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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document specifies and establishes the characteristics of the physicals layer procedures of data channels for 5G-NR.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 38.201: “NR; Physical Layer – General Description”

[3]
3GPP TS 38.202: “NR; Services provided by the physical layer”

[4]
3GPP TS 38.211: “NR; Physical channels and modulation”

[5]
3GPP TS 38.212: “NR; Multiplexing and channel coding”

[6]
3GPP TS 38.213: “NR; Physical layer procedures for control”

[7]
3GPP TS 38.215: “NR; Physical layer measurements”

[8] 
3GPP TS 38.101: “NR; User Equipment (UE) radio transmission and reception”

[9]
3GPP TS 38.104: “NR; Base Station (BS) radio transmission and reception”

[10] 
3GPP TS 38.321: “NR; Medium Access Control (MAC) protocol specification”

[11] 
3GPP TS 38.133: “NR; Requirements for support of radio resource management”

[12] 
3GPP TS 38.331: “NR; Radio Resource Control (RRC); Protocol specification”

[13] 
3GPP TS 38.306: “NR; User Equipment (UE) radio access capabilities”

[14] 
3GPP TS 38.423: “NG-RAN; Xn signalling transport”

3
Definitions, symbols and abbreviations
3.1
Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
CQI



Channel quality indicator

CP




Cyclic prefix

CRC



Cyclic redundancy version

CSI



Channel state information

CSI-RS


Channel state information reference signal

DCI



Downlink control information
DL




Downlink

DM-RS


Dedicated demodulation reference signals

MCS



Modulation and coding scheme
PDCCH


Physical downlink control channel

PDSCH


Physical downlink shared channel

PUCCH


Physical uplink control channel

QCL



Quasi-collocation

PMI



Precoding matrix indicator

PRB



Physical resource block

PRG



Physical resource block group

PT-RS



Phase-tracking reference signal
RB




Resource block

RBG



Resource block group

RIV



Resource indicator value

SRS



Sounding reference signal

TDM



Time division multiplexing

UE




User equipment

UL




Uplink
4
Power control
4.1
Power control for downlink 
The gNodeB determines the downlink transmit energy per resource element. 
For the purpose of SS block RSRP, RSRQ and RS-SINR measurements, the UE may assume downlink EPRE is constant across the configured bandwidth. For the purpose of SS block RSRP, RSRQ and RS-SINR measurements, the UE may assume downlink EPRE is constant over NR-PSS and NR-SSS carried in different SS blocks. For the purpose of SS block RSRP, RSRQ and RS-SINR measurements, the UE may assume fixed ratio of NR-SSS EPRE to NR-PBCH DMRS EPRE, where the ratio is defined per frequency band. 

For the purpose of CSI-RS RSRP and RSRQ measurements, the UE may assume downlink EPRE of a port of CSI-RS configuration is constant across the configured downlink bandwidth and constant across all configured OFDM symbols.
The downlink SS block NR-SSS EPRE can be derived from the SS block downlink transmit power given by the parameter [SSBreferenceSignalPower] provided by higher layers. The downlink reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry the NR-SSS within the operating system bandwidth. 
The CSI-reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry reference signals associated with the configured CSI-RS port /CSI-RS configuration.

5
Physical downlink shared channel related procedures

5.1
UE procedure for receiving the physical downlink shared channel

A UE shall upon detection of a PDCCH with a configured DCI format decode the corresponding PDSCHs as indicated by that DCI.

[If a UE is configured to decode PDCCH with the CRC scrambled with the [C-RNTI], the UE shall decode the PDCCH and corresponding PDSCH.] 



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




If a UE is configured with a number of additional DM-RS for PDSCH by higher-layer parameter [DL-DMRS-config-number], multiple DM-RS symbols are transmitted in a slot as defined in Subclause 7.4.1.1 of TS 38.211[4]. 

A UE may assume that the DM-RS ports configured with higher layer parameter [dmrs-group1] are quasi co-located (as defined in Subclause 4.3.1 of TS 38.211 [4]) with respect to delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial RX parameters.

If a UE is configured with the higher parameter DL-PTRS-present the UE may assume the PT-RS antenna ports’ presence and pattern are a function of the corresponding scheduled MCS and scheduled bandwidth as shown in Table 5.1-1 and Table 5.1-2.
Table 5.1-1: Time density of PT-RS as a function of scheduled MCS
	Scheduled MCS
	Time density(
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PTRS

l

)

	IMCS < ptrsthMCS1 
	PT-RS is not present

	ptrsthMCS1 <= IMCS < ptrsthMCS2
	present on every 4th symbol

	ptrsthMCS2 <= IMCS < ptrsthMCS3
	present on every 2nd symbol

	ptrsthMCS3 <= ptrsthMCS4
	present on every symbol


Table 5.1-2: Frequency density of PT-RS as a function of scheduled bandwidth
	Scheduled bandwidth
	Frequency density (
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	NRB < ptrsthRB0
	PT-RS is not present

	[ptrsthRB0 <= NRB < ptrsthRB1]
	[present on every RB]

	ptrsthRB0[1] <= NRB < ptrsthRB2
	present on every 2nd RB

	ptrsthRB2 <= NRB < ptrsthRB4
	present on every 4th RB

	[ptrsthRB4<= NRB < ptrsthRB8]
	[present on every 8th RB]


If a UE is configured with higher layer parameters [dmrs-group2] 
and DL-PTRS-present   , the UE may assume that the PT-RS antenna port [number TBD] is associated with the DM-RS antenna ports indicated in the [dmrs-group2] configuration with respect to [association parameters TBD].
If a UE is configured with the higher layer parameters DL-PTRS-present and dmrs-group2
, the PT-RS port is associated with the lowest indexed DM-RS antenna port among the configured DM-RS antenna ports indicated in the dmrs-group2 configuration for the PDSCH.
If a UE is configured with PT-RS and CSI-RS which overlap on the same REs, the overlapping PT-RS REs are assumed to be punctured. 
If the UE has received no SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1, and if the PDSCH resource allocation overlaps with the SS/PBCH block transmission resources the UE shall determine that PDSCH is rate matched around them.

If the UE has received a SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to the SSB-transmitted, and if the PDSCH resource allocation overlaps with the SS/PBCH block transmission resources the UE shall determine that PDSCH is rate matched around them.

5.1.1
Transmission schemes

5.1.1.1
Closed loop transmission scheme
For closed loop transmission scheme of the PDSCH, the UE may assume that a gNB transmission on the PDSCH would be performed with up to 8 transmission layers on antenna ports [1000-1011] as defined in Subclause 7.3.1.4 of TS 38.211 [4].

5.1.2
Resource allocation

5.1.2.1
Resource allocation in time domain

When the UE is scheduled to receive PDSCH by a DCI, 

-
The slot allocated for the PDSCH is determined as N+K, where N is the slot with the scheduling DCI, and

-
If the scheduling DCI format includes the [PDSCH slot timing] field, then K is as indicated by this field
-
Otherwise K is as configured by higher layer parameter DL-assignment-DL-data
· If the scheduling DCI includes the [PDSCH symbol timing] field, the UE shall use this field to determine the starting and ending symbols of the PDSCH allocation within the scheduled slot; otherwise, the UE shall determine the starting and ending symbols of the PDSCH allocation within the scheduled slot based on the higher layer parameter [TBD].
5.1.2.2
Resource allocation in frequency domain

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the detected PDCCH DCI. Two downlink resource allocation schemes type 0 and type 1 are supported.

The RB indexing for downlink type 0 and type 1 resource allocation is determined using [a common indexing scheme] or based on the carrier bandwidth part for the PDSCH.

When the RB indexing is determined based on the carrier bandwidth part for the PDSCH, the UE shall upon detection of PDCCH intended for the UE determine first the downlink carrier bandwidth part and then the resource allocation within the carrier bandwidth part.
5.1.2.2.1
Downlink resource allocation type 0
In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of P consecutive physical resource blocks and it can be one of the values among {2, 4, 8, 16
}. 

The total number of RBGs (
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 are mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
5.1.2.2.2
Downlink resource allocation type 1

In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated [virtual resource blocks]. 
A downlink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting resource block (
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5.1.2.2.3
Frequency domain multiplexing of PDCCH and PDSCH
If a UE is configured with higher layer parameter [rate_match_resources], and the PDSCH resource allocation overlaps with the resources indicated by [rate_match_resources], the UE shall determine from the DCI whether the PDSCH occupies these resources, or is rate matched around them.

If the PDSCH resource allocation overlaps with the resources carrying the PDCCH scheduling the PDSCH, the UE shall assume that the PDSCH is rate-matched around this PDCCH.
5.1.2.3

Physical resource block (PRB) bundling
A UE may assume that precoding granularity is multiple resource blocks in the frequency domain. 
Precoding Resource block Group (PRGs) of size 
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5.1.3
Modulation order and transport block size determination

5.1.4
PDSCH resource mapping with antenna ports quasi-colocation
A UE can be configured up to [8] TCI-Statesby higher layer signalling to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell. The UE shall use the TCI-States according to the value of the [Transmission Configuration Indication] field (mapping defined in Table 5.1.4-1) in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. Each configured TCI state includes one RS set TCI-RS-SetConfig. Each TCI-RS-SetConfig contains parameters for configuring QCL relationship between the RSs in the RS set and the DMRS port group of the PDSCH. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are [spatially] quasi co-located with the RSs in the RS set given by the indicated TCI state. 
Table 5.1.4-1: PDCSH Quasi-Co-Location Indicator field in DCI

	Value of 'Transmission Configuration Indication' field
	Description

	'000'
	TCI-RS-SetConfig[0]

	…
	

	'int2bin([7])'
	TCI-RS-SetConfig[7]


5.2
UE procedure for reporting channel state information (CSI)

The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB.  CSI consists of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), and/or rank indication (RI).  
For CSI acquisition and beam management
, a UE is configured by higher layers with N≥1 ReportConfig CSI Reporting Settings, M≥1 ResourceConfig CSI Resource Settings and a single MeasConfig measurement setting containing L≥1 Links.  

Each CSI Reporting Setting ReportConfig contains the reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, and measurement restriction configurations. Each ReportConfig contains a ReportConfigID to identify the ReportConfig, a ReportConfigType to specify the time domain behavior of the report (either aperiodic, semi-persistent, or periodic), a ReportQuantity to indicate the CSI-related quantities to report, a ReportFreqGranularity to indicate the reporting granularity in the frequency domain.  For periodic/semi-persistent reporting, a ReportConfig contains a ReportSlotConfig to specify the periodicity and slot offset.  For aperiodic reporting, a ReportConfig contains an AperiodicReportSlotOffset to specify a set of allowed values of the timing offset for aperiodic reporting (a particular value is indicated in DCI).  The ReportFreqGranularity contains parameters to enable configuration of at least subband or wideband PMI and CQI reporting separately.  The ReportConfig can also contain MeasRestrictionConfig-time-channel to specify parameters to enable configuration of time domain measurement restriction for channel.  The ReportConfig can also contain MeasRestrictionConfig-time-interference to specify parameters to enable separate configuration of time domain measurement restriction for interference.  The ReportConfig can also contain CodebookConfig, which contains configuration parameters for Type-I or Type II CSI including codebook subset restriction.
Each CSI Resource Setting ResourceConfig contains a configuration of S≥1 CSI-RS Resource Sets (higher layer parameter ResourceSetConfig). Each set s contains Ks ≥1 CSI-RS resources (higher layer parameter CSI-RS-ResourceConfig) each of which include at least mapping to REs, number of ports and time-domain behavior as described in Subclause 5.2.1.3.1. The allowable antenna port values and resource mapping patterns are given in Subclause 7.4.1.5 of TS 38.211 [4]. The time domain behavior of the CSI-RS resources which are part of sets within a CSI-RS Resource Setting are indicated by the higher layer parameter ResourceConfigType and can be aperiodic or, periodic or semi-persistent. The following parameters are configured via higher layer signaling for one or more CSI resource setting for channel and interference measurement:

-
Zero-power CSI RS Configuration [(see Table [TBD] in TS 38.211 [4])]

-
Non-zero power CSI RS Configuration [see Table [TBD] in TS 38.211 [4]]

Each Link MeasLinkConfig in the higher layer-configured CSI measurement setting contains the CSI Reporting Setting indication, CSI Resource Setting Indication, and MeasQuantity an indication of the quantity to be measured which can be either channel measurement or interference measurement. A MeasConfig contains a list of reporting configurations (ReportConfigList), a list of resource configurations (ResourceConfigList), and a list of link configurations (MeasLinkConfigList).  ReportConfigMax indicates the maximum number of report configurations, ResourceConfigMax indicates the maximum number of resource configurations, MeasLinkConfigMax indicates the maximum number of link configurations, ResourceSetMax indicates the maximum number of resources sets per resource configuration, CSI-RS-ResourcePerSetMax indicates the maximum number of CSI-RS resources per resource set, CSI-RS-ResourceMax indicates the maximum number of CSI-RS resources, and AperiodicReportTrigger contains trigger states for dynamically selecting one or more aperiodic reporting configurations.   

One or multiple CSI Reporting Settings ReportConfig are dynamically selected by L1 or L2 signaling 
from the N higher layer-configured CSI Reporting Settings.  One or multiple CSI Resources Sets are dynamically selected by L1 or L2 signaling from the M higher layer-configured CSI Resource Sets.  One or multiple CSI Resources are dynamically selected by L1 or L2 signaling from at least one CSI Resource Sets.  

The CSI Reporting configuration can be aperiodic (using PUSCH), periodic (using PUCCH) or semi-persistent (using [PUCCH, PUSCH, TBD]).  The CSI-RS Resources can be periodic, semi-persistent, or aperiodic. Table 5.2-1 shows the supported combinations of CSI Reporting configurations and CSI Resource configurations and how the CSI Reporting is triggered for each CSI-RS configuration.  Periodic CSI-RS is configured by higher layers.  Semi-persistent CSI-RS is activated and deactivated by [MAC CE and/or DCI, TBD].  Aperiodic CSI-RS is activated and deactivated by [MAC CE and/or DCI, TBD].  

Table 5.2-1: Triggering of CSI Reporting for the possible CSI-RS Configurations.

	CSI-RS Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	Higher layers
	[MAC CE and/or DCI, TBD]
	DCI

	Semi-Persistent CSI-RS
	Not Supported
	[MAC CE and/or DCI, TBD]
	DCI

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	DCI


The ReportFreqGranularity contained in a ReportConfig indicates the frequency granularity of the CSI Report.  For CSI reporting, a subband is defined as N contiguous PRBs, the value of N depends on the bandwidth of the active bandwidth part.  [TBD if value of N is fixed for a certain bandwidth or configurable from a set of values or if it depends on RBG /PRG size. ].  A CSI reporting setting configuration defines a CSI reporting band as a subset of subbands of the bandwidth part, and following information is configured in CSI reporting setting: 
· Single / Multiple CQI: Single CQI is reported per CW for the entire CSI reporting band, if single CQI is configured.  CQI per CW per subband is reported for each subband in the CSI reporting band if multiple CQI is configured

· Single / Multiple PMI: Single PMI is reported for the entire CSI reporting band, if single PMI is configured. PMI (only i2 for > 2 TX) is reported for each subband in the CSI reporting band, if multiple PMI is configured.  
The UE is not expected to be configured with a CSI reporting band which contains subbands where RSs for channel and interference are not present.  The subset of subbands can be configured to be contiguous or non-contiguous.   
5.2.1
Channel state information
5.2.1.1
Channel quality indicator (CQI) 
Based on an unrestricted observation interval in time unless specified otherwise in this Subclause, [and an unrestricted observation interval in frequency-TBD], the UE shall derive for each CQI value reported in uplink slot n the highest CQI index between 1 and [TBD] in Table [TBD] which satisfies the following condition:

-
A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding [TBD].  
If a UE is not configured with higher layer parameter MeasRestrictionConfig-time-channel, the UE shall derive the channel measurements for computing CSI reported in uplink slot n and corresponding to the MeasLinkConfig, based on only the non-zero power CSI-RS (defined in TS 38.211[4]) within a configured MeasLinkConfig associated with the CSI resource setting. 
If a UE is configured with higher layer parameter MeasRestrictionConfig-time-channel, the UE shall derive the channel measurements for computing CSI reported in uplink slot n and corresponding to the MeasLinkConfig, based on only the most recent, no later than the CSI reference resource, occasion of non-zero power CSI-RS (defined in TS 38.211[4]) within a configured MeasLinkConfig associated with the CSI resource setting. 
If a UE is configured with higher layer parameter MeasRestrictionConfig-time-interference the UE shall derive the interference measurements for computing the CQI value reported in uplink slot n and corresponding to the MeasLinkConfig in the CSI measurement setting, based on the most recent, no later than the CSI reference resource, configured MeasLinkConfig associated with the CSI resource setting. 
5.2.1.2
Precoding matrix indicator (PMI) 
5.2.1.2.1 
Type I Single-Panel Codebook
For 2 antenna ports [port #’s to be added], and the UE configured with higher layer parameter CodebookType set to ‘TypeI-SinglePanel’ each PMI value corresponds to a codebook index given in Table 5.2.1.2.1-1. The UE is configured with the higher layer parameter CodebookSubsetRestriction.  The bitmap parameter CodebookSubsetRestriction forms the bit sequence 
[image: image23.wmf]510

,...,,

aaa

 where 
[image: image24.wmf]0

a

 is the LSB and 
[image: image25.wmf]5

a

 is the MSB and where a bit value of zero indicates that PMI reporting is not allowed to correspond to the precoder associated with the bit.  Bits 0 to 3 are associated respectively with the codebook indices 0 to 3 for 
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Table 5.2.1.2.1-1: Codebooks for 1-layer and 2-layer CSI reporting using antenna ports [3000 to 3001]

	Codebook index

	Number of layers 
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Table 5.2.1.2.1-5: Codebook for 1-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
	CodebookMode = 1
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Table 5.2.1.2.1-6: Codebook for 2-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
	CodebookMode = 1
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Table 5.2.1.2.1-7: Codebook for 3-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
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Table 5.2.1.2.1-8: Codebook for 4-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
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Table 5.2.1.2.1-9: Codebook for 5-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
	CodebookMode = 1-2
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Table 5.2.1.2.1-10: Codebook for 6-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
	CodebookMode = 1-2
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Table 5.2.1.2.1-11: Codebook for 7-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
	CodebookMode = 1-2
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Table 5.2.1.2.1-12: Codebook for 8-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
	CodebookMode = 1-2
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5.2.1.2.2 
Type I Multi-Panel Codebook
For 8 antenna ports [port #’s to be added], 16 antenna ports [port #’s to be added], and 32 antenna ports [port #’s to be added], and the UE configured with higher layer parameter CodebookType set to ’TypeI-MultiPanel’,
-
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When CodebookMode is set to ’2’, 
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The mapping from 
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The codebooks for 1-4 layers are given respectively in Tables 5.2.1.2.2-3, 5.2.1.2.2-4, 5.2.1.2.2-5, and 5.2.1.2.2-6.

Table 5.2.1.2.2-3: Codebook for 1-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
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Table 5.2.1.2.2-4: Codebook for 2-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
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Table 5.2.1.2.2-5: Codebook for 3-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
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Table 5.2.1.2.2-6: Codebook for 4-layer CSI reporting using antenna ports [3000 to 2999+PCSI-RS]
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5.2.1.2.3 
Type II Codebook
For 4 antenna ports [port #’s to be added], 8 antenna ports [port #’s to be added], 12 antenna ports [port #’s to be added], 16 antenna ports [port #’s to be added], 24 antenna ports [port #’s to be added], and 32 antenna ports [port #’s to be added], and the UE configured with higher layer parameter CodebookType is set to ‘TypeII’
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 vectors combined by the codebook are identified by the indices 
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Table 5.2.1.2.3-4: Full resolution subband coefficients when SubbandAmplitude is set to ‘ON’
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Table 5.2.1.2.3-5: Codebook for 1-layer and 2-layer CSI reporting using antenna ports [3000 to 2999+PCSI‑RS]
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5.2.1.2.4 
Type II Port Selection Codebook
For 4 antenna ports [port #’s to be added], 8 antenna ports [port #’s to be added], 12 antenna ports [port #’s to be added], 16 antenna ports [port #’s to be added], 24 antenna ports [port #’s to be added], and 32 antenna ports [port #’s to be added], and the UE configured with higher layer parameter CodebookType is set to ‘TypeII-PortSelection’
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The UE is configured with the higher layer parameter SubbandAmplitude set to [WBAmplitude] or [WB+SBAmplitude].
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The phase coefficient indicators are 
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-
The indicators 
[image: image934.wmf]1,3,

(1)

,

7

l

li

k

=

, 
[image: image935.wmf]1,3,

(2)

,

1

l

li

k

=

, and 
[image: image936.wmf]1,3,

,

0

l

li

c

=

 (
[image: image937.wmf]1,,

l

u

=

K

).  
[image: image938.wmf]1,3,

(1)

,

l

li

k

, 
[image: image939.wmf]1,3,

(2)

,

l

li

k

, and 
[image: image940.wmf]1,3,

,

l

li

c

 are not reported for 
[image: image941.wmf]1,,

l

u

=

K

.

-
The remaining 
[image: image942.wmf]21

L

-

 elements of 
[image: image943.wmf]1,4,1

i

 (
[image: image944.wmf]1,,

l

u

=

K

) are reported, where 
[image: image945.wmf]{

}

(1)

,

0,1,,7

li

k

Î

K

. Let 
[image: image946.wmf]l

M

 (
[image: image947.wmf]1,,

l

u

=

K

) be the number of elements of 
[image: image948.wmf]1,4,1

i

 that satisfy 
[image: image949.wmf](1)

,

0

li

k

>

.
-
The remaining 
[image: image950.wmf]21

L

-

 elements of 
[image: image951.wmf]2,1,

l

i

 and 
[image: image952.wmf]2,2,

l

i

 (
[image: image953.wmf]1,,

l

u

=

K

) are reported as follows:

-
When SubbandAmplitude is set to ‘OFF’,

-

[image: image954.wmf](2)

,

1

li

k

=

 for 
[image: image955.wmf]1,,

l

u

=

K

, and 
[image: image956.wmf]0,1,,21

iL

=-

K

.  
[image: image957.wmf]2,2,

l

i

 is not reported for 
[image: image958.wmf]1,,

l

u

=

K

.

-
For 
[image: image959.wmf]1,,

l

u

=

K

, the 
[image: image960.wmf]1

l

M

-

 elements of 
[image: image961.wmf]2,1,

l

i

 corresponding to the coefficients that satisfy 
[image: image962.wmf](1)

,

0

li

k

>

, 
[image: image963.wmf]1,3,

l

ii

¹

, as determined by the reported elements of 
[image: image964.wmf]1,4,

l

i

, are reported, where 
[image: image965.wmf]{

}

,PSK

0,1,,1

li

cN

Î-

K

 and the remaining 
[image: image966.wmf]2

l

LM

-

 elements of 
[image: image967.wmf]2,1,

l

i

 are not reported and are set to 
[image: image968.wmf],

0

li

c

=

.
-
When SubbandAmplitude is set to ‘ON’,
-
For 
[image: image969.wmf]1,,

l

u

=

K

, the elements of 
[image: image970.wmf]2,2,

l

i

 and 
[image: image971.wmf]2,1,

l

i

 corresponding to the 
[image: image972.wmf](

)

(2)

min,1

l

MK

-


 strongest coefficients (excluding the strongest coefficient indicated by
[image: image974.wmf]1,3,

l

i

), as determined by the corresponding reported elements of 
[image: image975.wmf]1,4,

l

i

, are reported, where 
[image: image976.wmf]{

}

(2)

,

0,1

li

k

Î

and 
[image: image977.wmf]{

}

,PSK

0,1,,1

li

cN

Î-

K

.  The values of 
[image: image978.wmf](2)

K

 are given in Table 5.2.1.2.3-4.  The remaining 

[image: image980.wmf](

)

(2)

2min,

l

LMK

-

 elements of 
[image: image981.wmf]2,2,

l

i

 are not reported and are set to 
[image: image982.wmf](2)

,

1

li

k

=

.  The elements of 
[image: image983.wmf]2,1,

l

i

 corresponding to the 
[image: image984.wmf](

)

(2)

min,

ll

MMK

-

 weakest non-zero coefficients are reported, where 
[image: image985.wmf]{

}

,

0,1,2,3

li

c

Î

. The remaining 
[image: image986.wmf]2

l

LM

-


 elements of 
[image: image988.wmf]2,1,

l

i

 are not reported and are set to 
[image: image989.wmf],

0

li

c

=

.

-
When two elements, 
[image: image991.wmf](1)

,

lx

k

 and 
[image: image992.wmf](1)

,

ly

k

, of the reported elements of 
[image: image993.wmf]1,4,

l

i

 are identical (
[image: image994.wmf](1)(1)

,,

lxly

kk

=

), then element 
[image: image995.wmf](

)

min,

xy

 is prioritized to be included in the set of the 
[image: image996.wmf](

)

(2)

min,1

l

MK

-


 strongest coefficients for 
[image: image998.wmf]2,1,

l

i

 and 
[image: image999.wmf]2,2,

l

i

 (
[image: image1000.wmf]1,,

l

u

=

K

) reporting.

The codebooks for 1-2 layers are given in Table 5.2.1.2.4-1, where the quantity 
[image: image1001.wmf],

li

j

 is given by




[image: image1003.wmf](

)

(

)

,PSK

,PSK

,

2

2

(1)

(2)

1,3,

,

,

24

(2)

'OFF'

'ON', min, strongest coefficients (inclu

ding ) with 0

'ON', min, weakest coeff

li

li

li

jcN

jcN

ll

li

li

jc

ll

eSubbandAmplitude

eSubbandAmplitude=MKik

eSubbandAmplitude=MMK

p

p

p

j

=

>

=

-

(1)

,

(1)

,

icients with 0

1'ON', 2 coefficients with 0

li

l

li

k

SubbandAmplitude=LMk

ì

ï

ï

ï

í

>

ï

ï

ï

-=

î


and 
[image: image1004.wmf]m

v

 is a 
[image: image1005.wmf]CSI-RS

2

P

-element column vector containing a value of 1 in element 
[image: image1006.wmf](

)

CSI-RS

mod2

mP

 and zeros elsewhere (where the first element is element 0).

Table 5.2.1.2.4-1: Codebook for 1-layer and 2-layer CSI reporting using antenna ports [3000 to 2999+PCSI‑RS]
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5.2.1.3
Reference signal (CSI-RS) 
5.2.1.3.1
CSI-RS

The UE can be configured with one or more CSI-RS resource set configuration(s) as indicated by the higher layer parameter ResourceSetConfig Each resource set consists of K≥1 non-zero power [or zero power transmission power resources].. 
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via higher layer parameter CSI-RS-ResourceConfig for each CSI-RS resource configuration
:

-
CSI-RS resource configuration identify, defined as CSI-RS-ResourceConfigId .
-
Number of CSI-RS ports as defined by NrofPorts, where the allowable values are given in ,Subclause 7.4.1.5 of TS 38.211 [4].
-
CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS as defined by CSI-RS-timeConfig.. 
-
CSI-RS-ResourceMapping, the allowable port mappings are given in Subclause 7.4.1.5 of TS 38.211 [4].
-
CSI-RS frequency density as defined by CSI-RS-Density, where the allowable values are given in Subclause 7.4.1.5 of TS 38.211 [4].
-
CDMType parameter, where the allowable values are given in Subclause 7.4.1.5 of TS 38.211 [4].
-
CSI-RS-FreqBand parameters enabling configuration of wideband and partial band CSI-RS as defined in Subclause 7.4.1.5 of TS 38.211 [4].
-
Pc: which is the assumed ratio of PDSCH EPRE to non-zero power CSI-RS EPRE when UE derives CSI feedback.

-
ScramblingID:
5.2.1.3.2
CSI-RS activation/deactivation
5.2.2
CSI reporting using PUSCH

A UE shall perform aperiodic CSI reporting using PUSCH in slot n+Y on serving cell c upon decoding in slot n an uplink DCI format for serving cell c, where Y is indicated in the decoded uplink DCI.  The higher layers-configured CSI Reporting Setting Indication is also indicated in the decoded uplink DCI and the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. An aperiodic CSI report carried on the PUSCH supports wideband, partial band, and sub-band frequency granularities.  An aperiodic CSI report carried on the PUSCH supports Type I and Type II CSI.
A UE shall perform semi-persistent CSI reporting on the PUSCH upon decoding an uplink DCI format. The uplink DCI format will contain one or more CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. Semi-persistent CSI reporting on the PUSCH supports Type I and Type II CSI with wideband, partial band, and sub-band frequency granularities. The PUSCH resources and MCS shall be allocated semi-persistently by an uplink DCI.
CSI reporting on PUSCH can be multiplexed with uplink data on PUSCH.  CSI reporting on PUSCH can also be performed without any multiplexing with uplink data from the UE. 
For CSI reporting on PUSCH, multiplexing of CSI parameters across more than one slot is not supported

Type I CSI feedback is supported for CSI Reporting on PUSCH. Type I subband CSI is supported for CSI Reporting on the PUSCH. Type II CSI is supported for CSI Reporting on the PUSCH.
For Type I CSI feedback on PUSCH, a CSI report comprises up to two parts. The first part contains RI/CRI, CQI for the first codeword.  The second part contains PMI and contains the CQI for the second codeword when RI>4.  

For Type II CSI feedback on PUSCH, a CSI report comprises up to two parts. Part 1 is used to identify the number of information bits in Part 2.  Part 1 shall be transmitted in its entirety before Part 2 and may be used to identify the number of information bits in Part 2.  Part 1 has a fixed payload size and contains RI, CQI, and an indication of the number of non-zero wideband amplitude coefficients per layer for the Type II CSI (see sub-clause 5.2.1).  Part 2 contains the remaining Type II CSI.  Part 1 and 2 are separately encoded. [ For Part 2, the CSI for some of the subbands may be omitted – TBD].  A Type II CSI report that is carried on the PUSCH shall be computed independently from any Type II CSI report that is carried on the Long PUCCH (see sub-clause 5.2.3 and 5.2.1).   

5.2.3
CSI reporting using PUCCH
A UE is semi-statically configured by higher layers to perform periodic CSI Reporting on the PUCCH.  A UE can be configured by higher layers for multiple periodic CSI Reports corresponding to one or more higher layer configured CSI Reporting Setting Indications, where the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. Periodic CSI reporting on the short and the long PUCCH supports wideband and partial band frequency granularities.  Periodic CSI reporting on the PUCCH supports Type I CSI. 

A UE shall perform semi-persistent CSI reporting on the PUCCH upon decoding [ an uplink DCI format and/or decoding a MAC CE (one or both are TBD)].  The uplink DCI format or the MAC CE will contain one or more CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. Semi-persistent CSI reporting on the PUCCH supports Type I CSI. Semi-persistent CSI reporting on the Short PUCCH supports Type I CSI with wideband and partial band frequency granularities. Semi-persistent CSI reporting on the Long PUCCH supports Type I Subband CSI and Type I CSI with wideband and partial band frequency granularities. 
Periodic CSI reporting on the short and long PUCCH supports wideband and partial band frequency granualrities. Periodic CSI reporting on the PUCCH supports Type I CSI. When the short and long PUCCH carry Type I CSI with wideband and partial band frequency granularity, the CSI payload carried by the short PUCCH and long PUCCH are identical and the same irrespective of RI/CRI.  For type I CSI sub-band reporting, the payload is split into two parts, [details TBD], where Part 1 contains CRI/RI and is decoded first to determine the payload of Part 2 which contains the PMI/CQI.  

A UE shall perform aperiodic CSI reporting using the short PUCCH in slot n+Y on serving cell c upon decoding in slot n an uplink DCI format for serving cell c, where Y is indicated in the decoded uplink DCI.  The value of Y can be 0 [and can be greater than 0].  The higher layers-configured CSI Reporting Setting Indication is also indicated in the decoded uplink DCI and the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. An aperiodic CSI report carried on the Short [ and Long] PUCCH supports CSI Type I with wideband, and partial band frequency granularities.  

A [periodic / aperiodic / semi-persistent – TBD ] report carried on the Long PUCCH supports Type II CSI feedback, but only Part 1 of Type II CSI feedback (See sub-clause 5.2.1 and 5.2.2).  Supporting Type II CSI reporting on the Long PUCCH is a UE capability.  A Type II CSI report (Part 1 only ) carried on the Long PUCCH shall be calculated independently of any Type II CSI reports carried on the PUSCH (see sub-clause 5.2.2).  
For CSI reporting on PUCCH, multiplexing of CSI parameters across more than one slot is not supported.  

6
Physical uplink shared channel related procedure

6.1
UE procedure for transmitting the physical uplink shared channel

6.1.1
Transmission schemes
Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission.

For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured it is used to indicate the preferred precoder over the SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of 38.211 [4].

For non-codebook based transmission, the UE determines its PUSCH precoder based on wideband SRI field from the DCI. The UE shall use multiple SRS resources with multiple SRS ports for SRS transmission. One SRS port per SRS resource is configured.
6.1.2
Resource allocation 

6.1.2.1
Resource allocation in time domain
 
When the UE is scheduled to transmit PUSCH by a DCI,

-
The UE shall transmit the PUSCH in a slot N+K, where N is the slot with the scheduling DCI, and
-
If the scheduling DCI format includes the [PUSCH slot timing] field, then K is as indicated by this field
-
Otherwise K is as configured by higher layer parameter UL-assignment-UL-data 
· If the scheduling DCI includes the [PUSCH symbol timing] field, the UE shall use this field to determine the starting and ending symbols of the PUSCH transmission within the scheduled slot; otherwise, the UE shall determine the starting and ending symbols of the PUSCH transmission within the scheduled slot based on the higher layer parameter [TBD].
A PUSCH transmission can be dynamically scheduled by an UL grant in a DCI, or non dynamically scheduled according to higher layer parameter UL-TWG-type1 or UL-TWG-type2. where in case of UL-TWG-type1 configuration, the PUSCH transmissions follow the received configuration, and in case of UL-TWG-type2 configuration, the first PUSCH transmission is dynamically scheduled by an UL grant in a DCI after which the PUSCH transmissions follow the received configuration and grant.
6.1.2.2
Resource allocation in frequency domain

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the detected PDCCH DCI. Two uplink resource allocation schemes type 0 and type 1 are supported. Uplink resource allocation scheme type 0 is supported for OFDM-based PUSCH. Uplink resource allocation scheme type 1 is supported for PUSCH for both cases when transform precoding is enabled or disabled
The RB indexing for uplink type 0 and type 1 resource allocation is determined using [a common indexing scheme] or based on the carrier bandwidth part for the PUSCH.

When the RB indexing is determined based on the carrier bandwidth part for the PUSCH, the UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part and then the resource allocation within the carrier bandwidth part.
6.1.2.2.1
Uplink resource allocation type 0

In uplink resource allocation of type 0, resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks. The size of a RBG is denoted as P, and it can be one of the values among {2, 4, 8, 16}. 

The total number of RBGs (
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 are mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
6.1.2.2.2
Uplink resource allocation type 1

In uplink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated physical resource blocks. 
An uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting resource block (
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6.1.3
Modulation order, redundancy version and transport block size determination

6.2
UE reference symbol (RS) procedure

6.2.1
UE sounding procedure

The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSetConfig. For each SRS resource set, a UE may be configured with 
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SRS resources (higher later parameter SRS-ResourceConfig), where the maximum value of K is indicated by [SRS_capability [13, 38.306]].

A UE shall transmit SRS resources based on the following trigger types: 

-
[trigger type 0: higher layer signalling]
 
-
trigger type 1: DCI formats [TBD]
For a UE configured with one or more SRS resource configuration(s), 

-
when a UE receives an activation command [MAC spec citation, 38.321] for SRS resource(s) in slot n, the corresponding actions in [MAC spec citation, 38.321] and the UE assumptions on SRS transmission corresponding to the configured SRS resource configuration(s) shall be applied no later than the minimum requirement defined in [10, 38.133 RRM spec]. 

-
when a UE receives a deactivation command [MAC spec citation, 38.321] for activated SRS resource(s) in slot n, the corresponding actions in [MAC spec citation, 38.321] and UE assumption on cessation of SRS transmission corresponding to the deactivated SRS resource(s) shall apply no later than the minimum requirement defined in [11, 38.133 RRM spec]. 

For trigger type 1, at least one state of the DCI field is used to select at least one out of the configured SRS resources.
The following SRS parameters are semi-statically configurable by higher layer parameter SRS-ResourceConfig for [trigger type 0 and] for trigger type 1.
-
Number of SRS ports as defined by the higher layer parameter NrofSRS-Ports in Subclause 6.4.1.4 of [4] [for trigger type 0 and] trigger type 1.
-
Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter SRS-ResourceConfigType, which can be periodic, semi-persistent, aperiodic SRS transmission as defined in subclause 6.4.1.4 of [4].
-
Slot level periodicity and slot level offset as defined by the higher layer parameter SRS-SlotConfig in Subclause 6.4.1.4 of [4]. 

-    OFDM symbol location of the SRS resource within a slot including number of OFDM symbols as defined by the higher layer parameter SRS-ResourceMapping in Subclause 6.4.1.4 of [4] [for trigger type 0 and] trigger type 1.
-
Wideband or Partial band as defined by the higher layer parameter SRS-FreqBand in Subclause 6.4.1.4 of [4] [for trigger type 0 and] trigger type 1.
- 
Transmission comb value and comb offset as defined by the higher layer parameter SRS-TransmissionComb in Subclause 6.4.1.4 of [4] [for trigger type 0 and] trigger type 1.
-
SRS sequence ID as defined by the higher layer parameter SRS-SequenceId in Subclause 6.4.1.4 of [4] for [trigger type 0 and] trigger type 1.

The SRS and short PUCCH with format 1are transmitted by TDM if the higher layer parameter PUCCHSRS-SimultaneousTransmission is TRUE, otherwise
 the SRS or short PUCCH are dropped if the higher layer parameter PUCCHSRS-SimultaneousTransmission is FALSE. 
A UE may be configured to transmit one or more precoded SRS on configured SRS resource(s), where the transmission of precoded SRS is based on precoder determination on the downlink reference signal(s) or the SRS precoder(s) may be indicated based on SRI.




	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


6.3
UE PUSCH hopping procedure

When transform precoding is enabled for PUSCH transmission, the UE shall perform, at least for the 14-symbol slot, PUSCH frequency hopping if the frequency hopping field in the corresponding detected PDCCH DCI format is set to 1; otherwise no PUSCH frequency hopping is performed.
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