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1. Introduction

At the RAN#75 meeting, work item (WI) on new radio (NR) access technology has been approved [1]. At the RAN#75 meeting, the overall work plan was presented in [2]. Based on [2], this document provides the progress made at the RAN1#90bis meeting and updated RAN1 work plans for the WI. The progress made before the RAN1#90bis meeting is found in [3].
2. Progress in Previous Meeting
The agreements and conclusions are summarized below.
· RAN1 #90bis (October 2017)

	General

	TS 38.211 v1.0.2 NR; Physical channels and modulation is endorsed, as v1.1.0 in R1-1719105 as baseline for further updates.

TS 38.213 v1.0.2 NR; Physical layer procedures for control is endorsed as v1.1.0 in R1-1719107 as baseline for further updates

TS 38.214 v1.0.2 NR; Physical layer procedures for data is endorsed as v1.1.0 in R1-1718819 as baseline for further updates

TS 38.212 (endorsed over email reflector in R1-1716928) is endorsed as v1.1.0 in R1-1719106 as baseline for further updates.

TS 38.215 (endorsed over email reflector in R1-1716931) is endorsed as v1.1.0 in R1-1719108 as baseline for further updates.

No change regarding TS 38.201/TS 38.202.

Editors to update CRs based on this meeting’s agreements and working assumptions by 11/1, to be commented and updated by 11/10

Email discussion/approval of RRC parameters prepared by 11/1, to be commented and updated by 11/10 – Daniel (Ericsson)

Email discussion on eV2X evaluation methodology till next meeting – Hanbyul (LGE)

Email discussion (including whether or not to send)/approval on LS to send 5GAA (and others) regarding asking feedback of eV2X evaluation methodology till 10/27 – Hanbyul (LGE)

LS approved in R1-1719239

	Initial access and mobility

	Agreements:

· The following working assumption is confirmed:

· For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI

· FFS: Confirm for each channel

· The signalling in RMSI is only for the associated SS/PBCH block

Agreements:

· The network can indicate a set of SS blocks to be measured within the SMTC measurement duration (connected mode only) 

· The indication is per frequency layer

· The UE is not required to measure SS blocks not indicated as transmitted

· If there is no indication, the default value is that all SS blocks within the SMTC measurement duration 

· The signaling method is applicable to both intra- and inter-frequency measurements

· For connected mode:

· The signaling is via RRC and a full bitmap with length L 

· For idle mode

· No indication from gNB

· Note: this means that all SS blocks within the SMTC measurement duration 

Agreements:

· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign

· Working assumption: 

· X=20 

· Y=2*(24-X) 

· Same mapping rule(frequency-first, time-second) for data and DMRS is applied

· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 

· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)

· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS

· After initial cell selection, the UE is expected to find a single SCS per frequency layer

· (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB

· Reply LS to RAN4 – Asbjorn (Ericsson) (R1-1719162), which is endorsed and final version in R1-1719165
Agreements:

· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)

· 10-bit SFN is carried by NR-PBCH

· (working assumption) 4-bit PRB grid offset is carried by NR-PBCH

Agreements:

· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI

· For sub-6GHz

· 0: 15kHz

· 1: 30kHz

· For >6GHz

· 0: 60kHz

· 1: 120kHz

Agreements:

· One-bit half frame indication is part of PBCH payload, and when CSI-RS for measurement has a periodicity of 20ms or larger, the UE assumes the network is “synchronous” for the purpose of measurement
· For 3GHz and below, half frame indication is further implicitly signaled as part of PBCH DMRS for max L=4
Agreements:

· (working assumption) For PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID

Agreements:

· For PBCH 2nd scrambling initialization:

· initialization based on both cell ID and 3 LSB of SS/PBCH block index

Agreements:

The initialization for PBCH DMRS is: 
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Agreements:

· The 2nd PBCH scrambling is a Gold sequence initialized by cell ID. 

· C_init = [NCell_ID]

· The X LSB bits of SS block index are used to determine a sequential non-overlapping portion of the sequence.

· Generate a Gold sequence of length (2^X)*M where M is the number of bits to be scrambled

· Partition the generated sequence into 2^X non-overlapping portions

· X LSB bits of SS block index uniquely identify indices of each of the non-overlapping portion of the sequence

· X = 2 for max L=4, i.e., 1st and 2nd LSB bits of SS block index.

· X = 3 for max L=8 or 64, i.e., 1st, 2nd and 3rd LSB bits of SS block index

(b2)

(b1)

(b0)

Seq index used for each PBCH
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0
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Agreements:

· UE minimum bandwidth in the context of confinement of RMSI and CORESET containing PDCCH scheduling RMSI is defined as the largest bandwidth that all UEs must support regardless of UE capability, which is at least no less than the SS/PBCH bandwidth.

· Bandwidth for RMSI and and CORESET containing PDCCH scheduling RMSI supports at least the same bandwidth as SS/PBCH (e.g.,[24 PRBs]).

· Note: The UE minimum bandwidth will be finally determined by RAN4.

· LS to RAN4 – Ren Da (CATT) (R1-1718915), which is endorsed with final LS in R1-1719039, with the following update:

· By updating the action to “RAN1 respectfully asks RAN4 whether RAN4 sees any issues with the above agreements, and if so, to provide guidance accordingly”. 

Agreements:

· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.

· PDSCH delievering RMSI are confined within the initial active DL BWP

Agreements:

· UE assumes the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI is QCLed with the corresponding  SS/PBCH block

· FFS: On the details on the associations between SS blocks and monitoring windows (if introduced) for RMSI CORESETs/broadcast OSI .

Agreements:

· NR supports FDM transmission of QCLed SS/PBCH block and RMSI (CORESET/NR-PDSCH), when

· there is no latency requirement for UE to acquire RMSI if the combined bandwidth for SS/PBCH block and RMSI (CORESET/NR-PDSCH) exceeds the UE capability, and

· the number of RMSI CORESETs to monitor within a slot is 1, and 
· the number of slots of a CORESET corresponding to an SS/PBCH block is 1 within a monitoring window for RMSI CORESET (NR-PDCCH)

· FFS: whether the number of slots of a CORESET corresponding to an SS/PBCH block can be larger than 1

Agreements:

· There is an RMSI PDCCH monitoring window associated with an SS/PBCH block, which recurs periodically.

· Each window has duration of x consecutive slot(s).

· FFS: x is e.g., 1/2/4

· FFS: whether x is frequency band dependent

· FFS: whether x is configured in PBCH.

· The period, y, of the monitoring window can be the same as or different from the period of the SS/PBCH block burst set.

· FFS: y is e.g., 10/20/40/80/160 ms

· FFS: whether y is frequency band dependent

· FFS: whether y is configured in PBCH

· FFS: whether y is dependent on RMSI TTI

· FFS: whether there is a dependency between the period of the monitoring window and the period of the SS/PBCH block burst set.

· FFS: whether it is allowed to configure the overlapping monitoring windows associated with different SS/PBCH blocks

· FFS: Monitoring window time offset 

· From RAN1’s perspective, the considered values of the RMSI TTI for down-selection are 80ms and 160ms.

Update after email approval:

Agreements:
· (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency

· The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in PBCH is X bits excluding the subcarrier spacing. 

· X is TBD, and can be chosen to be up to [8] bits.

· Note: RMSI CORESET(s) means the CORESET(s) configured by PBCH

· Configuration of RMSI CORESET(s) should consider at least the following properties: 

· bandwidth (PRBs) 

· frequency position (frequency offset relative to SS/PBCH block) 

· A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET 

· FFS: signaling details including what is captured in specifications and what is signaled in the MIB

· RMSI timing configuration should consider at least the following properties: 

· RMSI PDCCH monitoring window periodicity y

· RMSI PDCCH monitoring window duration x

· FFS: RMSI PDCCH monitoring window offset

· FFS: The number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity

· FFS: signaling details including what is captured in specifications and what is signaled in the MIB

· Note: QCL per CORESET vs. search space is up to control session’s decision.

Agreements:

· The following parameters for broadcast OSI CORESET are explicitly signaled in the corresponding RMSI.

· SI window configuration, e.g., time offset, duration, and periodicity

· The following parameters for broadcast OSI CORESET are the same as those for the corresponding RMSI CORESET.

· frequency location, bandwidth, and numerology
· FFS: whether above parameters are identical for RMSI CORESETs configured by PBCH in all SS/PBCH blocks which defines a cell from UE perspective.
· FFS: other parameters
Agreements:

· For connected mode UEs, non-broadcast on-demand (i.e. dedicated) OSI transmission is up to gNB scheduling, i.e., no specific handling for non-broadcast on-demand (i.e. dedicated) OSI CORESET

Agreements:

· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported

· From RAN1 perspective, paging scheduling DCI and Paging Message are sent at least in the same slot

· From RAN1 perspective, NR supports LTE-like UE grouping where UE is specifically configured of its PO/slot. This is considered part of Option 1.

· Details of UE grouping are up to RAN2 

· LS to RAN2 to inform the above agreements – Teck (Huawei) (R1-1718926), which is endorsed in R1-1719164 with the following updates:

· Update the note to “Note that in RAN1#86bis, the following agreements were made:

· NR supports at least same-slot and cross-slot scheduling for DL.”

Agreements:

· Paging DCI andMessage numerology is the same as RMSI. 

Agreements:

· At least some parameters for Paging Occasions are explicitly signaled. 

· RAN1 understands this includes at least periodicity for the UE to monitor the paging scheduling DCI.

· Up to RAN2 to decide whether the above such information is in RMSI or OSI

· FFS: whether to support FDM of Paging Occasions and it’s configuration 

Agreements:

· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages

· FFS: The details on the associations between SS blocks and possible subsets of Paging DCI/Messages.

Agreements:

· NR supports both slot and non slot based PDSCH  transmissions for Paging delivery

· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the Paging PDSCH is supported

· FFS: Support of non-slot for PDCCH for Paging delivery

Agreements:

· Confirm working assumption of cyclic shift values for preamble format 3
· Confirm working assumption, L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence
Agreements:

· For FDD, RACH resources can be mapped onto UL slots irrespective of the time locations of SS/PBCH block

Agreements:

· NR-RACH configurations can be specified using a table similar to LTE, this table is index by the PRACH Config Index
· Frequency multiplexed PRACH transmission occasions use the same PRACH Config Index 
· NR strives to minimize the number of bits needed for the RACH configuration 

· Use 8-bits as the starting point

· FFS: If SCS and formats are part of the table

Agreements:

· The slot duration for PRACH resource mapping for short preamble formats (i.e., L=139) is based on the RACH Msg1 numerology, i.e. SCS. 

· The slot duration for PRACH resource mapping for long preamble formats (i.e., L=839) is based on 15kHz SCS 

Agreements:

· The pattern given by the PRACH Config Index repeats every RACH Configuration Period 

· The density and duration within each configuration period are FFS

· Including the possibility of in every slot

· RACH Configuration Period: 

· (working assumption) 10/20/40ms
· FFS 80ms/160ms
· FFS if the same values will be used for above and below 6GHz

· FFS the details in terms of how the pattern and configuration period are specified (e.g., via a table, via a formula, etc.)

Agreements:

· One PRACH format is configured for a cell

· FFS the impact BWP/SUL

· For PRACH formats based on short sequence length

· Format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C 

· If format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A 

· At least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot
· FFS Support a PRACH format taken from A0/A1/A2/A3 within a RACH slot 
Agreements:

· NR at least supports RACH configuration that have the same starting symbol in all RACH slots

· Values of starting symbol: 0, 2

· FFS other values

Agreements:

· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block

· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid

· FFS: the rules (no RRC signalling involved in defining the rules)

· Also consider the DL/UL switching points

· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI

· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design

Agreements:

· RACH PRB allocation is the PRBs allocated to RACH within a RACH slot

· NR supports the following numbers of subcarriers as guard band:

· Note: Generation of any additional guard band is up to gNB implementation

PRACH sequence
length (L) 

PRACH SCS (kHz)

UL SCS (kHz)

RACH PRB allocation size

Number of 
subcarriers as guard band

839

1.25

15

6 

25

839

1.25

30

3 

25

839

1.25

60

2

313

839

5

{15,30,60}

24,12,6

25

139

15

{15,30}

12, 6

5

139

15

60

3

5

139

30

{15,30,60}

24,12,6

5

139

60

{60,120}

12,6

5

139

120

{60, 120}

24,12

5

Update after email approval:

Agreements:
· The numerology of the initial active UL BWP is the same as the numerology of Msg3 PUSCH configured in RMSI. 

· For paired spectrum, the frequency position of the initial active UL BWP can be configured in RMSI. 

· FFS how to indicate the frequency position 

· For unpaired spectrum, initial active DL and initial active UL BWP share the same center frequency.

· For SUL, the frequency position of the initial active UL BWP can be configured in RMSI.

· The bandwidth of the initial active UL BWP can be configured in RMSI.

Agreements:
· UE minimum Tx bandwidth is defined as the largest bandwidth that all UEs must support regardless of UE capability. 

· Note: The UE minimum Tx bandwidth will be finally determined by RAN4. 

· Bandwidth of the initial active UL BWP is equal to or narrower than UE minimum Tx bandwidth.

Agreements:
· At least a single initial active UL BWP configured per cell-defining SSB is supported from UE’s perspective. 

· When SUL is configured, an additional initial active UL BWP for SUL can be independently configured.

Agreements:
· FFS whether all FDMed PRACH transmission occasions configured by RMSI are confined within the initial active UL BWP or not.

· The transmission of PUSCH for Msg.3 and the transmission of PUCCH for Msg.4 HARQ feedback are confined within the initial active UL BWP.

LS reply to RAN4 on UE timing advance adjustment step size was approved in R1-1719219
Agreements:

· Let X be the number of PRACH transmission occasions in the RACH configuration period which are associated (by the SSB to RACH resource association rule) with the actually transmitted SS blocks in the SS burst set period.

· X can be greater than, equal to or smaller than the number of actually transmitted SS blocks in the SS burst set

Agreements:

· For contention-based random procedure, after the UE selects one PRACH transmission occasion for Msg1 transmission, the UE is not allowed to select another one before the expiration of RAR window for the same Msg 1 transmission in Rel-15

Agreements:

· NR supports both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 transmission

· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PDSCH/PUSCH is supported

· FFS the handling of PDCCH for non-slot based transmissions

· FFS Time gap during RACH procedure applied to non-slot based transmissions
· Note: Whether to support simultaneous uplink transmission of slot and non-slot based transmission from UE’s perspective will be finalized in the control channel session
Agreements:

· Bit field length of RAPID is fixed in the spec.

· (working assumption) Bit field length of RAPID is 6 bits.

· RAN1 is discussing if 8 bits should be considered for bit field length of RAPID

· FFS the impact of SUL

· FFS: How RACH occasion is conveyed to UE

· LS to send to RAN2 – Nazmul (R1-1719036), which is endorsed and approved in R1-1719214
Agreements:

· Maximum size of TA command for RAR is 12 (as a working assumption) bits.

Disucss further offline how to rely the LS regarding TA granularity – Nazmul (QC)

Agreements:

· Assuming N preamble indices are available in one RACH transmission occasion:

· If only one SSB is mapped to only one RACH transmission occasion, each RACH transmission occasion has preamble index 0 to N-1

· FFS other cases

Agreements:

· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.

· FFS: Mapping to overlapping subsets

Agreements:

· UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission 

· UE may assume that the DMRS of PDCCH conveying Msg3 retransmission grant is QCLed with the SS block that the UE selected for RACH association and transmission

Agreements:

· If there is no beam reporting in RACH message 3, UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4 are QCL’ed with the SS block that the UE selected for RACH association and transmission

· FFS: Whether to support beam reporting in Msg3

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

· NR supports asynchronous adaptive HARQ retransmissions for RACH message 3.
Agreements:

· HARQ process ID for Msg3 PUSCH retransmission is fixed in the spec.

· HARQ process ID for Msg3 PUSCH retransmission is fixed as 0 index.

Agreements:

· SCS of Msg1 of PDCCH triggered CFRA is same as the SCS of Msg1 of contention based random access

Agreements:

· NR supports gNB configuring the number of preambles for actually transmitted SS blocks.

· FFS: Same value for all SS blocks or different value for different SS blocks

· FFS: The range of the number of preambles – email discussion/approval till 11/27 – Nazmul (Qualcomm)

Update after email approval

Agreements:

1. For contention based RACH, support the same number of PRACH preambles for all actually transmitted SS blocks.
· FFS: Same/different number of PRACH preambles for SS blocks in CFRA.
2. Support following values for the configuration of the number of PRACH preambles for CBRA per SSB:

· 4 * N (where 1 <= N <= 16)
· FFS: 0, 1, 2, 3, 5, 6, 7, 10, 14, 18, 22, 26, 30, values greater than 64

· FFS: different granularity for different number of PRACH preambles for CBRA and CFRA per SSB

3. Preamble indices not used for CBRA in a RACH occasion can be reserved for CFRA as in LTE.

· Note: Consider dividing the total number of preambles per SSB into two parts: one for CBRA and the other for CFRA if the total number of preambles per SSB is configured.
· Note: How to use preamble indices not used for CBRA in a RACH occasion is entirely up to the network.

Agreements:

· For ZC type RACH preamble sequence, if only one SSB is mapped to only one RACH transmission occasion,

· RACH preamble indices are in order of:

· Increasing cyclic shifts of a root index and then

· Increasing logical root index

Update after email approval:

Agreements:
· Following RRC parameters related to RACH configuration are agreed: 
· High speed flag: 

· Range of values: {0, 1, 2}

· Prach-ConfigIndex: 
· Range of values: [{0,1,..,255}]

· RootSequenceIndex: 
· Range of values: 

· For long sequence: {0,1,…,837}

· For short sequence: {0,1,…,137} 

· RSRP-ThresholdSSBlock 
· Range of values is FFS

· RSRP-ThresholdSUL 
· Range of values is FFS

· ZeroCorrelationZoneConfig 
· Range of values: {0,1,..,15}

· Msg3Waveform 
· Range of values: {0, 1}

· Note: Index 0 and 1 refer to CP-OFDM and DFT-s-OFDM respectively

· PreambleInitialReceivedTargetPower 
· Range of values is FFS

· Companies are encouraged to comment on the range of values that are mentioned FFS above

Agreements:

· Following RRC parameters related to RACH configuration are FFS 

· Parameters related to the email discussion [90b-NR-07], i.e., the ones that are related to mapping between SSB and PRACH transmission occasions and preambles

· Parameters related to the mapping between CSI-RS and PRACH transmission occasions and preambles

· prach-Msg1SequenceLength 
· Range of values: {139,839}

· prach-Msg1SubcarrierSpacing 
· Range of values: {15, 30} or {60, 120} kHz

· Note: SCS is only needed for the short sequence. The long sequence SCS is determined by the preamble format.

· prach-StartingSymbolIndex 
· Range of values: {0, 2}
· prach-EndSymbolIndex 
· Range of values: {11, 12, 13}

· prach-PreambleFormat 
· Range of values for long sequence: {0, 1, 2, 3}
· Range of values for short sequence: {A1/B1, A2/B2, A3/B3, B4, C0, C1, [A0, A1, A2, A3, B1]}
· Note: Formats A0, A1, A2, A3 are currently FFS
· Note: One proponent prefers to support format B1 

· prach-FreqOffset 
· Note: parameters should be decided after initial active UL BWP discussion

· ra-PreambleIndexConfig

· Masks for RACH resources and/or SSBs

· Number of PRACH transmission occasions FDMed in one time instance 
· Note: Parameters may be decided after initial active UL BWP discussion

· Msg3 tone spacing 
· Note: Decision may depend on initial active UL BWP discussion

· zeroCorrelationZoneConfigDedicated

· rootSequenceIndexDedicated

· ra-ResponseWindowSize

· RACH CORESET configuration

· prach-ConfigIndexDedicated

· Companies are encouraged to comment whether these parameters should be supported in their contribution. Supporting companies are also encouraged to provide range of values for these parameters.

Agreements:

· NR supports RACH configuration in RMSI containing 1 bit to convey SCS of Msg3

· In sub-6 GHz, subcarrier spacing of Msg3 can be either 15 or 30 kHz 

· In over-6 GHz, subcarrier spacing of Msg3 can be either 60 or 120 kHz

Agreements:

· (Working assumption) For the timing advance in RAR, its granularity depends on:

· Subcarrier spacing of the first uplink transmission after RAR

· Supported by: Ericsson, CATT, Mediatek, ZTE, Sanechips, Huawei, Hisilicon, Qualcomm, LGE, Docomo

Table 3. Granularity of [12] bits TA command 
Subcarrier Spacing (kHz) of the first uplink transmission after RAR

Unit 

15

16*64 Ts

30

8*64 Ts

60

4*64 Ts

120

2*64 Ts

Note: Ts = 1/(64*30.72*106) seconds.

New email approval

[90b-NR-42] Email discussion on whether or not the same TA granularity should be applicable for all cases (based on the working assumption regarding TA for RAR)  and if possible, the number of TA bits for MAC CE till 11/1  – Nazmul (Qualcomm). 
After email approval:

Agreements:

1. Maximum size of TA command for MAC-CE is 6 (as a working assumption) bits.
2. 
For the timing advance in MAC-CE, its granularity depends on: 

a.     Subcarrier spacing of the UL BWP in the TAG that the TA in MAC-CE applies to, if there is only one configured UL BWP in the TAG, as shown in Table 1.

b.     Following alternatives for multiple configured UL BWPs in a the TAG:

                                               i.     Alt 1: Maximum Subcarrier spacing of all semi-statically configured UL within the TAG, e.g., UL BWP, SUL, CC
                                             ii.     Alt 2: Maximum SCS of all activated UL BWPs within the TAG
                                            iii.     Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used 
                                            iv.     Other alternatives are not precluded.
2.      Table I. Granularity of 6 bits TA command for the case of single UL BWP
Subcarrier Spacing (kHz) of current UL BWP

Unit 

15

16*64 Ts

30

8*64 Ts

60

4*64 Ts

120

2*64 Ts

Note: Ts = 1/(64*30.72*106) seconds.

Agreements:

· Keep the terminologies as in TS38.215 for the following measurement quantities:

· SS-RSRP

· SS-RSRQ

Agreements:

· CSI reference signal received quality (CSI-RSRQ) is defined as the ratio (N×CSI-RSRP)/ CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.

· FFS: Additional support of the following. The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the CSI-RSSI measurement BW can be differently configured from the CSI-RS measurement BW.

Agreements:

· Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio N×(SS block RSRP)/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.

· FFS The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the SS-RSSI measurement BW can be differently configured from the SS measurement BW.

Agreements:

· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

· Measurement time resource(s) are confined within SMTC window duration(s).

Agreements:

· The SMTC configuration provided for IDLE mode per frequency carrier corresponds to one of the two SMTC configurations for the CONNECTED mode for the same carrier frequency. 

Agreements:

· At least single-port CSI-RS resources, following the same design already agreed for BM, can be configured to be used for L3 mobility 

· CSI-RS for L3 mobility is separately configured from that for BM
Agreements:

· No concensus to support additional periodicity values for CSI-RS for L3 mobility

Agreements:

· Default RSSI time-domain measurement resource is supported, where a pre-determined (i.e., fixed in the spec) set of OFDM symbols are used taking into account OFDM symbols associated with detected SSBs

· FFS details

· A set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier by OSI for IDLE, by RRC for CONNECTED. A set of OFDM symbols in the configured slot are used taking into account OFDM symbols associated with detected SSBs.

· This is supported at least for intra-frequency measurement for both IDLE and CONNECTED; and inter-frequency measurement for CONNECTED

· FFS the applicability for IDLE mode inter-frequency measurement

· FFS details

The LS is endorsed with the final LS in R1-1719040 with the following updates:

· various UE measurements capabilities
· Appending the following sentence in the 2nd paragraph “However, RAN1 has not concluded whether or not the Antenna Connnector should be used as measurement reference points. In addition, RAN1 believes that the measurement reference points should be decided by RAN4. “

· Update action to “RAN1 would respectfully ask RAN4 to provide guidance with respect to the measurement reference points.”

Agreements:

· L3 mobility CSI-RS is based on the CSI-RS configuration framework for the BM 

· FFS the details, e.g., tailoring some or all the BM parameters (e.g., resource settings, resource sets, and resources; and corresponding parameters) for L3 mobility needs

Agreements:

· CSI received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

· Measurement time resource(s) for CSI-RSSI corresponds to OFDM symbols containing L3 mobility CSI-RS.

Agreements:

IMR for SSS based RS-SINR shall be down-selected from the following alternatives:

· Alt 1: PBCH DMRS 

· Alt 2: The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS)

· No RRC impact is expected 

Agreements:

IMR for CSI-RS based RS-SINR for RRM shall be down-selected (if any) from the following alternatives:

· Alt 1: CSI-RS REs used for the RSRP measurement 

· Alt 2: interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped 

· No RRC impact is expected

Agreements:

· The IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC

· IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)

· FFS on default IS/OOS threshold pair index

Agreements:

· At least single-port CSI-RS resources, following the same design already agreed for BM, can be used for RLM 

· FFS configuration details, especially w.r.t. interaction with those configured for BM

Agreements:

· Discuss further offline on the maximum # of indicated CSI-RS resources & SS blocks to be used for RLM 

· In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured, where among L SS Blocks for a given frequency band, each SS block to be used for RLM can be individually indicated

· FFS signalling details (e.g., via bitmap, via SS block index)

· Note: this depends on the max # of SS blocks for RLM

Agreements:

· RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.

· Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.

· FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM

· Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM.

Agreements:

· NR supports configuration of at most X number of RLM-RS (CSI-RS and/or SSB) resources for a UE

· final value of X to be determined in the next meeting and (X <= [8])

· Note: in the deployment scenario where BM is needed, the BM processing and reporting are a pre-requisite for the network to select up to X RLM-RSs.

· FFS: whether to have different number for sub 6 and above 6 GHz

Agreements:

· Rel-15 NR will not provide additional signaling (other than the configuration of RLM-RS(s) resource(s)) for the purpose of interference and noise (IN) measurement for RLM.

· Rel-15 NR will not provide configuration of additional resource(s) for the purpose of IN measurement for RLM.

· RAN1 continues discussions on which (existing) resource(s) can be and/or cannot be used for IN measurement for RLM. 

· Note that this does not necessarily mean the NR specification will specify UE behavior on use of resources for IN measurement for RLM.

Agreements:

· For guidance for RAN4 testing & requirement purposes:

· UE may assume that configured RLM-RS and the “hypothetical” DMRS of the “hypothetical” PDCCH for RLM has QCL relationship with respect to spatial, average gain, delay and Doppler parameters.

· Draft LS in R1-1719216, which is endorsed and approved in R1-1719218
Email discussion/approval on potential RRC impact till 10/27 – Daewon (Intel)

Update after email approval:

Agreements:
· Include the following IS/OOS threshold pair indication in RRC parameter list

Parameter name in text

Description

Value range

Default value

UE/Cell Specific

IS/OOS threshold pair indication

Index corresponds to one of the two IS/OOS threshold pair for RLM.

{0, 1}

0*

UE-specific

*Note that default value of ‘0’ for IS/OOS threshold pair indication corresponds to the LTE-like IS/OOS threshold of 2% and 10% BLER, which is subject to RAN4 verification of applicability to NR PDCCH and NR PDSCH.
Agreements:
· There is no need to separately capture “number of configured RLM-RS” in the RRC parameter list. 

· Note that this is with the understanding number of configured RLM-RS will be part of the RLM-RS configuration.

Agreements:
· Delete the controversial RRC parameter row “RLM-RS-type” for now or mark it as ‘to be revisited/under discussion’

· Continue discussion on RLM-RS type issue in RAN1 #91

Agreements:
· Continue discussion in RAN1 #91 on the following aspects: 
· Capability signaling for supporting different maximum number of configured RLM-RS

· UE monitoring a sub-set of the configured RLM-RS

· Relationship between maximum number of configured RLM-RSs and evaluation period of IS and OOS

· Frequency band dependent maximum number of configured RLM-RS



	MIMO

	Agreement:
No additional CW-layer correspondence is supported, at least in Rel-15, for >4 layers

Conclusion:

There is no consensus on supporting 2-CW layer mapping in addition to agreed 1-CW mapping, for 2, 3, and 4 layers for completion by December, 2017

Working Assumption

For DFT-SOFDM for single codeblock with intra-slot frequency hopping, only Option 1 is supported:

The RE mapping is performed with the following order:
· Frequency-first mapping followed by time and sub-slot: the modulated symbols are first mapped across sub-carriers, then across DFT-SOFDM symbols within a sub-slot, then across sub-slots (occupying different sets of PRBs)

FFS: DFT-SOFDM for multiple codeblock with intra-slot frequency hopping 

Update after email approval:

Agreements: 
· The c_init for data scrambling depends at least on a “Scrambling ID” parameter configured to the UE by RRC. FFS whether one RRC parameter is used for c_init for both PUSCH and PDSCH or if two independent RRC parameters is used.

· Discuss further this issue and dependence on other parameters, default value etc in RAN1#91.

Agreement:
· At least for the case where single SRS resource is configured and for DFT-S-OFDM, support additional 4Tx rank 1 codebook below
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· Send an LS to RAN4 to inform that RAN1 has agreed to support the above UL codebook (codebook indices 16~27) for 4TX UEs and request feedback from RAN4 (ex: MPR) on feasibility – Peter (will comeback on Thursday): Approved in R1-1719044
Agreement:
· For 4 Tx with wideband TPMI, use at least single stage DCI

· FFS for 2 stage DCI

· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:

· Alt 1: Rel-10 UL, possibly with additional entries: 

· Alt 2: Rel-15 DL, possibly with additional entries: 

· Alt 3: Rel-8 DL, possibly with additional entries

· Evaluate performance of candidate codebooks & decide by RAN1#91

Agreement:
NR supports 3 levels of UE capability for UL MIMO transmission 

· Full coherence

· All ports can be transmitted coherently

· Partial coherence

· Port pairs can be transmitted coherently

· Non-coherence

· No port pairs can be transmitted coherently

TPMI codewords from the codebook are used by gNB accordingly
Update after email approval:

Working assumption:
· For UL codebook based transmission with one SRS resource and a given number  of SRS ports, NR supports overhead reduction for TPMI and TPMI related signaling .

· Note: TPMI is indicated in uplink DCI

· Note: Joint or separate encoding of TPMI with TRI and/or SRI is a separate issue

· Other details are FFS

Agreement:
For 1 SRS resource

· Full coherence

· All ports corresponding to ports in an SRS resource can be transmitted coherently

· Non-coherence

· All ports corresponding to ports in an SRS resource are not transmitted coherently

· Partial coherence

· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently

Agreement:
· In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported

· Non-coherent inter-SRS resource transmission: 

· FFS: use of two DCI, with one TPMI per DCI

· One TPMI/TRI per SRS resource is signaled 

· Note: Indication of selection of multiple SRS resources was agreed

Agreement:
· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission

· The above does not preclude frequency selective precoding on SRS

R1-1719166 is agreed. 

Agreement:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· The DL measurement RS is a CSI-RS for CSI acquisition

· Specify the following mechanism for DCI signalling:

· Using the same field for AP-SRS resource triggering 

· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured

· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling
· The DL measurement RS is a CSI-RS for CSI acquisition

· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 

· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 

· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 

· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot

· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS

· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation

Update after email approval:

Agreements:

When a UE is configured with multiple SRS resource sets, one of three behaviors below applies:
· Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously 

· Alt 2: All resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets may or may not be transmitted simultaneously

· Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

· Select in RAN1#91 which of the three behaviors is supported and strive to minimize the impact on SRS configuration framework

· FFS: whether or not specification in addition to UE capability is needed to support the selected behavior 

· The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and/or, for Alt 3), either 

· per subset, or

· the supported number of SRS resources that can be transmitted simultaneously per set

· Decide in RAN1#91 if this applies to either UL beam management or non-codebook based precoding, or to both UL beam management/non-codebook based precoding

Agreement:
UE is configured with PRB bundling size(s) per BWP

Agreement:

For broadcast PDSCH, multi-cast PDSCH, and unicast PDSCH before RRC configuration, PRB bundling size is 2

R1-1719072
Summary of Offline Discussions on DL PRB Bundling
vivo

Agreement:

1-bit DCI field for indication of PRB bundling size can be configured to be present by RRC
Agreement:
· When 1-bit DCI field is present, the following configuration is supported

· Candidate values: {2, 4, scheduled BW}

· FFS: support 1 as an additional candidate value

· The DCI bit field indicated “1” : select one value from one or two RRC configured candidate values

· When two candidate values are configured, one value is implicitly determined

· FFS details of implicit determination (e.g., scheduled BW, RBG-based, subband size, PDCCH REG bundling size, BWP, DMRS pattern, etc.)

· The DCI bit field indicated “0”: select one RRC configured candidate value

· When a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4

Agreement:
· For non-codebook based UL transmission, a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field

Agreement:
· Confirm the following working assumption:

· For non-codebook based precoding, each SRS resource contains one port

Agreement:

· For single SRS resource case with CP-OFDM with 2 ports 

· Use Alt 1 from RAN1#90: include TPMIs 4 & 5 for rank 1 and TPMI 2 for rank 2, except the scale factor is FFS

Agreement:
For ZP CSI-RS based IMR, following combinations of P/SP/AP CMR and IMR are supported

For semi-persistent CSI reporting,
PR CMR
SP CMR
AP CMR
PR IMR
YES
NO

NO
SP IMR
NO

YES
NO
AP IMR
NO
NO
NO
For aperiodic CSI reporting,
PR CMR
SP CMR
AP CMR
PR IMR
YES
NO
NO
SP IMR
NO
YES
NO
AP IMR
NO
NO
YES
Agreement:
At least the following patterns are supported for ZP CSI-RS for IMR:

One pattern from (2,1), (2,2), (4,1)
Agreement:
· Configuration of resources for rate matching is separate from configuration of resources for interference measurement.

Working Assumption:

For ZP CSI-RS based IMR, support (2,2) and (4,1) which are configurable by RRC signalling

· Note: Study until next meeting whether support of both (2,2) and (4,1) are both necessary. If not, RRC configurability will be removed.

Working Assumption:
· Aperiodic CSI-RS is triggered by RRC+DCI or RRC+MAC-CE+DCI

· If number of RRC configured resource sets across all CCs is less than 2N, RRC+DCI is used.  Otherwise, RRC+MAC-CE+DCI is used.

· FFS on the value of N

· The triggering is done per CSI-RS resource set

Email discussion on the value of N for aperiodic CSI-RS is triggering until 27th of Oct – Ruyue (ZTE)
Update after email approval:

Agreements:
· Confirm the working assumption with the following refinement 
- N = {0, 1, 2, …, Nmax}  is configurable via RRC signaling 
  - Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects 
  - Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs. 
- When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. 
  -  If Sc <2^N, MAC CE activation does not apply 
- The first code point is mapped to “no CSI request” 

Agreement:
For non-PMI feedback, support the following port index indication method:

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

· Port index indication per CSI-RS resource is configured by RRC to select the CSI-RS port(s) used for RI/CQI calculation per rank

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

· N ports are selected for rank N

· The CSI-RS resource can be dynamically selected for CSI reporting in CSI framework

R1-1719178 is agreed.

Agreement:
· A set of NZP CSI-RS resource(s) is configured to a UE for channel and interference measurements, where

· A subset of the set of NZP CSI-RS resource(s) are for channel measurement and another subset of the set of NZP CSI-RS resource(s) are for interference measurement

· Network indicates via DCI the subset of NZP CSI-RS resource(s) for channel measurement and the subset of CSI-RS resource(s) for interference measurement

· FFS: Whether the DCI indication is the dynamic triggering of one or multiple CSI reporting setting(s) or not

· FFS: some CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped or not

· UE assumes each port of channel measurement NZP CSI-RS resource(s) corresponds to a desired layer if no PMI and RI feedback

Agreement:
For NR CSI reporting on PUSCH, Part 2 information bits of partial subbands can be omitted.  

· Support the following priority rule to omit partial Part 2, where the priority level goes from high to low from Box #0 to Box #2N, and the omission granularity is one box in the following picture

· N is the number of CSI reports in one slot

· The CSI report numbers correspond to the order in the CSI report configuration
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· Down-select one of the following Alts for CQI calculation in RAN1#91

· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting

· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband

Agreement:
For a given bandwidth of the active bandwidth part, a UE can be configured with one out of two subband sizes via higher layer signaling

The two possible values are described as follows

Carrier bandwidth part (PRBs)
Subband Size (PRBs)
24 – 60
[6], [12]
61 – 100
8, [16]
101 – 150
[10], [20]
151 – 200
12, [24]
201 – 275
16, [32] 
Agreement:

· For Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports

· Use single bitfield to determine restricted 
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is restricted if at least one of v2l+1,m , v2l-1,m , v2l,m is restricted

· FFS: Introduction of inter-group co-phasing restriction

Agreement: 

· The RI payload depends on the rank restriction signalling.

· LTE approach for rank restriction using a bitmap of size-8, where bit i(0,…,7  indicates if rank r=i+1  is allowed to be reported

Agreement:
At most RI=2 is allowed to be reported for a CSI report setting configured with Type II codebook
Agreements:
· For both CSI acquisition and beam management, an aperiodic Resource Settings can contain more than one CSI-RS Resource set

· For CSI acquisition, periodic and semi-persistent Resource Settings contain only one CSI-RS Resource set

Agreement:
Support the following encoding for first part of Type II report
· Separate fields: Each field is encoded separately

Conclusion:

Continue discussion in RAN1#91 on the following:

· BWP for which CSI is reported is determined by the active BWP in the time location of the CSI reference resource

Agreement:
For A-CSI on short PUCCH with single CSI report, downselect from the following:

· Alt 1:

· The CSI report is triggered with CSI request field in DL-related DCI

· UE-specific or UE-group-specific DCI is to be discussed in control channel session

· PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources

· Alt 2:

· Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used

· Alt 3:


· Use UE-specific UL-related DCI, indication on if PUCCH or PUSCH is used is determined by bit in DCI

Update after email approval:

Agreements:
· For triggering A-CSI on short PUCCH, the scheme(s) are to be decided by control channel and/or scheduling/HARQ session(s) in RAN1#91. 
· Choose at least one from Alt1, Alt2, and Alt3

· In choosing the scheme(s), consider CA (multi-cell) operation as well as transmission of HARQ-ACK and A-CSI in separate TDMed short PUCCH allocations and in a same short PUCCH allocation

Agreement:
NR at least supports the following periodicities for P/SP CSI reporting 

{5, 10, 20, 40, 80, 160, 320} slots

Details on restriction on periodicity as a function of subcarrier spacing is to be concluded in RAN1#91 (including whether or not to support)

Agreement:
· At least for when Type I CSI collides with Type I CSI and Type II CSI collides with Type II CSI

· The following priority order for CSI periodicity types applies
· Aperiodic CSI > P-CSI
· Aperiodic CSI > SP-CSI
· Note: Study further on the priority between SP-CSI and P-CSI
· CSI on PUSCH has priority over CSI on PUCCH
· Only one CSI periodicity type is piggybacked on PUSCH
· Lower priority CSI is dropped when there is a collision
· Aperiodic CSI on PUCCH is dropped if there is a collision with PUSCH
· TBD in RAN1#91 If the above applies for Type I CSI collides with Type II CSI as well
Agreement:
· Adopt the following refined subband sizes:
Carrier bandwidth part (PRBs)
Subband Size (PRBs): 
1st value, 2nd value
24 – 60
4, [8]
61 – 100
8, [16]
101 – 200
[12], [24]
201 – 275
16, [32] 
· The 2nd subband size values in brackets are to be confirmed or refined in RAN1#91 

Update after email approval:

Agreements:
· For SP-CSI reporting on PUSCH, detailed scheme(s) are to be decided by UL scheduling section in RAN1 91 including which RNTI to use 
· Strive to align SP-CSI transmission mechanism as much as possible with UL data transmission mechanism

Agreement:

Support at least the explicit approach for the update of spatial QCL reference in a TCI state.

· FFS: Additional support for implicit update.

· Note: In the explicit approach, the TCI state is updated using either RRC or RRC + MAC-CE based approach

· Note: In the implicit approach, when a set of aperiodic CSI-RS resources are triggered, the triggering DCI includes a TCI state index which provides spatial QCL reference for the triggered set of CSI-RS resources. Following the measurement, the spatial QCL reference in the RS set corresponding to the indicated TCI state is updated based on the preferred CSI-RS determined by the UE. Other operations of implicit approaches are not precluded.

Agreement:

· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 

· The DL RS supported at least include CSI-RS and SSB. 

· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.

Spatial parameter
Reference RS
Target RS
Signalling mode
Spatial
SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS
FFS: AP-CSI-RS, SP-SRS
P SRS
RRC
Spatial
SSB/CSI-RS(at least P-CSIRS and SP -CSI-RS), P-SRS/ SP-SRS
FFS:AP-SRS, AP-CSI-RS
SP-SRS
RRC + MAC-CE
Spatial
SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS
Working assumption: AP-CSI-RS
AP SRS
RRC or RRC+MAC CE for configuration,
indication with DCI 
FFS: The use of spatial relation across CCs and/or BWPs.
Agreement:
Working assumption from RAN1#90 is confirmed:

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

Furthermore, the following details are agreed

CSI-RS resources in the resource set are TDMed if repetition is ON 

If repetition is ON, The UE does not expect different values for the following parameters across different CSI-RS resources within a resource set

Transmission periodicity

Number of antenna port subject to RAN4 decision

FFS for other parameters

Agreement:
NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:

Single resource set with repetition = “OFF”

UE reports CSI-RS resource indicator(s) within this resource set for CRI feedback

Single resource set with repetition = “ON”

UE does not report CRI

FFS: Further support additional configuration by down selection from the following two alternatives:

(a) Multiple resource sets, all with repetition = “ON” 

UE reports CSI-RS resource set indicator(s) for CRI feedback

· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings

(b) Multiple equal-size resource sets, all with repetition = “OFF”

UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets

Note: Not all configurations are applicable for P1/P2/P3

FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)

Agreement:
The contents of R1-1719059 are approved with the following clarifications and modification

· Slide 2: (Modification) Add N=3

· Slide 3: (Clarification) For uplink BM, multiple SRS resource sets can be configured

· For all slides: (Clarification) RRC parameter list refers to SRS resource set and previous agreements refer to SRS groups. Both are the same thing.

Agreement:
· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 

· Short/long PUCCH

· PUSCH

· Support the following reporting types for beam mgmt. on the above channels

· For Periodic, support long PUCCH and short PUCCH

· Semi-persistent – support all channels

· Aperiodic – support PUSCH and short PUCCH

Agreement:
· Down-select to one of the following 2 options for the DCI field size for TCI in RAN1#91

· Alt-1: Fixed number of bits [2 or 3] bits

· Alt-2: A higher layer signaling parameter indicates the number of bits (2 or 3)

Update after email approval:

Agreements:
· Include the RRC parameter: Num-Reported-RS-Measure. Value Range – {1,2,3,4}, Default – 1.

· The number N of measured RS resources to be reported per report setting in a non-group-based report. N <= N_max, where N_max is either 2 or 4 depending on UE capability. The value range for N is {1,2,3,4}.

· Note: this parameter may not be needed for certain RS and/or report settings

· FFS: The signaling mechanism for the gNB to select a subset of N beams for the UE to measure and report.

· FFS the inclusion of the parameter Apply_Same_SpatialFilter_Mult-SRS-Resource.

· Beam management to not discuss the RRC parameter on power control for SRS and merge it with the power control discussion in UL PC.

· Support parameter Is-TCI-Present

· Whether for the case when at least spatial QCL is configured/indicated, if TCI field is present or not present in DL-related DCI. FFS: Details on whether it is per-CORESET or per-UE configured

· Boolean

· Default is True

· For the case when TCI is not present in DL-related DCI, continue discussion of the details regarding higher-layer signaling of QCL parameters/indication for determining QCL parameters for PDSCH

· NR supports a mechanism to identify the spatial QCL if the offset between the time of reception of DL assignment for the PDSCH and time of reception of PDSCH is less than Threshold-Sched-Offset. 

· FFS: if the identification requires explicit RRC signaling or rule based.

· NR does not support the RRC parameter in beam management: Threshold-Sched-Offset. 

· FFS if such a parameter is included as a UE capability

· Support the following parameter:

· SRS-SpatialRelationInfo Configuration/indication of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS. Source: R1-1718920

· Value range: {SSB, CSI-RS, SRS}

· Support the following RRC parameter:

· resource-config-SS-list   List of SSB resources used for beam measurement and reporting in a resource set. Source: R1-1719059                 

· Value range: {SSB indices}            

· Support an RRC parameter to configure RS resources for the purpose of new candidate beam identification.

· FFS whether the parameter is the type of reference signal or the actual resources used for beam failure recovery.

· Confirm the following  working assumption:

· Beam failure detection is determined based on the following quality measure:

· Hypothetical PDCCH BLER

· FFS: if RRC parameter is required to set different threshold values for UE to detect beam failure.

· Continue discussion on the threshold type, and whether or not the need for RRC parameter for Candidate-Beam-Identification-Threshold

· Support parameter “Beam-failure-recovery-request-RACH-Resource” 

· Parameters for dedicated PRACH resources for beam failure recovery: 

· Preamble sequence related parameters, e.g., root sequence, cyclic shift, and preamble index. 

· Maximum number of transmissions

· Maximum number of power rampings

· Target received power

· Timer for retransmission

· Retransmission Tx power ramping step size

· Beam failure recovery timer 

·  Note: could be a subset of above parameters if re-using the same parameter as initial access

· FFS details of the structure and elements

· No need to introduce RRC parameter Beam-Failure-Resource as it is covered by “Beam-failure-recovery-request-RACH-Resource”

· FFS potential RRC parameter Beam-Failure-Recovery-Response-CORESET & Candidate-Beam-BFR-Resource-List

Agreement:
gNB response is transmitted via a PDCCH addressed to C-RNTI
FFS: DCI format for gNB response

Dedicated CORESET(s) is applied for monitoring gNB response for BFRQ. The CORESET is down-selected from the following two alternatives:
Alt 1: the same CORESET (s) as before beam failure

Alt 2: dedicatedly configured CORESET for beam failure recovery.

Agreement:
Specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification

The above case is configured by gNB

Note: a dedicated PRACH resource is configured to either an SSB or a CSI-RS resource

Following two scenarios are supported when a UE is configured with CSI-RS + SSB

Scenario 1: PRACHs are associated to SSBs only

In this scenario, CSI-RS resources for new beam identification can be found from the QCL association to SSB(s).

Scenario 2: Each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource

FFS: multiple SSB can be associated with the same uplink resource. 

CATT has concerns on the above agreement that it may not be an essential feature for beam failure recovery

Working Assumption:
Beam failure detection is determined based on the following quality measure:

Hypothetical PDCCH BLER

Proposal:
· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number
· (Working assumption) If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance

· Note: Beam failure is determined when all serving beams fail

· The candidate beam can be identified when metric X of candidate beam is higher than a threshold

· FFS: metric X

· 1 or 2 threshold values are introduced

· If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS

· One of the following alternatives will be down-selected in RAN1#91

· Alt-1: Fixed value

· Alt-2: Configurable value by RRC signaling

· RAN2 should specify the RRC signaling to configuration of the threshold

· Note: for beam failure detection, the UE should aware the transmission power offset between CSI-RS and DMRS of PDCCH

· FFS other details.

Agreement:
· For gNB to uniquely identify UE identity from a beam failure recovery request transmission

· A PRACH sequence is configured to UE

Working Assumption:
· At least the following parameters should be configured for dedicated PRACH resources for beam failure recovery
· Per UE parameters
· Preamble sequence related parameters
· E.g., root sequence, cyclic shift, and preamble index
· Maximum number of transmissions
· Maximum number of power rampings
· Target received power
· Retransmission Tx power ramping step size
· Beam failure recovery timer 
· Per dedicated PRACH resource parameters
· Frequency location information
· Time location, if it is only a subset of all RACH symbols (e.g., PRACH mask)
· Associated SSB or CSI-RS information
· Note: as a starting point, use initial access preamble transmission mechanism and parameters. If any issue is identified, new mechanism can be introduced.
· No further RRC signalling for above UE parameters is required if reusing the same parameter as initial access  
Update from email approval:

Agreements:
· Support  RRC configuration of a time  duration for a time window  and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.

· UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.

· FFS: multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration

· Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC  configurable time duration starting from the fixed time offset. 

· FFS the value of fixed time offset k (slots).

Agreement:
Two separate CQI tables are supported for eMBB 

One for maximum modulation order is 256-QAM

One for maximum modulation order is 64-QAM

The target BLER for CQI tables is 10%

Note: RRC signalling is used by gNB to select one of the above two tables 

Agreement:

N separate CQI table(s) are supported for URLLC

· Downselect the value of N between 1 or 2

Two target BLER are supported for URLLC

· Note: RRC signalling is used by gNB to select one of the two target BLER

· Note: The configuration of target BLER or CQI table is part of CSI report setting 

Agreement:

For CQI table of maximum modulation order of 64QAM, the CQI table from LTE Rel-8 is reused

For CQI table of maximum modulation order of 256QAM, a CQI field size of 4 bits is supported

· FFS on the details of the CQI table

Agreement:

Two independent CQI fields are supported for WB CQI when two CWs is applied

· Note: Differential WB CQI is not used for the two CWs

Agreement
For NR PDSCH MCS table, support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible

The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table

RRC signalling is used to choose between the two MCS tables

Agreement
For NR PUSCH MCS table (in case of CP-OFDM), support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible

The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table

RRC signalling is used to choose between the two MCS tables

Agreement
For NR PUSCH MCS table (in case of DFT-s-OFDM), support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible

The MCS table will include entries for PI/2 BPSK

The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table

RRC signalling is used to choose between the two MCS tables
Note: In the case a UE supports only up to 16QAM, the default table should be used
Agreement

The following fields are used in defining the MCS table: 

MCS index and a corresponding modulation order and target code rate x [1024]

Agreement:

When SS block and PDSCH are scheduled in the same symbols, DMRS and SS block can be in a same symbol.

Above applies at least for the case where DMRS and SS block are not overlapping in the frequency domain

Above applies at least for the case where SS block and DMRS are spatially QCL-ed

Above applies at least for the case where the same subcarrier spacing is used for SS block and DMRS

Agreement:
Multiplexing schemes for TRS with DMRS/PDSCH/PDCCH/SS block follow the multiplexing schemes for CSI-RS with DMRS/PDSCH/PDCCH/SS block.

Agreement:
A CSI-RS resource can be configured on RBs outside CORESET in CORESET symbols from UE perspective.

Above applies at least for the case where PDCCH and CSI-RS are spatially QCL-ed, and FFS for multi-panel UEs

FFS: Use case when the above is applicable (ex: CSI reporting for wideband and partial band)

Note: CSI-RS BW discussion should be taken into account

Above at least applies for non-slot based cases

Above feature is supported for slot-based transmissions as well

Agreement:
A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
Above applies at least for the case where SS block and CSI-RS are spatially QCL-ed, FFS for multi-panel UEs. 

· FFS: If non-QCLed, study UE’s behavior

Note: CSI-RS BW discussion should be taken into account. If beam management is agreed, the requirement on minimum BW for CSI acquisition and beam management may be different. 

Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS

Down select following alternatives:

· Alt.1 Above applies for the cases: CSI-RS used for beam management and CSI acquisition

· Alt.2 Above applies for the cases: CSI-RS only used for CSI acquisition

· Alt.3 Above applies for the cases: CSI-RS only used for beam management

Agreement:

The starting subcarrier of a CSI-RS component RE pattern
· For 1 port CSI-RS, there is no restriction

· For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)

· For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)

Agreement:

At least {8, 9, 10, 11}-th OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6, 7, 13, 14}-th OFDM symbol. Note: the symbol locations assume that symbol indexing starts at 1.

· FFS: Other OFDM symbols 

R1-1718947
Summary of offline discussions on CSI-RS
Huawei, HiSi

Agreement:
Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 

When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)

FFS: Whether the value of X is same or different for beam management and CSI acquisition

FFS: The value of X may or may not be numerology-dependent

Agreement:
NR supports the following CSI-RS transmission periodicities 

{5, 10, 20, 40, 80, 160, 320, 640} slots

FFS: Restriction on periodicity as a function of subcarrier spacing

Agreement:
Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first.
Conclusion:

Companies are encouraged to review the list of open issues in R1-1718947 and other CSI-RS open issues especially those with impact to RAN2

· Email discussion until 27th of Oct on CSI-RS open issues with RAN2 impact to be coordinated by Xi (Huawei)

Update after email approval:

Agreements:
· At least the following set of RRC parameters are to be used for configuring CSI-RS
· Decide in RAN1#91 on whether or not to support the parameters in brackets and possible revisions

  
RRC Parameter Name

Description

Value range / Sub-parameters

NZP-CSI-RS-ResourceConfig

NZP CSI-RS resource configuration

NZP-CSI-RS-ResourceConfigId
NZP-CSI-RS resource configuration ID

0 .. NZP-CSI-RS-ResourceMax – 1

ResourceConfigType

Time domain behavior of resource configuration

aperiodic, semi-persistent, or periodic

CSI-RS-timeConfig

Contains periodicity and slot offset for periodic/semi-persistent CSI-RS

Periodicity: {5, 10, 20, 40, 80, 160, 320, 640} slots

Slot offset: For CSI-RS periodicity P, the supported offsets are 0…P-1

NrofPorts

Number of ports

1, 2, 4, 8, 12, 16, 24, 32

CSI-RS-ResourceMapping

Include parameters to capture OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource

FFS: how to configure CSI-RS in different slots for fine time/frequency tracking

FFS

CDMType

Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)

FFS

CSI-RS-Density

Density of CSI-RS resource measured in RE/port/PRB

{1/2, 1, 3} for X = 1

{1/2, 1} for X = {2, 16, 24, 32}

{1} for X = {4, 8, 12}

Note: Other densities and restriction based on functionality can be added later if agreed

CSI-RS-FreqBand

Includes parameters to enable configuration of wideband and partial band CSI-RS

FFS

Pc_PDSCH

Power offset of NZP CSI-RS RE to PDSCH RE

FFS

[Pc_PDCCH_DMRS]

[Power offset of NZP CSI-RS RE to PDCCH DMRS RE]

FFS

Pc_SS

Power offset of NZP CSI-RS RE to SS RE

Note: This parameter is optional

FFS

[CC/BWP-Info]

[Indication of which CC/BWP the configured CSI-RS is located in

FFS: whether or not this parameter belongs within a CSI-RS resource configuration or within a CSI-RS resource set configuration]

FFS

[QCL-Info]

[QCL info (e.g., QCL relation(s), QCL parameters, QCL type) between reference RS(s) (e.g., SS, CSI-RS on same or different CC/BWP) and the target CSI-RS, also captures QCL amongst ports within the CSI-RS resource

FFS: whether to merge this parameter to TCI]

[For QCL amongst ports within the CSI-RS resource, include the following two cases:

Case 1: All ports are QCLed with respect to all parameters

Case 2: No QCLed (FFS on QCLed w.r.t. partial parameters; FFS on QCLed within the same port group and number of port groups)]

[NonPMI-FeedackPortIndices]

[For non-PMI feedback, configuration of port index selection for RI/CQI calculation per rank]

FFS

ScramblingID

Scrambling ID

FFS

ZP-CSI-RS-ResourceConfig

ZP CSI-RS resource configuration

FFS

ZP-CSI-RS-ResourceConfigId

ZP-CSI-RS resource configuration ID

0 .. ZP-CSI-RS-ResourceMax - 1

ZP-CSI-RS-ResourceMapping

Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot

FFS

ZP-CSI-RS-timeConfig

Contains periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS

FFS

ZP-CSI-RS-FreqBand

Includes parameters to enable configuration of wideband and partial band ZP-CSI-RS

FFS

Agreement:
For each of the following RSs, c_init used for sequence generation will at least depend on UE specifically configured scrambling ID by RRC configuration

· DL: DMRS, CSI-RS resource

· FFS: Support of multiple IDs for DMRS

· UL: DMRS(for CP-OFDM), PTRS(for DFT-s-OFDM)

Agreement:
For slot-based scheduling, for PDSCH, for the 2-symbol front-load DMRS, the 2-symbol additional DMRS symbol is configured in
· the {9th-10th} symbol 

· for PDSCH spanning to the 10th or 11th or 12th symbol of the slot

· the {11th-12th} symbol 
· for PDSCH spanning to the 13th or 14th symbol of the slot

[image: image8.emf]       [image: image9.emf]
Agreement:

For the 2-symbol non-slot based scheduling, no additional DMRS can be configured

For the 4-symbol non-slot based scheduling, no additional DMRS can be configured

For the 7-symbol non-slot based scheduling, one additional DMRS can be configured

FFS: Location of the front-loaded DMRS  

Emails discussion on the DMRS of 2/4/7-symbol for non-slot based scheduling 

Until Oct 27 – Alex (Qualcomm)

Update after email approval:

Agreements:

For the higher layer signaling related to DMRS:
         A UE may be configured with a number of additional DMRS  which may be different for slot-based and non-slot-based transmission/scheduling and may be different for DL and UL.
         A UE, in DL or UL, may be configured with the same or different DMRS configuration type for slot-based and non-slot-based transmission/scheduling
o    It will be further discussed in RAN1#91 if and when a UE expects to be configured with the same DMRS configuration type for slot-based  and non-slot-based transmission/scheduling (e.g., scenarios with concurrent slot/non-slot-based). 
o    It will be further discussed in RAN1#91 if configuration type is fixed to be type 2 in case of 2 or 4 symbols non-slot-based transmission/scheduling. 
         A UE may be configured with configuration type which may be different for DL and UL.
         A UE  in DL may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PDSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 

o   
 It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
         A UE  in UL CP-OFDM may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PUSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 

o    It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
         A UE for the PUSCH’s DMRS for DFT-S-OFDM may be configured with a UE-specific parameter (UL-DMRS-Identity-Transform-precoding) used for sequence initialization which is the same for both slot-based and non-slot-based transmission/scheduling.
         At least for slot-based transmission/scheduling, a UE may be configured with the maximum number of front-load DMRS symbol which may be different for DL and UL. 

o    It will be further discussed in RAN1#91  whether the above applies also for non-slot-based transmission/scheduling. 
· When a UE is configured with a  maximum number of 1 symbol for front-load DMRS (DL-DMRS-max-len=1), the UE may be configured with DL-DMRS-add-pos={0,1,2,3}. When UE is configured with a  maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos. 

· It will be further discussed in RAN1#91 the allowable number of additional DMRS when DL-DMRS-max-len=2 and the UE is dynamically scheduled with 1-symbol for front-load DMRS.
         Keep the “dmrs-group” RRC parameters as placeholder until discussions on how to specify the RRC signaling and configuration of DMRS groups are concluded.
         It will be further discussed in RAN1#91 whether a new RRC parameter is needed to be introduced which enables DMRS port table restriction or subset selection for both DL and UL.
· It will be further discussed in RAN1#91, the relation between PDSCH (or PUSCH) mapping type, associated DMRS parameters, PDSCH (or PUSCH) starting symbol and PDSCH (or PUSCH) duration, any signaling (if needed)  for configuration (if needed) of slot-based and non-slot-based.
Agreement:
For the location of the first position of front-load DMRS for PUSCH without frequency hopping, support at least the following:

· The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 

· Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.

· The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS 

· At least same location for UL and DL is supported

· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.

· Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc.

FFS: Further restrictions (if any) of FDMing DMRS and PUSCH due to UE processing timeline

Agreement:
For the PUSCH without a hop when the first symbol of the front-load DMRS is located in the 3rd or 4th symbol of the slot

· reuse DL DMRS locations for UL DMRS with respect to the additional DMRS symbols and reuse the scenarios they are applied with respect to the last PUSCH symbol.

· Note: This applies to both NCP and ECP whenever applicable. 

For RAN1#91: Study further until next meeting whether NR should support in addition to a comb-2 DMRS structure, a DMRS structure with RPF=1 for DFT-s-OFDM.
Agreement:

Any configured DMRS port indication table supports SU-MIMO scheduling.

The maximum number of ports per UE in SU-MIMO

· DMRS configuration type 1 with 1-symbol DMRS

· 4 for DL, 4 for UL

· DMRS configuration type 1 with 2-symbol DMRS

· 8 for DL, 4 for UL

· DMRS configuration type 2 with 1-symbol DMRS

· 6 for DL, 4 for UL

· DMRS configuration type 2 with 2-symbol DMRS

· 8 for DL, 4 for UL

Agreement:

The maximum number of orthogonal ports per UE in MU-MIMO for

· DMRS configuration type 1 with 1-symbol DMRS

· 2 for DL

· DMRS configuration type 1 with 2-symbol DMRS

· 4 for DL

· DMRS configuration type 2 with 1-symbol DMRS

· 4 for DL

· DMRS configuration type 2 with 2-symbol DMRS

· 4 for DL

Email discussion on RS design based on pi/2 BPSK for DFT-s-OFDM

Until Oct 27 – Kiran (Indian Institute of Tech (H))
Update after email discussion:

Continue discussion in RAN1#91

Agreement:
For the PN sequence for CP-OFDM, QPSK modulated DMRS is derived from the 

· Alt. 1: length-31 Gold sequence (as in LTE)

· Alt. 2: length-63 Gold sequence

Agreement:

A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with the following signaling method:

· The maximum number is configured with higher-layer signaling and the actual number with DCI using DMRS-table-based indication

Agreement:
At least the following information is included in DCI as part of downlink DMRS port assignment:

· Scheduled downlink DMRS ports

· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching

· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not

· There are no dedicated bits for rate matching around DMRS CDM group(s)

At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:

· Scheduled uplink DMRS ports

· Uplink DMRS CDM groups for rate matching

· There are no dedicated bits for rate matching around DMRS CDM group(s)

Agreement
A UE in MU-MIMO should be scheduled ports first within a specific CDM group, and then across CDM groups from UE perspective 

· The ports within the same CDM group should be QCL-ed 
· The above applies for the case of single TRP
Agreement: 

· For DMRS for DFT-s-OFDM PUSCH with a hop, at least one DMRS symbol is included in each hop.

· For DMRS for DFT-s-OFDM PUSCH with a hop, at least support the first DMRS of the 2nd hop to be located on the first symbol of the PUSCH within that hop.

· FFS: another case for the location first DMRS of the 2nd hop in cases of collision with reserved resources on the uplink.

Agreement:

For DMRS for DFT-s-OFDM PUSCH with a hop, support first DMRS of the 1st hop to be located on the
· The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 

· Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.

· FFS: The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS for the 1st hop

· At least same location for UL and DL is supported

· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.

· Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc

· FFS: another case for the location first DMRS of the 1st hop in cases of collision with reserved resources on the uplink.

Agreement:
· In Rel. 15, at least for PDSCH, a UE is not expected to assume co-scheduled MU-UE(s) with different DMRS configuration with respect to the followings:

· The actual number of front-loaded DMRS symbol(s)

· The number of additional DMRS

· The DMRS symbol location 

· DMRS  configuration type.

The contents of R1-1718998 are agreed
Agreement:
For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks of size K={2,4}, support the following
· For K=2, the samples in DFT domain are divided in X intervals, and the chunks are located in each interval in samples n to n+K-1  where the n is FFS

· For K=4, the samples in DFT domain are divided in X intervals, where in the first interval the chunk is placed in the Head (first K samples), in the last interval the chunk is placed in the Tail (last K samples), and in the rest of intervals the chunk is placed in the middle of each of the two intervals

· For PTRS for DFT-s-OFDM, support a RRC parameter « UL-PTRS-frequency-density-transform-precoding » indicating a set of thresholds T={NRBn,n=0,1,2,3,4}, per BWP that indicates the values of X and K the UE should use depending on the scheduled BW according to the table below

Scheduled BW
X x K
NRB0 <NRB ≤NRB1
2x2
NRB1 <NRB ≤NRB2
2x4
NRB2 <NRB ≤NRB3
4x2
NRB3 <NRB ≤NRB4
4x4
NRB > NRB4
Yx4
· FFS default UE behaviour before RRC configuration, if needed

· FFS value of Y (if different than 4)

· FFS whether thresholds are MCS dependent

· Note: NRB0 can be equal to 0; when NRB0 is larger than 0, no PTRS is present for allocations less than or equal to NRB0
· Note: The use of a specific pattern can be disabled by setting NRBi=NRBi+1 on the corresponding line in the previous table

· Possible PTRS presence/absence is configured through an RRC parameter « UL-PTRS-present-transform-precoding » 

· Time-domain PTRS density is configured by an RRC parameter « UL-PTRS-time-density-transform-precoding » where supported time densities are L_{PT-RS}={1,2}

· Note: Time-domain pattern depends on DM-RS positions using the same principle as agreed for CP-OFDM PTRS mapping

FFS: Whether to introduce (K=1, X=16) and the impacts on existing design. If supported, K={1,2,4} is supported and the following applies
· The samples in DFT domain are divided in X intervals, and the chunks (K=1) are located in the middle of each interval

· (K=1, X=16) applies when NRB4<NRB ≤NRB5, and Yx4 applies for NRB > NRB5
Agreement:
NR supports a single SRS bandwidth table consist of multiple value of C_SRS and 4 values of B_SRS.

Agreement:
The frequency domain starting position of a SRS allocation (analogous to K0_P in LTE) is UE specifically configurable such that it is aligned on a common grid with 4 PRB granularity defined on a wideband CC from network perspective

Note: This can enable alignment of SRS resources of different UEs with partially overlapped BWPs multiplexed on the same comb

Agreement:
NR support for a maximum of 12 CS for comb 4 and a maximum at least 8 CS for comb 2. 



FFS: configuration of fewer than the maximum number defined cyclic shifts

Agreement:
NR supports intra-slot and inter-slot frequency hopping within a BWP.

FFS: if the same hopping formula as in LTE can be used

FFS: aperiodic/semi-persistent/periodic SRS for each hopping type (intra-/inter-slot)

FFS: number of OFDM symbols per SRS resource for each hopping type (intra-/inter-slot)

FFS: Whether independent ON/OFF configurations for intra-slot and inter-slot frequency hopping for one SRS resource

Agreement:
NR supports gNB to configure SRS resource in time domain only by UE-specific parameters, e.g., by {SRS-SlotConfig, SRS-ResourceMapping}

Agreement:
NR supports 17 unique rows in LTE for SRS BW <=96 PRBs.

In addition to 17 unique rows in LTE, additional rows for <=96 PRBs is not prohibited.

Agreement
For group and sequence hopping, both group hopping and sequence hopping are supported as in LTE

Agreement:
In the case of collision of SRS and short PUCCH carrying only CSI report/beam failure recover request, support the prioritization rules in the table below:

· The channel listed in the entries below are prioritized

Aperiodic SRS
Semi-persistent SRS
periodic SRS
sPUCCH with aperiodic CSI report only
No rule**
sPUCCH
sPUCCH
sPUCCH with semi persistent CSI report only
SRS
sPUCCH
sPUCCH
sPUCCH with periodic CSI report only
SRS
sPUCCH
sPUCCH
sPUCCH with beam failure recover request*
sPUCCH
sPUCCH
sPUCCH
In case SRS is dropped, dropping can be partial in time domain, i.e., only those OFDM symbols that collide with short PUCCH

*If short PUCCH is supported for beam failure recovery request and collision between short PUCCH with beam failure recovery request and aperiodic/semi persistent/periodic SRS occurs, prioritize short PUCCH

** UE can assume that this collision will not occur

Agreement:
Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 

· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured

· TA (through PRACH) on TAG without PUSCH/PUCCH configured

· Power control separated from that of PUSCH

· Group common DCI for aperiodic SRS triggering and TPC

· DL/UL interruptions and collision handling due to SRS switching

Slides 13, 14, 15 in R1-1718968 are agreed.

Agreement:
An X-port SRS resource spans N = 1, 2, or 4 adjacent OFDM symbols within the same slot where all X ports are mapped to each symbol of the resource

· When frequency hopping only is configured, the X ports are mapped to potentially different sets of subcarriers in each OFDM symbol of the resource, depending on the hopping pattern

· For N = 4, frequency hopping + repetition can be configured where the the X ports are mapped to a different set of subcarriers in the second pair OFDM symbol(s) of the resource

· Note: Symbol pairs are adjacent

· Note: same comb is assumed for different sets of subcarriers

· Note: hopping pattern is within the tree structure defined by a given C_SRS, B_SRS, and b_hop

· Note: When repetition only is configured, the mapping is covered by previous agreement in RAN1#90:

· “Each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols.”

· NCP SRS resource definition is reused for ECP

FFS: SRS transmission repetition within a slot can be at different power levels to account for relative phase discontinuities from multiple UE Tx chains

Agreement:
The following SRS bandwidths are supported in NR:

BSRS = 0
BSRS  = 1
BSRS = 2
BSRS = 3
CSRS
mSRS,0
N0
mSRS,1
N1
mSRS,2
N2
mSRS,3
N3
0
4
1
4
1
4
1
4
1
1
8
1
4
2
4
1
4
1
2
12
1
4
3
4
1
4
1
3
16
1
4
4
4
1
4
1
4
16
1
8
2
4
2
4
1
5
20
1
4
5
4
1
4
1
6
24
1
4
6
4
1
4
1
7
24
1
12
2
4
3
4
1
8
28
1
4
7
4
1
4
1
9
32
1
16
2
8
2
4
2
10
36
1
12
3
4
3
4
1
11
40
1
20
2
4
5
4
1
12
48
1
16
3
8
2
4
2
13
48
1
24
2
12
2
4
3
14
52
1
4
13
4
1
4
1
15
56
1
28
2
4
7
4
1
16
60
1
20
3
4
5
4
1
17
64
1
32
2
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2
4
4
18
72
1
24
3
4
6
4
1
19
72
1
36
2
12
3
4
1
20
76
1
4
19
4
1
4
1
21
80
1
40
2
20
2
4
5
22
88
1
44
2
11
4
4
1
23
96
1
32
3
16
2
4
4
24
96
1
48
2
24
2
4
6
25
104
1
52
2
4
13
4
1
26
112
1
56
2
28
2
4
7
27
120
1
60
2
20
3
4
5
28
120
1
40
3
8
5
4
2
29
120
1
24
5
12
2
4
1
30
128
1
64
2
32
2
4
8
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128
1
64
2
16
4
4
4
32
128
1
16
8
8
2
4
2
33
132
1
44
3
4
11
4
1
34
136
1
68
2
4
17
4
1
35
144
1
72
2
36
2
4
9
36
144
1
48
3
24
2
12
2
37
144
1
48
3
16
3
4
4
38
144
1
16
9
8
2
4
2
39
152
1
76
2
4
19
4
1
40
160
1
80
2
40
2
4
10
41
160
1
80
2
20
4
4
5
42
160
1
32
5
16
2
4
4
43
168
1
84
2
28
3
4
7
44
176
1
88
2
44
2
4
11
45
184
1
92
2
4
23
4
1
46
192
1
96
2
48
2
4
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47
192
1
96
2
24
4
4
6
48
192
1
64
3
16
4
4
4
49
192
1
24
8
8
3
4
2
50
208
1
104
2
52
2
4
13
51
216
1
108
2
36
3
4
9
52
224
1
112
2
56
2
4
14
53
240
1
120
2
60
2
4
15
54
240
1
80
3
20
4
4
5
55
240
1
48
5
16
3
8
2
56
240
1
24
10
12
2
4
3
57
256
1
128
2
64
2
4
16
58
256
1
128
2
32
4
4
8
59
256
1
16
16
8
2
4
2
60
264
1
132
2
44
3
4
11
61
272
1
136
2
68
2
4
17
62
272
1
136
2
44
4
4
11
63
272
1
16
17
8
2
4
2
Agreement
LTE SRS configuration tables are starting point for NR SRS configuration table design.

At least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity are supported for 15KHz SCS

· FFS on additional periodicities for other numerologies

FFS: supported slot offset for each supported numerology

Agreement
Following TRS BWs are supported in NR

min(BWP, ~50RBs)

FFS: BWP

UE is not expected to receive TRS outside the BWP

TRS RB position is configured by gNB

Agreement:

TRS can be configured on a carrier or on an active BWP when SS block is not present

Conclusion:

Periodic SS burst and periodic TRS burst can be arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON

No further specification impact may be necessary

Agreement
· For N=2+2, X=2, TRS symbols have the same symbol positions in the two consecutive slots
· DMRS and TRS are at least TDMed from UE perspective
· One of the following symbol positions per slot can be configured by RRC, 
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Note 1: Potential down selection can be done until next meeting. It is not limited to select only one option
· Note 2: RRC signaling to configure TRS as above can be related to the existing RRC signaling for DMRS, CSI-RS, etc.
· Note 3: It is not precluded to have additional options
Agreement:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y

· FFS on one or multiple resources

· Note: TRS is also supported in above-6GHz

· FFS on the parameters X, N, St

· FFS: TRS periodicity

· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported

· For RAN4 information, 10ms is introduced for high speed train scenario

· Note: It is up to the editor to capture the periodicity in units of slots

· TRS BW can be equal to BW of BWP

· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 

· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts

· Sf=4

· FFS: Additional Sf values 

· for below 6GHz

· FFS on X=1

Agreement:
QCL after RRC for below 6GHz

SSB ( TRS: Doppler shift, average delay

Support type B
Agreement: 

SP CSI-RS is activated with RRC + MAC CE
Agreement: 

The following P/SP/AP CSI-RS signaling options are supported:
QCL parameter
Reference RS
Target RS
Signalling mode
Reference RS and Target RS should belong to the same CC/BWP or not
Spatial
SSB
P CSI-RS
RRC
Can be on different CCs/BWPs
Spatial
SSB
SP CSI-RS
SP CSI-RS activation signal 
Can be on different CCs/BWPs
Spatial
P CSI-RS
Another P CSI-RS
RRC
Can be on different CCs/BWPs
Spatial
SSB or P/SP CSI-RS
AP CSI-RS
RRC or RRC+MAC CE for configuration,
indication with DCI 
Can be on different CCs/BWPs
Working Assumption
After RRC for above 6 GHz

· SSB ( [TRS - if is supported for above 6GHz] w.r.t average delay, Doppler shift, spatial RX parameters

· SSB ( CSI-RS for BM w.r.t. [average delay, Doppler shift], spatial RX parameters

· SSB ( CSI-RS for CSI w.r.t. [average delay, Doppler shift], spatial RX parameters

· SSB ( DMRS for PDCCH (before TRS is configured) w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters

· SSB ( DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters

· CSI-RS for BM ( DMRS for PDCCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters

· CSI-RS for BM ( DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters

· CSI-RS for CSI ( DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, [spatial RX parameters]

· CSI-RS for BM ( CSI-RS for CSI w.r.t. spatial RX parameters



	Scheduling/HARQ aspects

	Agreements:

· Support for a UE, configurable ID for PDCCH DMRS at least for the initialization of DMRS sequence/scrambling.

· FFS: whether this is used also for other purpose.

· FFS details including the applicability of configurable ID 

Agreements:

· NR support the following interleaver

· The number of rows A configured from {2, 3, and 6}, and the number of columns (P/A), where P is the number of interleaving unit for the given CORESET, and write in the row and read in the column

· No any further permutation is introduced

· Cyclic shift of the interleaving unit is applied based on the configurable ID which is independent parameter from the configurable ID for DMRS

Agreements:

· Confirm the WA: DMRS is evenly distributed within a REG

· DMRS REs are #1, #5, #9

Agreements:

· DMRS sequence is a Gold sequence as in LTE

· Note: in case if new Gold sequence is introduced for NR, this would be revisited

· DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain.

· FFS the reference point

Agreements:

· Confirm the WA with the following clarifications (in red):
· For each 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 CORESET.
· RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)

· In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.
Agreements:

· Confirm the WA ‘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’ with the following clarifications:

· This is for the case when the CORESET is configured by at least UE-specific RRC signalling. 

· FFS the RB indexing for resource allocation especially considering interaction with DL BWP

· Details of resource allocation should take into account the interaction with DL BWP – FFS details

Agreements:

· For slot-based scheduling;

· Confirm the following working assumption with updates:

· The first DMRS position either on symbol #2 or symbol #3 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 symbol #2, and is 3 symbols otherwise.

· The starting OFDM symbol of a CORESET can be symbol #0, #1, or #2, in a slot.

· However, the ending OFDM symbol of a CORESET is not later than symbol #2 in a slot.

Agreements:

· In a given CORESET, two types of search spaces (e.g., UE-common search space and UE-specific search space) can have different periodicities for a UE to monitor

· FFS details of the corresponding search spaces

Email discussion/approval till 10/27 whether or not to introduced UE capability related to the max number of blind decodes interacting with time (per slot, periodicity of monitoring, etc.) and with frequency (e.g., # of carriers configured for a UE)  - Fred (DCM)

Update after email approval

Agreements
PDCCH candidates having different DCI payload sizes count as separate blind decodes

PDCCH candidates comprised by different sets of CCE(s) count as separate blind decodes.

PDCCH candidates in different CORESETs count as separate blind decodes.

PDCCH candidates having the same DCI payload size and comprised by the same set of CCE(s) in the same CORESET count as one blind decodes.

Agreements:
· For non-CA and for PDCCH monitoring periodicity of 14 or more symbols, the maximum number of PDCCH blind decodes per slot is:

· Working assumption: 44 for SCS = 15kHz.

· Working assumption: less than 44 at least for SCS = 60kHz and 120kHz.

· For the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot.

· Companies are encouraged to complete the following table.

· Aiming to finalize this at RAN1#91.

No. of PDCCH BDs per slot
SCS
15kHz
30kHz
60kHz
120kHz
Periodicity of 14 or more symbols
44
[22-44]
[11-44]
[6-44]
Periodicity of less than 14 symbols
[44-86]
[22-86]
[11-44]
[6-44]
Agreements:
· Companies are encouraged to provide the views on the following aspects:
· Whether to specify upper limit of channel estimations a UE can perform for PDCCH;

· If yes, how channel estimation is defined (e.g., per CCE or per REG bundle, whether common counting principle between narrowband RS and wideband RS), and;

· What is the exact value of the upper limit of channel estimation a UE can perform for PDCCH.

No. of CCEs that the UE can perform channel estimation per slot
SCS
15kHz
30kHz
60kHz
120kHz
Periodicity of 14 or more symbols
[48-74]
Periodicity of less than 14 symbols
Agreements:
· For CA with up to N CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs.
· All UEs supporting CA with the same set of CCs supports the same maximum number of PDCCH blind decodes.

· No explicit UE capability signaling to inform the maximum number of PDCCH blind decodes is reported.

· For CA with more than N CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability.

· All UEs supporting CA with the same set of CCs supports at least the same number of PDCCH blind decodes.

· FFS: the value of N (no more than 8).

Agreements:
· For each SCS, whether or not separate UE capabilities for PDCCH monitoring periodicities are needed is concluded at RAN1#91.

SCS
15kHz
30kHz
60kHz
120kHz
Need of separate UE capabilities for (i) PDCCH monitoring of 14 or more symbols and (ii) PDCCH monitoring of less than 14 symbols
Y/N
Y/N
Y/N
Y/N
Agreements:

· Take the same hash function of LTE EPDCCH as the hash functuion for NR-PDCCH

· Further refinements can be further considered till next meeting if necessary

Agreements:

· One set of the following parameters determines a set of search spaces

· A set of aggregation levels

· The number of PDCCH candidates for each aggregation level

· PDCCH monitoring occasion for the set of search spaces

Agreements:

· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:

· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}

· One value from {0, 1, 2, 3, 4, 5, 6, 8}

· PDCCH monitoring occasion for the set of search spaces

· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)

· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot

· Each set of search spaces associates with a CORESET configuration by RRC signaling

Email discussion/approval  till 10/27 – Fred (DCM)

· For a given CORESET, an association among the following is given where FFS: how to achieve

· A search space set

· A DCI format size

· RNTI

· FFS: Configuration of CORESET periodicity/offset

Update after email approval:

Agreements:
· For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],
· Slot-level offset value for PDCCH monitoring occasion is also supported.
· For N-slot monitoring occasion, the offset is one from [0, N-1].
· Note: symbol-level bit-map of monitoring occasion within a slot agreed at RAN1#90bis is still available.
Agreements:

· For the DMRS of NR-PDCCH in a CORESET,

· The QCL configuration/indication is on a per CORESET basis (Alt.1).
Agreements:
· The value(s) of TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, and/or TPC-SRS-RNTI, are provided by RRC signaling.

· The association between at least each of the following RNTIs and a DCI format is specified in the specification.

· C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI. FFS: other RNTI(s).
· The value of C-RNTI is obtained as part of random access procedure.

· The association between a DCI format and a type of search space (UE-common search space and UE-specific search space) is specified in the specification.

· UE-common search space contains a DCI format of C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH,RNTI, TPC-SRS-RNTI, and INT-RNTI.
· UE-specific search space contains a DCI format of C-RNTI and RNTI(s) for SPS/grant-free.
Agreements:

· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.

· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.

· FFS the indication of the support of aggregation level 16 in the cell

· FFS: Set of search spaces for OSI, random access, and paging.

· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.

· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.

· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.

· By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.

· Each CORESET configuration is associated with one or more sets of search spaces.

· Note: each set of search spaces is associated with one CORESET configuration.

Agreements:

· For GC-PDCCH monitoring, confirm the working assumption
· UE can be configured to monitor SFI in group common PDCCH for a Scell on a different cell 

Agreements:

· For cross cell GC-PDCCH monitoring, support by RRC configuration for a UE the following:

· The same SFI can be applicable to more than one cell

· Different SFI fields in one GC-PDCCH can be applied to different cells

· FFS interaction with multiple BWP configuration per cell

Agreements:

· The UE is not expected to have conflict on link (DL or UL) direction between that of dynamic SFI and that of UE specific data (UE specific DCI triggered PDSCH, PUSCH (grant-based), and PUCCH with A/N for a PDSCH) in Rel-15

· Note: a link direction denoted as “unknown” in dynamic SFI is not deemed as in conflict with DL or UL

Agreements:

· The single slot format table supports up to two D/U switching points per slot 

· Zero switching point: 14 DL symbols, or 14 unknown symbols, or 14 UL symbols.

· One D/U switching point of all combinations: Start with zero or more DL symbols, end with zero or more UL symbols, and with unknown symbols in between, where there is at least one unknown symbol and one DL or UL symbol.

· Two D/U switching points within a slot: The first 7 symbols start with zero or more DL symbols, ends with at least one UL symbol at symbol #6 with zero or more unknown symbols in between. The second 7 symbols starts with one or more DL symbols and ends with zero or more UL symbols with zero or more unknown symbols in the middle. 

· Note: This single slot slot format table will be captured in RAN1 spec. In Rel.15, RAN1will specify up to X<[256] entries, but the RRC signaling need to consider future compatibility with more entries and from RAN1 perspective, a total of [256] entries in the RRC signalling is necessary (with only X entries specified in Rel-15 in RAN1)

Agreements:

· gNB configures a per serving cell GC-PDCCH (for dynamic SFI) monitoring periodicity of K slots (based on GC-PDCCH numerology), up to 8 choices
· K = 1, 2, 5, 10, 20

· FFS other values

Agreements:

· For the UE specific single-slot/multi-slotset SFI table configuration

· Each entry of the table indicates a sequence of configured single-slot slot formats 

· Note if the sequence length is 1, the entry is a single-slot slot format

· Note if the sequence length is more than one, the entry is a multi-slot slot format

· Note that it is possible all the slots in a multi-slot slot-format can have the same slot format

· Note The entries in the table can be of different length including a mix of single slot SFI and multi-slot SFI

· The length of each entry in the table is FFS, e.g., multiple of configured GC-PDCCH monitoring period, a fraction of the configuration GC-PDCCH monitoring period, etc.

Agreements:

· GC-PDCCH for dynamic SFI monitoring

· For same cell GC-PDCCH monitoring: UE is required to monitor at most one GC-PDCCH per spatial QCL per configuration period carrying dynamic SFI in the active BWP in the cell

· The coreset(s) is located in the first 1/2/3 symbols in a slot

· Configuration of GC-PDCCH for UE to monitor is FFS especially considering interaction with BWP configuration

· Note: This is not intended to address the case of multi-TRP which is deprioritized before Dec. 

· When configuring the GC-PDCCH monitoring for dynamic SFI, the gNB will configure the payload length 

· When configuring the GC PDCCH monitoring for dynamic SFI for a serving cell, the gNB will configure the location of the bits used for the dynamic SFI in the payload

Proposals:

· For the blind decoding of GC-PDCCH carrying SFI, the GC-PDCCH blind decoding is configured with one decoding candidate at a configured starting CCE with a configured aggregation level in a CSS or group-CSS in a configured coreset
· On overwriting rules across semi-static DL/UL assignment, dynamic SFI, DCI, etc

· Need to decide the overwriting rules between

· Semi-static DL/UL assignment (including states DL, UL, unknown) 

· Dynamic SFI (indicated in GC-PDCCH with states DL, UL, and unknown)

· UE specific data transmission (UE specific DCI triggered PDSCH, PUSCH, and PUCCH with A/N for a PDSCH)

· FFS: Broadcast transmission (sync, PRACH, RAR,…)

· FFS: SPS transmission

· Measurement: Measurement related signals semi-statically configured by RRC (eg. periodic/semi-persistent CSI-RS for CSI report, periodic CSI report, periodic/semi-persistent SRS) where a DL or UL direction will be assumed

· FFS: CSI-RS for RRM, TRS, etc

· FFS: Other signals, measurements, and monitoring (including configured coreset monitoring)

· Consider the following directions of potential overwriting in Rel. 15:

· States from semi-static DL/UL assignment overwritten by measurement, dynamic SFI, or UE specific data

· State from measurement overwritten by dynamic SFI or UE specific data

· Dynamic SFI overwritten by UE specific data

· For the states from semi-static DL/UL assignment

· “Unknown” in semi-static DL/UL assignment can be overwritten by measurement, dynamic SFI, and UE specific data

· DL/UL in semi-static DL/UL assignment cannot be overwritten to the other direction (DL to UL or UL to DL) by measurement, dynamic SFI and UE specific data

· DL/UL in semi-static DL/UL assignment cannot be overwritten by “unknown” by dynamic SFI

· For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment:

· DL/UL direction implied by measurement can be overwritten by unknown in dynamic SFI

· UE behavior will be the cancellation of the measurement or measurement related transmission

· DL/UL direction implied by measurement can be overwritten by UL/DL from dynamic SFI 

· UE behavior will be the cancellation of the measurement or measurement related transmission

· DL/UL direction implied by measurement can be overwritten by UE’s own UE-specific data if the UE specific data imples the other direction

· UE behavior will be the cancellation of the measurement or measurement related transmission

· UE will follow the DCI for UE-specific data transmission and reception

· For the states in dynamic SFI in symbols not under DL/UL from semi-static DL/UL assignment (Already agreed in other agreements and only include for completeness)

· UL/DL in dynamic SFI cannot be overwritten by UE specific data

· UE will treat it as an error case when UE specific data and dynamic SFI imply different transmit directions

· Unknown in dynamic SFI can be overwritten by UE specific data (change to DL or UL) 

· UE will follow the DCI for UE-specific data transmission and reception

· When a configured GC-PDCCH carrying dynamic SFI is not detected (detection erasure event)

· UE assumes “unknown” dynamic SFI is received for all symbols in the current monitoring period

· Email discussion/approval till 10/27 – Jing (Qualcomm)

Update after email approval:

Agreements:
· For the blind decoding of GC-PDCCH carrying SFI, the GC-PDCCH blind decoding is configured with up to two decoding candidates  with a configured aggregation level in a CSS or group-CSS in a configured corset

Agreements:
· On overwriting rules across semi-static DL/UL assignment, dynamic SFI, DCI, etc
· Need to decide the overwriting rules between 

· Semi-static DL/UL assignment (including states DL, UL, unknown) 

· Dynamic SFI (indicated in GC-PDCCH with states DL, UL, and unknown)

· UE specific data transmission (UE specific DCI triggered PDSCH, PUSCH, and PUCCH with A/N for a PDSCH) 

· Also include DCI triggered aperiodic measurement related signals, such as aperiodic CSI-RS, aperiodic SRS, etc

· FFS: Broadcast transmission, sync, PRACH, RAR, UL data transmission without UL grant, …

· Measurement: Measurement related signals semi-statically configured by UE-specific RRC (eg. periodic/semi-persistent CSI-RS for CSI report, periodic CSI report, periodic/semi-persistent SRS) where a DL or UL direction will be assumed 

· FFS: CSI-RS for RRM, TRS, etc

· FFS: Other signals, measurements, and monitoring (including configured coreset monitoring)

· Consider the following directions of potential overwriting in Rel. 15: 

· States from semi-static DL/UL assignment overwritten by measurement, dynamic SFI, or UE specific data

· State from measurement overwritten by dynamic SFI or UE specific data

· Dynamic SFI overwritten by UE specific data

· FFS: UE-specific data and measurement related signals not semi-statically configured by RRC overwritten by “unknown” in dynamic SFI 

· The timing requirement for overwriting

· UE behavior will be the cancellation of the measurement/data reception or measurement/data related transmission

· For the states from semi-static DL/UL assignment 
· “Unknown” in semi-static DL/UL assignment can be overwritten by measurement, dynamic SFI, and UE specific data
· DL/UL in semi-static DL/UL assignment cannot be overwritten to the other direction (DL to UL or UL to DL) by measurement, dynamic SFI and UE specific data

· DL/UL in semi-static DL/UL assignment cannot be overwritten by “unknown” by dynamic SFI

· For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment: 

· DL/UL direction implied by measurement can be overwritten by unknown in dynamic SFI 

· UE behavior will be the cancellation of the measurement or measurement related transmission

· DL/UL direction implied by measurement can be overwritten by UL/DL from dynamic SFI 

· UE behavior will be the cancellation of the measurement or measurement related transmission

· DL/UL direction implied by measurement can be overwritten by UE’s own UE-specific data if the UE specific data imples the other direction 

· UE behavior will be the cancellation of the measurement or measurement related transmission

· UE will follow the DCI for UE-specific data transmission and reception

· For the states in dynamic SFI in symbols not under DL/UL from semi-static DL/UL assignment (Already agreed in other agreements and only include for completeness) 

· UL/DL in dynamic SFI cannot be overwritten by UE specific data 

· UE will treat it as an error case when UE specific data and dynamic SFI imply different transmit directions

· Unknown in dynamic SFI can be overwritten by UE specific data (change to DL or UL) 

· UE will follow the DCI for UE-specific data transmission and reception

Agreements:

· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 
· For DL resources indication, the signaling include:

· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}

· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}

· For UL resource indication, the signaling include:

· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 

· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 

· The resource(s) in a period between DL and UL segments are unknown resources.

· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.

Agreements:

· For the UE-specific higher layer signalling on semi-static DL/UL assignment, 
· The signaling includes the indication as per slot basis, the signalling includes:

· Number of DL symbol(s) (y3) in the beginning of slot No.x3

· Values for x3 include {1,…, (Number of slots in a UL-DL switching periodicity)}

· Values for y3 include {0,1,…,13,14}

· Number of UL symbol(s) (y4) in end of slot No.x4

· Values for x4 include {1,…, (Number of slots in a UL-DL switching periodicity)}

· Values for y4 include {0,1,…,13,14}

· The resource(s) in a slot without DL/UL indication are unknown resource(s).

· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated.

· FFS At most single DL/UL switching point exists in a UL-DL switching periodicity. 

Agreements:

· GC-PDCCH for SFI is associated with a SFI RNTI by configuration 

Agreements:

· For multiple DCI formats with the same DCI size of a same RNTI, an explicit identifier is included in the respective DCI format to distinguish them
· Note: the same DCI size may come from a few (but not a large number of) zero-padding bits at least in UE-specific search space
Email discussion/approval on DCI contents/formats till next meeting – Stefan (Ericsson)

Conclusion:

· Summarize the performance of the new length-12 sequences (also considering at least DM-RS for long PUCCH and DM-RS for DFT-s-OFDM based PUSCH for mod order >BPSK) and compare with LTE sequences (R1-1718844). Aim to decide on the set of sequences within this week 

Agreements:

· In Rel-15, only length 12 sequences are supported for short PUCCH for up to 2 bits (PUCCH format 0) and long PUCCH for up to 2 bits

Agreements:

· For HARQ-ACK transmission using short PUCCH for up to 2 bits

· In case of 1-bit HARQ-ACK only: 

· The distance between the two cyclic shifts within a PRB is 6

· In case of 2-bit HARQ-ACK only

· The distance between any two adjacent cyclic shifts within a PRB is 3 

· In case of 1-bit HARQ-ACK & SR (positive or negative)

· FFS

· In case of 2-bit HARQ-ACK & SR (positive or negative)

· FFS

Agreements:

· In case of SR due at the same time with other UCI, 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

Agreements:

· In addition to the already agreed short PUCCH resources in the last and second last symbols, additional short PUCCH resources can be configured in other symbols of a slot 

· FFS whether or not such a configuration is conditioned on non-slot based operation 

Agreements:

· The sequences on slide 4 in R1-1718949 are adopted as the set of length-12 base sequences for short PUCCH for up to 2 bits and DM-RS for long PUCCH for UCI of up to 2 bits

Agreements:

· For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots

· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.

· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
Agreements:
· For short-PUCCH for UCI of more than 2 bits

· Only contiguous PRB allocation within a symbol is supported in release-15

· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:

· As a function of UCI payload size 

· Dynamic indication via DCI

· FFS the detailed determination method

· FFS the set of supported PRBs

Agreements:

· For short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for scrambling of the encoded bits and generation of DM-RS for the PUCCH

· Note:can be revisited if new Gold sequences are introduced

Agreements:

· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration

· FFS details

· There is no additional RRC signaling involved in regarding how encoding is done for CSI/HARQ-ACK/SR

· Note that whether some UCI is dropped or not is not considered as part of the encoding in the above bullet

Agreements:

· For long PUCCH for UCI of up to 2 bits and long PUCCH for UCI of more than 2 bits: for duration of 4-14 symbols, frequency-hopping is enabled/disabled by RRC UE-specifically
Working assumption:

· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.
Agreements:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is disabled, OCC multiplexing capacity of 2,3,4,5,6,7 are supported.

· For each duration of long PUCCH for UCI of up to 2 bits, there is only one OCC multiplexing capacity

Agreements:

· OCC multiplexing capacity for each long PUCCH duration for long-PUCCH for UCI of up to 2 bits is given as follows:

Long-PUCCH duration N
OCC Multiplexing capacity M
with hopping
without hopping
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1

2

5

1

2

6

1

3
7
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3
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2

4
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2

4
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2

5
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[2]  
5
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3

6
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3

6
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3
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Agreements:
· For long PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots

· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI

· Note this parameter for hopping is the same as the one used for short PUCCH for up to 2 UCI bits

· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
Agreements:

· If frequency hopping is enabled for long PUCCH for UCI of up to 2 bits and more than 2 bits, hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH

· No RRC configuration is involved in determining the hopping boundary

Agreements:

· For long PUCCH, reuse LTE OCC code for OCC length =2,3,4,5

· FFS OCC code for OCC length =6,7

· Note: For long PUCCH for UCI of up to 2 bits,  

· If FH is enabled, support OCC length on DMRS  = number of DMRS symbol in each hop, support OCC length on UCI  = number of UCI symbol in each hop

· If FH is disabled, support OCC length on DMRS  = number of DMRS symbol in the long PUCCH, support OCC length on UCI  = number of UCI symbol in the long PUCCH

Agreements:

· For long PUCCH for UCI of more than 2 bits 

· Reuse DMRS sequences of DFT-S-OFDM PUSCH if it occupies more than one PRB

Agreements:

· For the case of length-12 sequences, the same set of sequences are used for at least for the following:

· DM-RS for long PUCCH for UCI of up to 2 bits, 

· DM-RS for long PUCCH for UCI of more than 2 bits, 

· DM-RS for long-PUCCH over multiple slots, 

· DM-RS for DFT-S-OFDM PUSCH with modulation order higher than BPSK

· FFS other cases (e.g., short PUCCH for UCI of up to 2 bits, data symbols for long PUCCH, etc.)

Agreements:

· For long-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for scrambling of the encoded bits 

· Note: can be revisited if new Gold sequences are introduced

Agreements:

· Support Pre-DFT-OCC as the UCI structure for long PUCCH for UCI of more than 2 bits with moderate payload 

· FFS:  DMRS structure between CDM and IFDM

· Considering the impact on channel estimation and power imbalance among UEs

· It will be denoted as a new format 

· Support multiplexing capacity of 2 and 4 users for long PUCCH for UCI of more than 2 bits with moderate payload using one PRB in Rel-15

· FFS design of OCC

· No RRC signalling is necessary 

Agreements:

· For long PUCCH for UCI of more than 2 bits

· If frequency hopping is enabled, the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH duration per hop > X is configurable by RRC UE-specifically
· RRC Bit-width is 1 bit

· X is fixed in the spec w/o RRC impact

· FFS the value X

· The location of DMRS is pre-defined within long PUCCH in each hop based on number of DMRS per hop and duration of the hop.
Email approval on the disabled frequency hopping case related to the above agreements till 10/27 – Hua (Huawei)

Update after email approval:

Agreements:
For long PUCCH for UCI of more than 2 bits, if frequency hopping is disabled,

· The number of DMRS symbols is  1 for long PUCCH duration <= X

· The number of DMRS symbols is 2 for long PUCCH duration >X  and <= 2X+1

· The number of DMRS symbols (either 2 or 4 symbols)  for the long PUCCH with a duration  >2X+1  is configurable by RRC UE-specific signaling

· RRC Bit-width is 1 bit (reuse the same RRC for long PUCCH with enabled frequency hopping)

· X is fixed in the spec w/o RRC impact and is the same as specified for long PUCCH with enabled frequency hopping

· Note: As agreed, if frequency hopping is enabled, the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH with duration per hop > X symbols is configurable by RRC UE-specific signaling

Agreements:

For long PUCCH for UCI of more than 2 bits

· For a long PUCCH with duration > X,  the DMRS location within the long PUCCH with frequency hopping disabled, is the same as the DMRS location within long PUCCH (of the same duration) with frequency hopping enabled. 

· For a long PUCCH with duration <=X,  the DMRS location within the long PUCCH with frequency hopping disabled is located in (near) the middle of the long PUCCH. 

· FFS exact locations

· For a long PUCCH with frequency hopping enabled,

· If there is 1 DMRS symbol in a hop, the DMRS symbol is located in (near) the middle of the hop.

· FFS exact locations

· If there is 2 DMRS symbols in a hop, the first DMRS is in the second symbol of the hop and the second DMRS symbol is in the penultimate symbol of the hop

Agreements:

For long PUCCH for UCI of more than 2 bits with enabled frequency hopping, 

· the number of DMRS symbols per hop is 1 for long PUCCH with duration of at least one hop <= X symbols 

· the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH with duration of both hops > X symbols is configurable by RRC UE-specific signaling

· Down select between X=4 and 5 

WF on pi/2 BPSK based long PUCCH carrying more than 2 UCI bits        

For long duration PUCCH carrying more than 2 bits:
· Use pi/2 BPSK modulation, spectrum shaping can be used similar to pi/2 BPSK PUSCH
Email discussion/approval of the above till 10/27 – Hua (Huawei)
Update after email approval:
Agreements:

For long PUCCH for UCI of more than 2 bits 

· Confirm the working assumption

· The symbols carrying UCI are formed as follows: 

· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH

· Pi/2 BPSK can be supported in addition to QPSK as a user-specific configurable modulation scheme for UCI

· FFS whether other factors need to be considered in applying Pi/2 BPSK in addition to the configuration

Agreements:

· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same
· FFS the case of different durations in different slots 
Agreements:

· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration
· FFS details

· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE

Agreements:
· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot

· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot

Agreements:

· For long PUCCH over multi-slots, for the case duration of long PUCCH in each slot is the same, the number of slots with long PUCCH transmission is configurable in a UE-specific manner

· Up to 4 possible RRC configured numbers, detailed values FFS

Agreements:
· For grant based UL transmission, use DAI based mechanism similar to LTE to indicate UE the number of ACK bits for ACK piggyback on PUSCH. 

· FFS details of DAI mechanism 

· FFS: how to enhance DAI mechanism to support CBG based transmission

Agreements:

· Regarding hanlding the possibility of DL assignments later than UL grant, to down-select between:

· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH

· X=2 for slot-based scheduling

· FFS X for non-slot based scheduling

· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 

· FFS other details

· If no consensus can be achieved by the end of this week, the following will be agreed:

· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH

Conclusion:

· Discuss further offline to support a single or two mapping mechanisms when ACK is piggybacked on PUSCH, including the possibility of configurability of two mechanisms are supported

· E.g., map ACK to REs across as many symbols (excluding DMRS symbol) as possible, map ACK to localized REs in time-domain around DMRS, frequency-first-time-second vs. time-first-frequency-second, impact of PUSCH hopping (if any), etc.

Agreements:

· For ACK piggybacked on PUSCH, map ACK to distributed REs across PUSCH allocated RBs 

· Details FFS

Conclusion:

· Discuss further offline to support a single or two mapping mechanisms when CSI is piggybacked on PUSCH, including the possibility of configurability of two mechanisms are supported

· E.g., map CSI to REs across as many symbols (excluding DMRS symbol) as possible, map CSI to localized REs in time-domain around DMRS, frequency-first-time-second vs. time-first-frequency-second, impact of PUSCH hopping (if any), etc.

Agreements:

· For CSI piggybacked on PUSCH, map CSI to distributed REs across PUSCH allocated RBs 

· Details FFS

Agreements:

· For CSI piggybacked on PUSCH, support splitting CSI mapping (at least for some CSI) into two parts, where the two parts are mapped differently 

· FFS details (e.g., grouping of different CSI types and map them into different REs, which types of CSI, etc.)

· FFS impact of frequency hopping (if any)

Agreements:

· For dynamically scheduled PUSCH transmission, a plurality sets of beta_offset values can be configured by RRC signalling, and PDCCH can dynamically indicate an index to a set. 

· Each set contains a plurality of entries, each corresponding a respective UCI type (including two-part CSI when applicable) 

· FFS the case when the index is not present in DCI

· The beta-offset is used to compute the amount of REs for each respective UCI on PUSCH similar to LTE

· The set of beta-offset values for each respective UCI use the respective set of values as in LTE as a baseline

· The values are subject to refinement especially taking into account different UL waveforms, differen UCI multiplexing mechanisms (puncturing vs. rate matching), etc.

· FFS impact of UL MIMO

· The number of sets of beta-offset values is to be down-selected between 2 or 4

· Implying 1 or 2 bits in DCI respectively

Proposals:

Down-select from the following 2 alternatives 

Alternative 1: different RE mapping rule between ACK puncture and rate-match PUSCH 

 
When HARQ-ACK puncture PUSCH, map HARQ-ACK to REs across as many symbols (excluding DMRS symbol) in both freq hops if applicable. HARQ-ACK puncture should avoid puncture PT-RS. 
· When HARQ-ACK rate-matching PUSCH, map HARQ-ACK to localized REs around DMRS in time domain in both freq hops if applicable. HARQ-ACK should rate-match around PT-RS 

· When there is additional DMRS other than front loaded DMRS, map HARQ-ACK around all DMRS symbols. 

Alternative 2: The same mapping rule is applied regardless of HARQ-ACK puncture or rate match PUSCH 

· Map HARQ-ACK to REs across as many symbols (excluding DMRS symbol)

Email discussion/approval till 10/27 – Yi (Qualcomm)

Update after email approval:
Agreements:
· When HARQ-ACK piggyback on PUSCH, the same rule is applied to map encoded HARQ-ACK bits to HARQ-ACK REs, regardless of HARQ-ACK puncture or rate match PUSCH. 
· HARQ-ACK avoids puncturing PT-RS.

· Down select to one from the following two alternatives

· MAP HARQ-ACK to REs around DMRS symbol(s)

· Map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable.

Agreements:
· If freq hop is disabled for PUSCH, CSI piggybacked on PUSCH follows freq first mapping rule

· FFS details

· FFS the case when hopping is enabled

Email approval on how to configure beta_offset till 10/27 – Yi (Qualcomm)

Update after email approval:

Agreements:
         Three Beta_offset values are defined as one set, when HARQ-ACK piggyback on PUSCH.
         Three values are corresponding to the following cases:

o    The number of HARQ-ACK bits OACK≤2
o    The number of HARQ-ACK bits falls into [ 3]≤OACK≤[11] 
o    The number of HARQ-ACK bits OACK>[11] 

 

Agreements:
         Four Beta_offset values are defined for CSI as one set, when CSI piggyback on PUSCH. 

         Four values are corresponding to the following cases:

o    Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1≤[11]
o    Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1>[11]
o    Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2≤[11]
o    Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2>[11]
Note: According to R1-1715288 and R1-1716901, CSI is always split into CSI part 1 and CSI part 2 when piggyback on PUSCH. (With CSI type 1, CSI part 2 does not exist when there is no PMI and with rank up to 4)

 

Agreements:
Semi-static Beta_offset indication is always applied with fallback DCI for UL assignment. 

        The Beta_offset values with semi-static Beta_offset indication could be different from with dynamic Beta_offset indication. 

 

Agreements:
Semi-static Beta-offset indication is the default configuration for non-fall back DCI for UL assignment.

         The same sets of Beta_offset with fallback DCI are reused for HARQ-ACK and CSI respectively. 

 

Agreements:
If the UE is configured with dynamic Beta_offset and with non-fallback DCI for UL assignment, 4 sets of Beta_offset values are configured for HARQ-ACK and CSI respectively.  

        FFS: how to select one out of 4 sets of Beta_offset values

o   Alt1: 2 bits in the non-fallback DCI to indicate one out of 4 sets of Beta_offset values

o   Alt2: Implicit method to select one set of Beta_offset values based on other parameters signaled in DCI, e.g., MCS and/or rank of PUSCH. 

 

Agreements:
        One table of Beta_offset values is used for HARQ-ACK in NR. Another table of Beta_offset values is used for both CSI part 1 and CSI part 2 in NR. Both tables contain 32 entries. 

        For the table of Beta_offset values for HARQ-ACK in NR, reuse the 16 entries from table 8.6.3-1 in 36.213. Other unused entries in this table are marked as reserved.

        For the table of Beta_offset values for both CSI part 1 and CSI part 2 in NR, reuse the 16 entries from table 8.6.3-3 in 36.213. Add the values 8, 10, 12.625, 15.875 and 20 to this table. Other unused entries in this table are marked as reserved.

Agreements:

· For both slot-based and non-slot based DL transmissions, and for indentifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 

· Starting symbol in the slot;

· Number of symbols;

· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).

· FFS: It is configured for one for multiple PUCCH formats.

· Starting PRB;

· FFS granularity: PRB, RBG, or subband.

· FFS: Number of PRBs.

· FFS: Code resources.

· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 

· FFS: Configurable values.

· FFS: Some of above parameters can be partly implicitly derived.

· FFS: Possible joint encoding for some of above parameters.

Agreements:

· The PUCCH resource for SR only transmission is semi-statically configured.
· The PUCCH resource for P-CSI only transmission is semi-statically configured
· FFS PUCCH resource allocation for semi-persistent CSI
· Email discussion/approval on how UE selects one PUCCH resource set from multiple configured PUCCH resource sets till 10/27 – Jia (OPPO)
Update after email approval:

· Continue discussion in RAN#91

Email discussion/approval of the following table 10/27 – Jia (OPPO)
PUCCH Format 0
PUCCH Format 1
PUCCH Format 2
PUCCH Format 3
PUCCH Format 4
Comments
Number of slots
Configurability
N.A.
Configured
N.A.
Configured
Value range
N.A.
1, 2, 4, 8
N.A.
1, 2, 4, 8
Starting symbol
Configurability
Configured in resource set
Configured in resource set
Value range
0 – 13 (FFS: another value indicating implicit derivation)
0 – 13 (FFS: another value indicating implicit derivation)
Number of symbols in the slot
Configurability
Configured in resource set
Configured in resource set
Value range
1, 2, 4 – 14 (FFS: another value indicating implicit derivation)
1, 2, 4 – 14 (FFS: another value indicating implicit derivation)
Index for identifying starting PRB
Configurability
Configured in resource set
Configured in resource set
Value range
0 - [274]
0 - [274]
Number of PRBs
Configurability
N.A.
N.A.
Configured in resource set
Value range
N.A.
(Default is 1)
N.A.
(Default is 1)
1 – [16]
FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
RAN1 needs to further study the necessity.
Index of initial cyclic shift
Configurability
Configured in resource set
N.A.
N.A.
N.A.
Value range
0 – 11
N.A.
N.A.
N.A.
Index of time-domain OCC
Configurability
N.A.
Configured in resource set
N.A.
N.A.
N.A.
Value range
N.A.
0 - 6
N.A.
N.A.
N.A.
[Length of Pre-DFT OCC]
Configurability
N.A.
N.A.
N.A.
N.A.
Configured in resource set
Value range
N.A.
N.A.
N.A.
N.A.
1, [2], [4]
[Index of Pre-DFT OCC]
Configurability
N.A.
N.A.
N.A.
N.A.
Configured in resource set
Update after email approval:
Agreements;
Table 1 contains the parameters configured in PUCCH resource sets. That means: For each  parameter in the in the following table, a set of values can be configured respectively for a set of PUCCH resources. And a value among them can be determined when DCI indicates the index of the corresponding PUCCH resource. Alternatively, the values for some parameters can also be implicitly derived, if implicit resource indication mechanism is used. An entry in the PUCCH resource set corresponds to one column in the table 1. This resource is defined by some parameters which are the rows of the table
· Note 1: RAN1 needs to further study if the resources of some formats in Table 1 are jointly configured in a resource set.
· Note 2:  In Table 1, a parameter with “FFS: special values for implicit derivation” or “FFS if implicit derivation is also used” implies that Ran 1 needs further discussion to determine if implicit and/or explicit methods are used to determine the particular parameter in the entry of PUCCH resource. If an implicit mechanism is used, the corresponding value range may shrink and/or a special value outside the value range may be added for indicating “implicit derivation”, or the configurability may be completely disabled..
· Note 3: RAN1 needs to further study if same or different sets of PUCCH resources in Table 1 are configured for PDSCH mapping type A (slot-based transmission) and type B (non-slot-based transmission).
Table 2 contains the semi-statically configured parameters. That means: A value would be configured for each  parameter in the following table.
 
Table 1: Parameters configured in PUCCH resource sets and their value ranges 
 
PUCCH 
Format 0
PUCCH 
Format 1
PUCCH 
Format 2
PUCCH 
Format 3
PUCCH 
Format 4
FFS: Starting slot

Configurability

FFS

FFS

FFS

FFS

FFS

Value range

0 - [x]

0 - [x]

0 - [x]

0 - [x]

0 - [x]

Starting symbol

Configurability

√
√
√
√
√
Value range

-     12 and 13;
-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)

0 – 10
(FFS: special values for implicit derivation)

-     12 and 13;
-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)

0 – 10
(FFS: special values for implicit derivation)

0 – 10
(FFS: special values for implicit derivation)

Number of symbols in a slot

Configurability

√
√
√
√
√
Value range

1, 2

4 – 14
(FFS: special values for implicit derivation)

1, 2

4 – 14
(FFS: special values for implicit derivation)

4 – 14
(FFS: special values for implicit derivation)

Index for identifying starting PRB

Configurability

√
(FFS if implicit derivation is also used)

√
(FFS if implicit derivation is also used)

√
√
√
Value range

0 - [274]
(FFS: special values for implicit derivation)

0 - [274]
(FFS: special values for implicit derivation)

0 - [274]

0 - [274]

0 - [274]

Number of PRBs

Configurability

N.A.

N.A.

√
√
N.A.

Value range

N.A.
(Default is 1)

N.A.
(Default is 1)

1 – [16]

1 - 6, 8 - 10, 12, 15, 16

N.A.
(Default is 1)

Enabling a frequency hopping

Configurability

√
√
√
√
√
Value range

On/Off
(only for 2 symbol)

On/Off

On/Off
(only for 2 symbol)

On/Off

On/Off

FFS: Frequency resource of 2nd hop if frequency Hopping is enabled

Configurability

FFS

FFS

FFS

FFS

FFS

Value range

FFS

FFS

FFS

FFS

FFS

Index of initial cyclic shift

Configurability

√
(FFS if implicit derivation is also used)

√
(FFS if implicit derivation is also used)

N.A.

FFS
(for DMRS)

FFS
(for DMRS)

Value range

0 – 11

0 – 11

N.A.

0 – 11

0 – 11

Index of time-domain OCC

Configurability

N.A.

√
(FFS if implicit derivation is also used)

N.A.

N.A.

N.A.

Value range

N.A.

0 - 6

N.A.

N.A.

N.A.

Length of Pre-DFT OCC

Configurability

N.A.

N.A.

N.A.

N.A.

√
Value range

N.A.

N.A.

N.A.

N.A.

2, 4

Index of Pre-DFT OCC

Configurability

N.A.

N.A.

N.A.

N.A.

√
Value range

N.A.

N.A.

N.A.

N.A.

0, 1, 2, 3

 Table 2: Semi-statically-configured parameters and their value ranges
 
PUCCH 
Format 0
PUCCH Format 1
PUCCH 
Format 2
PUCCH Format 3
PUCCH Format 4
Number of slots
Configurability
N.A.
Configured
N.A.
Configured
Configured
Value range
N.A.
1, y1, y2, y3
N.A.
1, y1, y2, y3
1, y1, y2, y3
Agreements:

· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission

· starting OFDM symbol and length in OFDM symbols of the allocation

· FFS: one or more tables

· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling

· FFS: May need to revisit if SFI support non-contiguous allocations

· At least for RMSI scheduling

· At least one table entry needs to be fixed in the spec

Agreements:

· For every TB-level (re-)transmission, the UE is able to determine the TB size from the DCI information in that transmission only

Agreements:

· The TBS is determined based on the actual # of available REs compared with a plurality of reference # of REs

· FFS the details, including the # of reference REs and other factors for TBS determination

Agreements:

· For the fallback DCI, only resource allocation type 1 is supported
· At least with PRB-level granularity
· FFS other granularty(ies)
Discuss further offline on how to perform frequency hopping based resource allocation, and whether or not to support frequency-distributed resource allocation (e.g. using VRB, etc.) especially w.r.t. whether or not RRC signalling is involved or not – Email discussion/approval till 10/27 – Stefan (Ericsson)

Update from email approval:

Agreements:
· The notion of VRB is included in the specifications.
· A non-transparent VRB-to-PRB mapping (i.e. PRB_i=VRB_j where j=f(i)) is supported 

· At least for resource allocation type 1

· Discuss further whether to support it also for resource allocation type 0

· At least a block-interleaver is used for VRB-to-PRB mapping 

· FFS the details

· A single bit in the DCI indicates localized or distributed VRB-to-PRB mapping.

Agreements:

· Calculate an “intermediate” number of information bits NRE*v*Qm*R  where 

· v is the number of layers, 

· Qm is the modulation order, obtained from the MCS index

· R is the code rate, obtained from the MCS index

· NRE is number of resource elements

· NRE = Y* #PRBs_scheduled

· When determining NRE (number of REs) within a slot
· Determine  X =  12* #OFDM_symbols_scheduled – Xd – Xoh 

· Xd = #REs_for_DMRS_per_PRB in the scheduled duration

· Xoh = accounts for overhead from CSI-RS, CORESET, etc. One value for UL, one for DL.

· Xoh is semi-statically determined

· Quantize X into one of a predefined set of values, resulting in Y

· [8] values

· Should allow for reasonable accuracy for all transmission durations

· May depend on the number of scheduled symbols

· FFS: floor, ceiling or some other quantization

· Note: quantization may not be needed

· FFS: Quantization step should ensure the same TB size can be obtained between transmission and retransmission, irrespective of the number of layers used for the retransmission. otherwise Xd has to be independent of the number of layers

· Obtain the actual TB size from the intermediate number of information bits according to the channel coding decisions

Agreements:

Config 1
Config 2
X0 – X1 RBs
RBG size 1
RBG size 2
X1+1 – X2 RBs
RBG size 3
RBG size 4
…
…
…
· RRC selects config 1 or config 2

· One config (config 1) is the default until RRC configures otherwise

· The numbers ‘RBG size’ in the table are fixed in the spec

· The number of rows should be no more than [4-6]

· Same table for DL and UL

· The configuration for DL & UL is separate

· Same RBG size irrespective of the duration (slot vs. non-slot)

Agreements:

· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 

· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission

· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively

· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)

· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determation and HARQ-timing determination

Conclusion:

· Discuss further offline how to determine HARQ-ACK payload size when two or more PDSCH transmissions are associated with a single UL transmission using PUCCH or PUSCH (e.g., semi-static determination, dynamic determination based on DAI mechanism similar to LTE, etc.)

Agreements:
· NR supports HARQ-ACK bundling in spatial domain for a NR-PDSCH transmission
· FFS details (e.g., whether or not to have RRC configuration, whether to apply to CBG-based HARQ-ACK or not, etc.)
Agreements:

· Maximum number of TAGs is 4 for a UE

· Only non-contention based random access for sTAGs

Agreements:

· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration

· Note: the “by-configuration” is also applicable to the CA case

Agreements:

· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration

· HARQ-ACK codebook determination based on counter DAI and total DAI

· Use LTE as starting point

· FFS details

Agreements:

· For HARQ-ACK spatial bundling: 

· Support higher layer configuration for spatial-domain bundling per PUCCH group

· Bundling is per cell, and same configuration applies to all the cells

· FFS whether or not to support HARQ spatial bundling in a dynamic manner

Agreements:

· Finalize Table 1 as the baseline UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.
· Finalize Table 2 as the aggressive UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.
· FFS: if reduced processing time is achieved with a semi-statically reduced bandwidth and throughput capability relative to the peak rate supportable by the UE.
· Further determine (N1,N2) processing times for two UE capabilities in carrier aggregation, mixed numerology, higher order modulation cases, and for mini-slot scheduling. 

· For a given configuration and numerology, a UE indicates only one capability for N1 (or N2) based on the corresponding entry for N1 (or N2) from either Table 1 or Table 2.

· FFS: if multiple capabilities can be reported with different throughput constraints for N1 (or N2).
Table 1. UE Processing Time and HARQ Timing (Capability #1)

Configuration
HARQ Timing Parameter
Units
15 KHz SCS
30 KHz SCS
60 KHz SCS
120 KHz SCS
Front-loaded DMRS only
N1
Symbols
[8]
[10]
[14]
[14-21]
Front-loaded + additional DMRS
N1
Symbols
[13]
[13]
[17]
[21]
Frequency-first RE-mapping
N2
Symbols
[9]
[11]
[17]
[31]
Table 2. UE Processing Time and HARQ Timing (Capability #2)
Configuration
HARQ Timing Parameter
Units
15 KHz SCS
30 KHz SCS
Front-loaded DMRS only
N1
Symbols
[2.5-4]
[2.5-6]
Front-loaded + additional DMRS
N1
Symbols
[12]
[12]
Frequency-first RE-mapping
N2
Symbols
[2.5-6]
[2.5-6]
Agreements:

· In single CW configuration, the maximum configurable number of CBGs per TB is 8
· The possible max number of CBGs per TB is 2, 4, 6, 8

· In multiple CW configuration, the maximum configurable number of CBGs per TB is 4
· In multiple CW configuration, the configured maximum number of CBGs per TB is the same between TBs 
Agreements:

· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,
· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs
· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs
Agreements:

· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback
Conclusion:

· Discuss further DCI composition for supporting CBG based retransmission in terms of CBGTI, CBGFI, and NDI
· No RRC impact is expected 
· Email discuss/approval of the above issue until 11/3 – Sukchel (LGE)
Update from email approval:

Agreements:
· In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.

· In case with CBG based retransmission and multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs. 

· Discuss further on the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI. 

· Discuss further on the detailed HARQ-ACK feedback with CBG in terms of TB level HARQ-ACK, HARQ-ACK bundling, HARQ-ACK composition, with consideration of overall HARQ-ACK codebook design. 

· Compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15.

· No additional CB grouping method is introduced in Rel-15.

Agreements:

· For UL transmission with grant,

· By UE-specific RRC signaling, a UE can be configured with UL waveform that is different from the one configured by RMSI for Msg3. Once configured;

· When the non-fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by the UE-specific RRC signaling; when the fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by RMSI for the PUSCH transmission.

· If the UE is not configured with UL waveform that is different from the one configured by RMSI for Msg3;

· The UE uses the UL waveform configured by RMSI for the PUSCH transmission.

· FFS: whether the fallback DCI is based on DCI format/size or on search space.

· RMSI informs single waveform to the UE

Agreements:

· For Type 1 and Type 2 UL transmission without grant,

· By UE-specific RRC signaling, a UE can be separately configured with UL waveform that is different from the one configured by RMSI for Msg3.

· Note: even if the UE is configured with Type 1 and Type 2 UL transmission without grant, the UE may transmit PUSCH that is scheduled by UL grant, in which case the UL waveform determination for UL transmission with grant is used.

Agreements:

· For each “SR configuration”, the following is indicated via RRC 
· A periodicity and offset which identify the slots/symbols to be used for SR
· FFS the offset for the SR periodicity shorter than one slot for a given SCS
· Non-periodic SR solutions to meet URLLC latency requirements are not precluded
· Slide 4 in R1-1719595 is agreed

Agreements:

· At least support following periodicities of resources for UL transmission without UL grant 
· FFS other values with taking into account the alignment with 14 symbols
Subcarrier spacing (kHz)
Supported periodicities [ms]
15
2 symbols, 7 symbols, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640
30
2 symbols, 7 symbols, 0.5, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640
60
2 symbols, 7 symbols (6 symbols for ECP), 0.25,0.5,1,2,5,10,20, , 32, 40, 64, 80, 128, 160, 320, 640
120
2 symbols, 7 symbols, 0.125,0.25,0.5,1,2,5,10,20, 32, 40, 64, 80, 128, 160, 320, 640
· Email discussion/approval till 10/27 – Lihui (DCM)

Update after email approval:

Agreements:
· Support PUSCH frequency-hopping for DFT-s-OFDM and CP-OFDM waveform with RA Type 1. 
· At least support intra-slot FH for Msg.3.   
· FFS: details including hopping pattern/configurations, signaling designs, etc.
· FFS whether applicable to all PUSCH durations within a slot 
· FFS: whether to support repetition of Msg.3
· Support UE-specific RRC configuration of the following: 

· Mode 1: intra-slot FH only 

· FFS whether applicable to all PUSCH durations within a slot
· Note: Mode 1 is applicable to single slot and repetition case
· Mode 2: inter-slot only 

· Note:  Mode 2 is applicable to repetition case
· FH across mini-slots for repetitions 

· FFS: whether it can be enabled by which mode and details, including alignment with slot boundary, pattern etc. Target to have a common FH design between slot and mini-slot.

· FFS: details including the number of configurations, hopping pattern/configurations, signaling designs, etc.
· Support RAR/UL grant indication for PUSCH frequency-hopping 
· FFS: details including how to indicate enable/disable and pattern/mode of FH.
· Email discussion/approval till 10/27 – Lihui (DCM) – including any other potentially missing RRC parameters related issues

Update from email approval:

Agreements:
•        For UL transmission without UL grant, for each configuration 
–       The number of configured HARQ processes is explicitly configured by RRC    

–       Each configuration can have multiple HARQ processes 

•        The value range is {1, 2, …, M}, where M value is FFS

Agreements:
•      For Type 1 and Type 2 UL transmission without grant, RNTI(s) is/are configured by UE-specific RRC signaling.

–      Whether the same or different RNTI(s) for Type 1 and Type 2 can be decided by RAN2.

•   Within each type, an RNTI is configured by UE-specific RRC signaling at least for one resource configuration in a serving cell

Agreements:
•        For UL transmission without UL grant, 
–       The HARQ ID for a TB should be the same during the repetitions and retransmissions if any.

–       The HARQ ID is at least determined by 

•        the number of HARQ processes in the configuration

•        the time-domain resource for the UL data transmission

•         FFS: other factors such as frequency-domain resource, DMRS, repetition K dependency on initial transmission.

Working assumption:
•        For UL transmission without UL grant, for a TB transmission with K repetitions 
–     The repetitions follow an RV sequence and it is configured by UE-specific RRC signalling to be one of the following: 
•     Sequence 1: {0, 2, 3, 1}
•     Sequence 2: {0, 3, 0, 3}
•     Sequence 3: {0, 0, 0, 0}
Agreements:

· For DL, limited buffer rate matching (LBRM) is supported and is applied per HARQ process.

· NR limits transmit buffer corresponding to a largest TBS coded at rate RLBRM.

· RLBRM =1/2  is supported. 

· Largest TBS for LBRM for DL should at least take into account UE capability
· Details FFS (e.g., based on UE signalling, gNB configuration w.r.t. highest mod order, etc.)

· Note: this does not prevent the possibility of defining a single largest TBS used for LBRM in Rel-15

Agreements:

· Dynamic sharing of soft buffer is possible for DL reception by UE implementation

· No spec impact

Email discussion on the issues raised in 9251 till 10/27 – Ajit (Intel)

Update after email approval:

Agreements:

· For DL LBRM, RLBRM is changed from 1/2 to 2/3.

· For uplink, 
· Full buffer rate-matching is supported 
· Limited buffer rate-matching is also supported via RRC configuration and, when configured, is applied to all HARQ processes 
§  NR limits UL transmit buffer corresponding to a largest UL TBS coded at rate RLBRM,UL 
§  RLBRM, UL  = 2/3. 

§  Details FFS 

Agreements:

· The time duration of the reference downlink resource for pre-emption indication equals to the monitoring periodicity of the group-common DCI carrying the pre-emption indication 
· In TDD, at least the semi-statically configured UL symbols are excluded from the reference downlink resource
· Note: This means the reference downlink resource only includes the DL or unknown symbols given by semi-static configuration within the semi-statically configured time duration of the reference downlink resource.
· FFS for the handling of reserved resource especially at RE level
Agreements:
· For minimum monitoring periodicity of pre-emption indication:

· At least slot level monitoring periodicity of preemption indication is supported

· FFS to additionally support other cases (e.g. non-slot level monitoring)

Agreements:

· For slot level monitoring periodicity, UE is not required to monitor preemption indication for a slot in which PDSCH is not scheduled

· UE is not required to monitor preemption indication in DRX slots

· UE is not required to monitor preemption indication for the deactivated DL BWP

· Note: not necessarily all of the above bullets will have spec impacts

Agreements:

· The HARQ timeline for a PDSCH transmission is not affected by preemption indication. 
Agreements:

· No concensus to introduce an explicit RRC configuration for frequency region of the reference downlink resource for pre-emption indication in Rel-15
· (working assumption) the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP
Agreements:

· A fixed payload size (excluding CRC and potential reserved bits) of the group-common DCI carrying the downlink pre-emption indication (PI), in the format of a bitmap is used to indicate preempted resources within the semi-statically configured DL reference resource

· The bitmap indicates for one or more frequency domain parts (N>=1) and/or one or more time domain parts (M>=1)

· There is no RRC configuration involved in determining the frequency or time-domain parts

· The following combinations are supported and predefined {M, N} = {14, 1}, {7, 2}

· A combination of {M,N} from this set of possible {M,N} is indicated 1bit by RRC configuration for a UE

Agreements:

· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching

· FFS whether or not to support a single DCI switching DL and UL BWP jointly

· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair

· Note: there is no additional restriction on DL BWP and UL BWP pairing

· Note: this applies to at least the case where both DL & UL are activated to a UE in the corresponding unpaired spectrum

Agreements:

· For a UE, a configured DL (or UL) BWP may overlap in frequency domain with another configured DL (or UL) BWP in a serving cell
Conclusion:

· Discuss offline regarding the set of parameters that a UE is configured with for each DL BWP and for each UL BWP for a serving cell (including RRC configuration impact)
Agreements:

· For each serving cell, the maximal number of DL/UL BWP configurations is
· For paired spectrum: 4 DL BWPs and 4 UL BWPs

· For unpaired spectrum: 4 DL/UL BWP pairs

· For SUL: 4 UL BWPs

Agreements:

· For paired spectrum, support a dedicated timer for timer-based active DL BWP switching to the default DL BWP

· A UE starts the timer when it switches its active DL BWP to a DL BWP other than the default DL BWP

· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP

· FFS other cases

· A UE switches its active DL BWP to the default DL BWP when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)

· For unpaired spectrum, support a dedicated timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair

· A UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair

· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair

· FFS other cases

· A UE switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)

· FFS the range and granularity of the timer

Agreements:

· For an Scell, RRC signaling for Scell configuration/reconfiguration indicates the first active DL BWP and/or the first active UL BWP when the Scell is activated
· NR supports Scell activation signaling that doesn’t contain any information related to the first active DL/UL BWP

· For an Scell, active DL BWP and/or UL BWP are deactivated when the Scell is deactivated

· Note: it’s RAN1 ‘s understanding that Scell can be deactivated by an Scell timer

Agreements:

· For an Scell, a UE can be configured with the following:
· a timer for timer-based active DL BWP (or DL/UL BWP pair) switching, along with a default DL BWP (or the default DL/UL BWP pair) which is used when the timer is expired

· The default DL BWP can be different from the first active DL BWP

· For Pcell, the default DL BWP (or DL/UL BWP pair) can be configured/reconfigured to a UE

· If no default DL BWP is configured, the default DL BWP is the initial active DL BWP

Agreements:

· In a serving cell where PUCCH is configured, each configured UL BWP includes PUCCH resources

Agreements:
· In Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP

· FFS whether or not there are any additional UE behavior that needs to be specified

· In a serving cell, for a UE, common search space for group-common PDCCH (e.g. SFI, pre-emption indication, etc.) can be configured in each BWP

Agreements:

· A DL (or UL) BWP is configured to a UE by resource allocation Type 1 with granularity as follows
· Granularity of starting frequency location: 1 PRB

· Granularity of bandwidth size: 1 PRB

· Note: The above granularity doesn’t imply that a UE shall adapt its RF channel bandwidth accordingly

Agreements:
· For a UE, DCI format size itself is not part of RRC configuration irrespective of BWP activation & deacviation in a serving cell

· Note: DCI format size may still depend on different operations and/or configurations (if any) of different information fields in the DCI

Agreements:

· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 

· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB

· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI

· For Scell, the reference location is the frequency location indicated in the SCell configuration

· For SUL, the reference location is the frequency location indicated in the SUL configuration 

· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.

· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.

· The range of offset values should be >276*4, with the detailed values FFS

Agreements:

· The following working assumption is confirmed:

· 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:

· When a UE is configured for cross-carrier DL/UL scheduling, CIF is present in DL/UL scheduling DCIs for both the serving cell under self-scheduling and the serving cells being cross-carrier scheduled

· FFS whether CIF is present or not in other DCI cases

· Email discussion/approval till 10/27 (Peter A., Qualcomm)
Update after email discussion:

· Continue discussion in RAN1#91

Agreements:

·  ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 

· Configured number of DL Cells

· The max number of TBs based on configuration for each DL cell

· Configured number of CBGs per TB per configured DL cell

· FFS: Handling of different numerology between UL and DL

· Details FFS

· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell

· Details FFS

· Email discussion/approval till 10/27 (Aris – Samsung)

Update after email approval:

Agreements:
· A configurable max coding rate, per PUCCH format, is used for a UE to determine how to feedback UCI on PUCCH 
o   FFS details how to use the configuration. The LTE mechanism is the baseline
o   Note: This is applicable to PUCCH formats 2/3/4 that support more than 2 UCI bits

Conclusion:

· Discuss further offline to come up with framework on how rate matching/puncturing should be done at least for NR-PDSCH & NR-PUSCH especially in terms of signalling details (granularity in time-domain and frequency-domain), considering different important use cases (LTE/NR co-existence, RS/channels/CORESETs defined in NR, etc.). 

· The applicable use cases can be clarified with notes, but not necessarily part of the proposed signalling details

Agreements:

· On a RE level, NR-PDSCH of SCS 15kHz can be rate-matched around the following resources:

· LTE CRS

· Rate-matching resource can be semi-statically configured (using LTE v_shift and up to 4 CRS antenna port(s)) for a NR UE

· A UE is not expected to handle the case where NR-PDSCH DMRS REs are over-lapping, even partially, with any RE(s) indicated by the rate-matching configuration.

Agreements:

· On the RB-symbol level, UE can be configured with one or multiple DL resource set(s), each resource set configuration includes a first bitmap of RB granularity and a second bitmap of OFDM symbols within a slot for which the first bitmap applies (i.e. the intersection of two bitmaps). 
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS whether or not the presence of the information field to indicate the resource set is RRC configurable – conclude by Friday
· FFS whether a resource set is applicable in every slot or not (e.g., via a periodic configuration, etc.)

· Conclude by Friday whether or not there is RRC impact

· FFS the case of one DCI scheduling multi-slot transmission

· Note: covers future/backward compatible resource, parts of CORESETs, multiple CORESETs

· FFS L1 signaling is GC PDCCH or scheduling DCI

· CORESET(s) configured to a UE for monitoring can be included in resource set(s)

· If included, the entire COREST is assumed for rate matching when applicable

· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS the configuration details of rate matching for semi-static case (w/o L1 signalling)
For email approval till 10/27 (including per cell vs. per BWP, max # resource sets, DCI field presence or not and/or by configuration or not)

Update after email approval:

Agreements:
Working assumptions: 
· For NR_PDSCH

· On the RB-symbol level, NR supports at least UE specific RRC configuration of at least the following parameters for a rate-matching resource set(s)
· A UE can be RRC configured with one or multiple pairs of bitmap-1 and bitmap-2, each pair determining a time-frequency resource set, i.e. kronecker(transpose(bitmap-1), bitmap-2)  
· a bitmap-1 of at least RB granularity (up to 275 bits, one bit corresponding to one RB)

· FFS whether other granularities, e.g. 2,4, 6, 8,16 RBs, maximum number of RBs, are also supported

· a bitmap-2 of 14 symbols (i.e. 1 slot) in time for which the first bitmap applies (one bit per symbol) 
· FFS: support of bitmap-2 of size 28 a 56 symbols

· FFS configuration of bitmap-1 and bitmap-2 pairs or other method by RMSI/OSI

Agreements:

· For NR_PDSCH
· On the RB-symbol level, for a rate-matching resource set(s),  NR supports  at least UE specific RRC configuration of bitmap-3 in addition to  bitmap-1 and bitmap-2 pair
· A UE can be RRC configured with one bitmap-3 per each pair of bitmap-1 and bitmap-2 

· each bit in bitmap-3 corresponds to a unit equal to a duration of the bitmap-2, and indicates whether the pair is present in the unit or not 

· bitmap-3 is composed of {1, 5, 10, 20 or 40 units} but is at most of duration [down-select between 20 or 40 ms] 

· The lengh of bitmap-3  for different bitmap-1 and bitmap-2 pairs can be different.

· When bitmap-3 length is 1, bitmap-3 is not explicitly configured.

· the rate-matching configuration repeats in time with periodicity equal to duration of bitmap-3

· a UE rate-matches around union of resources (i.e resrouce sets) where, each resource is expressed by a set of bitmap-1, bitmap-2 and bitmap-3. 

· FFS: whether the bitmap-3 is configured or not when the pair of bitmap-1 and bitmap-2 is associated with L1 signalling.

· Note: the bitmap-3 can be configured at least for the pair of bitmap-1 and bitmap-2 is not associated with L1 signalling.

· FFS configuration of bitmap-3 or other method by RMSI/OSI
Agreements:

· For NR_PDSCH
· On the RB-symbol-level, the pair(s) of bitmap-1 and bitmap-2 is/are configured: 
· UE can be configured with resource set(s) 

· Alt1: either only per cell or only per BWP

· Alt2: no restriction 
· using common PRB indexing when configured per serving cell 
· the resource set is configured with a given numerology. FFS on conversion of the given numerology to numerology of the active BWP. 

· using UE-specific PRB indexing when configured per BWP 

· the resource set is configured in numerology of a BWP. 



	Channel coding

	Agreements: 

· Reverse mapping is not supported. 

· Working assumption is confirmed that interleaver is located after the whole rate matching functionality including repetition

Observations: 

· If performance is the priority, {0,2,3,1} should be used. 

· If self-decodability is the priority, it should be taken into account that the upper limit of the code rate at which each RV is self-decodable is in the following order: 0>3>>2>1

Agreement: 

· The default RV order is {0,2,3,1} for cases where RV index is not explicitly signalled or otherwise specified and there is no ambiguity about which instance of a transmission occurred, for both BG1 and BG2

Conclusion for other cases, e.g. grant-free and unlicensed: 

· The respective session should determine the requirements (ambiguity, number of repetitions, self-decodability, existence of configuration signalling) and RV(s) should then be determined accordingly in the channel coding session. 

Agreement: 

· UE can skip decoding with BG1 when the effective code rate is > 0.95. 

Observation: 

· BG1 performance is good for 256QAM up to 0.9375, and for QPSK up to 0.9565. 

Agreement: 

For block lengths K≤308:
· BG2 is used for all code rates

Agreement: 

· TBSs are byte-aligned

Agreement: 

The first Working Assumption from RAN1#90 AI 6.1.4.1.2 and the first Working Assumption from NR AH#3 AI 6.4.1.3 are combined and agreed as modified below:
· 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

· TBS determination for all code rates shall ensure that no zero padding is necessary with BG1 segmentation; TBS determination shall also strive to achieve no zero padding also with BG2 segmentation; any special cases are only permitted for BG2. 

· If needed for BG2 segmentation, zero padding is added during segmentation, with the padding being placed at the beginning of the first code block prior to CB-CRC calculation; padding bits are transmitted. 

FFS: Byte- or something-alignment of CB sizes. 
Observations:

· No loss of ET opportunities compared to the case of no masking is foreseen by masking the RNTI onto the last NRNTI CRC bits, provided that NRNTI <= 17. 

· No significant loss of ET opportunities compared to the case of no masking is foreseen by masking the RNTI onto the last NRNTI CRC bits, provided that NRNTI <= 21. 

· Masking RNTI on the distributed CRC bits:

· if the UE is configured to monitor only 1 RNTI:

· may increase the ET possibilities in the case of a valid codeword for another RNTI being received

· if the UE is configured to monitor >1 RNTI:

· reduces possibilities for ET 

· may require decoder to maintain two decoding trees in some implementations. 

Agreement: 

· RNTI is masked onto the last NRNTI CRC bits on the PDCCH, where NRNTI is the number of bits of the RNTI

· Working Assumption that NRNTI is 16 bits. 

· Prepare a draft LS to RAN2 (R1-1719086 – Yufei – approved in R1-1719094) to let them know that RAN1’s channel coding design for PDCCH is capable of carrying RNTIs on the DCI up to at least 17 bits, and possibly up to 21 bits, asking RAN2 to inform RAN1 when they have decided the necessary RNTI length. 

· Check the LS in the control channel session in case additional information should be included before sending it. 

Note that this preserves the ET gains in cases of interference that is effectively AWGN or QPSK constituting an invalid codeword. 

Working assumption: no additional UE-specific scrambling motivated by channel coding; can be revisited on Thursday or at RAN1#91 if it is shown that valid codeword interference occurs sufficiently frequently to cause significant overall loss in ET gain (in which case, the following examples of scrambling may be considered, provided that the number of required blind decodes is not increased: u-domain or c-domain or before mapping to modulation symbols, or payload scrambling after CRC calculation but before CRC attachment).

Observations on scrambling:

· When input to decoder is effectively AWGN or random QPSK, there is no difference in ET gain between cases with and without UE-ID-based u-domain scrambling

· Pros and cons of scrambling: 

· When input to decoder is another valid codeword, scrambling gives ET benefits in cases of high SINR to the unintended UE

· May increase latency (different opinions)

Conclusion: 

· DL channel interleaver is not adopted. 

Agreement: 

· UCI segmentation into two segments with equal segment sizes (with a single zero-padding bit inserted at the beginning of the first segment if needed) is used for certain ranges of K (before segmentation) and R, e.g. K>= threshold (e.g. 352) and R<= threshold (e.g. 0.4)

· exact values FFS until RAN1#91

· CRC appended to the first segment is calculated based on the first segment only

· CRC appended to the second segment uses the same polynomial as for the first segment, and is calculated based on the second segment only

Agreement from RAN1#89:

· Polar coding is adopted for NR-PBCH

· Using same polar code construction as for the control channel

· Nmax = 512

Clarification of the above agreement: 
· Reuse Polar code design of PDCCH, i.e., 24-bit D-CRC with the associated interleaver.
Agreement: 

· Working assumption from RAN1#89 is confirmed, that the data, including time index if carried by NR-PBCH, is transmitted explicitly




	NR-LTE co-existence

	Agreement: 

· For Case 1, FDD timing configuration (i.e., periodicity and offset) is applied to LTE PRACH and SRS on LTE UL carriers.

· The UE is not required to support transmission of LTE PRACH or SRS transmission which does not coincide with the configured HARQ-ACK transmission occasions

Agreements:

· DL/UL TDM (to avoid self-interference due to harmonics) is a network decision on a per-UE basis

· No RRC configuration signalling is provided to the UE for this purpose (except FFS for the LTE RRC signalling to configure Case 1 HARQ timing)

· UEs can be scheduled for NR or LTE uplink transmission in an arbitrary slot

· UEs can be scheduled for NR or LTE downlink transmission in an arbitrary slot

· For the case of a UE configured with multiple uplink carriers (regardless of SUL or not) but where the UE is assumed to only operate on one uplink carrier at a time: 

· No RRC configuration signalling is provided to the UE for this purpose (except for the LTE RRC signalling to configure Case 1 HARQ timing)

· UEs can be scheduled for uplink NR transmission in an arbitrary slot

· The UE behaviour in case of being simultaneously scheduled on LTE and NR uplinks is not specified

Agreement: 

· UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination
· The default location of the PUSCH is the same carrier as used by PUCCH 
· UE specific RRC signalling may (de-)configure that PUSCH may be dynamically scheduled on the other (i.e. non-PUCCH) carrier in the same cell as the SUL 
· In this case, a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier 
· Note: Simultaneous PUSCH transmission on the SUL carrier and non-SUL UL carrier is not supported according to existing RAN2 agreement

· FFS in DCI discussion whether the SUL CIF is always present 

· There is one active BWP on the SUL carrier and one active BWP on the non-SUL UL carrier
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination

· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH

R1-1719194
WF on UL TDM in single Tx EN-DC
Qualcomm Inc

Email discussion/approval till 10/27 – Peter (Qualcomm)

Update after email approvals:

Agreements:
· In Case 1, LTE TDD UL HARQ timing is supported and the UE is allowed to transmit only in the subframes designated as UL in the reference TDD configuration. Additionally, a UE-specific HARQ subframe offset can be configured.
· The offset (HARQ_offset) is in the range [0…9]

· The offset doesn’t change any subframe or slot number

· If, before applying the offset, the HARQ feedback for DL SF number m was mapped to UL SF number n, then after the offset, the HARQ feedback for DL SF number (m + HARQ_offset) is mapped to UL SF number (n + HARQ_offset)

· If, before applying the offset, the PUSCH in SF number m was scheduled (by UL grant or PHICH) in SF number n, then after the offset, the PUSCH in SF number (m + HARQ_offset) is scheduled (by UL grant or PHICH) in SF number (n + HARQ_offset)

· If, before applying the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number m was transmitted in SF number n, then after the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number (m + HARQ_offset) is transmitted in SF number (n + HARQ_offset)

· SRS and PRACH transmission may only occur in subframes indicated as UL in the reference TDD configuration but shifted by the configured non-zero HARQ_offset


	UL power control

	Agreements:
For N closed-loop power control processes, i.e., fc(i,l), for NR PUSCH power control for serving cell c, the following working assumption is confirmed:

N is up to 2

Agreement:
For closed loop power control process, f(i) in case of accumulative TPC command mode can be reset by RRC reconfiguration of P_0 and alpha

Agreements:
· Support PH calculation for PUSCH transmission

· Calculation for current transmission 

· FFS: Calculation for non-current transmission
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Agreements:
Confirm the following working assumption:
· For NR-PUSCH

· Absolute TPC command mode is supported.

· FFS on KPUSCH
Agreement

Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.

· k is indicated by beam indication for PUSCH (if present) 

· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal

· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 

· Value of P_0 is composed by cell specific component and UE specific component

· At least three cell specific component values of P_0 can be configured
· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE

· j can be configured for the following aspects

· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3

· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH

· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 

· PUSCH beam indication (if present) for grant-based PUSCH

· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 

· FFS: logical channel(s) carried by PUSCH

· Working assumption: for two uplinks of SUL band combination

· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.

· Capturing the agreement in the NR specification is up to the editor

Agreement:
· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission

Above is supported at least for sub-6GHz. 

Agreement:
· Support one PHR format: PH and Pcmax,c

· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)

LS approved in R1-1719045
Agreement:
· Support closed power control commands by downlink DCI for PUCCH power control and by uplink grant for PUSCH power control

· FFS: SRS

· Support closed power control commands by group common DCI with TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI

Agreement
Support 2 bits TPC command for accumulative power control and absolute power control

Working Assumption:

· Support Pcmax,c(i), P0_PUCCH(F), PLc(k), g(i) for NR PUCCH power control in slot i for serving cell c.
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· F is the index of PUCCH formats, e.g., F = 0 for PUCCH format 0, F = 1 for PUCCH format 1, F = 2 for PUCCH format 2, F = 3 for PUCCH format 3

· P0_PUCCH is a parameter composed of the sum of a parameter P0_NOMINAL_PUCCH configured by higher layers and a parameter P0_UE_PUCCH configured by higher layers.

· k is the index of RS resource(s) for pathloss measurement is RRC configured

· Multiple values of k can be configured by RRC signalling 

· FFS: Other approaches not requiring RRC configuration for the determination of k
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· Full path-loss compensation for NR PUCCH power control

· Note: 10*log10(M_PUCCH,c(i)) should be deleted 

· Note: P_0_PUCCH should be revised to P_0_PUCCH(b)

· Note: g(i) should be revised to g(i,l)

· Multiple P_0_PUCCH(b) can be configured by RRC signalling

· Support up to 2 closed-loop power control processes, i.e., l 
· The closed-loop control process is configured by RRC signalling

· Reset trigger by RRC re-configuration of P_0, FFS: beam changing, etc. 

· Only accumulative TPC command

· Support ΔPUCCH_TF,c(i) to reflect at least UCI payload size, UCI type (e.g., SR, HARQ, CSI), different coding gains, PUCCH format, coding schemes and different effective coding rates: 
· FFS: details on ΔPUCCH_TF,c(i)

· Whether ΔPUCCH_TF,c(i) includes MPUCCH,c(i)

· MPUCCH,c(i) is related to the PUCCH BW in slot i, FFS on the details

· FFS: whether ΔPUCCH_TF,c(i) takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.

Email discussion until Oct 27 – Hyunseok (Samsung)
Update from email approval:

Agreements:
For SRS power control
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–       A unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management as shown above.

   FFS whether or not to introduce P_SRS_OFFSET,c

   Note: the exact equation including the index of each parameter is up to the editor.

–       Whether or not SRS power control is tied with corresponding PUSCH power control is based on RRC signaling and the following is down selected.

   Alt.1: explicit configuration

   Alt.2: implicit configuration by gNB implementation

   e.g., gNB configures the same values for some parameters between PUSCH power control and SRS power control or the same association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop is applied for PUSCH and SRS power control

   In Alt.2, no RRC configuration is needed for signaling the direct linkage between PUSCH and SRS power control

–       FFS: details on the indication of the linkage via L1 signaling, e.g., using SRI in DCI, or an association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop applied for PUSCH and SRS power control

–       The following are configured by RRC

   FFS: P_SRS_OFFSET,c 

   P0_SRS,c

   α_SRS,c

   ‘k1’ which indicates DL reference RS(s) for PL estimation

   FFS if the configuration of ‘k1’ can be optional. 

   FFS: P0_SRS,c; α _SRS,c; k1; h_SRS,c, P_SRS_OFFSET,c can be configured for each configured SRS resource in the SRS resource set or only per SRS resource set (if P_SRS_OFFSET,c is supported).

   Configuration should support an option for common values for at least P0_SRS,c; k1; α _SRS,c, P_SRS_OFFSET,c to be applied for all the configured SRS resource(s) in the SRS resource set (if P_SRS_OFFSET,c is supported).

   Note: it is not precluded that the same parameters are configured for multiple SRS resource sets by gNB configuration.

–       For h_SRS,c(i), 

   At least the following can be configured by RRC for serving cell c on which the UE is configured with PUSCH

   h_SRS,c(i) = fc(i,l) where l = 1, 2

   FFS on the following

–       If h_SRS,c(i) = 0 is supported.

–       If additional closed loop is supported for SRS power control in case that SRS power control is tied with PUSCH power control.

–       h_SRS,c(i) in case that SRS power control is not tied with PUSCH power control

–       If both accumulative TPC and absolute TPC are supported for SRS power control

   For serving cell c on which the UE is not configured with PUSCH

–       Closed-loop power control process for SRS is separately configured and not linked to closed-loop power control process for PUSCH of other serving cell(s) on which the UE is configured with PUSCH

–       For PL estimation, 

   Each SRS resource set is associated with X1 DL reference signal(s) for PL estimation, FFS on if X1 can be more than 1

   Maximum number of PL estimates to be maintained by UE is limited to X2, FFS on X2.

   FFS: PL estimation associated with k1 should be kept unchanged per the configured SRS resource set

–       It is assumed here that a UE expects the gNB to configure the same type of time-domain behavior (i.e., periodic, semi-persistent, or aperiodic) for all SRS resources in a SRS resource set.

   This assumption need to be revisited based on discussion in other AI.

–       Definition of M_SRS,c(j) will be discussed in Reno meeting

   For further discussion, some examples are captured here assuming that M PRBs are allocated for both 15 kHz SCS and 120 kHz SCS

   Alt.1: expressed in the number of PRBs based on 15 kHz regardless of number of PRBs allocated for SRS transmission

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 8M 

   Alt.2: expressed in terms of the number of PRBs allocated for SCS transmission

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = M 

   Alt.3: expressed in the number of PRBs based on 15 kHz SCS for sub-6GHz and based on 60 kHz SCS for above 6 GHz

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 2M 

Working Assumption:

· For PRACH/PUSCH/PUCCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the maximum pathloss including penetration loss difference between two UL carriers to be compensated is 76 dB.
· 76dB can be revisited in RAN1#91 if there is a technical issue
· Note: This maximum number is based on the assumption that the downlink carrier frequency can be up to 70GHz


	Aspects related to FDD

	Agreements:

· Same scheduling framework is supported for paired and non-paired spectra 
· Note: This applies to both slot based and non-slot (mini-slot) based scheduling

· Note: This includes that data transmission can be indicated with start symbol and duration

· Note: this also includes SFI

· Same HARQ framework is supported for paired and non-paired spectra

· Dynamic HARQ management is supported in the same way for both paired and non-paired spectra

· All PUCCH formats are supported for both paired and non-paired spectra

· Unless necessary, no intention to distinguish paired vs. non-paired spectra in the relevant specifications

Agreements:

· It is already possible to have an offset between DL and UL by using UL TA. 

· No additional specification impact is necessary

· Note: the finalizing the UL TA range of values will take into account the need of the offset

Conclusion:

· The UL carrier information is already in RMSI

· No additional spec impact is necessary




Outgoing LS is listed below.
· R1-1719165
Reply LS on NR minimum carrier bandwidth and SS block numerology
· R1-1719039
LS on UE minimum bandwidth
· R1-1719164
LS on NR Paging Mechanisms
· R1-1719219
LS reply to RAN4 on UE timing advance adjustment step size
· R1-1719214
Reply LS on RACH agreements

· R1-1719040
LS Reply on RSRP Measurements for Mobility in NR
· R1-1719218
LS on QCL assumption for RLM Reference Signal
· R1-1719044
LS on NR UL codebook for 4Tx
· R1-1719094
LS on Supportable RNTI Length on DCI
· R1-1719045
Response LS on power sharing for LTE-NR Dual connectivity
3. Work Plan
Support of eMBB and low latency part of URLLC
· RAN1 #91 in Nov. 2017

· Complete remaining issues on channel coding and modulation
· Complete all other physical layer aspects

· Complete physical layer channels for control and data based on associated waveform, numerologies and frame structure in line with the conclusions of the study item, including mini-slot design;

· Complete channel/signals related to random access, including multi-beam support;

· Complete downlink and uplink functionality related to multi-antenna transmission/reception enabling closed loop and open/semi-open loop transmissions, beam management, interference measurement, Type I codebook-based CSI acquisition and Type II CSI acquisition as well as CSI acquisition for reciprocity-based operation, the remaining associated reference signal designs, and related quasi-colocation assumptions
· Complete physical layer procedure(s) including 
· Procedures related to initial access, paging, and mobility;

· Scheduling /HARQ mechanisms.
· Complete remaining NR-LTE co-existence mechanisms

Support of ultra-reliable part of URLLC
· RAN1#90 in Aug. 2017 – RAN1 #91 in Nov. 2017

· Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN#76 

· RAN1 NR Ad-Hoc in Jan. 2018 – RAN1 #93 in May 2018
· Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques
In addition to the above work plan, specific physical layer-related parameters and completion time described in [4] should be taken into account. Also, the list above should follow the updated work plan in [5].
4. Conclusion
For information, this document provided the work plans for the NRWI. The plan shown in this document will be updated according to the progress and guidance from RAN.
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