management until Oct 6th 

· Minimum time between aperiodic CSI-RS for beam management and its DCI shall be at least KB symbols. Symbols measured from last symbol containing the DCI to first symbol of CSI-RS.

· For further discussion on the scenarios (where UE beam is changed or not from the last symbol containing the DCI to the first symbol containing the CSI RS)

· Note: the latency may include the DCI decoding latency

· The number of symbols between CSI-RS for beam management and the associated report shall be at least RB.

· Note: The start is calculated from the last symbol of the CSI-RS used for the measurement report and end time is calculated to be the first symbol of the associated report

· Note: CSI-RS may be for P1/P2/P3 procedures

The following set of parameters will be discussed over email until Oct 6th.

· Number of slots or symbols between indication of the spatial QCL for PDSCH and application of the PDSCH beam switch shall be at least DB
· Number of slots or symbols between indication of the spatial QCL for PDCCH and application of the PDCCH beam switch shall be at least SB
· Maximum number of Rx beam changes a UE can conduct during a slot shall not exceed BB.

· The number of measurement reports with L1-RSRP only per slot, per TRP, per component carrier shall not exceed C1B
· For beam management and CQI, the number of antenna ports per CSI-RS burst, for which the UE measures the channel, shall not exceed PB
· The max number of CSI resources to measure L1-RSRP within a slot shall not exceed [image: image7.png]


.

· The max number of simultaneously triggered CSI/beam reports is at most T​B
· Maximum number of Tx beam changes a UE can conduct during a slot shall not exceed [image: image9.png]


.
· Minimum time between aperiodic SRS for beam management and its DCI shall be at least [image: image11.png]


 symbols. Symbols measured from last symbol containing the DCI to first symbol of SRS.
· Maximum index of SRI for beam indication is [image: image13.png]



Agreement:
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 

· FFS: whether the set of SSBs is all of the SSB beams or a subset of them

· Alt1: Support configuration of SSB resources within a resource setting for beam management.

· L1-RSRP measurement on these resources is reported

· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.

· L1-RSRP measurement on these resources is reported

· Down-select between the two options

Agreement:
WA on trigger condition 1 for beam recovery request transmission is confirmed with following revision

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

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

Agreement:
The following working assumption is confirmed

· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources

· Note that CDM means the same sequence design with PRACH preambles. 
· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for contention-free PRACH operation in Rel-15
· Note: this feature is not intended to have any impact on design related to other PRACH resources
· Further consider whether TDM with other PRACH is needed
Note: Companies may further study the necessity and feasibility of additional cyclic shifts on the preamble sequences for transmission of beam failure recovery requests

Agreement:
· For new candidate beam identification purpose

· In CSI-RS only case, a direct association is configured between only CSI-RS resources and dedicated PRACH resources

· In SS block only case, a direct association is configured between only SS block resources and dedicated PRACH resources

· In CSI-RS + SS block case (if supported), an association is configured between resources of CSI-RS/SSB and dedicated PRACH resources

· CSI-RS and SSB can be associated with the same dedicated resource through QCL association

Agreement:
Different CQI tables can be configured to a UE at least in order to support different maximum order of modulations

· FFS: Whether the different CQI tables should consider minimum coding rate

Agreement:
NR should support non-adjacent mapping of CSI-RS components in frequency domain.

· The REs in each CSI-RS component should be adjacent

Uniform RE mapping across all 4 symbols for N=4 is supported.

· Support of non-uniform case is FFS

Agreement:
For ECP, NR supports the following: 
· CSI-RS reuses NCP CSI-RS resources 
· For beam management purpose, reuse 1-port NCP CSI-RS for beam management
· For beam management purpose, reuse 2-port NCP CSI-RS with D=1 for ECP in Rel-15 subject to RAN4 feedback

Send LS to RAN4 to request feedback on the following issues (Huawei, Xi):

· Feasibility of 2-port ECP/NCP CSI-RS with D=1 for beam management

· Feasible densities of 1-port ECP/NCP CSI-RS for beam management

Agreement:
All slides in R1-1716782 with the following revision to slide 5

· Down-select among the following options

· Opt. 1: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB

· Opt. 2: The starting subcarrier of a CSI-RS component RE pattern is not constrained, subcarrier in the given PRB. 

· FFS, additional constraints, e.g. considering size of the component RE pattern

· At least {6th,7th, 13th, 14th} OFDM symbol in a slot structure can be configured for CSI-RS transmission

· Note: The dependency of CSI reporting timing on the CSI-RS OFDM symbol locations will be discussed separately

· FFS: additional OFDM symbol locations

LS was agreed in R1-1716744
Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transsmisions

· The above applies for PDSCH and PUSCH without hopping

· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 

· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols

Agreement:
Frequency-domain staggering of additional DMRS with respect to the front-load DMRS inside a DL slot is not supported in Rel-15.

Working assumption
For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1

· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection 

Agreement:
For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.

· further discuss next meeting the support of the case of two 2-symbol additional DMRS.

· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.

DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource specific w.r.t to a wideband CC from network perspective.

Agreement:
NR supports up to 4 ports per-UE in MU-MIMO

· Study further the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the configuration type. 

Agreement:

· For slot-based scheduling, for PDSCH, when three additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd symbol, the three additional DMRS symbol can be at least configured in the 6th, 9th and 12th symbols.

· Note: See the agreed positions in the figure below.

· The yellow region in the figure below does not contain PDSCH.
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Agreement:
· For slot-based scheduling, for PDSCH, when two additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd or 4th symbol, the two 1-symbol additional DMRS symbols can be configured in the {8th, 12th} and {7th, 10th} symbol.

· Note: See agreed positions in the figure below.

· The yellow region in the figure below does not contain PDSCH
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· When the last two symbol of the slot do not contain PDSCH:

· The two additional DMRS can be configured in the {7th,10th} symbol
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Agreement:
· For slot-based scheduling, for PDSCH, when one 2-symbol additional DMRS symbol is configured for the 2-symbol front-load DMRS with the first symbol of front-load DMRS on the 3rd or 4th symbol, the one additional 2-symbol DMRS can be at least configured in the {9th-10th} or {11th-12th} OFDM symbols in a slot

· Example of applicability of the patterns for first symbol of front-load DMRS on the 3rd symbol. 
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Agreement:
For both contiguous and non-contiguous scheduling for the purposes of selecting RBs for mapping PTRS for CP-OFDM: 

· N_RB is interpreted as the number of scheduled RBs

· The scheduled RBs are indexed as 0 to N_RB-1 from the one with lowest PRB index to the one with highest PRB index

The same PT-RS frequency density table is used for contiguous and non-contiguous scheduling where N_RB is the scheduled BW.

Agreement:
· The subcarrier for which the PTRS associated with a certain DMRS port is mapped is the same in all RBs where PT-RS is present 
· The maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH, which is 2 in Rel-15

· The subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port, consider further these alternatives until Wednesday: 
· Alt.1 Fixed to smallest subcarrier index k 
· Alt.2 Default is fixed to largest subcarrier index k. Can be configured to other subcarriers by higher layer signalling. 
· Alt.3a Implicitly given by Cell ID 
· Alt.3b Implicitly given by another UE specific parameter (DMRS/PT-RS scrambling ID (if defined), C-RNTI,…)
· Alt.4 Each DMRS port maps PT-RS to a different subcarrier by a specified rule 
Agreement:
For mapping of PT-RS to RBs among the scheduled RBs for DL and UL: The no RB offset (=0, PT-RS is present in the scheduled RB with lowest RB index and then follows the pattern according to the PT-RS freq. density) is the default value if supported. Down-selection among the following alternatives in RAN1#90bis:

· Alt.1: RB offset is fixed (e.g., RB offset=0) in Rel. 15
· Alt.2: RB offset is determined based on UE-specific configuration 
· FFS default RB offset is needed
· FFS the RB offset is explicitly signaled via higher layer signaling or implicitly determined based on the UE specifically configured parameter (e.g., C-RNTI, SCID) 
· Companies are encouraged to provide evaluation results for next meeting to assess whether higher layer configuration of RB offset is beneficial for interference randomization
Agreement:
· For chunk-based pre-DFT PTRS insertion for DFTsOFDM, support the following
· The supported values for K (chunk size) are 2 and 4
· Implicit configuration depending on MCS/BW
· The supported values for X (number of chunks/DFTsOFDM symbol) are at least 2 and 4
· X implicitly depends on allocated bandwidth and/or MCS and/or K value
· Implicit configuration can be subcarrier spacing dependent
· FFS if K=1 is also supported and exact mechanism
· When X=2 is configured, downselect among the following:
· Alt. 1: chunks are placed head/tail of DFTsOFDM symbols containing PTRS
· Alt. 2: chunks are placed middle/tail of the  DFTsOFDM symbols containing PTRS
· Alt. 3: chunks are placed head/middle of the  DFTsOFDM symbols containing PTRS
· Alt. 4: chunks are placed middle of each of the X equally-sized parts of the  DFTsOFDM symbols containing PTRS
· For PTRS sequence, downselect from the following options:
·  Option 1:
· pi/2 BPSK PTRS is used for pi/2 BPSK PUSCH
· [FFS] PTRS sequence consists of the outermost points of the PUSCH constellation
· Option 2
· Reuse the same sequence as PTRS or DMRS sequence for UL CP-OFDM
· FFS: Time-domain PTRS density reduction is supported at least for allocated bands below N RB and/or some MCS
· Time-domain pattern depends on DM-RS positions (DFTsOFDM positions near DMRS do not contain PTRS)
· FFS: N value
· FFS: every other DFTsOFDM symbol not neighbouring DM-RS positions does not contain PTRS
· For RB allocation larger than N, PTRS density reduction is configured by RRC
Agreement:
Confirm the working assumption

· SRS sequence for NR is supported for up to 272 PRBs by using LTE SRS sequences generation equation
· Note: 272 PRBs corresponds to the maximum bandwidth support by NR

· FFS: On the set of supported SRS bandwidths
Agreement:
SRS ports more than 4 per SRS resource is not supported in Rel-15

Agreement:
· For antenna switching for SRS transmission within a carrier, at least support 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme 

· Design principle in LTE for SRS transmission can be a starting for the details in NR

· FFS: For the case UE with 2Tx, where one antenna have the capability of 1Tx to 3 antenna switching, and  another antenna have no switching

· FFS: SRS transmission for antenna switching and associated SRS resource / resource group configurations

· FFS: Antennas in a antenna group can transmit SRS simultaneously, and FFS on antenna indexing in each antenna group

· FFS: The relationship between SRS antenna switching and SRS resource hopping considering SRS repetition within one SRS resource

· This feature is used at least to acquire downlink channel information

Agreement
An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.

· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH

· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS

Working assumption from RAN1#90 on SRS short PUCCH prioritization is confirmed

Agreement:
· NR supports C_SRS and B_SRS to be UE-specifically configurable
Agreement:
The TRS symbol number in each slot for X=2 

· At least 2+2 is supported

· FFS: Support of 3+1

Agreement:
· For TRS, support TRS burst length X=2 slot.

· A slot containing SSB can be configured for TRS 

· TRS may be TDM with SSB to avoid collision

· FFS: TRS may be FDM with SSB to avoid collision

· Strive to have same burst pattern of TRS configurations with and without slot containing SSB

Agreement:

· The source and target RSs of a QCL configuration can be in the same CC or in different CCs by configuration

· Above is supported at least for CCs with same numerology in the same band from UE perspective

· FFS: Whether all or part of QCL parameters are derived from the reference CC

· FFS: Specification details on restriction on using this configuration (e.g.: based on UE capability, UE report)

Agreement:
RS combinations holding QCL assumptions:

· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz

· SSB ( DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)

· FFS whether restriction on PDSCH scheduling

· SSB ( DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)

· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP

· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH

· SSB ( TRS: [Doppler shift, average delay]

· Type A: 

· TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· TRS/CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread 

· FFS: Type B: 

· TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread 

· Study whether the widebeam TRS can be QCLed referenced for a narrow beam CSI-RS

· Study whether widebeam CSI-RS can be QCLed with a narrow beam DMRS

· After RRC for above 6 GHz

· RS combinations holding QCL assumptions TBD.



	Scheduling/HARQ aspects

	Agreements::

· Confirm the following working assumption:

· DM-RS density per REG is 1/4 at least for normal CP.
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.

· FFS: URLLC

· DMRS density per REG for extended CP is same as that for normal CP
Working assumption:

· For a CORESET, precoder granularity in frequency domain is:

· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET

· For ii), DMRS is mapped over all REGs within the CORESET.
Agreements:

· DMRS positions for PDCCH

· Working assumption: Equally-distributed within a REG

Working assumption:

· Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET.

Agreements:
· At least two DCI sizes are defined.
· One DCI size, which is at least for the purpose of fallback.

· FFS: for other purposes.

· One DCI size depending on configuration

· FFS: whether both DL and UL have the same size or different.

· FFS: for group-common DCI/PDCCH
· Note: the UE is not necessarily required to monitor two DCI sizes at the same monitoring occasion

Agreements:
· In a given CORESET

· Alt 1: different DCI formats

· Alt 2: different search spaces

      can have different monitoring periodicities.
· FFS which one

Agreements:
· Regarding dynamic SFI content definition

· The SFI carries an index to a table that is UE-specifically configured via RRC 

· FFS how to manage the table for future proof

· FFS how to define entries in the table

· FFS whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots)
Agreements:
· Confirm the following WA 

· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

Agreements:

· For semi-static DL/UL assignment 

· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration

· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration
Conclusion:

· The information listed in R1-1716581 is endorsed by RAN1 as a baseline for further discussion

· Further email discussion till next meeting on DCI contents including bitwidths for each information – Stefan (Ericsson)

Agreements:

· For simultaneous transmission of 2-bit HARQ-ACK and SR, short PUCCH for UCI of up to 2 bits is used
· Aim to conclude one solution in the next meeting (e.g., # of sequences, potential resource selection, potential spatial bundling, etc.)

· Confirm the following working assumption:

· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.

· Note: option 4 is sequence selection

Conclusions:

· Study further the following alternatives:
· Alt 1: The same set of sequences is used in short PUCCH and long PUCCH when each is used for transmission of up to 2 UCI bits on one PRB.
· Alt 2: The different set of sequences can be used in short PUCCH and long PUCCH when each is used for transmission of up to 2 UCI bits on one PRB.

Agreements:
· Confirm the following working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB

· For short-PUCCH for UCI of more than 2 bits, DMRS is mapped on #1, #4, #7, #10 REs for a given RB

· Note: the RE indexing starts from 0

· PN sequences as for PUSCH (opt. 1) is used for DMRS sequence of short-PUCCH for UCI of more than 2 bits

Agreements:
· For 2-symbol PUCCH with more than 2 bits, option 1-1 is not supported in Rel-15

· Note: Option 1-1 (UCI is repeated between two symbols) 
Agreements:
· For 2-symbol PUCCH with more than 2 UCI bits, the DM-RS density and pattern (i.e., the DM-RS locations) of 1-symbol PUCCH with UCI more than two bits are used for each symbol of the 2-symbol PUCCH

Agreements:
· For two-symbol short-PUCCH with up to 2 UCI bits, sequence hopping between the two symbols is supported.

· FFS: The details of sequence hopping. 

· For one or two symbol(s) short-PUCCH for UCI of more than 2 bits, the encoded bits are scrambled.

· FFS on the scrambling initialization for the encoded bits

Agreements:
· For long PUCCH for UCI of up to 2 bits, DM-RS is located in all the even symbols, where the symbol is indexed from the start of the long PUCCH of value 0

Conclusion:

· Study further frequency hopping boundary for long PUCCH of up to 2 bits with N symbols focusing on the following options:

· Floor (N/2) 

· Ceiling (N/2) 

· N/2-1 where mod(N,4)=2; floor(N/2) otherwise
· Floor(Ceiling (N/2)/2) × 2

· Starting symbol driven frequency hopping boundary

· Companies are encouraged to perform further evaluations and analysis, also considering alignment (if necessary) of PUCCH of different durations

Agreements:

· For long-PUCCH for UCI up to 2 bits, up to 3 OCC multiplexing capacity are supported with frequency hopping
· FFS: OCC multiplexing capacity values without frequency hopping.
· FFS: whether to have the same multiplexing capacity w/ and w/o frequency hopping for a given duration of long PUCCH.
· OCC multiplexing capacity for each long PUCCH duration (including FFS values) as listed in the following table 

· FFS on OCC length

· Note: It doesn’t imply that the OCC multiplexing capacity for DMRS and UCI are the same
Long-PUCCH duration N

OCC Multiplexing capacity M

with hopping
without hopping FFS
4

1

FFS [2]

5

1

FFS[2]

6

1

FFS[2]
7

FFS [1 or 2]  
FFS[2]

8

2

FFS[3-4]

9

2

FFS[3-4]

10

2

FFS[3-5]

11

FFS [2 or 3]  
FFS[3-5]

12

3

FFS[3-6]

13

3

FFS[3-6]

14

3

FFS[3-7]

Agreements:

· NR studies a new set of sequences for short PUCCH and long PUCCH for UCI bits up to 2

· For a fair comparison of at least length 12 NR CGS designs for PUCCH, the companies are encouraged to provide/re-evaluate their proposed sequences based on the following all or a subset of performance metrics

· Maximum PAPR/CM, minimum PAPR/CM, mean PAPR/CM (assuming at least 8x oversampling)  

· Maximum cross-correlation

· Between the base sequences for new NR sequences by applying all CS values

· Between the base sequences for new NR and LTE sequences by applying all CS values (LTE CGS for 1 and 2 PRBs ,and ZC sequences for >2PRBs up to 100MHz bandwidth) considering all partial overlapping

· Other examples for metrics can be but not limited to

· Statistics of cross-correlation (mean/max/std dev/95% tile)

· with both Method 1 (with NFFT=12*32) and Method 5 (Based on R1-163437)

· Note: Timing miss-alignment with other values for oversampling can also be realized with Method 5.

· And/or with aperiodic cross-correlation for different timing arrivals

· Modulation type, EVM

· Receiver complexity

· LTE CGS are used as the reference for performance comparison

Conclusion:

· For long PUCCH moderate payload size with multiplexing capability, aim to downselection between Alt 2 and Alt 3 next meeting – companies are encouraged to perform additional evaluations and analysis especially considering power imbalance

Agreements:

· For long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot can be down-selected from following alternatives:

· Alt1: The duration of long PUCCH in each slot is the same
· Alt2: The duration(s) of long PUCCH in each slot could be different
Agreements:
· Confirm the working assumption:

· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.

· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.

Agreements:
· For UCI on PUSCH, support both dynamic and semi-static [image: image19.png]ﬂoffset



 indication

· FFS the applicable case(s) for dynamic vs. semi-static indications

Agreements:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).

· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 

· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.

· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.

· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 

· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 

· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined
Agreements:
· For a set of operation conditions, two minimum (K1, K2) values representing two different UE capabilities are supported at least for slot-based scheduling
· Note: each of the minimum (K1, K2) is based on assumptions of a respective UE turn-around times (N1, N2)
· FFS the set of operation conditions (e.g., SCS, DM-RS locations, etc.)
· FFS detailed signalling of UE capability based on (N1, N2) or (K1, K2)
Agreements:
· The set of operation conditions at least include the contents & the notes of Table 1 and the 1st column and the 1st row of Table 4 & Table 5 in R1-1716865 

· The values in Table 4 can be used as a starting point for further discussion for one of the two UE capabilities at least for slot-based scheduling

· Note: the values for 60kHz and 120kHz are less mature

· The values in Table 5 can be used as a starting point for further discussion for the other of the two UE capabilities at least for slot-based scheduling

· Note: these values are less mature than those in Table 4

Agreements:
· Bundling of HARQ-ACKs across different CCs for a UE is not supported in Rel-15

Agreements:

· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB

· The repetitions follow an RV sequence 

· FFS how the sequence is defined in specification

· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots

· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

Agreements:

· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)
· Note that this doe not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15
The LS in R1-1716847 is endorsed in R1-1716875 with the following update:

· In RAN1#90, RAN1 agreed that it is up to RAN2 how many SR configurations the UE can be configured with. Therefore, RAN1 recommends RAN2 to make a decision within their scope particularly regarding the max number of SR configurations within a single UL BWP.   Therefore, from RAN1 perspective, up to [8] SR configurations can be supported in a single UL BWP for a UE. 
Agreements:
· Type 3 UL transmission without UL grant is not supported in Rel.15.

Agreements:
· The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and  mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017)

· FFS BWP related information for frequency domain resource allocation

Agreements:

· For UL transmission with grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
Agreements:

· For Type 1 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from UE-specific RRC
· 1-1: Explicitly configured by the RRC
· 1-2: Implicitly derived by other information in RRC
· E.g., some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· Option 2: waveform type follows the information by RMSI for Msg3
Agreements:

· For Type 2 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
· Aim to have the same solution as in the UL with grant case

Agreements:
· Multiple resource configurations for UL tx without UL grant can be configured to a UE 

· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission

Agreements:
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL preemption indication within the same or different CORESETs

Agreements: 

· As a working assumption
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication

· For determination of the frequency region of the reference downlink resource for preemption indication, down select between the following options in RAN1#90bis

· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC

· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP

· NOTE: Companies are encouraged to address the issues highlighted in the offline summary T-doc R1-1716911

Agreements:

· The minimum periodicity for UE to monitor group common DCI for DL preemption indication is down-selected between

· Option 1: one slot

· Option 2: less than a slot

Agreements:
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

Agreements:
· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE

· FFS association of DL BWP and UL BWP

· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions

Agreements:
· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell

· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)

Agreements:

· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design
Agreements:
· For NR CA:

· If CIF is present in DCI, the bitwidth is fixed at 3 bit

· Note: BWP index (if available) is always a separate information field

· FFS detailed conditions for CIF presence

Working assumption:

· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET

· The offset(s) depends on CIF

· FFS details

· FFS the case of same DCI size (whether to have shared search space or not)

Agreements:
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell

· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)



	Channel coding

	Agreement:

For the per-codeblock bit-interleaver for LDPC: 

· Row-column interleaver with number of rows equal to the modulation order is adopted, with row-wise write and column-wise read. 

· Note that this achieves Systematic Bit Priority Ordering for RV0

· The number of coded bits in a code block is an integer multiple of the modulation order

Working Assumption: 

· The interleaver is located after the whole rate matching functionality including repetition 

· To be confirmed at RAN1#90bis. 

Conclusions: 

FFS until RAN1#90bis, and take decisions then: 

· Whether mapping order of bits to modulation symbols is reversed in retransmissions, subject to defining how to avoid ambiguity, e.g. by using the natural order for the first transmission of RV0, and the reverse order for retransmissions of RV0 (as indicated by NDI)

· Suggested cases when this may be beneficial:

· When Chase combining with RV0 is used?

· With HOM and repetition?

· With HOM and low code rate?

· In fading channels?

· …

Observations:

· Some small gains are seen in some cases for non-uniform starting positions

· But many companies propose uniform starting positions as a “safe choice”

· Some advantages have been mentioned for having another self-decodable RV available at all code rates

· Bit reordering proposal has additional complexity associated with it

Agreement: (as a good compromise considering self-decodability, performance and complexity)
· When LBRM is not applied, fix RVs {0,1,2,3} at {0,17,33,56} x Z for BG1 and {0,13,25,43} x Z for BG2

Default RV order for any special cases where RV index is not explicitly signalled but there is no ambiguity about which instance of a transmission occurred:

· Evaluate at least {0,2,3,1} and {0,3,2,1} until RAN1#90bis. 

· Take final decision at RAN1#90bis. 

FFS for cases where there may be ambiguity, if any such cases exist – discuss offline until RAN1#90bis. 

Note that order of RVs should be discussed in the channel coding session, e.g. if it is decided elsewhere to support RV cycling. 

Agreement: 

· Rinit value to be used in the Working Assumption from RAN1#90 is 

· 0.25

Working Assumption from RAN1#90, to be checked after finalisation of the TBS table and confirmed if TBSs exist for which the following is meaningfully beneficial and does not cause meaningful degradation: 
· For initial transmissions with code rate Rinit > 1/4, BG2 is not used when TBS>3824 

· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 

· BG2 is used for initial transmissions with code rate Rinit <= ¼ for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840

Conclusion:

· FFS until RAN1#90bis what is the highest code rate supportable by each BG with acceptable performance. 

Working Assumption:

· Use base graph #1 for combinations of block lengths K>308 and code rates (as defined in previous email discussion) R>2/3.

· Base graph #2 may be used for block lengths K≤308 and code rates R>2/3, but the scheduler should take into account that no base graph is optimized for this region of K and R and therefore allow extra link adaptation margin.
To be confirmed at RAN1#90bis. 

Conclusions: 

· Several companies have shown that the working assumption proposal (7 distributed CRC bits) has at least one case where the FAR target is missed with DMRS overhead 1/3. 

· No missed FAR targets are observed with the working assumption with the agreed DMRS overhead ¼. 

· Other proposals: 

· HW R1-1715494 (8 distributed CRC bits)

· NEC R1-1716729 (3 distributed CRC bits)

· Nokia R1-1716695 (6 distributed CRC bits)

· Ericsson R1-1715737 (3 or 4 distributed CRC bits)

· Best FAR performance (based on evaluations available at this meeting) is from R1-1715494; this also has the largest number of distributed CRC bits (8). 

From the available evaluation results, the following schemes satisfy the FAR targets for all cases:

· Working assumption (modified as in 38.212v1.0.0) when DMRS overhead is ¼

Modified proposal in R1-1715494
Agreement:

· Confirm working assumption on CRC and interleaver (as modified as in 38.212v1.0.0)

· 
· When the conclusions on DCI payload size for Rel-15 are agreed, the Kmax in 38.212 will be reduced from the current value of 200 (which is only a placeholder)

· the current working assumption for Kmax remains a working assumption (to be revisited when there is progress in offline discussion); the final value of Kmax will not be greater than the working assumption. 

Agreement: 

· Confirm Working Assumption that CRC bits are attached as a block to the end of the information bits.  

· At least LCRC=11 is supported, with the following polynomial: D11+ D10+  D9+ D5+ 1
· Range of K values for CRC11 is FFS
· Which other CRC lengths and associated K values are also supported is FFS. 

Next steps:

· After nFAR values are decided, the complete set of supported CRC polynomials will be selected, preferably at RAN1#90bis. 

· FFS whether the nFAR value should be dependent on the UCI contents and payload size.

· FFS whether same nFAR value is applied to UCI on PUCCH and PUSCH.
· Only the CRC polynomials listed in the Table below are candidates :
Lcrc
3

4

5

6

8

16

Poly-nomial

D3+ D2+ 1

Or

D3+ D+ 1
D4+ D3+ 1

D5+ D3+ 1

D6+ D5+ 1

D8 + D6 + D5 + D3 + 1

Or

D8 + D7 + D6 + D4 + D2 + D + 1

Or

D8 + D7 + D3 + D2 + 1

D16 + D15 + D14 + D13 + D12 + D11 + D8 + D7 + D6 + D4 + 1

Agreement: 

· Confirm working assumption on Polar rate matcher, with the following modification: 
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Working Assumption: 

· If a DL bit-level channel interleaver is adopted:

· Its span is equal to the number of coded bits corresponding to 1 CCE

· The span can be increased to the number of coded bits corresponding to 2 CCEs if there is a benefit of doing so

· FFS whether the interleaver is not used at higher ALs

· Companies are encouraged to assess by RAN1#90bis the implementation impacts of using or not using the interleaver at higher ALs

Conclusions and next steps to help towards a decision on the Working Assumption from RAN1#90:
· From the cases evaluated so far, gains of DL channel interleaver are not significant for AL >2

· Continue evaluations until RAN1#90bis, according to the above working assumption

· Focus on AL=1,2 cases, with and without REG bundle interleaver

· Include evaluations with up to 3 OFDM symbols for the control channel

· Companies are also encouraged to compare block parallel interleaver with low-complexity block interleavers, e.g. single block interleaver. 

Agreement: 

· Confirm Working Assumption that the uplink channel interleaver is a triangular interleaver

· The interleaver from R1-1713474 is adopted.  



	NR-LTE coexistence

	Agreement:

· Following Backhaul signalling is specified (enhanced X2 and Xn) to facilitate time-domain and frequency domain based network scheduling solution in case of harmonic interference from UL to DL, send LS to RAN3 to ask them to specify the signalling details:
· Semi-static time pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 

· Semi-static frequency pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 

· These patterns can be at least UE-specific. 

Xueming to prepare a draft LS to RAN3 for review on Thursday - R1-1716697. 

· include examples of granularity required in the patterns (details to be developed offline). 

LS approved in R1-1716698 with the following changes:

To RAN3
RAN1 would like ask RAN3 to specify the above necessary backhaul signalling.  RAN1 recognises that discussion will be needed on the procedure for the signalling and assumes that such discussion will take place in RAN3. 
Agreement:

· Working Assumption that, an UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:
· The carriers are in different PUCCH groups, or
· The UL carrier is operating in a SUL band combination as defined in RAN4 specifications
· Can be revisited if technical problems (e.g. with scheduling and CSI feedback) are identified and cannot be resolved by RAN1#91. 
· Minimizing specification impact should be the primary consideration in finalising the solution, unless major performance differences exist. 
· An UL carrier can carry UCI for the DL carrier that it supplements
· An UL carrier is scheduled from the DL carrier that it supplements
For further discussion 

· whether SUL has the same cell ID as the associated DL 

· whether SUL can be PCell and/or SCell

· whether all UEs support PUSCH on a different carrier from the SUL carrying UCI

· which combinations of DL/UL SCSs are supported



	UL power control 

	LS was approved in R1-1716743 with revisions
Agreement:
For PL estimation, NR supports

· At least higher layer filtered RSRP is supported for PL estimation based on configured CSI-RS and/or SS block

· Note: Above includes the support for at least beam-specific RSRP measurement

· FFS: Whether L1 RSRP is additionally supported

· Note: Companies are encouraged to study the benefits of additionally using L1 RSRP for PL estimation

· FFS: Details on the L3 filter in NR specification (including whether to define or not) should be discussed in the mobility session

Agreement:
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· Support at least  Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number

· j  is the index of open-loop parameter

· K is the index of RS resource(s) for pathloss measurement

· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· MPUSCH,c is related to the scheduled BW, FFS on the details

· ΔTF,c is for single layer transmissions

· Support up to N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c 

· N=2 is working assumption

· l is the index of closed-loop power control process

· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling

· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling

· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor

Agreement:
· For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier

· Received target power for PRACH power control,

· Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control

· FFS maximum pathloss difference to be compensated

Agreement:
· For NR-PUSCH

· Accumulative TPC command mode is supported.

· FFS: when UE has to reset fc(i)

· FFS on KPUSCH
Working Assumption:
· For NR-PUSCH

· Absolute TPC command mode is supported.

· FFS on KPUSCH



4. RAN WG3 progress at RAN3 #97 (August 2017)
On node naming, the followings were agreed:

-
In NG-RAN, gNB and ng-eNB are used; In Option 3 (EN-DC), eNB and en-gNB are used

On E-UTRA-NR DC via EPC where the E-UTRA is the master (Option 3/3a/3x),

-
the followings were endorsed:


-
Draft CR to TS 36.300 (E-UTRA and E-UTRAN Stage 2) on Support of EN-DC operation in R3-172626


-
Draft CR to TS 36.423 (X2AP) on Support of EN-DC operation in R3-172455


-
Draft CR to TS 36.425 (X2UP) on Support of EN-DC operation in R3-172495


-
Draft CR to TS 36.300 (E-UTRA and E-UTRAN Stage 2) on Support of EN-DC operation in R3-172698


-
Draft CR to TS 36.423 (X2AP) on Support of EN-DC operation in R3-173168


-
Draft CR to TS 36.425 (X2UP) on Support of EN-DC operation in R3-173376


-
Draft CR to TS 36.413 (S1AP) on NR access restriction to eNB for EN-DC operation in R3-173377


-
Draft CR to TS 36.423 (S1AP) on NR access restriction to eNB for EN-DC operation in R3-173377

-
the followings were agreed:


-
Text Proposal to TS 37.340 (NR Multi-Connectivity Stage 2) on Data forwarding of SN change procedure in R3-172627


-
Text Proposal to TS 37.340 (NR Multi-Connectivity Stage 2) on Path update procedure in R3-172471


-
Data forwarding is needed for SCG split bearer (e.g. in case of SN change procedure triggered by source SgNB)


-
Wait for RAN2 progress on counter check issue


-
Wait for RAN2 progress on KeNB refresh issue


-
Apply same logic as F1: transfer SRBs over CP (i.e. PDCP-C PDUs sent from MN to SN)


-
As working assumption, X2AP signalling is needed for MCG split SRB establishment/release; SN is allowed to reject request


-
Same flow control mechanism and procedures in F1, X2, Xn; possible enhancements for F1-U are not precluded


-
Increase max bit rate signalled on S1, X2, F1; to 4 Tbit/s; Stage 3 details FFS; Xn, NG impacts are FFS;


-
NR access restriction needs to be provided HRL


-
Text Proposal to TS 37.340 (NR Multi-Connectivity Stage 2) on Addition of Target Node ID for SN change procedure in R3-173381


-
Text Proposal to TS 36.423 (X2AP) on Addition of Target Node ID for SN change procedure in R3-173382


-
Text Proposal to TS 37.340 (NR Multi-Connectivity Stage 2) on Correction of SN initiated SN Modification with MN involvement in R3-173384


-
As working assumption: Define a new procedure between MS and Source SN to support the MN-initiated SN change; SN provides the current SCG configuration to the MN by reusing the existing SN initiated SN modification procedure; Reuse the MN-initiated SN change existing procedure for the purpose of querying SN to send the SCG configuration, if required


-
Text Proposal to TS 36.423 (X2AP) on QoS information transfer for SGC-split bearers in R3-173385


-
Text Proposal to TS 37.340 (NR Multi-Connectivity Stage 2) on QoS information transfer for SGC-split bearers in R3-173386


-
Text Proposal to TS 36.423 (X2AP) on Addition of a procedure for RRC tunneling in R3-173428


-
Text Proposal to TS 37.340 (NR Multi-Connectivity Stage 2) on Addition of a procedure for MCG split SRBs in R3-173380


-
Text Proposal to TS 38.423 (XnAP) on Addition of a procedure for RRC tunneling in R3-173429


-
Text Proposal to TS 37.340 (NR Multi-Connectivity Stage 2) on Data forwarding for SCG split bearer in R3-173388

On User Plane Aspects for DC, the followings were agreed:

-
As working assumption, define polling as trigger for DL Data Delivery Status

-
As working assumption, for EN-DC UP MCG split bearers, it is allowed for MeNB to directly communicate to SgNB-DU

-
As working assumption, for 5G-DC UP MCG split bearers, it is allowed for MgNB to directly communicate to SgNB-DU

On Higher layer functional split),

-
the followings were agreed:


-
Text Proposal to TS 38.401 (NG-RAN architecture description) on RRM function split over CU and DU in R3-172631


-
Max n of DUs per CU is only limited by implementation (remove FFS in 401)


-
As working assumption, gNB-CU ID is not needed


-
As working assumption, gNB-DU ID is not connected to cell identifiers


-
As working assumption, it is FFS whether a gNB-DU ID is needed


-
Text Proposal to TS 38.470 (F1 general aspects and principles) on F1 interface management procedures in R3-172623


-
F1 setup initiated from the DU (success/fail)


-
As working assumption, SFN info resides in the DU


-
Text Proposal to TS 38.401 (NG-RAN architecture description) on F1-C UE associated functions in R3-172624


-
DU is preconfigured with basic connection parameters (e.g. CU address); F1 setup is triggered subsequently


-
For initial cell startup, CU decides whether DU is allowed to broadcast


-
DU is allowed to announce that one or more of its cells are unavailable (e.g. due to HW failure) over F1-C


-
Text Proposal to TS 38.472 (F1 signaling transport) on F1 multiple SCTP in R3-173396


-
Text Proposal to TS 38.401 (NG-RAN architecture description) on Stage 2 call flows considering CU-DU split in R3-173435


-
RRC message carried over F1-C interface should include a SRB type indication for the gNB-DU to identify among SRB0/SRB1(S)/SRB2(S)/SRB3


-
L1 resource parameters should be controlled by DU (e.g. PUCCH, SRS)


-
MAC parameters (e.g. BSR, PHR, HARQ, DRX, pending RAN2) should be controlled by DU. FFS whether longDRX-Cycle and shortDRX-Cycle (there may be others) should be controlled by CU.


-
Physical layer parameters should be should be controlled by DU


-
In pre-OP state: OAM configures the initial SI parameters owned by the CU, and OAM configures the initial SI parameters owned by the DU


-
SI exchange over F1-C shall be supported; support for exchange of encoded RRC message, parameters, or both, is FFS


-
Text Proposal to TS 38.401 (NG-RAN architecture description) on Initial UE Access procedures with CU-DU split in R3-172406


-
Text Proposal to TS 38.401 (NG-RAN architecture description) on Intra-NR Mobility and EN-DC Mobility procedures with CU-DU split in R3-173407


-
As working assumption, address multi-connectivity scenario with UP solution for centralized retransmission


-
The status of radio link outage is decided in the DU


-
F1AP shall support the update of configuration information between the CU and the DU (direction is FFS)


-
F1AP support for configuration information update shall use Class 1 procedure


-
Introduce Class 1 F1AP UE context setup procedure (name and description are FFS) initiated by the gNB-CU


-
F1AP UE context setup request includes, ID info: gNB-CU UE F1AP ID, RNTI; Bearer info: SRB ID (for SRB), DRB ID, GTP Tunnel Endpoint and E-UTRA QoS (for DRB)


-
Text Proposal to TS 38.401 (NG-RAN architecture description) on F1 UE context management modification in R3-173433


-
As working assumption, use UE Context Management procedures (name is FFS) to also manage bearer information


-
Both CU-initiated and DU-initiated modification procedures are needed. Procedures shall be Class 1.


-
Introduce 2 UE Context Release procedures (name FFS): (1) DU-initiated release “required” (Class 2); (2) CU-initiated release command (Class 1).


-
Text Proposal to TS 38.401 (NG-RAN architecture description) on RRC message transfer function in R3-172808


-
As working assumption, non-UE associated class 2 F1AP procedure INITIAL UL RRC MESSAGE TRANSFER is used to deliver the RRC Connectino Request to the CU; this message carries the C-RNTI


-
Two UE associated class 2 F1AP procedures UL/DL RRC MESSAGE TRANSFER are used to transfer the UE dedicated RRC messages between the CU and the DU


-
gNB-CU manages PDCP duplication


-
For intra-DU CA, two F1-U tunnels are set up to distinguish duplicated PDCP PDUs belonging to the same DRB (FFS for UL)


-
It is FFS whether to introduce DU UE F1AP ID


-
Use F1AP procedure, e.g. UE CONTEXT RELEASE, for gNB-CU to inform gNB-DU to release UE context when UE enters into RRC_INACTIVE mode


-
gNB-DU and its cells are configured by OAM


-
Outgoing LS to IEEE 802.1 on Reply to liaison letter from IEEE 802.1 in R3-173354

-
the followings were endorsed:


-
R3-173353 is the basis for further discussion and selection between the two options described (cell activation via F1 Setup vs. F1 Setup + additional procedure)

On QoS, the followings were agreed:

-
Text Proposal to TS 38.413 (NGAP) on QoS parameters in R3-173336

-
Text Proposal to TS 38.423 (XnAP) on QoS parameters in R3-173337

-
Text Proposal to TS 38.413 (NGAP) on Reflective QoS in R3-173338

On Realization of Network Slicing, the followings were agreed:

-
Text Proposal to TS 38.300 (NR and NG-RAN Stage 2) on Configuration of Network Slicing in R3-172610

-
Text Proposal to TS 38.413 (NGAP) on Configuration of Network Slicing in R3-172611

-
Text Proposal to TS 38.423 (XnAP) on Configuration of Network Slicing in R3-172612

-
Configuration of RAN nodes with a set of default AMF nodes may be done via e.g. OAM

-
The slice associated to each signalled PDU session is signalled in Xn and NG HO request

-
Info on the slice associated to each PDU session signalled in the SN addition request is needed for the candidate SN

On Support of Self-Organising Network (SON) functions,

-
the followings were agreed:


-
OAM configuration and DNS query are always possible


-
gNB may initiate X2 setup procedure towards eNB triggered by OAM


-
As working assumption, Xn/X2 shall support protocol functions to reduce the number of cells to be exchanged/processed by peer nodes.


-
As working assumption, the eNB will as per legacy X2AP mandatorily include all its served E-UTRA cells and send them to the gNB

-
the followings were endorsed:


-
As baseline CR, the draft CR to TS 36.300 (E-UTRA and E-UTRAN Stage 2) on enhancement of ANR function for EN-DC in R3-173341

On Radio Access Network connected to 5G-CN (Option 2),

-
the followings were agreed:


-
As working assumption, the standard shall allow implementations supporting multiple SCTP associations within one gNB/eNB/NG-RAN node-AMF pair


-
Prior to NG Setup, the NG-RAN node is configured with remote IP endpoint address(es) of the AMF and initiates the SCTP association establishment


-
The AMF shall be able to request the 5G AN node to add or remove TNL associations to the AMF. (SA2 St2 text, as per SA2 LS)


-
As working assumption, it is under the NG RAN node’s control which of the SCTP associations shall be used for common NGAP procedures; FFS on how this is implemented, e.g. by issuing a GNB CONFIGURATION UPDATE on NG-C with e.g. and explicit IE over existing SCTP association, or over a different SCTP association; Otherwise, the SCTP association via which NG SETUP REQUEST was issued is kept for common NGAP procedures. (pending checking in SA2)


-
Handling of SCTP stream is based on principles specified in 36.412: A single pair of SCTP streams within the SCTP association selected by the NG-RAN node is used for common signalling


-
A single pair of SCTP streams within the same SCTP association is used for UE associated signalling and shall not be changed, unless the NGAP UE-TNLA-binding update is performed by the AMF


-
The current definition of the UE NGAP IDs is valid also in case multiple SCTP associations are established.


-
As working assumption, AMF Configuration Update procedure is used to trigger SCTP associations addition / removal (SCTP associations addition / removal via SCTP layer signalling without assistance info in NGAP is not precluded)


-
Outgoing LS to SA2 on N2 requirements and procedures in R3-173420


-
Text Proposal to TS 38.423 (XnAP) on QoS flow based admission control in mobility in R3-173416


-
Outgoing LS to RAN2 and SA5 on Support of Trace and MDT in NG-RAN in R3-173422


-
Text Proposal to TS 38.413 (NGAP) on mobility and path switch request in R3-173360


-
Text Proposal to TS 38.413 (NGAP) on Handover resource allocation procedure in R3-173423


-
Text Proposal to TS 38.413 (NGAP) on Global RAN Node ID in R3-173425


-
gNB ID (contained in the NCI) can be of variable length (whether it is a discrete set or a range is FFS)


-
ng-eNBs have same eNB ID format (as Global eNB ID IE in S1AP) and Cell ID format (as E-UTRAN CGI IE in S1AP) with eNBs


-
As working assumption, length of cell ID is 36 bits


-
Outgoing LS to RAN2 on Definition of RAN Notification Area in inactive state

-
the followings were endorsed:


-
Draft CR to TS 36.300 (E-UTRA and E-UTRAN Stage 2) on Roaming and Access Restriction for EN-DC


-
Draft CR to TS 38.300 (NR and NG-RAN Stage 2) on Roaming and Access Restriction for MR-DC


-
Draft CR to TS 37.340 (NR Multi-Connectivity Stage 2) on Roaming and Access Restriction for EN-DC

On Intra NG-RAN mobility in RRC_INACTIVE (mode), the followings were agreed:

-
Text Proposal to TS 38.300 (NR and NG-RAN Stage 2) on RAN Notification Area in R3-172630

-
As working assumption, Xn should be available in RAN notification area

-
RAN paging area is a subset of TA, hence RAN notification area is a subset of the registration area

-
Outgoing LS to RAN2 on Definition of RAN Notification Area in inactive state in R3-173427

On NR parts of inter-RAT mobility between NR and E-UTRA, the followings were agreed:

-
Text Proposal to TS 38.413 (NGAP) on Inter-RAT handover with E-UTRA in R3-173351

-
The source NG-RAN node proposes data forwarding; the target node confirms

-
Tunnel granularity between gNB and UPF is per-PDU-session-tunnel

On E-UTRA-NR DC via 5G-CN where the E-UTRA is the master (Option 7/7a/7x), the followings were agreed:

-
Text Proposal to TS 38.423 (XnAP) on Handover Restriction List in R3-173431

-
Maintain the use of the DC timers (e.g. TDCprep, TDCoverall) in NR

-
“BBF optimization” is not supported in NR

-
Text Proposal to TS 37.340 (NR Multi-Connectivity Stage 2) on SN change in R3-173187

On Positioning support, the followings were agreed:

-
Introduce agreements form the initial session on NR positioning in version 0.1.0 of TS 38.455 (NRPPa) in R3-173436

-
Define both UE-associated and non-UE-associated LPPa transport on NG

-
As working assumption, adopt applicable parts of LPPa into NRPPa and make them applicable for NG-RAN nodes with a NG interface towards the 5GC

-
As working assumption, there is a single protocol (supporting both RATs) between the NG-RAN Node andn the termination point in the 5GC

-
NRPPa shall support Cell ID positioning including cell portion IDs – this should be prioritized

-
Define the NR Cell Portion ID over at least the same range as LTE Cell Portion IDs (0..4095)

-
Introduce NRPPa signalling transport functionality in NGAP (e.g. through the appropriate UE associated / non-UE-associated NRPPa transport procedures(s))

-
Implement NRPPa supporting the elementary procedures with associated messages: E-CID Measurement Initiation; E-CID Mesurement Failure Indication; E-CID Measurement Report; E-CID Measurement Termination; Error Indication

The following Stage 2 and Stage 3 rapporteur (plus alpha) updates were agreed:

-
Updates to TS 38.401 (NG-RAN architecture description) in R3-173025, R3-173317 and R3-173263

-
Updates to TS 38.410 (NG general aspects and principles) in R3-173318, R3-173319 and R3-173325

-
Updates to TS 38.420 (Xn general aspects and principles) in R3-173320 and R3-173321

-
Updates to TS 38.470 (F1 general aspects and principles) in R3-173324

-
Updates to TS 38.472 (F1 signaling transport) in R3-172715

-
Updates to TS 38.413 (NGAP) in R3-172863, R3-173326 and R3-173434

-
Updates to TS 38.423 (XnAP) in R3-173237

-
Updates to TS 38.473 (F1AP) in R3-173121

The following Stage 3 rapporteur (plus alpha) updates were endorsed:

-
Draft CR to TS 36.413 (S1AP) in R3-173322

-
Draft CR to TS 36.423 (X2AP) in R3-173323
5. RAN WG4 progress at RAN4 #84 (August 2017)
For Spectrum perspective

Thirty eight contributions on spectrum perspective were approved in [R4-1708838, R4-1708837, R4-1709135, R4-1709181, R4-1708965, R4-1709182, R4-1707861, R4-1708970, R4-1708842, R4-1709133, R4-1707513, R4-1708974, R4-1708416, R4-1708983, R4-1708975, R4-1708418, R4-1708980, R4-1708976, R4-1708977, R4-1708987, R4-1708988, R4-1708068, R4-1708979, R4-1708066, R4-1708978, R4-1708989, R4-1708990, R4-1708974, R4-1708895, R4-1708896, R4-1708897, R4-1708898, R4-1708899, R4-1708985, R4-1708984, R4-1707257, R4-1707634, R4-1708986] where the following agreements were captured.
· WF on spurious emission limits for mm-wave bands [R4-1708838]

· It is agreed that achieving -30dBm spurious emissions close to the carrier is not feasible considering factors such as PA efficiency, linearization feasibility, filtering, 2nd harmonic, image rejection etc.

· Concerns UE and BS.

· -13dBm is assumed as the achievable baseline for mm wave spurious emissions at this stage, for both UE and BS

· It is observed that UE emissions are not flat in the passive bands, this should be considered when performing simulation relating to the UE in the sharing study

· The following are FFS

· What levels are achievable in the bands to which special limits apply, and suitable measurement bandwidths for these bands

· Feasibility of meeting -30dBm spurious emissions (or other value) with a (large) offset above and below the carrier/band
· Based on the outcome of the analysis, the following option(s) might be considered as additional requirement(s) to protect specific bands (e.g. bands where passive services are operating):

· Define a different emission level in the protected band with larger measurement BW (e.g. 100MHz/200MHz). The value would be obtained by integrating an emission level tighter than -13dBm/MHz. The value to be adopted is this option is selected is FFS

· Define a tighter emission level in the passive bands and provide a number of exceptions. Emission level and number of exceptions to be adopted if this option is selected are FFS

· The solution for UE and BS may differ; e.g. exceptions, wider measurement bandwidth etc. may be a solution for the UE but a different solution may be needed for the BS

· For NR channels in which OOB region overlaps with protected bands, SEM requirement can apply in the OOB domain.
· WF on handling general TR [R4-1708837]

· In general TR, band/band combination agnostic aspects will be captured 

· Band (band combination) dedicated aspects will be captured in band (band combination) TR in slide #2

· General TR will be split to the following three TRs

· TR#1: UE RF (core and conformance)

· Common aspects between BS and UE for range 1 and 2

· UE RF aspects for range 1 and 2

· TR#2: BS RF (core and conformance)

· BS RF aspects for range 1 and 2 (including EMC)

· TR#3: RRM (core and performance) and UE/BS performance

· RRM aspects for range 1 and 2

· UE/BS demodulation aspects for range 1 and 2

· TR skeleton [R4-1708836] is approved for TR#2 in RAN4 #84

· TR#1 and #3 rapporteurs will provide TR skeleton for TR#1 and #3 in RAN4 Sept. Ad-hoc
· Procedure of band/band combination proposal for Rel.15 NR [R4-1709135]

· Proposal 1:  During Rel.15 WI, proponents on particular frequency ranges/bands, LTE/NR DC and NR intra/inter band CA combinations need to contact the NR WI rapporteur (frequency ranges/bands) and corresponding persons responsible TRs and send relevant information on the [3GPP_TSG_RAN_WG4 @LIST.ETSI.ORG] with the prefix [NR new band and combo] in the title to have their frequencies and combinations added to the corresponding tables prior to the t-doc submission deadline.
· Proposal 2. The new basket for dual connectivity band combinations of LTE xDL/1UL (x=1, 2, 3, 4) and inter-band NR CA for 2DL/1UL is established. 
· Proposal 3: When the higher order combinations, i.e. LTE xDL/1UL + NR 1 band (x = 2, 3, 4 and 5) DC, NR yDL/1UL CA combinations (y is FFS) and LTE xDL/1UL + NR 2DL/1UL CA (x = 1, 2, 3 and 4) DC, are proposed, required fallback modes should be also shared using the certain format in Annex.
· Proposal 4: Each of the responsible persons for each of the categories (baskets) needs to reflect the proposed band combinations including fallback modes into their responsible table based on the requests, and should share the T-doc including the responsible table on the [3GPP_TSG_RAN_WG4 @LIST.ETSI.ORG] with the following prefixes in the title by the starting time of the meeting.
	Categories
	Prefix

	LTE 1DL/1UL + one NR band combination
	[Basket LTE1CC/NR]

	LTE 2DL/1UL + one NR band combination
	[Basket LTE2CC/NR]

	LTE 3DL/1UL + one NR band combination
	[Basket LTE3CC/NR]

	LTE 4DL/1UL + one NR band combination
	[Basket LTE4CC/NR]

	LTE 5DL/1UL + one NR band combination
	[Basket LTE5CC/NR]

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

	LTE xDL/1UL (x=1, 2, 3, 4) + inter-band NR CA for 2DL/1UL
	[Basket LTExCC/NR CA]


· Proposal 5: Each of the responsible persons has the responsibility for correction and leading to endorsement of their own T-doc during the RAN4 meeting. Endorsed T-docs will be merged and submitted to RAN meeting by NR rapporteur.

· Email approval for updated list of NR bands and band combinations [R4-1707566]

· WF on WF on NR band numbering [R4-1709181]

· The prefix “n” is used for any NR bands
· The following numbers are assigned to each of the new NR bands:
· NR range 1:

[image: image21.emf]UL DL Duplexing mode

n77 3.3 -4.2 GHz 3.3 -4.2 GHz TDD

n78 3.3 -3.8 GHz 3.3 -3.8 GHz TDD

n79 4.4 -5.0 GHz 4.4 -5.0 GHz TDD

n80

1710 -1785 MHz N/A

SUL 

n81

880 -915 MHz N/A

SUL 

n82

832 -862 MHz N/A

SUL 

n83

703 -748 MHz N/A

SUL


· NR range 2:
[image: image22.emf]UL DL Duplexing mode

n257 26.5 –29.5 GHz 26.5 –29.5 GHz TDD

n258 24.25 –27.5 GHz 24.25 –27.5 GHz TDD

n259 31.8 –33.4 GHz 31.8 –33.4 GHz TDD


· For non NR-LTE coexistence bands, the following notion is used:

· Note: The following band combination is just for example.

[image: image23.emf]Representation Functionality

CA_n77-n78 NR CA of band n77 and band n78

DC_1-2_n77 NR-LTE DC with LTE CA of band 1 and band 2 and NR band n77

DC_1-2_n77-n78 NR-LTE DC with LTE CA of band 1 and band 2 and NR CA of band n77 and band n78


· FFS: CA bandwidth class (postfix of the bands) for NR

· Ex. How to handle the single carrier operation with larger than 100PRBs

· Ex. How to handle different maximum bandwidth for each frequency range

· FFS: How to handle BCS for NR

· Ex. Reuse exiting BCS concept or adopt simplified BCS concept or no BCS

· For SUL and LTE-NR coexistence bands:
· Note: The following band combination is just for example.
[image: image24.emf]Representation

Functionality

SUL_n78-n81 Band combination of NR band n78 and band n81(SUL)for NR operation

DC_3-SUL_n78-n80

LTE-NR DC between LTE Band 3, and NR bands n80 (SUL) and n78 including NR-LTE 

coexistence with UL sharing


· TP to TR 38.xxx (NR WI TR): NR band numbering [R4-1708965]

· Frequency ranges for 4.4-4.99GHz and 37 – 40GHz were updated as follows in the discussion on [R4-1707851]

· Agreement: 

· Proposal 1: it is proposed to revise the existing NR frequency range 4.4-4.99GHz to 4.4-5GHz, and 37-40GHz to 37-43.5GHz.

· Proposal 2: it is proposed to specify 4.4-5GHz as a single band.

· The band plan for 37GHz-43.5GHz will be further discussed.

· Way Forward on 39 GHz band definition [R4-1709182]

· 37-40 GHz is defined as one band

· Band plan for full range 37-43.5 GHz will be discussed in future meetings

· More bands can be added later
· WF on UE RF requirements for 3.3-3.8 GHz, 3.3-4.2 GHz and 4.4 – 5GHz in [R4-1709133]

· WF on Band n77 and n78
· MOP

· 23 dBm +2/-3 dB for Band n77 and n78 of PC3

· Additional spur requirements for async operations

· Not to be specified at least in Rel-15

· Tib and Rib (for CA/DC combo including Band n77 or n78)

· To discuss if values of LTE CA including B42 can be improved considering more filter data and/or possible UE architectures (if any)

· Protected bands

· To specify bands for Japan, Europe, Korea and China at least

· Specific protected bands to be provided in the next meeting

· REFSENS

· Filter data was provided in [1] for Band n77 and n78 as shown in annex

· On top of that, to study LNA aspects for both bands including further filter data whose attenuation is at least typ. 35 dB for < 2.69 GHz

· Insertion loss for the 3.3-3.8GHz needs to be included in the filter data

· Achievable/required attenuation at 5.15-5.925 GHz is FFS

· Out-of-band blocking

· To study applicability of other filter technologies other than LTCC  based on simulation and/or measurement input in the next meeting

· Other 

· Features such as HPUE, 2Tx to be specified for Band n78 will also be introduced in Band n77 in Rel-15

· WF on Band n79
· MOP and REFSENS

· To confirm if Band n79 UEs need to protect 5.15-5.925 GHz first

· In parallel, to study performance of PA, LNA and other RF components including filter data

· Insertion loss for the 4.8-5GHz range needs to be included in the filter data

· Achievable/required attenuation at 5.15-5.925 GHz is FFS

· Tib and Rib (for CA/DC combo including Band n79)

· To study if separate antenna architecture can be assumed

· Protected bands

· To specify bands for Japan and China at least

· Specific protected bands to be provided in the next meeting

· Out-of-band blocking

· To evaluate applicability of other filter technologies other than LTCC  based on simulation and/or measurement data in the next meeting

· TR 38.813 skeleton new frequency range for NR 3.3GHz - 4.2GHz[R4-1707861]

· TR 38.814 skeleton new frequency range for NR 4.4-5GHz [R4-1708970]
· TR 38.815 skeleton new frequency range for NR 24.25-29.5GHz [R4-1708842]

· Skeleton TR 37.863-01-01 V0.0.1 Rel-15 Dual connectivity (DC) band combinations of LTE 1DL_1UL + one NR band in [R4-1707513]
· TPs for TR 37.863-01-01
· DC_1A-n77A in [R4-1708974]

· DC_1A-n78A in [R4-1708416, R4-1708983]

· DC_3A-n77A in [R4-1708975]

· DC_3A-n78A in [R4-1708418, R4-1708980]

· DC_19A-n77A in [R4-1708976]

· DC_19A-n78A in [R4-1708977]

· DC_21A-n77A in [R4-1708987]

· DC_21A-n78A in [R4-1708988]

· DC_28A-n77A in [R4-1708068, R4-1708979]

· DC_28A-n78A in [R4-1708066, R4-1708978]

· DC_42A-n77A in [R4-1708989]

· DC_42A-n78A in [R4-1708990]

· DC_1A-n79A in [R4-1708974]

· DC_3A-n79A in [R4-1708895]

· DC_19A-n79A in [R4-1708896]

· DC_21A-n79A in [R4-1708897]

· DC_28A-n79A in [R4-1708898]

· DC_42A-n79A in [R4-1708899]
· Skeleton for TR 37.863-02-01 (LTE 2DL_1UL + one NR band)[R4-1708985]
· DC_3A-38A_n78 in [R4-1708984]

· Skeleton for TR 37.863-03-01 v0.0.1 Rel-15 DC combinations LTE 3DL and one NR band [R4-1707257]

· Skeleton TR 37.863-04-01 V0.0.1 Rel-15 [R4-1707634]

· DC_1A-3A-7A-20A_n78 in [R4-1708986]

For General perspective

Two contributions on TR maintenance perspective were approved in [R4-1708963, R4-1708425]

· Clarification on phase noise model [R4-1708963]

· Clarify the phase noise model in sub-clause 6.1.10 is an example

· Add another example
· CR to (NR SI TR 38.803) statement on antenna gain error [R4-1708425]

· A note is added to the composite antenna model in sub-cluase 5.2.3.1 
· Text is added to the summary of resulst in sub-cause 5.5 explaining the affect (or lack of) of the antenna gain error on the co-existence results
Sixteen contributions on general perspective were approved in [R4-1708085, R4-1709187, R4-1708846, R4-1708845, R4-1707398, R4-1709136, R4-1709074, R4-1708851, R4-1708850, R4-1709175, R4-1709075, R4-1709076, R4-1708864, R4-1708847, R4-1708855, R4-1708856]

· The candidates of minimum channel bandwidth and SS block subcarrier spacing were agreed in the discussion on [R4-1708085] 

	Sub 6 NR Bands
	Minimum Channel bandwidth
	SS block sub-carrier spacing 

	1
	5 MHz
	15 kHz 

	3
	5 MHz
	15 kHz

	5
	10MHz / 5MHz
	[30 kHz/15kHz]

	7
	5 MHz
	15 kHz

	8
	5 MHz
	15 kHz

	20
	5 MHz
	15 kHz

	28
	5 MHz
	15 kHz

	41
	10MHz
	30 kHz

	66
	5 MHz / 10MHz
	[15 kHz/30kHz]

	70
	5 MHz
	15 kHz

	71
	5 MHz
	15 kHz

	1.427-1.518 GHz
	5 MHz
	15 kHz

	3.3 – 3.8 GHz
	10 MHz
	[15 kHz/30kHz]

	3.3 - 4.2 GHz
	10 MHz
	[15 kHz/30kHz]

	4.4 - 4.99 GHz
	[40 MHz]
	30 kHz


	mmWave Bands
	Minimum Channel bandwidth
	SS block sub-carrier spacing 

	24.25 - 27.5 GHz
	50 MHz
	120 kHz /240kHz

	26.5 – 29.5GHz
	50 MHz
	120 kHz /240kHz

	31.8 – 33.4 GHz
	50 MHz
	120 kHz /240kHz

	37 – 40 GHz
	50 MHz
	120 kHz/240kHz


· Also, RAN1 is asked to find a solution how to support the following cases (LS out) [R4-1709187]

· Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15kHz, respectively. An operator plans to operate with 10MHz bandwidth 30kHz SCS in order to deploy NR/LTE DL co-existence within the same band.

· For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120kHz, respectively. An operator who has at least 100MHz contiguous spectrum, plans to operate with 240kHz SS SCS within the same band.

· RAN1 is asked to find a solution that shall support the ability for a UE to perform initial access to the NR cells operating with the above carrier bandwidth/SS SCS combinations.

· WF on terminology for channel bandwidth [R4-1708846]

· Separate terms for “UE channel bandwidth” and “BS channel bandwidth”

· The definition of UE channel bandwidth and BS channel bandwidth may remain as today or be revised. Proposals for definitions should be made in RAN4 AH#3

· Additional UE channel bandwidths were agreed in the discussion on [R4-1708550]
· Agreement
· Proposal 1: Specify 40MHz for 15kHz SCS and 30kHz SCS, and 60MHz for 30kHz and 60kHz SCS.

· WF on UE mandantory channel bandwidth [R4-1708845]

· UE maximum channel bandwidth is a UE capability.
· It is FFS if the UE capability is per band or a group of bands (such as sub6 and mmWave)
· UE shall meet either a single carrier or CA based RF requirements for the channel bandwidths in Slide #3-#4 that is equal to or smaller than UE maximum channel bandwidth for any SCS.
· RAN4 should agree some threshold value for which BW’s should be supported by single CC configuration. 
· New channel bandwidth for NR band3 was approved [R4-1707844]

· Proposal 1: A new channel bandwidth of 25MHz is added for NR Band3 in case of SCS=15 kHz, 30 kHz and 60 kHz.

· WF and LS on further discussion on asymmetric DL/UL CBW [R4-1707398, R4-1709136]

· Proposal: Revise the agreement as below and resend LS to RAN1 and RAN2.

· UEs can support different maximum channel bandwidth in DL and UL.

· UEs can operate with asymmetric UL and DL bandwidths.

· RAN4 will further discuss the supported channel bandwidths for DL and UL, and related UE capability indication.
· WF on asymmetric UE channel bandwidth operation [R4-1709074]

· UEs can support different maximum channel bandwidth in DL and UL 

· UEs can operate with asymmetric UL and DL bandwidths

· For FDD, 

· ΔFTx-Rx = CBWDL/2 – CBWUL/2, defines how much Band’s default Tx-Rx separation can deviate due to asymmetric UL/DL CBW

· WF on spectrum utilization in wideband operation [R4-1708851]

· From BS point of view, spectrum utilization in the wideband operation can be defined in the following way:
· Spectrum utilization should be defined as the same as single channel bandwidth regardless of how UE supports the wideband 
· From UE point of view, there may be two options for further study to define spectrum utilization for  aggregated wideband operation
· Option 1: based on per single component carrier
· Option 2: based on the total carrier BW
· WF and LS out on Channel Raster [R4-1708850, R4-1709175]

· Channel raster for LTE re-farming bands up to 2.4GHz (frequency range below Band 41) is based on 100kHz(same as LTE)

· FFS: Potential optimization for of the placement of secondary carrier including RB-alignment between primary and secondary carrier

· For Band 41, FFS 100kHz channel raster or subcarrier based raster should be used. 

· Channel raster for Bands above 2.6GHz (above Band 41) is tentatively agreed to be a subcarrier based raster (i.e 15kHz for range 1 and 60kHz for range 2), pending further check at AN4 NR AH#3 and RAN1 decision

· If subcarrier based raster is finally agreed, Eexact position of the subcarrier raster in each band to be agreed in RAN4 NR AH#3 

· Send LS to RAN1 to ask RAN1 to enable “floating sync” in RAN4#83 (see Annex), subject to feasibility

· Floating sync enables SCS based raster and down selection of the sync raster for bands using 100kHz raster

· Sync raster will be defined such that there is a minimum number of entries for each band

· Sync raster entries will be included in the specifications for each band

· Sync raster entries will be defined for initial system acquisition, sync blocks can be transmitted in other frequency locations if the position is signaled to the UE

· WF on the spectrum utilization [R4-1709075]

· WF on spectral utilization for below 6GHz

· Above RB values are agreed based on the assumption of symmetric guard band. 

· The RB values in the table are only meant to indicate the minimum guard band achievable for a given SCS and channel BW . The actual maximum RB allocation can be  equal to or 1 RB less than the values shown in the table.

· Note1: Above RB values are agreed based on the assumptions of below requirements for sub 6GHz:

· BS requirements: output power limit (R4-1706960), ALCR/ACS requirements  (R4-1706971),EVM requirements (R4-1706969)

· ,SEM requirements (R4-1706973);

· UE requirements: Power  Class (PC3 and PC2), ALCR/ACS requirements (R4-1706525),EVM requirements  (R4-1706612),SEM requirements;  (R4-1706692)

· Companies can further check above RB values based on further agreements for above requirements and agreements for  channel raster.

· Above RB values are agreed based on the assumption of  no edge PRB EVM requirements in Rel-15. 

· Note2: Above RB values are derived based on RAN4 perspective, which can be further check by other working groups i.e. sub-carrier and RB alignment, and RB allocation restriction for DFT-OFDM waveform

· [image: image25.emf]SCS [kHz] 5MHz 10MHz 15MHz 20 MHz 25 MHz 40 MHz 50MHz 60 MHz 80 MHz 100 MHz
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15 25 52 79 106 133 216 270 N.A N.A N.A

30 11 24 38 51 65 106 133 162 217 273

60 N.A 11 18 24 31 51 65 79 107 135


· WF on spectral utilization for mmWave

· Note 1:  Above RB values are agreed based on the assumption of symmetric guard band. If asymmetric guard-band agreed, potential 1 RB reduced may be considered. 

· The RB values in the table are only meant to indicate the minimum guard band achievable for a given SCS and channel BW. The actual maximum RB allocation can be  equal to or 1 RB less than the values shown in the table.

· Note1: Above RB values are agreed based on the assumptions of below requirements for mm Wave:

· BS requirements: output power limit (R4-1706960), ALCR/ACS requirements  (R4-1706954),SEM requirements (R4-1706964); 

· UE requirements: Power  Class definition (R4-1706945), ALCR/ACS requirements (R4-1706063), SEM requirements (R4-1706073); 

· Companies can further check and bring analysis for above RB values based on further agreements for above requirements and agreements for  channel raster, BS EVM and UE EVM requirements.

· Above RB values are agreed based on the assumption of  no edge PRB EVM requirements in Rel-15. 

· Note2: Above RB values are derived based on RAN4 perspective, which can be further check by other working groups i.e. sub-carrier and RB alignment, and RB allocation restriction for DFT-OFDM waveform

· [image: image26.emf]SCS [kHz] 50MHz 100MHz 200MHz 400 MHz
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60 66 132 264 N.A

120 32 66 132 264


· WF and LS out on Mixed numerologies FDM operation [R4-1709076, R4-1708864]

· Case 2 Data/SS mixed numerology FDM operation
· Data/SS mixed numerology FDM operation can be supported for both BS/UE without additional in-band RF requirements compared to single numerology. 
· Do not define dedicated BS and UE in-band RF requirements in Rel-15 related to Data/SS mixed numerology FDM .

· Support of simultaneous reception of Data/SS with mixed numerologies is optional from UE implementation perspective
· RAN4 will investigate further how UE RRM requirements will take this into account 
· Case 1: Intra-frequency cell identification and measurements on the target cell while receiving Data from the serving cell with different numerology from SS
· Other cases are not precluded

· Way forward on BS channel Bandwidth (CBW) Set in [R4-1708847]
· Channel bandwidth set for BS for mmWave is 50MHz, 100MHz, 200MHz and 400MHz (400MHz is only for 120khz SCS) in REl-15
· BS channel bandwidths to be requested within REL-15 is limited to a subset of those that equal a sum of component UE CBW (e.g. 10+15=25, 20+50=70) for sub-6GHz
· Base Station CBWs targeted for 1st version of NR specs (Dec-17)
· For LTE refarming bands: 5, 10, 15, 20, 25 MHz (25 MHz only for Band 3 and 70)
· For new NR bands: 10, 15, 20, [30], 40, 50, 60, [70], 80, [90], 100MHz for sub-6GHz
· The Base Station is not required to support all specified BWs
· By RAN4#84bis, analyse the impact & complexity of specifying/implementing BWs in [] above, compared to relying on intra-band contiguous BW CA of other CBWs to cover them. Also analyse which requirements are really impacted by CBW, and required 3GPP or regulatory compliance. If adding the CBWs in [] not agreed by RAN4#84bis, RAN4 can only reconsider adding them after Dec-2017
· For 1st version of NR specs, identify Base Station Tx/Rx requirements in a BW independent/scalable manner
· Aim to capture as many requirements as possible within the above set
· Specify these requirements, noting that these requirements bandwidth independent or scaled, together with all other RAN4 requirements
· For BS requirements that cannot be BW-independent/scalable, then by RAN4#86:
· Identify a process by which such requirements and tests for additional CBWs can be specified efficiently and rapidly based on operator request
· Ensure that introduction of new BS CBWs in future releases will not have any consequences on Rel-15 (or legacy) UEs
. 

· WF on BS ACLR for NR sub 6 GHz in [R4-1708855]

· Way forward on Sub 6GHz NR BS ACLR measurement bandwidth.

· Transmission BW configuration of wanted channel (it would differ depend on SCS, CBW or Band) is used as a measurement BW for wanted signal power measurement (regardless of adjacent RAT).
· As below table, for ACLR vs. UTRA/E-UTRA, the same measurement BW is used for adjacent channel power measurement with existing E-UTRA spec. Not to specify vs. other E-UTRA CBW than 5MHz.
· No need to specify ACLR vs. UTRA in core spec since it is already covered by ACLR vs. E-UTRA case.
	
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	ACLR1 vs E-UTRA
	5MHz E-UTRA
	Square (BWConfig of 5MHz E-UTRA)
	45 dB

	ACLR2 vs. E-UTRA
	5MHz E-UTRA
	Square (BWConfig of 5MHz E-UTRA)
	45 dB


· For ACLR vs. NR, following options can be considered as a measurement BW for adjacent channel power measurement.

· Option 1: max transmission BW configuration of the CBW (between SCS)

· Option 2: transmission BW configuration of wanted signal (with the same SCS)

· Investigate whether co-existence is guaranteed or not with adjacent channel which uses smaller SCS than own one.

· WF on NR BS ACS requirements for sub 6GHz in [R4-1708856]

· The following consideration for ACS requirement needs to be taken into account:

1) Additional frequency offset similar to LTE to avoid orthogonality between sub-carriers of wanted and interfering signal should be considered; 

2) ACS interfering signal should not extend to frequency range of OOB blocking;  

      Note:  frequency offset  of OOB blocking to channel edge is still under discussion; 

3)  Regarding the bandwidth of interfering signal:

· Option1 : 

·  Using the same channel bandwidth, the same number of resource blocks and SCS for wanted signal and adjacent interfering signal ;
· Option2: 

·  For NR bands less than 100 MHz, it is proposed to specify  [5] MHz as the interfering carrier bandwidth for ACS requirements.
· For NR bands wider than or equal to 100 MHz, it is proposed to specify [20] MHz as the interfering carrier bandwidth for ACS requirements.
For UE RF perspective

Twenty nine contributions on UE RF perspective were approved in [R4-1708927, R4-1708908, R4-1708907, R4-1708909, R4-1708910, R4-1708911, R4-1708610, R4-1707600, R4-1707700, R4-1708807, R4-1709146, R4-1709147, R4-1708912, R4-1708813, R4-1708814, R4-1708608, R4-1708821, R4-1709145, R4-1708168, R4-1709149, R4-1707820, R4-1709139, R4-1708005, R4-1709140, R4-1708449, R4-1707510, R4-1709148, R4-1707829, R4-1707188] where the following agreements were captured.
· Evening AH for NR UE RF Thursday in [R4-1708927]

· Miniting miniteu AH session for NR spec structure 38.101 in [R4-1708908]

· Reply LS to RAN5 NR UE specification structure in [R4-1708907].

· RAN4 agrees to have the following spec structure for NR UE requirement

· RF specs

· 38.101-1, Technical Specification for NR range 1 for UE RF requirements

· 38.101-2, Technical Specification for NR range 2 for UE RF requirements

· 38.101-3, Technical Specification for NR interworking between NR range1 + NR range2 and between NR and LTE for UE RF requirements

· Performance specs

· 38.101-4, Technical Specification for NR UE performance requirements including following

· NR range 1 

· NR range 2

· NR interworking between NR range1 + NR range2 and between NR and LTE for UE performance requirements

· Also, to address the issues brought up from RAN5 RAN4 had further discussions based on the above agreed specification structure and agreed on some common understandings. But there are some issues that RAN4 has no clear view now and will continue the discussions in the future meetings to fully address the issues brought from RAN5.
· TS 38.101-1 User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone (Skeleton) in [R4-1708909]

· TS 38.101-2 NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone (Skeleton) in [R4-1708910]

· TS 38.101-3 NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios (Skeleton) in [R4-1708911]

· 4rx SRS Switching in [R4-1708610]

· RAN4 reflects the aspect on 4Rx SRS SW mentioned in this contribution.
· NR UL link performance results for CP-OFDM and DFT-s-OFDM in [R4-1707600]

· RAN4 will specify MPR for the following cases for sub 6GHz.

	
	(/2-BPSK
	QPSK
	16QAM
	64QAM
	256QAM

	DFT-s-OFDM
	YES
	YES
	YES
	YES
	YES

	OFDM (w/o DFT precoding)
	N/A
	YES
	YES
	YES
	YES


· NR Power Class Definition for cmW and mmW range in [R4-1707700]

· RAN4 sends an LS including agreement about Power class and Power control. In addition, fallback mode aspects are included as question.
· Draf LS on Power class and power control in [R4-1708807]

· Agreements:

· For UE Power Class definition for above 24 GHz range:

· RAN4 agreed to define the UE power class for this spectrum range based on EIRP values.

· A UE Maximum TRP limit will be defined in order to limit the UL interference.

· Pcmax will be defined for above 24 GHz range in terms of EIRP that includes the antenna beam-forming gain.

· For the power control related topics, RAN4 made the following agreements so far:

· The RSRP and CSI-RSRP measurements definition include the Rx beamforming gain for OTA measurements (above 24 GHz range).

· For conducted testing (sub-6GHz range) RSRP and CSI-RSRP measurements reference point can be maintained at the UE antenna connectors.

· Question: 

· RAN4 is asking RAN1 if the above power class and Pcmax definition related agreements are compatible with all possible type of transmissions (PUSCH, PUCCH, SRS, PRACH).
· WF on power class and CDF for mmWave UEs in [R4-1709146]

· To send an LS to ask if RAN1 assumes independent power control for beam and power changes due to beam changes

· To agree Power class definition in next meeting considering below candidates according to the possible RAN1 answer

· Peak EIRP over the sphere with minus tolerance

· EIRP at CDF percentiles with minus tolerance

· [5-20] %

· [50] %

· [80-90] %

· Maximum allowed EIRP such as 43, 55 dBm (FCC limits)

· Maximum allowed TRP will be discussed in the next meeting

· Interested companies shall provide input on feasible values for the above mentioned parameters to next meeting 

· WF on format
	Meas. or Sim.
	
	

	frequency range
	　
	

	antenna type
	　
	

	Pout per element
	dBm
	

	# of antenna in an array
	
	

	# of arrays in the UE
	
	

	# of measurement point
	
	

	array gain
	dB
	

	element gain
	dB
	

	diversity gain
	dB
	

	Frequency Variation
	dB
	

	Implementation margin
	dB
	

	Case Losses
	dB
	

	TRP
	dBm
	21 dBm for calibration purpose

	TRP Tolerance (+)
	dB
	

	5 %CDF
	dBm
	

	10 %CDF
	dBm
	

	20 %CDF
	dBm
	

	50 %CDF
	dBm
	

	80 %CDF
	dBm
	

	90 %CDF
	dBm
	

	Peak EIRP over the sphere
	dBm
	

	EIRP Tolerance (-)
	dB
	


*Note: Minimum EIRP over the sphere can also be provided

· CDF EIRP studies will be provided based on the above format to determine the final EIRP requirement
· LS on beam management impact on power control in [R4-1709147]

· Action to RAN1:

· RAN4 would like respectfully ask RAN1 to inform RAN4 if power control is assumed independent for each beam and if power changes due to UE beam changes are included in the same power control process.
· NR MPR simulation assumptions for sub-6 GHz in [R4-1708912]

· PA calibration point
· Proposal 1 from [R4-1707598]
· PA calibration point: No MPR allowed for 100 RB QPSK DFT-s-OFDM (15KHz SCS) signal
· Proposal 2 from [R4-1708607]
· The PA was calibrated to the conventional LTE reference i.e. 1 dB MPR for 100 RB QPSK DFT-s-OFDM (15KHz SCS) signal
· MPR results may be provided with both PA calibration point proposals. Outcome of MPR evaluation is discussed in next RAN4 meeting and decision is made concerning the PA calibration point
· Tx Modulator impairments
· Based on AH discussion
· IQ suppression 28 dBc up to 6 GHz 

· Carrier leakage 28 dBc up to 6 GHz 

· CIM3 = FFS.

· ACLR MBW
· ACLR is a ratio of power of wanted signal within maximum transmission bandwidth among the SCSs for a channel BW and power falling into victim system from the wanted signal within an available maximum transmission bandwidth among the SCSs for a channel BW. 
· Offset for the adjacent measurement BW centre is +/- Channel BW from wanted channel centre (in the middle of the Channel).
· Table below provides these measurement BW in the last row.
	Sub-6GHz
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	SU_CP-OFDM
[#RB]
	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	
	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	
	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135

	TXBW
[MHz]
	15
	4.5
	9.36
	14.22
	19.08
	23.94
	38.88
	48.6
	NA
	NA
	NA

	
	30
	3.96
	8.64
	13.68
	18.36
	23.4
	38.16
	47.88
	58.32
	78.12
	98.28

	
	60
	NA
	7.92
	12.96
	17.28
	22.32
	36.72
	46.8
	56.88
	77.04
	97.2

	TXBWsym
[MHz]
	15
	4.515
	9.375
	14.235
	19.095
	23.955
	38.895
	48.615
	NA
	NA
	NA

	
	30
	3.99
	8.67
	13.71
	18.39
	23.43
	38.19
	47.91
	58.35
	78.15
	98.31

	
	60
	NA
	7.98
	13.02
	17.34
	22.38
	36.78
	46.86
	56.94
	77.1
	97.26

	maxTXBW [MHz]
	lowest
	4.515
	9.375
	14.235
	19.095
	23.955
	38.895
	48.615
	58.35
	78.15
	98.31


· Spectrum utilization
· SU are agreed in RAN4#84
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	CP-OFDM full allocation based on agreed SU

	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135

	DFT-s-OFDM full allocation based on agreed SU - all positions within the CP-OFDM RB allocation are valid for full and partial allocations

	15
	25
	50
	75
	100
	128
	216
	270
	N.A
	N.A
	N.A

	30
	10
	24
	36
	50
	64
	100
	128
	162
	216
	270

	60
	N.A
	10
	18
	24
	30
	50
	64
	75
	100
	135


· Proposal from [R4-1707601]: DFT-s-OFDM RB allocation should satisfy following rules:

· Maximum number of RB is the lowest number closest to the max CP-OFDM number of RB satisfying equation 1.

· RBstart possibilities follow equation 2.
· number of RB=2^X*3^Y*5^Z (equation 1)
· RBstart DFT-s-OFDM range = 0 to (CP-OFDM maxRB)–(DFT-s-OFDM #RB) (equation 2)
· Worst case positon of RB start 0 for DFT-s-OFDM RB allocation is used for MPR evaluation.

· Sub-block alingment
· Proposal 1 from [R4-1708606
]
· Sub-block alingment is dependent from channel raster but at least 100 khz raster will be specified for LTE refarming bands.
· Offset of the center frequency of the transmission bandwidth configuration for worst case guard band (100 kHz channel raster)
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CBW (MHz) SCS (kHz) NRB

Offset to center 

frequency of TBC 

(kHz) Lower Guard (kHz) Upper Guard (kHz) Min Guard (kHz) Min Guard (%)

15 25 0 250 250 250 5

30 11 82.5 602.5 437.5 437.5 8.75

15 52 0 320 320 320 3.2

30 24 -7.5 672.5 687.5 672.5 6.725

60 12 -22.5 657.5 702.5 657.5 6.575

15 79 0 390 390 390 2.6

30 38 82.5 742.5 577.5 577.5 3.85

60 18 67.5 1087.5 952.5 952.5 6.35

15 106 0 460 460 460 2.3

30 52 -7.5 632.5 647.5 632.5 3.1625

60 24 157.5 1517.5 1202.5 1202.5 6.0125

15 135 0 350 350 350 1.4

30 65 -97.5 702.5 897.5 702.5 2.81

60 32 67.5 1047.5 912.5 912.5 3.65

15 216 0 560 560 560 1.4

30 106 -7.5 912.5 927.5 912.5 2.28125

60 52 -22.5 1257.5 1302.5 1257.5 3.14375

15 270 0 700 700 700 1.4

30 133 -7.5 1052.5 1067.5 1052.5 2.105

60 65 157.5 1757.5 1442.5 1442.5 2.885

30 162 0 840 840 840 1.4

60 79 -15 1545 1575 1545 2.575

30 217 0 940 940 940 1.175

60 107 165 1645 1315 1315 1.64375

30 273 0 860 860 860 0.86

60 135 165 1565 1235 1235 1.235
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· MPR Table format Proposal 1 from [R4-1707702]
· Edge allocation means that allocation starts from RB0 or ends to the highest RB at the higher edge of the allocation. MPR will be smaller than for full alocation
· Partial allocation is smaller than full allocation
· In channel allocation is a allocation which is not in the edge. The intention is to have cases when allocation is not SEM or ACLR limited and MPR is smaller than for edge allocation.
· The TBD in the table means that a requirement will be developed in form of a number or an equation

· AH conclusion: It is ok to use the proposed format for next step. Further fine tune can be applied after seeing the simulation results.
· Way on UE Tx EVM for mmW in [R4-1708813]
· To accelerate RAN4 work, companies are encouraged to provide  needed BS RX SNR at mmW especially for modulations: 
· Pi/2-BPSK
· QPSK
· 16 QAM
· Companies are further encouraged to provide input on system interference at mmW and analysis on feasible UE TX EVM with consideration of suitable contribution of UE Tx EVM to system interference
·  Way Forward on MPR evaluation for mmW in [R4-1708814]
· Way Forward on EVM for MPR
· To progress the work, for tentative MPR analysis, following assumptions are made for mmW UE TX EVM together with other assumptions in [R4-1706980]
· Option 1:
	Modulation
	EVM

	Pi/2 BPSK
	[35]%

	QPSK
	17.5%

	16QAM
	12.5%

	64QAM
	8%

	256QAM
	3.5%


· Option 2:
	Modulation
	EVM

	Pi/2 BPSK
	[35]%

	QPSK
	[17.5 - 28]%

	16QAM
	[12.5 - 17.5]%

	64QAM
	8%

	256QAM
	3.5%


· All submitted results shall include analysis according to option 1. Additionally results according to option 2 is encouraged
· Way Forward PA model
· Input on suitable modelling schemes for mmW MPR simulation is encouraged for
· Mutual coupling inside antenna array
· PA non-linearities when operating under phase difference with each other
· It should be noted that PA model calibration point is different than LTE PA
· Way Forward on Spectral utilization
· To follow agreements in R4-1708852
· CP-FDMA:
	SCS [kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


· DFT-S-OFDM:
	SCS [kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	64
	128
	256
	N.A

	120
	32
	64
	128
	256


· Way Forward on IBE
· It was noted in R4-1708006  that using IBE according to LTE may be a problem without scaling 
· Companies are encouraged to bring further analysis on how to define proper IBE for mmW
· Treatment of unsychronized adjacent networks for Sub6 NR in [R4-1708608]

· For TDD-TDD coexistence, assume synchronized networks at least for Rel-15 and until such a time that there is a genuine interest and intention for an unsynchronized deployment.
· Sub-6 minimum output power in [R4-1708821]
· NR single carrier minimum output power is proposed as Table 1, the parameters for EVM is proposed as Table 2.

Table 1: NR minimum output power

	
	Channel bandwidth / Minimum output power / Measurement bandwidth

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	[40MHz]
	50MHz
	[60MHz]
	80MHz
	100MHz

	Minimum output power (dBm)
	-40
	-39
	-37
	-36
	-35.2
	-34
	-33

	Measurement bandwidth
	That is decided by the agreement of spectrum utilization


Table 2: Parameters for Error Vector Magnitude

	Parameters
	Channel bandwidth / Minimum output power / Measurement bandwidth

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	[40MHz]
	50MHz
	[60MHz]
	80MHz
	100MHz

	UE output power (dBm)
	( -40
	( -39
	( -37
	( -36
	( -35.2
	( -34
	( -33

	UE output power for UL 256QAM (dBm)
	( -30
	( -29
	( -27
	( -26
	( -25.2
	( -24
	( -23


· WF on UE Minimum output power and transmit OFF power in [R4-1709145]
· Agreement
· The minimum output power should be defined as EIRP at maximum beam peak direction.

· Note: The EVM at beam peak direction is thought to be the worst case as conductive power is the minimum to meet the same EIRP requirement than other direction.

· WF for next RAN4 meeting
· Companies are encouraged to provide inputs to further study the minimum transmit power and transmit OFF power requirement.

· Test equipment vendors are invited to provide input on testability aspects. E.g.
· Minimum measureable EIRP and the corresponding measurement error from test equipment vendor.
· Test method to improve testability.
· Discussion on UL/DL configuration for intra-band contiguous CA in [R4-1708168]

· The UL/DL configuration of all the CCs with the same or different numerology under intra-band contiguous CA should have the same transmission direction at the same instance.

· WF on SA and NSA UE REFSENS for sub 6GHz CA in [R4-1709149]

· WF: Procedure for REFSENS calculations for NR sub-6GHz
· REFSENS are calculated for SA case per band and channel bandwidths 
· Separately extra losses related to NSA handling are discussed (common/separate antennas, diplexing, solutions to harmonics/IMD)
· This is not reflecting how it will be captured in the spec but the method to share results
· WF: REFSENS for SA per band/Channel BW
· REFSENS = -174dBm + NF + 10*log(RXBW) - Diversity gain + SNR + IM

· Diversity gain is 3dB for 2 RX antenna case
· Antenna correlation issues may be embedded in IM taking into account the frequency range, note that for test the 3dB apply as it is a conducted test. 
· RXBW is transmission bandwidth per channel BW and SCS. 
· NF is maximum [9-10dB] for C-Bands (n77, n78)

· NF is maximum [9-11dB] for C-Bands (n79)

· IM is [0.5-2.5dB] for C-Bands (n77, n78, n79)

· For bellow 3GHz NF and IM may be different especially taking into account critical FDD cases and could be evaluated per band. Values are FSS
· SNR is FSS depending on reference signal and receiver demodulator performance. Assumption is QPSK with coding rate TBD.

· Sub-6GHz LTE-NR DC Tx output power assumption for Rx MSD estimation in [R4-1707820]

· For LTE-NR DC Rx MSD caused by 2UL IMD, the Tx output power for each component carrier is 20 dBm at antenna port.

· For LTE-NR DC Rx MSD caused by UL harmonics, the Tx output power for aggressor component carrier is 23 dBm at antenna port.  

· WF on MSD for sub6GHz in [R4-1709139]

· WF for MSD by harmonic
· RAN4 to study the ways to mitigate the MSD caused by harmonic for LTE NR band combinations, including
·  Revisit the parameters used in harmonic MSD analysis for LTE CA to see if some parameters can be improved

·  Study frequency region w/o harmonic for specific LTE NR band combinations
·  Network scheduling of RB allocations
·  Other methods or solutions are not excluded 
·  RAN4 to study and conclude the method to define MSD for harmonic and harmonic side lobe especially for new channel BW of NR .

·  Uplink and downlink configurations

·  Harmonic side lobe offset

·  For LTE-NR DC Rx MSD caused by UL harmonics, the Tx output power for aggressor component carrier is 23 dBm at antenna port.

·  Up to 7th harmonic should be considered

· WF for MSD by IMD
· RAN4 to study the ways to mitigate the MSD caused by IMD for LTE NR band combinations, including
· Revisit the parameters used in harmonic MSD analysis for LTE CA to see if some parameters can be improved 

·  Study frequency region w/o IMD for specific LTE NR band combinations
·  Other methods or solutions are not excluded 
·  For LTE-NR DC Rx MSD caused by 2UL IMD problems, PC3 case is considered firstly for the Tx output power(i.e. 20dBm for each component carrier at antenna port), but PC2 case is not excluded in Rel-15

· WF for MSD by harmonic mixing
· It is agreed that no MSD need to be defined for LTE NR band combinations due to even order harmonic mixing unless specific issues are found
· Study MSD caused by odd order harmonic mixing case by case for LTE NR band combinations and make a conclusion on this.
· Work plan for MSD below 6GHz
· RAN4-NR#3

· Identify and agree on the band combinations with MSD need to be completed in Rel-15

· Companies provide proposals on potential solutions to mitigate the MSD caused by harmonic, IMD and harmonic mixing

· Align calculation method and parameters for MSD based on candidate MSD values for indentified band combinations

· Initial agreements on the potential solutions to be further investigated

· RAN4-#84bis

· Continue the investigation of agreed solutions to mitigate the MSD 

· Align MSD values for indentified band combinations

· RAN4-#85

· Results alignment and TR/CR approval

· 4Rx UE RF requirements for NR below 6GHz in [R4-1708005]

· It is proposed to specify 4Rx UE RF requirements for NR bands with Rx frequency range above 1.7GHz. 

· WF on Reference sensitivity for mm Wave in [R4-1709140]

· Way Forward 
· Definition of Sensitivity equation in mmWave

· RAN4 can derive the REFSENS requirement based on alignment on the peak EIS level equation and the options listed in slide #6

· Sensitivity = -174dBm(kT) + 10*log(Max. RX BW) + NF – Total Ant. gain - diversity gain + SNR + ILs

· In here, Total ant. gain = element gain + beamforming gain

· ILs: Implementation Losses

· Max. RX BW: Max. Received Bandwidth
· Expected Schedule for REFSENS requirements in mmWave

· In RAN4 RF session, detail REFSENS requirement will be discussed and decided

· Option1: Defined as Beam Peak EIS or

· Option2: Defined as a CDF EIS 

· [A %] EIS CDF : The percentile and # of points of CDF curve will be FFS.

· Option3 : Defined as Beam Peak and CDF EIS combinations

· In RAN4 demodulation session, should be decided target SNR level.

· Refer the agreed WF (R4-1708904).

· RAN4 should complete REFSENS requirements in RAN4 #85 meeting.
· On UE IBB requirement for mmW in [R4-1708449]

· It is assumed that blocker comes from the same direction as that of the wanted signal

· The exact value for IBB is between 23dB and 30dB for 30GHz.

· For 45GHz, companies are encoranged to study if Qualcomm’s approach that is (X -1) dB for 45GHz is acceptable or not. Note that X is IBB for 30GHz.

· Out-of-band blocking around 28 GHz in [R4-1707510]

· Companies are encouraged to provide further information on blocking (not preclude other systems than ASDE) especially in Region 3 to define appropriate out-of-band blocking requirements above 24 GHz.

· Out-of-band blocking for not only above operating frequency but also below one should be specified in core specification. Testing time aspects e.g., decimation of test cases will be discussed separately in conformance spec anyway.
· With the condition that RAN4 guides RAN5 about possible testing time reduction by sending an LS to them.

· Sub6 Spurious Responses in [R4-1709148]

· Spurious Responses for sub6 NR are copied from LTE
· mmWave maximum input level and ACS signal level in [R4-1707829]

· Input signal comes from boresight for Maximum input level requirement.
· NC CA Support for mmW UE in [R4-1707188]

· NR mmW UE can support non-contiguous DL CA even if it can not support the CC separation in the full width of the supported band if signals of CCs are collocated and they come from the same direction.

· NR mmW UE can support contiguous DL CA if signals of CCs are collocated and they come from the same direction.
For BS RF perspective
Nineteen contributions on BS RF perspective were approved in [R4-1808859, R4-1708860, R4-1708861, R4-1708862, R4-1709078, R4-1709079, R4-1709080, R4-1708099, R4-1708866, R4-1709081, R4-1708868, R4-1708869,R4-1709137, R4-1709082, R4-1708872, R4-1708874, R4-1708875, R4-1708876, R4-1709068] where the following agreements are captured.
· WF on naming of NR BS types and drafting options in [R4-1808859]

· Way-forward on naming of NR BS types for NR BS requirement sets
· .Proposal 1: It is proposed to use the abbreviations in Table 2-1, when drafting requirement text for TS 38.104.

Table 2-1: Supported requirement sets

	Requirement set
	BS Description

	1-C
	A NR BS operating at frequency Range 1 with all requirements defined at individual antenna connectors. Following the approach used in TS 36.104 and TS 37.104

	1-H
	A NR BS operating at frequency Range 1 with a requirement set holding requirements at TAB connectors and few OTA requirements defined at RIB(s). The requirement set is like the one defined for Hybrid AAS BS. Following the approach used in TS 37.105 

	1-O
	A NR BS operating at frequency Range 1 with a requirement set consisting only OTA requirements defined at RIB(s). Following the approach developed in eAAS and documented in TR 37.843.

	2-O
	A NR BS operating at frequency Range 2 with a requirement set consisting only of OTA requirements defined at RIB(s).


Where TAB (transceiver array boundary) and RIB (Radiated Interface Boundary) definitions used currently in the eAAS WI are as follows:

transceiver array boundary: conducted interface between the transceiver unit array and the composite antenna

multi-band RIB: operating band specific RIB which is paired with one or more additional operating band specific RIBs where the multiple bands are supported through common active electronic component(s)

single band RIB: operating band specific RIB without any common active electronic component(s) shared with other operating bands
· Proposal 2:It is proposed to follow the following approach when writing NR BS conducted requirements in TS 38.104, clause 6:

6.x.y
Conducted requirement A

6.x.y.1
Limits

{Table with basic limits}

6.x.y.2
non-AAS
{minimum requirement = limit}

6.x.y.3
AAS

{minimum requirement = limit with scaling applied}

· TP to general TR38.xxx: Relationship with other core specifications in [R4-1708860]

· The General TR 38.xxx for section 5.1 on the Relationship with other core specifications. 
· Proposal on the skeleton of NR BS EMC standard TS 38.113 in [R4-1708861] 

· The skeleton of TS 38.113 for the EMC requirements of the NR BS.
· Draft TP to TS 38.113: General aspects for the EMC requirements for NR BS in [R4-1708862]
· general aspects for the EMC requirements for the NR BS, based on the discussion paper in [2] and. the following proposal is made:
· Proposal 1: It is proposed to approve the attached TP to Draft TS 38.113.
· Skeleton for the NR BS test specification TS 38.141 in [R4-1709078]

· The skeletons for the NR BS test specifications TS 38.141 (for conducted and for OTA testing) for Approval. The following modification was implemented in both parts of the specification: 

· Applicability of requirements sub-clause (previously 4.5) was moved to be located before the Test configurations sub-clause (4.8)

· WF on beam switching time in [R4-1709079]

· Base on the agreed WF in the last meeting [R4-1706957], Beam switching speed as NR BS new requirements are discussed. 

· Agreement (General)
· Testability doesn’t impact the decision whether this requirement is introduced in core spec or not. (already agreed in R4-1706158)

· RAN4 agrees to work to create a description for the potential requirement. (already agreed in R4-1706158)

· RAN4 agrees the switching time must be less than some value (it doesn’t mean RAN4 automatically to introduce the requirement)

· It is agreed RAN4 to encourage to solve remaining open issues shown in the following slides.

· Agreement (the value)

· Taking into account NR OFDM symbol design, beam switching time of direction A to B shall be at least less than CP length

· CP length depends on SCS.

· The difference of  direction A and B should be the same with the maximum direction gap which BS can steer.

· Encouraged companies provide the simulation results of the relation between beam switching time (0 ~ CP length) and performance degradation (100% is assumed for no delay) for each DL CH in RAN4 NR#3 meeting in Nagoya and RAN4#84bis in Dubrovnik. Based on the results, RAN4 will further clarify the required beam switching time smaller than CP length.

· FFS how beam switching and the time requirement should be defined in requirement text

	Information

	SCS
	CP length

	15 kHz
	4.69 µs

	30 kHz
	2.34 µs

	60 kHz
	1.17 µs

	120 kHz
	586 ns

	240 kHz
	293 ns


· Agreement (on Work Plan)
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· WF on unwanted spatial emission for NR BS in [R4-1709080]

· One declaration option should be selected from the three options for unwanted spatial emissions

· Unwanted spatial emission declaration should be included in the scope of RAN4 specifications for 5G NR BS in Rel-15
· Declaration for unwanted spatial emission is selected in option2:Side lobe level and front to back ratio potential requirements can be combined into a “emissions spatial mask” declaration

· Unwanted spatial emission declaration should be captured in TS 38.141 and TR 38.xxx(General aspects for RF, RRM and demodulation for NR)
· WF on upper limit for spurious emission for NR BS in [R4-1709081]
· In Range 2 NR BS, limit the upper frequency below 100 GHz in the core specification is agreed in [R4-1706782] and way forward on upper limit for spurious emission for NR BS Range 2.
· For TS 38.104 core specification:

· Upper limit of frequency range of spurious emission for NR Bands above 24 GHz is specified as 2nd harmonics of the upper frequency edge of the DL operating band in GHz as shown in table:

 
[image: image29]
· For TS 38.141 conformance specification:

· Upper limit of frequency range of spurious emission for NR Bands above 24 GHz is specified as 2nd  harmonic of the upper frequency edge of the DL operating band, but is limited to [TBD GHz] as shown in table:


[image: image31]
· TP to TS 38.104: BS UEM for NR sub-6GHz in [R4-1708868]
· Text proposals on UEM requirements for TS 38.104
· TP for TR 38.xxx on Unwanted Emissions Mask (UEM) for Range 1 in [R4-1708869]
· Text proposals on Unwanted Emissions Mask (UEM) for Range 1 in TR 38.xxx
· TP to draft general TR 38.xxx: Conducted Tx spurious requirements for NR BS Range 1 in [R4-1709137]
· Updated TP to the draft general TR 38.xxx for the conducted Tx spurious requirements for NR BS Range 1.

· WF on BS transmitter intermodulation for NR sub-6GHz in [R4-1709082]
· BS transmitter intermodulation for NR sub 6GHz was partially agreed in [R4-1707224] and way forward on the case of intermodulation for 1-C-N and 1-C-A.
· Co-location transmitter intermodulation case for conductive requirements:
· Use the same interfering signal by identifying the worst case regardless of Bands, SCS of wanted signal, CBW of wanted signal, BS class :
· interfering signal type:
· FFS: NR or LTE signal
· interfering signal channel bandwidth 
· FFS
· interfering signal level: 
· Rated total output power in the operating band – 30 dB

· Intra-system transmitter intermodulation case
· the way to define interfering signal in AAS could be reused for NR range 1-C-A.

· Specify NR signal of the same channel bandwidth as the wanted signal as interfering signal
· Power level declared by the base station manufacturer
· TP to TS 38.104: BS transmitter transient period in [R4-1708872]
· Text proposal on BS transmitter transient period agreed in [R4-1706970] based on the latest TS 38.104.
· WF on Switching time transient output power profile for TDD NR BS in [R4-1708874]
· Proposal: It is proposed to maintain transient output power profile as currently specified for E-UTRA TDD BS, i.e. specifying the Off Power level and Transmitter transient period.

· WF on output power accuracy and output power limit in [R4-1708875]
· To capture any agreements and open issues about EIRP power accuracy for NR BS.

· Agreement

· There will be a TRP accuracy requirement

· The TRP accuracy requirement captures all output power variation mechanisms not associated with directivity.

· There may be several sources of variation relating to directivity

· It is necessary to capture variations associated with directivity in some form.

· Open issues

· Directivity related power variation may be captured as either EIRP accuracy in dB or a direction error in deg.

· It has been highlighted that for a narrow beam a small direction error could result in a large EIRP error.

· Depending on estimated directivity related variation:

· If the Absolute EIRP accuracy requirement is feasible even for small beam width then this method is the favored method to capture directivity related variation. 

· If absolute EIRP accuracy is so large it is not useful and alternative solution must be found, options identified are:

· Considering an accuracy margin for the beam pointing direction in degree
· Consider an EIRP accuracy requirement based on a beam which is set using a closed loop approach based on an incoming (UL) signal

· Whether the closed loop approach needs standardization should be further studied

The estimated EIRP accuracy due to directivity variation for a range 2 system is still unclear – companies are encouraged to submit their views on potential values.

· WF on dynamic range requirements for Range 2 NR BS in [R4-1708876]

· There is no need to specify dynamic range requirement for range2 NR BS receiver.

· The absolute levels for demodulation requirements shall be well above (e.g. at least ~5dB) the AWGN noise floor, thus the small dynamic range shall be handled via demodulation requirements. 

· WF on range 2 BS blocking in [R4-1709068]

· The issue of how to set a reasonable OTA blocking requirement for range 2 NR BS, is discussed and WF attempts to capture the available options
· Simulations has been presented using the traditional methodology of looking at the blocking interferer level in isolation as well as proposals to look at both the wanted signal and the interfering signal at the same time. The following issues have been highlighted:

· Based on the current input options for method of deriving interference level:

· Option 1

· Use simulations based on aggressor network and blocker level alone to derive an absolute interference level

· Independently agree and absolute Reference sensitivity level

· Use absolute Reference sensitivity level + offset for blocking requirement wanted level

· Option 2

· Use methods based on analyzing victim and aggressor network, method may directly provide the the delta between wanted signal level and interferer level, or may treat networks independently however considering joint probability.

· Independently agree an absolute Reference sensitivity level

· Use absolute Reference sensitivity level + offset to derive an absolute blocker level with certain blocker probability

Where simulations provide conducted blocker levels methods to achieve corresponding OTA levels are FFS. 

Companies are encouraged to submit their views on which of these options is more appropriate with a view to agreeing a one of the options next meeting.

In addition it is to be further investigated if using 2 sensitivity levels (minimum and reference) to test the interference levels in a similar method to eAAS is required. 

Range 1 OTA requirements assume that for the requirement both the wanted and the interfering signal are in the same direction, companies are encouraged to consider if this approach can also be used for range 2.
The partially agreement which is written in RAN4#84 Main Session Chairman Note is following.

· BS transmitter intermodulation for NR sub 6GHz in [R4-1707224]

· Proposal 1: similar to LTE, for NR sub 6GHz, only “Co-location transmitter intermodulation” case should be defined for Range 1-C-N, and both “Co-location transmitter intermodulation” and “Intra-system transmitter intermodulation” cases for range 1-C-A.
· Proposal on mmWave NR BS Noise Figure in [R4-1707155]

· Noise figure values which have been agreed in the WP5D reply for NR coexistence simulation will be used for NR specification work.
For UE RRM perspective

Ten contributions on UE RRM perspective were approved in [R4-1709086, R4-1707424, R4-1708219, R4-1708697, R4-1708698, R4-1708286, R4-1709108, R4-1708694, R4-1708284, R4-1709017] where the following agreements were captured.
· Evening AH for NR UE RRM in [R4-1709086]

· Way forward for NR RRM in [R4-1707424].

· Summaries of discussion about following topics in RAN4 #84 meeting were described.
· NR RRM measurement
· Three categories of measurement are agreed

· Intra-frequency measurement without RF retuning

· Intra-frequency measurement with RF retuning

· Inter-frequency measurement with RF retuning
· It is FFS if the center frequency of SS block of serving and/or target cell is shifted within the cell identification and measurement period.
· NR intra-/inter-frequency definition
· Definitions were summarized in LS to RAN2 [R4-1709108]

· NR measurement gap configuration


· MGL:

· MGL=6ms is agreed

· It is FFS to introduce MGL shorter than 6ms for both sub-6GHz and mmWave

· MGRP:

· For NSA

· MGRP: 40ms, 80ms, 160ms

· If there is LTE inter-frequency layer to be monitored, 160ms MGRP won’t be used.

· RAN4 will not define LTE inter-frequency requirements based on 160ms MGRP

· It is FFS if shorter MGRP is needed 

· For SA

· Candidates: 40ms, 80ms, 160ms 

· It is FFS if shorter MGRP is needed

· Companies are encouraged to provide their opinion on the question” How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?”

· It is noted that when SMTC period is smaller than MGRP, only partial of SMTC can be covered by the measurement gap. 

· It is noted that measurement gap can be used for all RAT including LTE and NR.
· RSRP
· Leave the RSRP acronym to RAN1 to decide.

· SSS based RSRP is the baseline for simulation alignment purpose.

· SSS+DMRS of PBCH based RSRP evaluation is not precluded
· TP on 38.133 structure TP was agreed in [R4-1708219]

· TP to TS 38.133 v0.0.1 Cell phase synchronization accuracy requirements were agreed in [R4-1708697]

· Updated link level simulation assumptions for cell detection were agreed in [R4-1708698]

· Simulation assumption for PBCH reading was agreed in [R4-1708286]

· Following liaisons were agreed.

· LS on Definitions of Intra-frequency and Inter-frequency Measurements [R4-1709108]

· Intra-frequency measurement: The UE can be configured to perform an intra-frequency measurement on SS block signals and/or on CSI-RS resources. The SS block based and CSI-RS based intra-frequency measurements are defined below:

· A SSB based measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the SS block used for measurement on the serving cell and the center frequency of the SS block used for measurement on the neighbour cell are the same.

· A CSI-RS based measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the CSI-RS resources configured for measurement on the serving cell and the center frequency of the CSI-RS resources configured for measurement on the neighbour cell are the same.

· Inter-frequency measurement: The UE can be configured to perform an inter-frequency measurement on SS block signals and/or on CSI-RS resources. The SS block based and CSI-RS based inter-frequency measurements are defined below: 

· A SSB based measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the SS block used for measurement on the serving cell and the center frequency of the SS block used for measurement on the neighbour cell are different. 

· A CSI-RS based measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the CSI-RS resources configured for measurement used for measurement on the serving cell and the center frequency of the CSI-RS resources configured for measurement used for measurement on the neighbour cell are different. 

· Scenario with Multiple SS Blocks in Serving Cell: If the serving cell of the UE transmits multiple SS blocks then the UE should be configured with a reference SS block in the serving cell for performing SSB based intra-frequency measurements.
· Reply LS on UE measurement capability across LTE and NR [R4-1708694]
· RAN4 replied following answers to RAN2:

· Q3:
Would the answer to Q2 be dependent on differences in configuration of the measurement object? 
· A3:
RAN4 would like to clarify that Q2 could depend on differences in measurement configurations and signals to be used for the measurements in the measurement objects. In principle, if the differences in the configuration do not affect the physical measurement performed by the UE, the objects would be counted as one. In this LS, the measurement objective definition assumes it follows measurement objective definition in LTE, which excludes the reporting configuration.
· Q4:
If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?
· For example, the parameters included in E-UTRA measurement object are listed in Annex.
· Any other parameters to be specified for NR, if any.

Agreements:



RAN2 assume that for measurement objects on the same frequency configured by both MN and SN, at least the following parameters can be configured differently without affecting whether the 2 measurement objects will count as 1 or 2 measurement layers.

-
offsetFreq

-
Cells to apply alternative TTT (if agreed for NR)

-
T312 (if agreed for NR)

-
cellIndividualOffset (if agreed for NR)

-
Black list

-
FFS
White list

-
Other parameters are FFS.
Note: Since the detailed parameters in measurement object of NR have not been concluded, so far RAN2 assumed the above parameters based on measurement object of E-UTRA in TS36.331.
· A4: 
By taking latest RAN2 LS [2] into consideration, RAN4 would like to confirm that the following parameters can be configured differently without affecting whether the 2 measurement objects will be counted as 1 or 2 measurement layers.
· offsetFreq
· Cells to apply alternative TTT (if agreed for NR)
· T312 (if agreed for NR)
· cellIndividualOffset (if agreed for NR)
· Black list
· FFS White list

· Regarding the list of parameters listed in LS [1], RAN4 thinks it is for EUTRAN measurements and may not apply for NR measurement. For example, measurement DS configuration is for discovery signal based measurement which does not exist in NR. At the same time, NR may have other signals configurations which were not signaled or the signals did not exist in LTE. Furthermore, even if some of the other parameters are to be introduced for NR the meaning of the parameters could be different. RAN4 will discuss this further when RAN2 will provide the list of NR parameters included in measurement object configuration.
· Q5:
In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?
· A5:
RAN4 has not yet reach agreements on which exact UE requirements will be specified.
· Reply LS on shared baseband capabilities for MR-DC [R4-1708284]
· RAN4 replied following answers to RAN2:

· Q1: In the context of the above discussion, RAN2 would like to know which of the baseband capabilities are shared and split between LTE and NR by eNB/gNB? 

· A1: 
It is possible that all the UE baseband capabilities are split between LTE and NR due to e.g. separate LTE and NR baseband chipset implementation. Therefore NR shall at least supports split baseband capabilities between LTE and NR by eNB/gNB.
· LS on SSRP Measurements for Mobility in NR [R4-1709017]
· The reference point to define the measurement when no physical antenna connector is present, eg above 6GHz. RAN4 agreed that the RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA.

· RAN4 opinion is that when multiple antenna elements are combined for analogue, digital or hybrid RX beamforming purposes (as for example in an antenna panel), the measurement definition should assume that RSRP and CSI-RSRP measurements are performed on the combined signal. Where multiple receiver branches are used in the measurement (for example where signals are received from multiple antenna panels) the same approach as LTE should be used (the reported value shall not be lower than the corresponding RSRP of any of the individual branches).
· Reference point and the number of points of SSBs will be discussed further in RAN4.
6. RAN WG4 progress at RAN4 NR AH#3 (September 2017)

For Spectrum perspective 
Below contributions on UE RF perspective were approved where the following agreements were captured.

· Update of DC band combination lists in [R4-1710082]

· TP for TR 38.xxx Update of NR bands in [R4-1709871]

· TP to TS 38.104: NR band numbering  in [R4-1709872]

· WF on UE RF requirements for Band n77, n78 and n79 on [R4-1710031]

· WF on Band n77 and n78

· REFSENS

· Filter data satisfying the following conditions will be considered for insertion loss and REFSENS

· Attenuation is at least typ. 35 dB for ≤ 2.69 GHz and ≥ 5.15 GHz (35 dB is required for both B46 and 5 GHz WiFi as a consensus in RAN4)

· It will be confirmed that IM of TDD bands is 0.5 dB better than that of FDD ones

· SNR is being discussed in other documents

· Out-of-band blocking

· To be discussed taking filter aspects above into account

· Tib and Rib (for CA/DC)

· To discuss if values of LTE CA including B42 can be improved

· WF on Band n79

· MOP and REFSENS

· To confirm if Band n79 UEs need to protect 5.15-5.925 GHz

· If 5 GHz is to be protected, filter data in R4-1709487 (Nokia) can be referred (max IL = 2.3 dB) but the IL could be improved considering  relaxed attenuation to typ. 35 dB

· If 5 GHz is not to be protected, filter data in R4-1709387 (Docomo) can be referred (max IL = 1.1 dB)

· Out-of-band blocking

· To be discussed taking above filter aspects into account

· Tib and Rib (for CA/DC combo including Band n79)

· To confirm if separate antenna architecture can be assumed

· WF on synchronization requirements for LTE-NR DC in [R4-1709874]

· Companies are encouraged to study the potential timing difference for inter-band LTE-NR DC for both synchronous and asynchronous DC and its implication to UE RF requirements by October RAN4 meeting.

· Companies are also encouraged to study the synchronization timing requirement for intra-band LTE-NR DC for both TDD and FDD bands and whether collocation is required by October RAN4 meeting.

· Other performance issues for intra-band LTE-NR DC not related to synchronization can be addressed in a separate way forward.    

· WF on BCS and CA bandwidth class for LTE-NR DC in [R4-1710083]

· WF for NR BCS
· Condering NR bands in LTE-NR DC:

· Bandwidth combinations sets are not specified for NR bands part of LTE-NR DC configuration

· Where IMD is an issue only for a subset of channel bandwidths within a band/band combination, the bandwidths for which MSD is applicable shall be specified in receiver charateristics section.

· Considering LTE bands LTE-NR DC: 

· WF for NR BCS
·  The need for BCS for LTE band in LTE-NR DC is discussed separately from NR BCS

· LTE-NR DC UE shall signal BCS information to eNodeB (to reduce changes to LTE UE and eNodeB desing)

· LTE-NR DC UE shall signal support for all specified LTE bandwidth combinations sets that belong to the LTE CA configuration part of LTE – NR DC (to reduce UE fragmentation and make RAN4 specification effort smaller as no LTE BCS information is needed in NR specs)

· When operating in DC band combinations of LTE 1DL/1UL + NR band(s) UE will support all LTE channel bandwidths that are specified to the LTE band (otherwise LTE bandwidth capablility is unknow as single CC operation does not have BCS)

· WF for NR CA bandwidth class
· CA bandwidth class concept is introduced into NR specifications to distinguish UE capabilities when operating in NR CA configurations

· NR CA bandwidth class applicability to NR wideband operation is FFS

· Separate NR CA bandwidth class tables are defined for NR range 1 and range 2. 

· NR CA bandwidth class includes at least information on aggregated channel bandwidth
· The following agreements was made when the contribution [R4-1710051] was treated

· It is proposed that simultaneous transmission in at most 2 UL bands are considered for LTE NR band combinations in Rel-15.
· Feasibility of DC_42A-n77A and 42A-n78A in [R4-1709390]

· Feasibility of DC_42A-n77A and 42A-n78A should be confirmed for both UL and DL respectively. If possible scenarios (e.g. same numerology, synchronized and collocated etc.) are limited, those should also be clarified
· TR 37.863-01-01_V0.1.0_Rel15_DC band combinations of LTE 1DL1UL + one NR band in [R4-1709388]

· Twenty seven TPs for DC band combination of LTE 1DL/1UL + one NR band
· update of TR 37.863-02-01 in [R4-1709578]

· Seven TPs for DC band combination of LTE 2DL/1UL + one NR band
· TR 37.863-03-01 v0.0.2 Rel-15 DC combinations LTE 3DL and one NR band in [R4-1709488]

· One TP for DC band combination of LTE 2DL/1UL + one NR band in [R4-1709682]

· TR update 4DL + 1NR in [R4-1709476]

· Two TP for DC band combination of LTE 2DL/1UL + one NR band in [R4-1710034, R4-1709809]

· Updated procedure for adding SUL bands in [R4-1710035]

· Proposal 1: Only SUL and NR band combinations are considered in Rel.15. Combinations of LTE, SUL and NR are not considered until Rel.15 is finished.

· Proposal 2: Proposal for new SUL band should supply information about related band combination at the same time.

· Proposal 3: Proposal for new SUL band and band combination should use the certain format in Annex for submitting necessary information.
· Proposal 4: A basket way similar to LTE-NR DC band combination can be setup for SUL and NR combination to handle different kinds of combinations efficiently. The notation should be precise as well as extensible, for example:

	Categories
	Prefix

	SUL 1CC + NR xCC
	[Basket SUL 1CC/NR xCC]

	x = 1, 2…


· Proposal 5: Priority for certain category of SUL and NR combination may need to be clarified to fulfill a realistic time plan in Rel.15.
· new SUL band for 1920-1980MHz in [R4-1709509]

· to define a SUL band for 1920-1980MHz
· new SUL band on TDD frequency in [R4-1709574]

· RAN4 to define Band 41 (2496-2690MHz) as a SUL band.
· RAN1 to decide resources assignment for SUL band on TDD frequency among option 1, option 2 and option 3.
For General perspective

Below contributions on general RF perspective were approved where the following agreements were captured.

· Skeleton TR 38.xxx General aspects for UE RF for NR was approved [R4-1709767]

· WF on BS/UE channel bandwidth definition [R4-1709930]

· UE Channel bandwidth: The RF bandwidth supporting a single E-UTRA NR RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.

· BS Channel bandwidth: RF bandwidth supporting a single E-UTRA NR RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell.
· NOTE:
The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.
· NOTE:
It is possible for the BS to transmit to and/or receive from  one or more UE Bandwidth parts that are smaller than or equal to the BS transmission bandwidth configuration, in any part of the BS transmission bandwidth configuration.
· WF on support of sub-carrier spacing [R4-1710047]

· BS shall support the sub-carrier spacing of synchronization signal for both data and synchronization signal
· In case more than one SS SCS can be configured for a band, the BS shall support at least one SS SCS
· BS declares the support of other sub-carrier spacing(s) including:
· the sub-carrier spacing(s) that can be supported in TDM manner
· the sub-carrier spacing combinations that can be supported in FDM manner
· Detail is FFS
· UE shall support sub-carrier spacing(s) for data in TDM manner as below in Rel-15:
· For sub-1GHz
· Mandatory: 15k, 30k
· For 1GHz-6GHz
· Mandatory: 15k, 30k
· Optional: 60k
· For mmWave
· Mandatory: 60k, 120k
· The following agreements was made when the contribution [R4-1709989] was treated.

· Companies are encouraged to bring contributions to next RAN4 meeting with different RB alignment options to check which SCS and channel BW combinations’ RB values can be reduced and how much.
· Simulation assumptions of Co-existence study for 55dBm CPE in mmWave spectrum was agreed [R4-179987]
For UE RF perspective
Below contributions on UE RF perspective were approved where the following agreements were captured.

· UE RF Wednesday evening AH in [R4-1709966]

· Draft TS for 38.101-1 in [R4-1709958](e-mail)
· Draft TS for 38.101-2 in [R4-1709959](e-mail)
· Draft TS for 38.101-3 in [R4-1709960](e-mail)
· SRS Hopping in [R4-1709833]

· Antenna switching time i.e. time between end of transmission in antenna port n and begging of transmission in antenna port n+1is 15 usec.

· Draft LS Reply to LS related to SRS hopping in [R4-1709937]

· WF on handling NC CA for mmW requirements in [R4-1709967]

· To specify signalling to indicate the maximum supported CC separation by UE for intra-band NC CA.

· Signalling is band dependent

· FFS if center to center distance or edge to edge of CCs is signalled

· FFS values and amount of bits

· FFS applicability for UL CA

· The signalled maximum CC separation is the distance between all the CCs for the NC CA configuration for this UE

· Sub-6GHz PC2 NR UE MPR compared to PC3 in [R4-1709351]

· MPR derived for 3.5GHz is applied to nB41 as well.

· WF on HPUE requirements in Rel15 in [R4-1709974]

· SA scenario

· UL MIMO with total output power of 26dBm is supported by specification for NR Band n41 and n78.

· 26dBm PA configuration is considered for PC2 UE for NR Band n41.

· NSA scenario

· Consider power class 3 for LTE-NR DC inter-band combinations by December

· Mixed PC2 and PC3 for LTE-NR DC inter-band combinations can be further considered in Rel-15

· Requirements shall consider the above conditions in SA and NSA scenarios in Rel-15.

· TP for TR General aspects for UE RF for NR: Range 1 UE power class in [R4-1709479]

· E-UTRA PC 3 power class and associated tolerances are used for NR bands which are re-farmed from E-UTRA

· Session chair note

· Decoupling EIPR for power class and EIPR for spherical coverage

· Two requirements for EIRP for PC and spherical coverage

· EIRP for PC @100%, or 90% or 50% by MTK

· EIRP for spherical coverage @ somewhere below 50%

Note: The exact % will be determined after looking over relevant contribution in this meeting.

· WF on Power class for mm Wave in [R4-1710081]

· Way Forward on spherical coverage
· Companies are encouraged to consider following aspects in addition to the parameters

· Number or antenna arrays and placement options with realistic industrial design including diplay and device case material 

· Perturbation or distortion of mmWave antenna radiation by the LCD, and gap in-between antenna and housing of the UE)

· Possible usage positions of the UE and relevance of spherical coverage 

· Decision beteen two %-tile values will be made based on submissions in RAN#84Bis 

· Assumption is that output power is specified with the waveform and modulation with lowest MPR

· Waveform and modulation is pending for MPR analysis

· dBm Value of %-tiles will be discussed in next meeting

· The requirement should be future-proof especially considering current results is only based on simulation result rather than measurement with practical implementation. 

· Since requirement is only lower limit, no tolerance will be specified

· Test tolerance, as derived from the test system measurement uncertainty, will be defined based on progress in testability

· Wayforward on power class
· RAN4 will specify a requirement for max EIRP
· Maximum EIRP will have only lower limit i.e. UE will meet the requirement as long as  it exceeds the defined limit in to one direction
· Value of lower limit for max EIRP will be discussed in next meeting
· Assumption is that output power is specified with the waveform and modulation with lowest MPR
· Waveform and modulation is pending for MPR analysis
· Since requirement is only lower limit, no tolerance will be specified
· Test tolerance, as derived from the test system measurement uncertainty, will be defined based on progress in testability
· Way forward max allowed EIRP
· Max allowed EIRP of 43 dBm is regulatory requirement and does not need to be discussed (agreement allready in R4-1706322, ”WF on mmWave UE output power”, Qualcomm, RAN4#83
· RAN4 will specify this limit in 38.101-2
· Requirement is valid for all waveform, modulation and conditions
· Way forward on TRP
· RAN4 will specify a requirement for TRP
· The TRP requirement is only upper limit, so no tolerance will be specified
· Value of upper limit for TRP will be discussed in next meeting
· Test tolerance, as derived from the test system measurement uncertainty, will be defined based on progress in testability
· MPR evaluation for NR at frequencies above 24 GHz in [R4-1709677]

· The IBE requirement for mmW should be unambiguously defined for DFT-s-OFDM, especially at maximal allocation bandwidth (per given CBW and SCS), before MPR is specified.
· WF on MPR table structure and RB allocations sub 6GHz in [R4-1709944]

· WF:parameters for 256QAM
· For 256QAM, based on R4-166954, WF on MPR\AMPR simulation assumptions for UL 256QAM, Huawei, Hisilicon, Qualcomm, CMCC, Nokia, Skyworks, Ericsson: 
· EVM budget is as follows
	Tx EVM contributor
	EVM
	SNR(dB)

	PA
	1.85%
	34.7

	Transmitter
	1.19%
	38.5

	Phase noise
	1.78%
	35 

	IQ imbalance
	2.06%
	33.7 

	Total
	3.5%
	29.1


· WF:MPR table for results
· MPR value in this table applies to all currently agreed channel BW and SCS
· MPR for 64QAM and 256QAM is a single number for all allocation types 
· Results are reported either as a maximum MPR per allocation types or as full allocation triangles
· MPR proposals are done based on the above table
· MPR values can be provided in 0.5dB granularity
	Allocation type
	Outer (max MPR)
	Inner (min MPR)

	
	LCRB
	all
	≤LCRBmax/2

	
	RBstart
	<LCRB/2 from edge
	≥LCRB/2 from edge

	WF type
	modulation
	MPR For all BW and SCS

	DFT-s-OFDM
	PI/2 BPSK
	
	

	
	QPSK
	
	

	
	16QAM
	
	

	
	64QAM
	

	
	256QAM
	

	CP-OFDM
	QPSK
	
	

	
	16QAM
	
	

	
	64QAM
	

	
	256QAM
	


· Background: Visualizing the inner and outer allocation: 5MHz 15kHz case illustrated
· Outer allocation have the highest MPR and correspond to LCRB> LCRBmax/2 or allocations with RBstart within <LCRB/2 from the edge
· Inner allocation are defined for LCRB ≤ LCRBmax/2 and ≥LCRB/2 away from the edge, they see reduced MPR
· LCRBmax  is the max CP-OFDM allocation from SU
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· WF: Equations for inner/outer allocation
· LCRBmax: maximum RB allocation for CP-OFDM from SU
· LCRBmid=LCRBmax/2 rounded up to next integer
· RBstartlow=LCRB/2 rounded down to next integer with floor at 1
· RBstarthigh=LCRBmax-Rbstartlow-LCRB
· Inner allocation: 
· LCRB ≤ LCRBmid
· RBstartlow ≤ RBstart ≤ Rbstarthigh
· Outer allocation: rest of allocations
· This is valid for both CP-OFDM and DFT-s-OFDM waveforms
· Table on the right shows calculated values for valid inner allocation RBstart.  This example case is 5MHz 15kHz case with SU=25RB 
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· MPR simulation results for sub-6GHz UE in [R4-1709529]

· reuse the simulation assumption for LTE UL 256QAM

· Configured Tx power for NSA UE in [R4-1709576]

· For NSA UE with both LTE band and NR band in range1, RAN4 can follow power sharing mechanism for the configured Tx power in NSA UE RF requirements. 

· For NSA UE with LTE band in range 1 and NR band in range2, RAN4 can follow individual configured Tx power requirement between legacy LTE band in range 1 and NR band in range 2. P-MPR is considered for range 2 as well.
· Draft LS Reply on power sharing for LTE-NR Dual Connectivity in [R4-1709968]

· WF on ON/OFF mask use cases for NR UE transmissions in [R4-1709946]

· Use cases for ON/OFF mask design
· Following use cases are considered:

· Generic ON/OFF time mask

· PRACH and SRS time mask

· Slot boundary time mask

· UL transmission preceding SRS

· UL transmission succeeding SRS

· UL transmission preceding and succeeding SRS

· Depending on progress in RAN1, other cases can be included.

· Generic ON/OFF time mask
· For higher SCS, the transient is outside the generic mask

· FFS on dependence of the location of OFF-to-ON transition time on different subcarrier spacing
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· PRACH and SRS time mask
· The transient is outside the PRACH duration
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· WF on ON to OFF and OFF to ON transient time for NR UE in [R4-1709975]
· Way forward on Switching time
· The WF is encouraged manufacturers to fill out the following table of transient times

· Three different switching time need to be Studied

· TX-TX time refers to switching time related to change of power between consecutive UL transmissions

· TX-RX time refers to time required for switching from UL to DL

· RX-TX time refers to time required for switching from DL to UL

· Necessity and how to apply these results also should be further clarified. 

· Also the intention of diagrams in R4-1709847 should be further clarified.

· FFS if this requirement is specified.

	
	Sub6Hz
	mmWave

	TX-TX time
	TBD
	TBD

	RX-TX time
	TBD
	TBD

	TX-RX time
	TBD
	TBD


· Further discussion on UE minimum transmit power for range 2 in [R4-1709419]

· -13dBm for EIRP regardless of channel bandwidth up to 400MHz from system level perspective.

· Testability aspect will be further discussed.

· WF on UE minimum output and OFF power for range 2 in [R4-1709947]

· Following agreements for the UE minimum output power have been reached: 

· -13dBm for EIRP regardless of channel  bandwidth up to 400MHz from system  level perspective.
· Testability aspect will be further discussed.
· Note: How many # of antenna elements is used to produce the min power is up to UE implementation
· WF for minimum output power
· Minimum output power level for EVM test
· For EVM test, the Minimum output power level could be relaxed for higher order modulation (higher than QPSK).
· Exact value could be discussed in the next meeting 
· WF for transmit off power
· Transmit off power
· Off power should be defined as TRP in the core spec.
· In the test of on/off mask and off power requirement, it maybe difficult to use TRP as the metric to measure the off power. 
· Companies are encouraged to provide inputs on how to define the UE off power requirement from system performance point of view.
· Concern about testability
· Testability issue was raised by test equipment vender [4],  however the core requirements should be defined to guarantee the system performance. 

· For the requirements which have testability issue, they can be verified with simplified method in the test
· e.g.  Measurement assumption in terms of EVM/ system accuracy for minimum output power test for NR FR2 .

· TP for UE RF TR 38.xxx: sub-6GHz minimum output power in [R4-1709541]
Table 5.3.x.2-1: NR minimum output power

	
	Channel bandwidth / Minimum output power / Measurement bandwidth

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40MHz
	50MHz
	60MHz
	80MHz
	100MHz

	Minimum output power (dBm)
	-40
	-39
	-37
	-36
	-35.2
	-34
	-33

	Measurement bandwidth
	See Transmission bandwidth configuration defined in 4.2


Table 5.3.x.2-2: Parameters for Error Vector Magnitude
	Parameters
	Channel bandwidth / Minimum output power / Measurement bandwidth

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40MHz
	50MHz
	60MHz
	80MHz
	100MHz

	UE output power (dBm)
	( -40
	( -39
	( -37
	( -36
	( -35.2
	( -34
	( -33

	UE output power for UL 256QAM (dBm)
	( -30
	( -29
	( -27
	( -26
	( -25.2
	( -24
	( -23


· TP for TS 38.101-1: minimum output power in [R4-1709948]

· Table 6.3.x.1-1: Minimum output power

	
	Channel bandwidth / Minimum output power / Measurement bandwidth

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40MHz
	50MHz
	60MHz
	80MHz
	100MHz

	Minimum output power (dBm)
	-40
	-39
	-37
	-36
	-35.2
	-34
	-33

	Measurement bandwidth
	TBD


· Simulation assumptions on UE Tx EVM for mmWave in [R4-1709666]

· In this contribution we propose the system simulation assumptions on Tx EVM evaluation for mmWave.

Table 1 system simulation assumptions

	Parameters
	Values

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around

	Inter-site distance
	200m (baseline)

300m (optional)

	BS antenna height
	25 m

	UE location
	Outdoor/indoor
	Outdoor and indoor

	
	Indoor UE ratio
	20%

	
	Low/high Penetration loss ratio
	50% low loss, 50% high loss

	
	LOS/NLOS
	LOS and NLOS

	
	UE antenna height
	Same as 3D-UMa in TR 36.873

	UE distribution (horizontal)
	Uniform

	Minimum BS - UE distance (2D)
	35 m

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5

	Pathloss 
	UMa LOS and NLOS in table 5.2.2.1-1 of 38.803

	BS antenna configuration
	Table 5.2.3.2.1-1 in 38.803

	UE antenna configuration
	Table 5.2.3.3-1 in 38.803

	UL power control
	CLx-ile = 88 + 10*log10(200/X), where X is UL transmission BW (MHz), γ = 1

	System bandwidth
	200MHz, 20MHz

	BS TX power in TRP 
	43dBm

	UE max TX power in TRP
	23dBm

	Carrier frequency
	30GHz

	Traffic mode
	Baseline: Full buffer 

Optional: FTP model 1/2/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded).

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80%

	EVM modelling
	Rx EVM is 0%

Tx EVM are:

[25 - 40]% for Pi/2 BPSK, 

[10 - 25]% for QPSK, 

[5 - 20]% for 16QAM


· TP for TR General aspects for UE RF for NR: Range 1 in-band emission requirement in [R4-1709481]

· Proposal 1: NR Range 1 in-band emission measurement period is 10 sub-frames. The in-band emission is averaged over slots.

· Proposal 2: General section of LTE in-band emission mask definition can be re-used with slight modification for NR range 1:

	General
	dB
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· TP to TR General aspects for UE RF for NR: NR range 1 IQ Image and Carrier leakage in [R4-1709949]

· As mentioned in introduction we propose to specify IQ Image and Carrier leakage for NR Range 1 as follows

· Table 1: NR range 1 IQ Image and Carrier leakage requirement

	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency < 6 GHz and Output power > 10 dBm

	
	
	-25
	Image frequencies when carrier center frequency < 6 GHz and Output power ≤ 10 dBm

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 6 GHz

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm

	
	
	-10
	-40 dBm ( Output power < -30 dBm


· TP for TR General aspects for UE RF for NR: Range 1 UE EVM in [R4-1709485]

· We are proposing to adopt the EVM values in Table 2 as a minimum requirement for NR range 1 UE. PI/2 PBSK value subject to change due to specrum shaing discussion.

· Table 2: EVM  per modulation for NR range 1 UE

	Modulation
	EVM

	Pi/2 BPSK
	[25%]

	QPSK
	17.5%

	16QAM
	12.5%

	64QAM
	8%

	256QAM
	3.5%


· TP for TR General aspects for UE RF for NR: Range 1 general SEM in [R4-1709477]

	Table 1: NR spectrum target emission mask

ΔfOOB
(MHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25

MHz
	40

MHz
	50
MHz
	60

MHz
	80

MHz
	100
MHz
	Measurement bandwidth

	± 0-1
	-15
	-18
	-20
	-21
	-22
	-24
	-24
	-24
	-24
	-24
	30 kHz

	± 1-5
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	1 MHz

	± 5-6
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	

	± 6-10
	-25
	
	
	
	
	
	
	
	
	
	

	± 10-15
	
	-25
	
	
	
	
	
	
	
	
	

	± 15-20
	
	
	-25
	
	
	
	
	
	
	
	

	± 20-25
	
	
	
	-25
	
	
	
	
	
	
	

	± 25-30
	
	
	
	
	-25
	
	
	
	
	
	

	± 30-40
	
	
	
	
	
	
	
	
	
	
	

	± 40-45
	
	
	
	
	
	-25
	
	
	
	
	

	± 45-50
	
	
	
	
	
	
	
	
	
	
	

	± 55-60
	
	
	
	
	
	
	-25
	
	
	
	

	± 60-65
	
	
	
	
	
	
	
	-25
	
	
	

	± 65-80
	
	
	
	
	
	
	
	
	
	
	

	± 80-85
	
	
	
	
	
	
	
	
	-25
	
	

	± 85-100
	
	
	
	
	
	
	
	
	
	
	

	± 100-105
	
	
	
	
	
	
	
	
	
	-25
	


· TP for TR General aspects for UE RF for NR: Range 1 ACLR in [R4-1709950]

· ACLR is the ratio of power of wanted signal to the power falling into Adjacent Channel. ACLR measurement bandwidth for both the wanted and adjacent channels is the maximum transmission bandwidth among the different SCSs of CP-OFDM SU for a channel BW with addition of one SCS to account for half SCS shift due to SCS alignment to DC, this measurement bandwidth is centered within the channels.

· Offset for the adjacent measurement BW centre is +/- Channel BW from wanted channel centre (in the middle of the Channel).

· For PC3 requirement is NRACLR = 30 dBc for channel bandwidths up to 100 MHz

· For PC2 requirement is NRACLR = 31 dBc for channel bandwidths up to 100 MHz

· Table below provides measurement BWs in the last row

	Sub-6GHz
	SCS [kHz]
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	SU_CP-OFDM
[#RB]
	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	
	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	
	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135

	RX&TXBW CP
[MHz]
	15
	4.5
	9.36
	14.22
	19.08
	23.94
	38.88
	48.6
	NA
	NA
	NA

	
	30
	3.96
	8.64
	13.68
	18.36
	23.4
	38.16
	47.88
	58.32
	78.12
	98.28

	
	60
	NA
	7.92
	12.96
	17.28
	22.32
	36.72
	46.8
	56.88
	77.04
	97.2

	TXBWsym
[MHz]
	15
	4.515
	9.375
	14.235
	19.095
	23.955
	38.895
	48.615
	NA
	NA
	NA

	
	30
	3.99
	8.67
	13.71
	18.39
	23.43
	38.19
	47.91
	58.35
	78.15
	98.31

	
	60
	NA
	7.98
	13.02
	17.34
	22.38
	36.78
	46.86
	56.94
	77.1
	97.26

	maxTXBWsym [MHz]
	lowest
	4.515
	9.375
	14.235
	19.095
	23.955
	38.895
	48.615
	58.35
	78.15
	98.31


· 5.5.3.2
E-UTRA ACLR

· If EUTRA CHBW = NR CHBW only the NRACLR of 30 dBc shall be measured

· 5.5.3.3
UTRA ACLR

· For bands defined also for UTRA, adopt UTRAACLR1 = 33dB and UTRAACLR2 =36dB for power class 3.

· Further agreement for Range 1 ACLR in [R4-1709480]

· UTRA ACLR requirement is indicated to the UE by signalling when applicaple.

· E-UTRA ACLR requirement is not specified for NR

· Further agreement for Range 1 ACLR in [R4-1709963]

· In this contribution we have made following proposals for NR range 1 ACLR definition on top of current ACLR agreements

· UTRA ACLR requirement is indicated to the UE by NS-signalling when applicaple. Dedicated NS-value is assigned to UTRA ACLR requirement and it is used when no other additional requirement needs to indicated to the UE.

· In case power reduction is necessary to meet the UTRA ACLR requirement it will be defined as A-MPRUTRA_ACLR.  A-MPRUTRA_ACLR is only allowed only in case other power reductions such as MPR and A-MPR coming from other requirement than UTRA ACLR are not sufficient. Allowed power reduction = Max (A-MPRUTRA_ACLR, (MPR+A-MPRother).

· E-UTRA ACLR requirement is not specified for NR

· On spurious emissions requirement for mmWave NR in [R4-1709408]

· To align with the sub-6 spurious requirement methodology, maintain the same reference bandwidth until the 2nd harmonic of 6 GHz, such that for the frequency range of 30 MHz to 12 GHz ref BW = 1 MHz.

· If the spurious emission limit is defined as an integrated value over a given frequency range in the spurious domain, then the reference bandwidth for these ranges needs to be clarified.

· The boundary between the out of band and spurious domain is defined according to the 250% channel bandwidth rule given in Table 1 below.

Table 1: Spurious domain boundary

	Channel bandwidth (MHz)
	FOOB (MHz)

	50
	125

	100
	250

	200
	500

	400
	1000


· The new Category B limit of TBD dBm/TBD MHz is proposed for the additional spurious emission requirement applicable to mmWave UEs operating in a network which requires compliance with the Category B limit.

· For the frequency range of 12 GHz to 172 GHz use the TRP metric for defining the spurious emissions requirements for mmWave UEs.

· Network signalling values defining the frequency range of the applicability of the additional spurious emission limits are needed, such that a network which is deployed in a region which requires compliance with the Category B limit can include the information as part of the system information signalling.

· Additional maximum power reduction values associated with the additional spurious emission limits are needed. The feasible A-MPR values should be further discussed.

· Key requirement definition and measurement parameters, such as resolution bandwidth, measurement methodology, and metric should be finalized during this meeting in order to enable progress on defining the feasible levels in the following meetings.

· TP for TS 38.101-1:UE Tx spurious emission for range 1 in [R4-1709454]

Table 6.5.X.1-1: Boundary between NR out of band and spurious emission domain

	Channel bandwidth
	OOB boundary FOOB (MHz) 

	BWChannel 
	BWChannel + 5


· Table 6.5.X.1-2: Spurious emissions limits
	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz
	

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz
	1

	12.75 GHz < f < 26GHz
	-30dBm
	1MHz
	2

	NOTE 1:
Applies for Band that the upper frequency edge of the UL Band more than [2.69] GHz

NOTE 2:
Applies for Band that the upper frequency edge of the UL Band more than [5.2] GHz


· NR UE conducted Tx intermodulation for Range 1 in [R4-1709455]

· In this paper, we give the following proposals for defining UE transmitter intermodulation for NR sub 6GHz:

· similar to LTE, interference signal of CW is used to define NRUE Tx IM and the level of the interference signal should be kept as -40dBc.

· The intermodulation product level for channel bandwidth up to 100MHz generated by the NR UE should be less than -29 dBc for one channel bandwidth interference signal frequency offset case and -35dBc for two channel bandwidth interference signal frequency offset case.

· TX intermodulation for range 2 UE in [R4-1709392]

· For range 1 NR, same interference level as LTE (i.e. blocker CW of -40 dBc, 1st and 2nd TX intermodulation of -29 and -35 dBc respectively) should be maintained up to the maximum CBW. MBW should follow the same principle as NR ACLR MPR assumption i.e. an available maximum transmission bandwidth among the SCSs for a channel BW.

· WF on NR UE REFSENS SNR simulation assumptions in [R4-1709951]

· UE REFSENS SNR definition

· Use tentative SNR = -1 dB as the assumption for further NR RF REFSENS requirements discussion

· Define REFSENS FRC and finalize demodulation SNR value as per RAN1 work progress

· Replace the tentative SNR value with final SNR value once it is finalized

· Impairments

· Channel estimation

· Option 1: Practical channel estimation is explicitly taken into account in SNR. 

· Option 2: Perfect channel estimation assumed for SNR definition

· How to capture other BB implementation impairments is FFS

· e.g. add impairments into IM term

· Propagation condition: AWGN

· Antenna configuration: 

· 
1x1

· Note: Diversity gain (e.g. 3 dB for 2RX) is included in REFSENS equation

· PDSCH resource allocation: Full bandwidth

· HARQ:  No HARQ retransmissions

· MCS: 

· QPSK modulation

· Code rate: 

· Option 1: 1/3

· Other options not precluded

· Transmission mode: 

· 1 layer, single DMRS port

· LDPC channel coding

· Dependent on the TBS selected: LDPC base graph 1 or 2

· Test metric

· 95% of the maximum throughput of the reference measurement channels

· Set of CBW/SCS: Companies can select one or more of the following combination for initial simulation:

	Channel Bandwidth (MHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	Sub-carrier spacing (kHz)
	15
	15
	15
	15
	30
	30
	30
	60
	60
	60

	Allocated resource blocks
	25
	52
	79
	106
	65
	106
	133
	79
	107
	135


·  Control channel configuration

· Option 1: 3 for CBW=5MHz, 2 for CBW>5MHz

· Other options not precluded

· SS Block configuration

· Option 1:  Schedule PDSCH in slots without SS blocks (For initial simulation alignment)

· Option 2: 1 SSB within 5ms window size with SS burst Set Periodicity 5ms

· Other options not  precluded

· RS configuration

· FFS

·  TDD configuration 
· FFS

· MSD for DC combinations including Band n77, n78 and n79 in [R4-1709964]

· Expected interference level at victim bands should be studied for the cases below at least. Once REFSENS is derived for NR, the actual MSD can be calculated. For cases of “Reuse” in Table 1, improved interference level can also be provided, but in case the values are not agreed by RAN4#85, the same level as that of LTE CA of B42 shall be used for the MSD requirements.

· 
Case 1: 7th harmonic for DC_28A-n79A (if needed)

· 
Case 2: 3rd IMD for DC_21A-n79A

· 
Case 3: 5th IMD for DC_19A-n77A and 19A-n78A

· 
Case 4: 3rd harmonic mixing for DC_21A-n79A

· 
Case 5: 5th harmonic mixing for DC_19A-n79A

· 
Case 6: 5th harmonic mixing for DC_28A-n77A (and 28A-n78A if needed)

· For Case 4 and 6, expected interference level and the CF should be evaluated with UL/DL configurations of Table 2. UL/DL BW and UL CLRB could be discussed further.

· Side condition for aggement: The discussion to improve MSD values is not precluded by June.

· MSD studies for Band 18 + n77 and Band 18 + n78 in [R4-1709965]

· RAN4 is invited to approve technical observations below;

· For DC_18-n77, MSD due to IMD5 should be only studied.

· For DC_18-n78, no MSD study due to IMD is necessary.

· For DC_18-n77 and DC_18-n78, no MSD study due to harmonic is necessary.  (= Harmonic Trap Filter is not needed)

· To reduce RAN4 workload as much as possible, it is suggested that related companies identify which IMD component(s) should  be studied for each LNDC.

· On harmonic mixing for LTE NR DC band combinations in [R4-1709561]

· For band combinations of Band 3/8/19/26 with Band n77 and Band 3/5/8/19/26/39 with Band n78, no MSD caused by harmonic mixing need to be defined.
· MSD for between sub6 and mmW in [R4-1709765]
· MSD should be analysed for each of the band combinations of LTE sub6GHz + NR mmW similar to the case of LTEsub6GHz + NR sub6GHz.

· To finalize MSD analysis for band combinations of LTE sub6GHz + NR mMW by Dec. 2017, the following work plan should be adopted. 

· RAN4-NR#3 (Sept.)

· Identify and agree on the band combinations with MSD need to be completed in Rel-15

· RAN4-#84bis (Oct.)

· Companies provide proposals on specific values for MSD caused by harmonic, IMD and harmonic mixing for each of the band combinations agreed in Sep if an issue is identified

· Specific work plan should be established if MSD is necessary for certain combinations.

· RAN4-#85 (Noc.)

· Results alignment and TR/CR approval

· The MSD value at least for the following band combinations should be investigated according to the work plan in the proposal 2. Note that higher order band combination such as DC_1A-3A_n257 will be proposed in future meeting.

· DC_1A_n257

· DC_3A_n257

· DC_19A_n257

· DC_21A_n257

· DC_28A_n257

· DC_42A_n257

· For the band combinations in proposal 3, the MSD should be set to 0dB unless specific issues to be 0dB is identified by the RAN4#84bis meeting in Oct. Companies are encouraged to provide their views on these proposed combinations by the RAN4#84bis meeting in Oct.

· WF on UE maximum input level for mmW in [R4-1709973]
· The UE maximum input level requirement for range 2 up to 30GHz is [-25]dBm

· This requirement applied to handheld UE

· The requirement is agnostic to channel BW or carrier aggregation, i.e. it represents the absolute maximum input level that UE needs to handle regardless of the aggregated receiver BW(at least up to 400MHz. The applicability of [-25] dBm for wider channel bandwidth should be further discussed with consideration of UE feasibility)

· Modulation order (and related reference measurement channel) to be adopted in the test is FFS

· Concerns about testability where raised

· This requirement represents the agreement based on system level considerations

· Testability aspect will be further discussed

· DL Modulation scheme used and related system uncertainty is TBD.

· Proposal for IBB requirement for mmW in [R4-1709748]
· To define IBB test for 50MHz, 100MHz, 200MHz and 400MHz channel BW.

· For IBB test, wanted signal level should be set at EIS + 14dB.

· WF on UE IBB requirement for mmW in [R4- 1709962]
· Agreements in RAN 4 NR Ad Hoc #3

· To define IBB test for 50MHz, 100MHz, 200MHz and 400MHz channel BW

· A single IBB test case should be defined for mmW with IBB jammer bandwidth same as wanted signal bandwidth

· In case of intra-band contiguous CA the jammer bandwidth is equal to the aggregated bandwidth 

· Jammer location:

· Two options were discussed: fixed or variable location (see appendix from [1])

· Wanted signal and IBB Jammer levels

· It agreed to place jammer level at REFSENS (EIS) + 14dB as for the ACS test

· Jammer level: it is agreed to place the jammer at REFSENS (EIS) + 44dB – SNR –IM

· SNR and IM values FFS

· The following aspects should be finalized in RAN4 #84bis:

· Jammer location, i.e. whether a fixed or variable location, as explained in [1]

· Jammer level: SNR and IM as described in slide 4

· Sub-6 ACS & IBB Re-farmed LTE bands in [R4-1709969]
· For re-farmed LTE bands, the NR ACS requirement is similar to LTE with additional BWs

· For re-farmed LTE bands, the NR IBB requirement is similar to LTE with additional BWs.

· For re-farmed LTE bands, the NR OBB requirement is similar to LTE with additional BWs

· For re-farmed LTE bands, the NR NBB requirement is similar to LTE with additional BWs

· Discussion on LS on verification of OTA core spec for above24 to RAN5 in [R4-1709393]
· RAN4 to discuss how to verify the core spec of mmWave OTA out-of-band blocking with reasonable testing time based on technical justifications and inform RAN5 it in RAN4#85 at the latest. The LS could contain not only out-of-band blocking but also other OTA requirements.

· mmWave UE blocking tests in [R4-1709449]
· For all mmWave UE blocking tests, the wanted signal and blockers are applied in the peak gain direction (lowest % point in EIS CDF) regardless of the blocker frequency offset.

· Sub-6 Spurious Responses in [R4-1709768]

· Spurious Responses for sub6 NR are copied from LTE
For BS RF perspective
Thirty contributions on UE RRM perspective were approved in [R4-1709990, R4-1709991, R4-1709992, R4-1709994, R4-1709995, R4-1710078 R4-1709999, R4-1710000, R4-1710001, R4-1710002, R4-1710003, R4-1710006, R4-1710007, R4-1710008, R4-1710009, R4-1710011, R4-1710014, R4-1710016, R4-1710018, R4-1710019, R4-1710073, R4-1710074, R4-1710022, R4-1710075, R4-1710024, R4-1710040, R4-1710036, R4-1710025, R4-1710038, R4-1710037, R4-1710042, R4-1709709, R4-1709460, R4-1709659, R4-1710076, R4-1710044, R4-1710012] where the following agreements were captured.
· TR 38.XXX v0.1.1: General aspects for BS RF for NR in [R4-1709990]

· This is the BS RF TR updated version including all text proposals that were endorsed at RAN4#84 in Berlin.

· TP for TR 38.xyz: Applicability of NR BS requirements in [R4-1709991]

· Text proposal for approval introducing the concept of requirement applicability for multiple requirement set for NR BS.

· TR to TR 38.xxx capturing BS architectures and interfaces in [R4-1709992]

· Capture architecture definition for NR, for range 1 include non-AAS, hybrid AAS and OTA AAS.

· TP to TR 38.xxx (BS RF): NR BS classes in [R4-1709994]

· Text proposal for NR BS class

· TP for TR 38.xyz: Anchor points for NR BS requirements in [R4-1709995]
· Text proposal for approval with terminology and definitions related to requirement anchor points for NR BS RF requirement.
· TP to TR 38.xxx (UE TR): Subcarrier Spacing options for non SS channels in [R4-1710078]
· Text proposal to TR38.xxx for SCS options for non SS channels
· TP to TR 38.xxx (BS RF): Basic limit and emissions scaling in [R4-1709999]
· Text proposal on the new section for the TR (BS RF) for basic limit approach for the unwanted emission requirements.
· TP to TR 38.xxx (BS RF): BS output power in [R4-1710000]
· Text proposal to TR38.xxx on the BS output power.
· TP for TR 38.xyz: Adding background information for radiated transmit power in [R4-10001]
· Text proposal for radiated transmit power requirement applicable for requirement set 1-H, 1-O and potentially also 2-O is attached for approval.
· TP for TR 38.xyz: Addition of background information for conducted TX IMD in [R4-1710002]

· Text proposal is presented for approval with background information for transmitter intermodulation requirement (1-C and 1-H)
· TP of frequency error for range1 NR BS in [R4-1710003]

· Text proposal to TR38.xxx on frequency error for range1 NR BS.
· TP to TR 38.xxx: OBW for NR BS in [R4-1710006]

· Text proposal to TR 38.xxx [4] on occupied bandwidth for NR BS.
· TP to TR 38.xxx (BS RF): Tx spurious emissions requirements for 1-O and 2-O in [R4-1710007]

· Text proposal to the NR TR (BS RF) for transmitter spurious emissions for O-1 and O-2 types of NR BS.

· TP to TR 38.xxx (BS RF): TAE requirement in [R4-1710008]

· Text proposal to the NR TR (BS RF) on TAE for FR1, considering conducted and OTA requirements.
· TP for TR BS RF on Transmit ON/OFF power for TDD NR BS in [R4-1710009]

· Text proposal to the NR TR (BS RF) on Transmit ON/OFF power for TDD NR BS
· TP to TR 38.xxx (BS RF): Rx spurious emissions requirement for NR BS in [R4-1710011]

· Text proposal to the NR TR (BS RF) for receiver spurious emissions for O-1 and O-2 types of NR BS.
· TP to TR 38.xxx - range 1 spatial parameters in [R4-1710014]

· This TP captures a brief summary of the spatial definitions and declarations in the TR.
· TP to TR 38.xxx (BS RF): introduction of the EMC requirements section for the NR BS in [R4-10016]

· Text proposal for introduction of the EMC requirements section for the NR.

· Timeline for NR BS EMC specification TS 38.113 in [R4-1710018]

· The timeline and the following study for TS 38.113
· WF on EMC radiated emission and RF spurious emission for NR BS 1-R in [R4-1710019]

· WF for NR OTA spurious emission includes EMC radiated emission.

· For NR BS 1-O and 2-O RF radiated spurious emission includes the EMC radiated emissions. In this case RF radiated spurious emissions and EMC radiated emissions cannot be distinguished in the OTA measurement setup. 
· Alternatives on how to handle this issue from the RAN4 specification perspective:
· Option 1: Remove the corresponding EMC radiated emission requirements from TS 38.113 
· Consider EMC radiated emission requirements as included in the OTA RF spurious emission requirements in TS 38.104
· he requirements specification for OTA spurious emission need further study.
· Reflect this change in the new conformance requirement for OTA RF spurious emission to be specified in TS 38.141-2.
· Option 2: Other solutions not precluded. 
· WF on beam switching time requirement in [R4-1710073]

· Summarizes discussion in RAN4#84 and way forward/agreement on this topic.
· WF on simulation
· Encouraged companies provide the simulation results of the relation between beam switching time (0 ~ CP length) and performance degradation (100% is assumed for no delay) based on below simulation assumption in RAN4#84bis in Dubrovnik [and RAN4#85 in Reno]. Based on the results, RAN4 will further clarify the required beam switching time smaller than CP length.
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· WF on core spec description
· Attached draft text can be used for baseline for TS text for potential requirement.

· Encouraged companies provide suggested change for next RAN4#84 meeting, based on that.

· [Information] Following is already agreed in R4-1706158 

· RAN4 agrees to work to create a description of a RF Beam switching speed requirement for potential introduction in Rel-15 NR core spec is derived based on a NR BS with analog BF.

· If requirement description becomes  agreed, RAN4 introduces the requirement in core spec.

· WF on TP for BS TR

· Encouraged companies provide TP for BS TR capturing following contents on this topic.

· Background

· Discussion in RAN4

· Typical estimated delay

· Simulation results

Note: Final one (conclusion) will be drafted once RAN4 reaches consensus.

· TP to TR 38.xxx  definition of spatial emissions declarations in [R4-1710074]

· Text proposal to TR 38.xxx  definition of spatial emissions declarations
· WF on the simulation assumption for EVM in [R4-1710022]
· Intention of the simulation study is to investigate the impact of replacement of LTE CRS by NR DM-RS and PT-RS on BS Tx EVM requirements.

· Way Forward for FR1 DL link studies for BS Tx EVM requirement development
· Investigate BS Tx EVM impacts on DL link performance

· For the specifics FRC and MCS parameters for EVM evaluation should be further studied in the priority order of: 256QAM, 64QAM, 16QAM, QPSK

· Present results for RAN4#84bis before concluding EVM levels
· EVM levels should be decided with DMRS frame structure
· If estimation performance at RX degrades compared with LTE, RAN4 consider if tighter TX EVM requirement is needed and feasible compared to LTE.

· Even if estimation performance at RX improves compared with LTE, it doesn't directly mean RAN4 can allow TX EVM relaxation.

· If useful advantage is identified, potential reduction of BS complexity reduction may be also be considered in this case.

· Way Forward for FR2 DL link studies for BS Tx EVM requirement development
· Investigate BS Tx EVM impacts on DL link performance

· For the specifics FRC and MCS parameters for EVM evaluation should be further studied in the priority order of: 64QAM, 256QAM, 16QAM, QPSK

· EVM levels shall be compared to EVM = 0%
· EVM values be decided after simulation results have been discussed
· Investigate approperiate DM-RS patterns and PT-RS patterns needed
· Companies are encourage to provide criteria to decide EVM requirement 

· TP to TR 38.xxx: Spectrum emission mask (SEM) for FR2 in [R4-1710075]
· Text proposal for spectrum emission masks based on the same principles as for the WP5D LS response, applicable to all BS classes.
· Correction TP of Conducted Tx spurious requirements for NR BS, Range 1 in [R4-1710024]
· Text proposal to Tx spurious requirements for FR1 NR BS following the recommendation from ITU-R SM.329.
· WF on Range 1 NR and AAS BS spectrum emission mask requirements for bands equal to or wider than 100 MHz in [R4-1710040]
· This WF attempts to capture any agreements following online and offline discussion on the open issues.
· Based on the online and offline discussion, the following options are for further studies (other options are not precluded):
· Option 1: apply ΔfUEM = 40 MHz to AAS BS Tx requirements (TS 37.105, 37.145-1, 37.145-2) for NR and E-UTRA operation. Consider if ΔfUEM = 40 MHz can be applied to non-AAS BS Tx requirements (TS 36.104, 36.141, 37.104, 37.141)

· Option 2: apply ΔfUEM = 40 MHz to AAS BS Tx requirements (TS 37.105, 37.145-1, 37.145-2) for NR and E-UTRA operation and consider to revisit the ΔfUEM = 40 agreement for FR1 E-UTRA refarming bands for NR BS

Companies are encouraged to provided their views at the RAN4 #84bis meeting in which the final decision will be made.

· WF on BS Tx IMD for Sub6GHz in [R4-1710036]
· How to define interfering signal for BS co-location Tx IM  case for range 1 was discussed in RAN4 AH#3.

· Co-location transmitter intermodulation case for conductive requirements:
· interfering signal type: NR  signal
· interfering signal channel bandwidth
· For LTE refarming bands :5MHz with15KHz SCS

· For NR new bands: Minimum CBW of corresponding band

                                FFS: SCS

· TP dynamic range requirements for Range 2 NR BS to TR 38.xxx in [R4-1710038]
· Text proposal for this TR38.xxx which includes texts related to the dynamic range requirement for FR2 NR BS.
· WF on NR BS ACS for sub 6GHz in [R4-1710037]
· Way forward on BS ACS for sub 6GHz have been discussed in RAN4 NR AH#3
· For NR channel bandwidths less than or equal to 20 MHz, to specify 5 MHz as the interfering carrier bandwidth for ACS requirements.
· For NR channel bandwidths wider than 20 MHz, to specify [5 or 20] MHz as the interfering carrier bandwidth for ACS requirements.
· WF on the boundary for out of band blocking requirements for FR1 in [R4-1710042]
· WF tries to capture how we can find a solution to the receiver boundary issue.
· Proposal: Once the  alignment of the boundary for both NR and E-UTRA is agreed for the transmitter the same solution is used for the receiver boundary.

Note: the boundaries applied to Tx emissions and RX oob blocking are not exactly the same as the requirements are different. The same solution means that for example if the E-UTRA boundary is changed for Tx for 100+MHz bands then it is also changed for Rx but the boundaries do not have to be the same.
· Proposal on below 6GHz NR BS Receiver In-band Blocking in [R4-1709709]
· Proposal to specify the below 6GHz NR BS receiver in-band blocking conducted requirement in the RAN4 specifications.
· Proposals:

· To specify the below 6GHz NR BS receiver in-band blocking conducted requirement for each NR BS class with an interfering signal power equal to that for the corresponding E-UTRA BS class, and the wanted signal level calculated as the BS reference sensitivity plus 6dB.
· The SNR for the BS reference sensitivity can be obtained at [95]% relative throughput from link level simulations.

· The interfering signal should be defined as the same type as the interfering signal for the ACS requirement, with carrier frequency offset of two times the channel bandwidth of the interfering signal plus additional frequency offset like E-UTRA to avoid orthogonality between sub-carriers of wanted and interfering signal.

· Consider extension on the lower and upper boundaries for the in-band blocking requirements.
· FRC parameters for RX RF requirements in [R4-09460]
· Discussion in FRC parameters and the points need to be considered additionally compared with E-UTRA
· Proposal 1: RAN4 should finalize FRC parameters used for RX RF requirements by RAN4#85 meeting (November 2017) since it is related not only for RX RF conformance but also RX RF core requirements.

· Proposal 2: Number of RB used for the requirements should be taken into account when RAN4 discuss RX requirements.

· Observation 1: Based on agreed spectrum utilization, totally at least 23 patterns of number of RBs will be exist in NR.

· Proposal 3: RAN4 needs to discuss/decide how many and which number of RBs will be specified for the specification, taking in to account the tradeoff between RAN4 work and testing time.

· Proposal 4: RAN4 needs to discuss/decide how to specify/test RX requirements for the CBW whose number of RB’s FRC is not defined, at the same time as Proposal 3.

· Discussion on ICS requirement for NR BS in [R4-1709659]
· Considerations on ICS requirement of NR BS.
· Proposal 1: 25dB ICS requirement could be reused for range1 NR BS;

· Observation1: observed IoT level is around [0-5]dB which is much less than 16dB assumed for legacy LTE BS. 
· Observation2:considering the legacy C/I 9dB assumed for interfering signal, then maximum in-channel selectivity is around 14dB;
· WF on the ICS requirements for NR BS in [R4-1710076]
· Way forward on ICS requirement in FR2 NR BS 

· further discuss the power imbalance around the DC for ICS requirement ;

· further discuss the C/I of interfering signal;  

· During the RAN4#84bis meeting, companies are encouraged to share further analysis this ICS requirement, interfering signal and wanted signal;   

· WF on FRC for Rx requirements in [R4-1710044]
· Way forward on FRC for Rx requirements have been discussed in RAN4 NR AH#3
· Determine an acceptable set of FRCs to be used to specify REFSENS and other NR Rx requirements for all CBW.
· By RAN4#84b, companies are encouraged to propose:
· A preferred set of FRCs
· Minimum information for each FRC: CBW, SCS, #RBs, waveform, modulation and coding rate.
· For each CBW, its associated FRCs combinations if needed.
· Simulation assumptions including FRCs to evaluate corresponding SNR, as per RAN1 progress:
· Time Plan:
· Assumptions to be agreed at RAN4#84b.
· SNR simulation results to be agreed in RAN4#85.
· If lack of RAN1 progress on NR MCS tables, SNR Tentative value(s) would be agreed, and replace once RAN1 has finalized its work.
· TP to TR 38.xxx: Receiver spurious emission for FR1 in [R4-1710012]
· Text proposal to TR38.xxx for Rx spurious emisisons for FR1.
The partially agreement which is written in RAN4 NR ad-hoc#3 Main Session Chairman Note is following.

· BS ACLR for NR in [R4-1709457]
· Proposal 2: For above 24GHz ACLR definition, the same CBW with wanted signal can be assumed as a adjacent CBW.

· Proposal 3: Transmission BW configuration of wanted channel (it would differ depend on SCS and/or CBW) should be used as a measurement BW for wanted signal power measurement for above 24GHz.

· No ACLR2 requirement is needed.

· TP to TR 38.xxx (NR WI TR): ON/OFF power conducted in [R4-1719535]
· Transmitter OFF power is defined as the mean power measured over 70/N us filtered with a square filter of bandwidth equal to the transmission bandwidth configuration of the BS (BWConfig) centred on the assigned channel frequency during the transmitter OFF period. N = SCS/15, where SCS is Sub Carrier Spacing in kHz.

· Proposal on NR range1 receiver OTA requirements in [R4-1709497]
· Option 4 is agreed. For option 4 the number of conformance test directions shall be no greater than number for option 1 or option 2.
· Discussion on conductive REFSENS requirement for sub-6 NR BS in [R4-1709428]
· Proposal 3: The SNR operating point for sub-6 NR BS conductive REFSENS is equal to the [95%] relative of nominal throughput in link level simulations.
For UE RRM perspective

14 contributions on UE RRM perspective were approved in [R4-1709413, R4-1709696, R4-1709909, R4-1709890, R4-1709899, R4-1709902, R4-1709889, R4-1709895, R4-1709896, R4-1709901, R4-1709903, R4-1709885, R4-1709908, R4-1709910] where the following agreements were captured.
· Latest TS38.133 v 0.2.0 in [R4-1709413]
· Latest TR38.818 v 0.0.1 in [R4-1709696]

· Way Forward on UE measurement definition and capability in [R4-1709909]

· Summaries and agreement of discussion about following topics were described.
· SSB based measurement
· It is to be decided in RAN4#84bis that

· Depending on UE’s capability, if measurement gap is always needed for intra-frequency measurement of mmWave carriers

· Depending on UE’s capability, if measurement gap is always needed for intra-frequency measurement if SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS.

· If measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different
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Intra-frequency measurement

without measurement gap

•

the center frequency of the SSB of the serving cell and the center frequency of the SSB of 

the neighbour are the same, and 

•

the subcarrier spacing of the SSB of the serving and neighbour cell are the same, and 

•

UE operation CBW can cover both serving cell SSB and target cell SSB, and

Intra-frequency measurement

with measurement gap

•

the center frequency of the SSB of the serving cell and the center frequency of the SSB of 

the neighbour are the same, and 

•

the subcarrier spacing of the SSB of the serving and neighbour cell are different, and/or 

•

UE operation CBW cannot cover serving cell SSB and target cell SSB (the UE CBW in this case 

might vary among different OFDM symbols), and/or


· Requirements applicability
· During the cell identification/measurement period where intra-frequency is measured without gap, if measurement gap happens to be needed, UE should comply with the requirements for intra-frequency with measurement gap

·  During the cell identification/measurement period where intra-frequency is measured with gap, if measurement gap happens not to be needed, UE should comply with the requirements for intra-frequency with measurement gap
· The measurement capability shall be defined per reference signal type. 

· Option 1: define capability on number of cells per frequency layer and number of beams per cell

· Option 2: define capability on number of beams per frequency layer

· Option 3: define capability on number of cells per frequency layer and number of beams per frequency layer

· Definition of “Number of cells per frequency layer”:

· The UE SSB based measurement capability for the number of cells to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 

· mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [x] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [y] cells per frequency layer 

· x, y and z are TBD

· Definition of “Number of beams per cell”:

· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [m1] identified SSB based intra-frequency beams per cell 

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n1] identified beams per cell 

· mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to simultaneously monitor [m2] identified SSB based intra-frequency beams per cell 

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n2] identified beams per cell 

· Definition of “Number of beams per cell”:

· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [m1] identified SSB based intra-frequency beams per cell 

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n1] identified beams per cell 

· mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to simultaneously monitor [m2] identified SSB based intra-frequency beams per cell 

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n2] identified beams per cell 

· Monitoring carrier number:

· IncMon feature shall be deprioritized in Rel-15 NR.

· the NR UE capability of frequency layers in CONNECTED mode is provided below for Release 15 NR.

[image: image39.emf]Release 15 LTE UE

The UE shall be capable of monitoring at least per RAT group

- Depending on UE capability, [x] TDD E-UTRA inter-frequency carriers, and

- Depending on UE capability, [y] FDD E-UTRA inter-frequency carriers, and

- Depending on UE capability, [8] NR inter-RAT carriers

the UE shall be capable of monitoring a total of at least [z1] effective carrier frequency layers comprising of any above defined combination of NR,

E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers


[image: image40.emf]Release 15 LTE-NR NSA UE

The LTE-NR NSA UE shall be capable of monitoring at least per RAT group

- Depending on UE capability, [7] NR inter-frequency carriers

FFS: if E-UTRA should be included in 38.133

the UE shall be capable of monitoring a total of at least [z2] effective carrier frequency layers comprising of any above defined

combination of NR, [E-UTRA FDD, E-UTRA TDD if introduced].


· Define the same UE capability for both NSA and SA in terms of number of NR inter-frequency carriers
· Way forward on UE transmit timing in [R4-1709902]

· Summaries and agreements of discussion about following topics were described.

· UE transmit timing error Te
· Both UE implementation and network UL performance should be taken into account when discussing requirement for Te:

· From UE aspect, Te is determined by BW of DL RS used for timing estimation

· From network aspect, with larger SCS UE is required to maintain finer Te in order to guarantee UL performance.
· The initial UE transmit timing error in NR is scaled 

· Option 1: with UL SCS, provided that network can provide enough DL RS BW. 

· Option 2: with BW of DL RS and UL SCS.
· Timing advance adjustment accuracy
· Both UE implementation and network UL performance should be taken into account when discussing requirement for TA accuracy:

· From network aspect, with larger SCS UE is required to maintain finer TA accuracy in order to guarantee UL performance.

· The TA accuracy in NR is scaled 

· Option 1: with UL SCS

· Option 2: with UL BW and UL SCS.
· Maximum Autonomous Time Adjustment Step Tq
· It is FFS for the following options

· Option 1: Tq should be fixed

· Option 2: Tq needs to be scaled with DL bandwidth of RS used for timing estimation and UL SCS

· Option 3: Tq needs to be scaled with UL bandwidth and UL SCS

· Interested companies are encouraged to provide further analysis in RAN4 #84bis
· Way forward for NR measurement gaps in [R4-1709889]
· Summaries and agreements of discussion about following topics were described.
· Measurement gap pattern
· Background : Gaps with MGL=6ms and MGRP=40ms,80ms and 160ms have been agreed already by RAN4 for NSA and SA NR measurements. LTE measurement requirements with MGRP=160ms will not be specified. 

· Additional shorter MGRP and/or MGL can be considered

· Candidate MGL=[3,4,5]ms

· Candidate MGRP=[20]ms

· Other MGRP and ML is not precluded

· Not to add the additional shorter MGRP and/or MGL is also an option

· Final selection of MGL and MGRP is expected in RAN4#84bis

· Shorter MGL can be applicable to NSA, SA or both

· Shorter MGL can be applicable to sub 6GHz, mm-wave or both

· Shorter MGRP can be applicable to NSA, SA or both

· Shorter MGRP can be applicable to sub 6HGz, mm-wave or both

· Interested companies should provide further details such as the advantage/disadvantages for shorter ML/MGRP, operation of LTE measurements with shorter MGL/MGRP (if requirements for LTE measurement will be specified), considerations on whether shorter MGL/MGRP applies to SA, NSA or both, considerations on whether shorter MGL/MGRP applies to sub 6GHz, mm-wave or both. Other analysis is not precluded

· RAN2 needs to be informed of RAN4 findings on measurement gap pattern to complete their work
· Need for intra-frequency measurement gap
· It was agreed (R4-1707424) that there are 3 categories of measurement

· Intra-frequency measurement without measurement gap

· Intra-frequency measurement with measurement gap

· Inter-frequency measurement

· Corresponding definitions of intra and interfrequency measurement were also agreed

· Following use cases are agreed for measurement  gap from RAN4 requirement point of view

· To enable UE to perform intrafrequency measurement when the SSB to be measured is not within the active bandwidth part

· To enable UE perform to RX beamforming in a different direction than the serving cell

· FFS for the use cases related to:

· To enable  UE to perform intrafrequency measurement using a different sub carrier spacing than the serving cell PDCCH/PDSCH

· Interested companies are invited to analyze

· The need for measurement gaps for the additional use cases

· Any corresponding impacts such as UE capabilities to allow the gNB to correctly configure measurement gaps as needed

· Switching times to be assumed by RAN4 for each of the measurement gap use cases

· The target is to complete the analysis by RAN4#84bis

· RAN2 needs to be informed of any additional UE capabilities which may be necessary

· Measurement of multiple frequency layers with gap
· 
Gap design in NR needs to support measurement of intrafrequency layers (for cases where gap is needed) and multiple interfrequency layers

· RAN4 should decide the approach in RAN4#84bis

· Option 1 : NW will configure a single uniform periodic measurement gap pattern to cover the union of SMTC of different frequency layers

· Option 2 : NW will configure multiple measurement gap patterns to cover SMTC of different frequency layers. 

· Option 2a : Gap pattern per frequency layer

· Option 2b: Gap pattern per SMTC group

· Option 2c: Gap pattern per frequency range (eg. sub 6Ghz, mm-wave) 

· Option 3 : NW will configure a single non-uniform periodic measurement gap pattern to cover the SMTC of different frequency layers

· Option 4 : Other option is not precluded

· RAN2 needs to be informed of RAN4 findings on measurement gap for multiple frequency layers to complete their work

· RAN4 will define suitable requirements for multiple layer monitoring using gaps (intra and inter) based on the outcome
· Way forward on NR RLM requirements in [R4-1709895]
· Summaries and agreements of discussion about following topics were described.
· Following aspects are to be specified in 38.133 core part

· Hypothetical PDCCH transmission parameters

· It will be decided by RAN4 based on typical scheduling parameters for IN/OOS conditions, after RAN1 finalizes the PDCCH design. 

· Parameters at least include DCI format, aggregation level, power boost. Other parameters are not precluded.

· BLER levels to derive Qin and Qout

· It will follow network configuration (the configured pair of IN/OOS BLER).

· One pair of BLER values is ([10%], [2%]) for (Qout and Qin), the other one is FFS.

· Evaluation period 

· It will be determined based on link level simulation.

· Periodicity of periodic IN/OOS indication

· It will be measurement interval for RLM monitoring.

· UE shall be able to monitor X RLM-RS resources at least for SSB based RLM.

· FFS if any UE capability is needed, e.g. related to number of SSBs UE can monitor or number of PDCCHs 

· FFS if and how measurement gaps need to be considered for SSB based RLM.

· RAN4 may need to discuss aperiodic IN/OOS indication related to beam management after RAN1/RAN2 finalize the discussions.

· Companies are encouraged to provide simulation results in order to derive evaluation period  based on R4-1709896.

· Companies are encouraged to bring views on the other pair of IN/OOS BLER.
· Way forward on interruption on NSA operation in [R4-1709901]

· Summaries and agreements of discussion about following topics were described.

· Scenario for study (for example, other not precluded)
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· Interruption on NSA operation
· Definition of Synchronous asynchronous DC:

· Whether to introduce synchronous dual connectivity definition and if introducing FFS related requirement/definition. 

· Whether to introduce asynchronous dual connectivity and if introducing FFS related requirement/definition. 

· UE architecture:

· FFS LTE and sub 6GHz NR receivers may be implemented on the same RFIC

· FFS LTE and mm wave NR receivers will not be implemented on the same RFIC

· Interruption requirement related to NR SCS:

· Whether and how to scale interruption due to different SCS if victim in MCG(LTE) and aggressive in SCG(NR)

· Whether and how to scale interruption due to different SCS if victim in SCG(NR) and aggressive in MCG(LTE)

· Whether and how to scale interruption due to different SCS if victim in SCG(e.g. SCell) and aggressive in SCG(e.g. PSCell)

· Unit of interruption length caused by NSA operation 

· in ms (subframe)

· In symbol or slot

· Other

· CR structure:

· All interruption requirements whose victim is LTE are defined in TS36.133. (Only for example)

· All interruption requirements whose victim is NR are defined in TS38.133. (Only for example)
· Way forward on cell identification in NR in [R4-1709885]
· Summaries and agreements of discussion about following topics were described.

· RAN4 is to specify two sets of cell identification requirements for SSB based measurement:

· Cell identification without SSB index reading:

· Tidentify_w/o_index = TPSS/SSS_sync + T SSB_measurement_period
· Cell identification with SSB index reading:

· Tidentify_w_index = TPSS/SSS_sync + T SSB_measurement_period + Tindex


· where Tindex is the delay allowed for UE to acquire the index of the SSB being measured:

· for sub 6GHz: Tindex is total time for PBCH_DMRS detection

· for above 24GHz: Tindex is total time for PBCH decoding
· Following simulation assumptions were agreed.

· Simulation assumptions for radio link monitoring in NR in [R4-1709896]

· System level simulation assumptions in NR RRM in [R4-1709903]

· updated PBCH simulation assumption in [R4-1709908]

· Following liaisons were agreed.

· LS on updated intra and inter frequency measurement definitions in [R4-1709890]

· Updated definitions of intra and inter-frequency SS block based measurements:
· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell indicated for measurement and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.

· SSB based Inter-frequency Measurement: A measurement is defined as a SSB based inter-frequency measurement provided the center frequency of the SSB of the serving cell indicated for measurement and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs are different.

· UE timing advance adjustment step size in [R4-1709899]
· The TA command step size has to be adapted to the symbol time of the UL, to maintain UL coherence, demodulation performance and UL capacity.
· LS on RSSI Definition in Signal Quality Measurements for Mobility in NR in [R4-1709910]
· RAN4 would like to further inform that the inter-frequency measurement requirements shall be defined using measurement gaps. However intra-frequency measurement requirements shall be defined using without measurement gaps and also with measurement gaps.
For UE demodulation perspective
2 contributions on UE demodulation perspective were approved in [R4-1709898, R4-1710079] where the following agreements were captured.
· WF on NR UE Baseband Capabilities Signalling in [R4-1709898]
· Summaries and agreements of discussion about following topics were described.
· RAN2 solutions direction in which “baseband capabilities are extracted from the BC structure and the baseband capabilities are convey in a separate table” is feasible and recommended from RAN4 perspective
· At least the following factors have impact on the UE baseband complexity and should be considered as a part of baseband capabilities signalling:
· Number of supported CCs
· BW per each supported CC
· Number of MIMO layers per each CC
· Open issues for further discussion in RAN4 #84bis

· List of NR UE baseband capabilities to be included in the Baseband capability signalling
· Feasibility of having MIMO layers reporting extracted from BC structure

· Analysis of pros/cons of Example 1 and 2 in RAN2 LS

· Details of UE baseband capabilities reporting structure based on Example 1 or 2.

· Other examples are not precluded

· Whether similar signalling approach is applicable for LTE baseband capabilities
· Reply LS to RAN2 for NR UE categories and UE capabilities in [R4-1710079]

· RAN4 would like to confirm that from RAN4 point of view it is feasible to extract the baseband capabilities from the supportedBandCombination structure. RAN4 also agrees it’s important to avoid signalling fallback BCs and duplicate BCs to indicate different combinations of baseband capabilities. RAN4 is discussing how to report the UE baseband capabilities separately from the supportedBandCombination structure and will inform RAN2 once there is any agreement reached.
· Q1: Do RAN1 and RAN4 agree that a peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities and that an explicit UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate?

· [RAN4]: RAN4 agree that a peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities and that an explicit UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate.

· It’s up to RAN1/2 decision if the UE may support a peak data rate below the calculated peak data rate. RAN4 will follow RAN1/2 decision for such UE use cases.

·  
RAN4 also thinks that the peak data rate could be determined by a set of L1 parameters such as modulation order, number of MIMO layers, supported numerology and channel BW if it’s calculated as per-cell, per-cell-group and per-UE. The UE capability signalling structure should allow UE to provide the respective information. 

· Q2: Do RAN1 and RAN4 agree with the suggested handling of UE categories described above? 

· [RAN4]: RAN4 agree with the suggested handling of UE categories described in the LS.
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[image: image43.png]Parameters Values
Evaluated channel PSS/PBCH/PDCCH/PDSCH
Carrier frequency 28GHz
BS CBW 400MHz
SS block SCS 240kHz
Data CH SCS 120kHz
Beam Switching Time 0%, 20, 40, 60, 80, 100%, of CP
Channel Type TDL_C

Delay spread

300ns(, 100ns),-1666ns




[image: image44.png]Spurious frequency range Maximum level | Measurement Note

Bandwidth
30MHz - 1GHz -13dBm 100 kHz Note 1
1GHz- 1 MHz Note 1, 2

NOTE1: BandwidthasinITU-RSM.329[4], s4.1

NOTE 2: BandwidthasintFU-R-SM-329-12},s4-1-Upper frequency as in ITU-R SM.329
[2], s2.5 table 1




[image: image45.png]Spurious frequency range Maximum level | Measurement Note

Bandwidth
30MHz - 1GHz -13dBm 100 kHz Note 1
1 MHz Note 1, Note 2

NOTE 1: Bandwidthasin ITU-RSM.329 [2], s4.1.

NOTE 2: BandwidthasintFU-RSM3292}-s4-3-Upper frequency as in ITU-R SM.329
[2],s2.5 table 1.
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