3GPP TS 38.214 V0.0.1 (2017-07)
Technical Specification

3rd Generation Partnership Project;

Technical Specification Group Radio Access Network;

NR;
Physical layer procedures for data 
(Release 15)
  [image: image1.jpg]s




[image: image2.png]=

A GLOBAL INITIATIVE




The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP..
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
This Specification is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and Reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.

Keywords

3GPP, New Radio
3GPP

Postal address

3GPP support office address

650 Route des Lucioles - Sophia Antipolis

Valbonne - FRANCE

Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 47 16

Internet

http://www.3gpp.org

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© 2017, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).

All rights reserved.
UMTS™ is a Trade Mark of ETSI registered for the benefit of its members

3GPP™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
LTE™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
GSM® and the GSM logo are registered and owned by the GSM Association

Contents

4Foreword

1
Scope
5
2
References
5
3
Definitions, symbols and abbreviations
6
3.1
Definitions
6
3.2
Symbols
6
3.3
Abbreviations
6
4
Power control
6
4.1
Power control for downlink
6
5
Physical downlink shared channel related procedures
6
5.1
UE procedure for receiving the physical downlink shared channel
6
5.1.1
Transmission schemes
7
5.1.1.1
  Up to 8 layer transmission scheme
7
5.1.2
Resource allocation
7
5.1.2.1
Resource allocation in time domain
7
If the detected PDCCH DCI format includes a field indicating the duration of the PDSCH, the UE shall use the corresponding field to determine the duration of the PDSCH; otherwise, the UE shall determine the duration of the PDSCH based on the higher layer signalling.
7
5.1.2.2
Resource allocation in frequency domain
7
5.1.2.2.1
Downlink resource allocation type 0
8
5.1.2.2.2
Downlink resource allocation type 1
8
5.1.2.3
 Physical Resource Block (PRB) bundling
8
5.1.3 
Modulation order and transport block size determination
9
5.1.4 
PDSCH resource mapping with antenna ports quasi-colocation
9
5.2 
UE procedure for reporting Channel State Information (CSI)
9
5.2.1
Channel State Information
10
5.2.1.1
Channel Quality Indicator (CQI)
10
5.2.1.2
Precoding Matrix Indicator (PMI) 
10
5.2.1.3
Reference Signal (CSI-RS)
16
5.2.1.3.1
CSI-RS
16
5.2.1.3.2 
CSI-RS activation/deactivation
16
5.2.2
CSI Reporting using PUSCH
16
5.2.3
CSI Reporting using PUCCH
17
6
Physical uplink shared channel related procedure
17
6.1
UE procedure for transmitting the physical uplink shared channel
17
6.1.1
Transmission schemes
17
6.1.2
Resource allocation
17
6.1.2.1
 Resource allocation in time domain
17
6.1.2.2
Resource allocation in frequency domain
17
6.1.2.2.1
Uplink resource allocation type 0
17
6.1.2.2.2
 Uplink resource allocation type 1
18
6.1.3
Modulation order, redundancy version and transport block size determination
18
6.2
UE Reference Symbol (RS) procedure
18
6.2.1
UE sounding procedure
18
6.3
UE PUSCH hopping procedure
19
Annex A (informative): Change history
20


































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].
4
Power control
4.1
Power control for downlink 
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 any corresponding PDSCH according to respective combinations defined in Table 5.1-1. The scrambling initialization of these PDSCHs is determined by [C-RNTI].

Table 5.1-1: PDCCH and PDSCH configured by [C-RNTI]
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	DCI format [TBD]
	[TBD]
	up to 8 layer transmission, ports [1xxx] (see Subclause 5.1.1)


A UE may assume that the DMRS ports configured with higher layer parameter [dmrs-group] are quasi co-located (as defined in Subclause 4.3.1 of TS 38.211 [3]) with respect to delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial properties.

If a UE is configured by higher layers with receiving [PT-RS
], the UE may assume the [PT-RS] antenna ports presence is a function of the corresponding scheduled MCS and scheduled bandwidth as shown in Table 5.1-2 and Table 5.1-3. 
Table 5.1-2: Time density of [PT-RS] as a function of scheduled MCS
	Scheduled MCS
	Time density(
[image: image3.wmf]step
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)

	IMCS < ptrsthMCS1 
	[PT-RS] is not present

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

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

	ptrsthMCS3 <= IMCS
	present on every symbol


Table 5.1-3: Frequency density of [PT-RS] as a function of scheduled bandwidth
	Scheduled bandwidth
	Frequency density (
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	NPRB < ptrsthRB0
	[PT-RS] is not present

	[ptrsthRB0 <= NPRB < ptrsthRB1]
	[present on every PRB]

	ptrsthRB0[1] <= NPRB < ptrsthRB2
	present on every 2nd PRB

	ptrsthRB2 <= NPRB < ptrsthRB4
	present on every 4th PRB

	[ptrsthRB4<= NPRB < ptrsthRB8]
	[present on every 8th PRB]


If a UE is configured with higher layer parameter [dmrs-group] and in case [PT-RS] antenna ports are present, the UE may assume that the [PT-RS] antenna port [number TBD] is associated with the DMRS antenna ports indicated in the dmrs-group configuration with respect to [association parameters TBD]

5.1.1
Transmission schemes
5.1.1.1


Up to 8 layer transmission scheme
For up to 8 layer 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 [1xxx] as defined in Subclause 7.3.1.4 of 3GPP TS 38.211 [4].
5.1.2
Resource allocation
5.1.2.1
Resource allocation in time domain
The UE shall determine the starting symbol of the PDSCH based on [TBD]. 
If the detected PDCCH DCI format includes a field indicating the duration of the PDSCH, the UE shall use the corresponding field to determine the duration of the PDSCH; otherwise, the UE shall determine the duration of the PDSCH based on the higher layer signalling.
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, [3,] 4, [6,] 8, 16
}. 

The total number of RBGs (
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bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency. The order of RBG to bitmap bit mapping is such that RBG 0 to RBG
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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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5.1.2.3

Physical Resource Block (PRB) bundling
A UE configured with up to eight layers transmission scheme may assume that precoding granularity is multiple resource blocks in the frequency domain. 
Precoding Resource block Group (PRGs) of size 
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partition the carrier bandwidth part and each PRG consists of consecutive PRBs, it can be one of the values among {[1], 2, 4, 8, 16}. 
If 
[image: image21.wmf]0

mod

,

>

¢

P

N

DL

URB

m

 then one of the PRGs is of size 
[image: image22.wmf]ë

û

P

N

P

N

DL

URB

DL

URB

¢

¢

-

/

,

,

m

m

. The PRG size is non-increasing starting at the lowest frequency. 

If the UE is configured with the PRG size of all scheduled PRBs, then the UE may assume that the same precoder applies on all scheduled PRBs. 
5.1.3 
Modulation order and transport block size determination

5.1.4 
PDSCH resource mapping with antenna ports quasi-colocation
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 (TBD)], a UE is configured via RRC with N≥1 CSI Reporting Settings, M≥1 CSI Resource Settings 
and a single measurement setting containing L≥1 Links.  

Each RRC-configured CSI Reporting Setting 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, measurement restriction configurations.  

Each RRC-configured CSI Resource Setting contains CSI-RS Resources and CSI-RS Resource Sets configured by RRC as defined in Subclause 5.2.1.3.1. 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 in the RRC-configured CSI measurement setting contains the CSI Reporting Setting indication, CSI Resource Setting Indication, and an indication of the quantity to be measured which can be either channel measurement or interference measurement.    

One or multiple CSI Reporting Settings are dynamically selected by L1 or L2 signaling 
from the N RRC-configured CSI Reporting Settings.  One or multiple CSI Resources Sets are dynamically selected by L1 or L2 signaling from the M RRC-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 RRC.  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
	RRC
	[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


5.2.1
Channel State Information
5.2.1.1
Channel Quality Indicator (CQI) 

5.2.1.2
Precoding Matrix Indicator (PMI) 

For 2 antenna ports [port #’s to be added], each PMI value corresponds to a codebook index given in Table 5.2.1.2-1.

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]], 32 antenna ports [port #’s to be added], except when the number of layers 
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· The values of 
Error! Objects cannot be created from editing field codes.and 
Error! Objects cannot be created from editing field codes. are configured with the higher-layer parameters [N1-Config] and [N2-Config], respectively. The supported configurations of 
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Table 5.2.1.2-1: Codebooks for 1-layer and 2-layer CSI reporting using antenna ports [15 to 16]
	Codebook index
	Number of layers 
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Table 5.2.1.2-2: Supported configurations of 
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Table 5.2.1.2-4: Mapping of 
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Table 5.2.1.2-5: Codebook for 1-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	Codebook-Config = 1
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Table 5.2.1.2-6: Codebook for 2-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	Codebook-Config = 1
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Table 5.2.1.2-7: Codebook for 3-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	Codebook-Config = 1-2, 
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Table 5.2.1.2-8: Codebook for 4-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	Codebook-Config = 1-2, 
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Table 5.2.1.2-9: Codebook for 5-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	Codebook-Config = 1-2
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Table 5.2.1.2-10: Codebook for 6-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	Codebook-Config = 1-2
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Table 5.2.1.2-11: Codebook for 7-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	Codebook-Config = 1-2
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Table 5.2.1.2-12: Codebook for 8-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	Codebook-Config = 1-2
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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 configuration(s). 
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via higher layer signaling for each CSI-RS resource configuration
:

-
Number of CSI-RS ports. [The allowable values and port mapping are given in Subclause 7.4.1.4 of TS 38.211 [4]

-
CSI-RS Density

-
CDM type parameter, [TBD exact configuration] 
-
CSI RS Configuration 

-
Scrambling ID

5.2.1.3.2 
CSI-RS activation/deactivation
For a UE configured with one or more CSI-RS resource configuration(s), 

-
when a UE receives an activation command [MAC spec citation] for CSI-RS resource(s) associated with configured CSI resource setting(s) in slot n, the corresponding actions in [MAC spec citation] and the UE assumptions on CSI-RS transmission corresponding to the configured CSI-RS 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] for activated CSI-RS resource(s) associated with configured CSI resource setting(s) in slot n, the corresponding actions in [MAC spec citation] and UE assumption on cessation of CSI-RS transmission corresponding to the deactivated CSI-RS resource(s) shall apply no later than the minimum requirement defined in [10, 38.133 RRM spec].

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 RRC-configured CSI Reporting Setting Indication is also indicated in the decoded uplink DCI and the associated CSI Measurement Links and CSI Resource Settings are RRC configured.
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. 

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.
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 RRC-configured CSI Reporting Setting Indications, where the associated CSI Measurement Links and CSI Resource Settings are RRC configured.  

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 RRC configured.  

6
Physical uplink shared channel related procedure

6.1
UE procedure for transmitting the physical uplink shared channel

6.1.1
Transmission schemes

6.1.2
Resource allocation 
6.1.2.1

Resource allocation in time domain
The UE shall determine the starting symbol of the PUSCH based on [TBD]. 

[If the detected PDCCH DCI format includes a field indicating the duration of the PUSCH, the UE shall use the corresponding field to determine the duration of the PUSCH; otherwise, the UE shall determine the duration of the PUSCH based on the higher layer signalling
.]
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 OFDM-based and SC-FDMA-based PUSCH.
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 PDSCH, 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, [3,] 4, [6,] 8, 16}. 

The total number of RBGs (
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bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency. The order of RBG to bitmap bit mapping is such that RBG 0 to RBG
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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 configuration(s).
 A UE may be configured with 
[image: image409.wmf]1
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SRS resources, where the maximum value of K is indicated by [SRS_capability] [13].

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] for SRS resource(s) in slot n, the corresponding actions in [MAC spec citation] 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] for activated SRS resource(s) in slot n, the corresponding actions in [MAC spec citation] 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 [10, 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 layers for trigger type 0 and for trigger type 1
-
[TBD, parameter listing]
6.3
UE PUSCH hopping procedure

For SC-FDMA-based PUSCH, the UE shall perform 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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