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3.1
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1], in 3GPP TS 36.300 [2] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1] and 3GPP TS 36.300 [2].

5GC
5G Core Network

5QI
5G QoS Identifier

AMBR
Aggregate Maximum Bit Rate 

AMC
Adaptive Modulation and Coding

AMF
Access and Mobility Management Function

ARP
Allocation and Retention Priority


BA
Bandwidth Adaptation

BCH
Broadcast Channel

CMAS
Commercial Mobile Alert Service


DCI
Downlink Control Information

DL-SCH
Downlink Shared Channel

ETWS
Earthquake and Tsunami Warning System

GFBR
Guaranteed Flow Bit Rate

MICO
Mobile Initiated Connection Only

MFBR
Maximum Flow Bit Rate
NCGI
NR Cell Global Identifier

NCR
Neighbour Cell Relation

NG-RAN
NG Radio Access Network

NGAP
NG Application Protocol

NR
NR Radio Access

PCH
Paging Channel

PDCCH
Physical Downlink Control Channel

PSS
Primary Synchronisation Signal

PUCCH
Physical Uplink Control Channel

PWS
Public Warning System

QFI
QoS Flow ID

RACH
Random Access Channel

RMSI
Remaining Minimum SI

RNA
RAN-based Notification Area

RNAU
RAN-based Notification Area Update

RQA
Reflective QoS Attribute

RQoS
Reflective Quality of Service

SDAP
Service Data Adaptation Protocol

SMF
Session Management Function

SPS
Semi-Persistent Scheduling

SSS
Secondary Synchronisation Signal

SUL
Supplementary Uplink

TA
Timing Advance

UCI
Uplink Control Information

UL-SCH
Uplink Shared Channel

UPF
User Plane Function

URLLC
Ultra-Reliable and Low Latency Communications

XnAP
Xn Application Protocol

Xn-C
Xn-Control plane

Xn-U
Xn-User plane
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4.5
Multi-RAT Dual Connectivity

NG-RAN supports Multi-RAT Dual Connectivity (MR-DC) operation whereby a UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in two different NG-RAN nodes connected via a non-ideal backhaul and providing either E-UTRA (i.e. if the node is an ng-eNB) or NR access (i.e. if the node is a gNB). Further details of MR-DC operation can be found in 3GPP TS 37.340 [21].
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6.2.1
Services and Functions

The main services and functions of the MAC sublayer include:

-
Mapping between logical channels and transport channels;

-
Multiplexing/demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels;

-
Scheduling information reporting;

-
Error correction through HARQ (one HARQ entity per cell in case of CA);

-
Priority handling between UEs by means of dynamic scheduling;

-
Priority handling between logical channels of one UE by means of logical channel prioritisation;

-
Padding.

A single MAC entity can support multiple numerologies, transmission timings and cells. Mapping restrictions in logical channel prioritisation control which numerology(ies), cell(s), and transmission timing(s) a logical channel can use (see subclause 16.1.2).
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6.3.3
ARQ

The ARQ within the RLC sublayer has the following characteristics:

-
ARQ retransmits RLC SDUs or RLC SDU segments based on RLC status reports;

-
Polling for RLC status report is used when needed by RLC;

-
RLC receiver can also trigger RLC status report after detecting a missing RLC SDU or RLC SDU segment.
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6.8
Dual Connectivity

In case of DC, the UE is configured with two MAC entities: one MAC entity for the MCG and one MAC entity for the SCG. Further details of DC operation can be found in 3GPP TS 37.340 [21].
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6.9
Supplementary Uplink

In case of Supplementary Uplink (SUL, see 3GPP TS 38.101 [18]), the UE is configured with 2 ULs for one DL of the same cell, and uplink transmissions on those two ULs are controlled by the network to avoid overlapping PUSCH/PUCCH transmissions in time. Overlapping transmissions on PUSCH are avoided through scheduling while overlapping transmissions on PUCCH are avoided through configuration (PUCCH can only be configured for only one of the 2 ULs of the cell). In addition, initial access is supported in each of the uplink (see subclause 9.2.6). An example of SUL is given in Annex B.
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7.2
Protocol States

RRC supports the following states which can be characterised as follows:

-
RRC_IDLE:

-
PLMN selection;

-
Broadcast of system information;

-
Cell re-selection mobility;

-
Paging for mobile terminated data is initiated by 5GC;
-
Paging for mobile terminated data area is managed by 5GC;

-
DRX for CN paging configured by NAS.

-
RRC_INACTIVE:

-
PLMN selection;
-
Broadcast of system information;

-
Cell re-selection mobility;
-
Paging is initiated by NG-RAN (RAN paging);
-
RAN-based notification area (RNA) is managed by NG- RAN;

-
DRX for RAN paging configured by NG-RAN;
-
5GC - NG-RAN connection (both C/U-planes) is established for UE;

-
The UE AS context is stored in NG-RAN and the UE;

-
NG-RAN knows the RNA which the UE belongs to.

-
RRC_CONNECTED:

-
5GC - NG-RAN connection (both C/U-planes) is established for UE;
-
The UE AS context is stored in NG-RAN and the UE;

-
NG-RAN knows the cell which the UE belongs to;

-
Transfer of unicast data to/from the UE;

-
Network controlled mobility including measurements.
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7.4
Access Control

NG-RAN supports overload and access control functionality such as RACH back off, RRC Connection Reject, RRC Connection Release and UE based access barring mechanisms.

One unified access control framework as specified in 3GPP TS 22.261 [19] is applied for NR.  For each identified access attempt one Access Category and one or more Access Identities are selected..
NG-RAN broadcasts barring control information associated with Access Categories and Access Identities and the UE determines whether an identified access attempt is authorized or not, based on the broadcasted barring information and the selected Access Category and Access Identities. In the case of multiple core networks sharing the same NG-RAN, the NG-RAN provides broadcasted barring control information for each PLMN individually.
The unified access control framework is applicable to all UE states (RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state).
In RRC_IDLE, the UE NAS informs RRC of the access category and the Connection Request includes some information to enable the gNB to decide whether to reject the request.
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7.7
Carrier Aggregation

When CA is configured, the UE only has one RRC connection with the network. At RRC connection establishment/re-establishment/handover, one serving cell provides the NAS mobility information, and at RRC connection re-establishment/handover, one serving cell provides the security input. This cell is referred to as the Primary Cell (PCell). Depending on UE capabilities, Secondary Cells (SCells) can be configured to form together with the PCell a set of serving cells. The configured set of serving cells for a UE therefore always consists of one PCell and one or more SCells.

The reconfiguration, addition and removal of SCells can be performed by RRC. At intra-NR handover, RRC can also add, remove, or reconfigure SCells for usage with the target PCell. When adding a new SCell, dedicated RRC signalling is used for sending all required system information of the SCell i.e. while in connected mode, UEs need not acquire broadcast system information directly from the SCells.
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7.8
Bandwidth Adaptation

To enable BA on the PCell, the gNB configures the UE with UL and DL BWP(s). To enable BA on SCells in case of CA, the gNB configures the UE with DL BWP(s) at least (i.e. there may be none in the UL).
In paired spectrum, DL and UL can switch BWP independently. In unpaired spectrum, DL and UL switch BWP simultaneously. Switching between configured BWPs happens by means of DCI or inactivity timer. When an inactivity timer is configured for a serving cell, the expiry of the inactivity timer associated to that cell switches the active BWP to a default BWP configured by the network. 
Next Modified Subclause

9.2.3.1
Overview

Network controlled mobility applies to UEs in RRC_CONNECTED and is categorized into two types of mobility: cell level mobility and beam level mobility.

Cell Level Mobility requires explicit RRC signalling to be triggered, i.e. handover. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 9.2.3.1-1:
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Figure 9.2.3.1-1: Inter-gNB handover procedures

1.
The source gNB initiates handover and issues a Handover Request over the Xn interface.

2.
The target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.

3.
The source gNB provides the RRC configuration to the UE in the Handover Command. The Handover Command message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention-based and contention-free random access can be included in the Handover Command message. The access information to the target cell may include beam specific information, if any.

4.
The UE moves the RRC connection to the target gNB and replies the Handover Complete.

The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC. RRC managed handovers with and without PDCP entity re-establishment are both supported. For DRBs using RLC AM mode, PDCP can either be re-established together with a security key change or initiate a data recovery procedure without a key change. For DRBs using RLC UM mode and for SRBs, PDCP can either be re-established together with a security key change or remain as it is without a key change.

Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed when the target gNB uses the same DRB configuration as the source gNB.

Timer based handover failure procedure is supported in NR. RRC connection re-establishment procedure is used for recovering from handover failure.
Beam Level Mobility does not require explicit RRC signalling to be triggered - it is dealt with at lower layers - and RRC is not required to know which beam is being used at a given point in time.
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Figure 9.2.3.1-1: Inter-gNB handover procedures

1.
The source gNB initiates handover and issues a Handover Request over the Xn interface.

2.
The target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.

3.
The source gNB provides the RRC configuration to the UE in the Handover Command. The Handover Command message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention based and contention free random access can be included in the Handover Command message. The access information to the target cell may include beam specific information, if any.

4.
The UE moves the RRC connection to the target gNB and replies the Handover Complete.

The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC. RRC managed handovers with and without PDCP entity re-establishment are both supported. For DRBs using RLC AM mode, PDCP can either be re-established together with a security key change or initiate a data recovery procedure without a key change. For DRBs using RLC UM mode and for SRBs, PDCP can either be re-established together with a security key change or remain as it is without a key change.

Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed when the target gNB uses the same DRB configuration as the source gNB.
Timer based handover failure procedure is supported in NR. RRC connection re-establishment procedure is used for recovering from handover failure.
Beam Level Mobility does not require explicit RRC signalling to be triggered - it is dealt with at lower layers - and RRC is not required to know which beam is being used at a given point in time.
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9.2.4
Measurements

In RRC_CONNECTED, the UE measures multiple beams (at least one) of a cell and the measurements results (power values) are averaged to derive the cell quality. In doing so, the UE is configured to consider a subset of the detected beams: the N best beams above an absolute threshold. Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC level to derive cell quality from multiple beams. Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s). Measurement reports may contain the measurement results of the X best beams if the UE is configured to do so by the gNB.

The corresponding high-level measurement model is described below:
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Figure 9.2.4-1: Measurement Model

NOTE:
K beams correspond to the measurements on NR-SS block or CSI-RS resources configured for L3 mobility by gNB and detected by UE at L1.

-
A: measurements (beam specific samples) internal to the physical layer.

-
Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) in not constrained by the standard.

-
A1: measurements (i.e. beam specific measurements) reported by layer 1 to layer 3 after layer 1 filtering.

-
Beam Consolidation/Selection: beam specific measurements are consolidated to derive cell quality if N > 1, else when N = 1 the best beam measurement is selected to derive cell quality. The behaviour of the Beam consolidation/selection is standardised and the configuration of this module is provided by RRC signalling. Reporting period at B equals one measurement period at A1.

-
B: a measurement (i.e. cell quality) derived from beam-specific measurements reported to layer 3 after beam consolidation/selection.

-
Layer 3 filtering for cell quality: filtering performed on the measurements provided at point B. The behaviour of the Layer 3 filters is standardised and the configuration of the layer 3 filters is provided by RRC signalling. Filtering reporting period at C equals one measurement period at B.

-
C: a measurement after processing in the layer 3 filter. The reporting rate is identical to the reporting rate at point B. This measurement is used as input for one or more evaluation of reporting criteria.

-
Evaluation of reporting criteria: checks whether actual measurement reporting is necessary at point D. The evaluation can be based on more than one flow of measurements at reference point C e.g. to compare between different measurements. This is illustrated by input C and C1. The UE shall evaluate the reporting criteria at least every time a new measurement result is reported at point C, C1. The reporting criteria are standardised and the configuration is provided by RRC signalling (UE measurements).

-
D: measurement report information (message) sent on the radio interface.

- 
L3 Beam filtering: filtering performed on the measurements (i.e. beam specific measurements) provided at point A1. The behaviour of the beam filters is standardised and the configuration of the beam filters is provided by RRC signalling. Filtering reporting period at E equals one measurement period at A1.

- 
E: a measurement (i.e. beam-specific measurement) after processing in the beam filter. The reporting rate is identical to the reporting rate at point A1. This measurement is used as input for selecting the X measurements to be reported.

-
Beam Selection for beam reporting: selects the X measurements from the measurements provided at point E. The behaviour of the beam selection is standardised and the configuration of this module is provided by RRC signalling.
-
F: beam measurement information included in measurement report (sent) on the radio interface.

Layer 1 filtering introduces a certain level of measurement averaging. How and when the UE exactly performs the required measurements is implementation specific to the point that the output at B fulfils the performance requirements set in 3GPP TS 38.133 [13]. Layer 3 filtering for cell quality and related parameters used are specified in 3GPP TS 38.331 [12] and does not introduce any delay in the sample availability between B and C. Measurement at point C, C1 is the input used in the event evaluation. L3 Beam filtering and related parameters used are specified in 3GPP TS 38.331 [12] and do not introduce any delay in the sample availability between E and F.

Measurement reports are characterized by the following:

-
Measurement reports include the measurement identity of the associated measurement configuration that triggered the reporting;

-
Cell and beam measurement quantities to be included in measurement reports are configured by the network;

-
The number of non-serving cells to be reported can be limited through configuration by the network;

-
Cells belonging to a blacklist configured by the network are not used in event evaluation and reporting, and conversely when a whitelist is configured by the network, only the cells belonging to the whitelist are used in event evaluation and reporting;

-
Beam measurements to be included in measurement reports are configured by the network (beam identifier only, measurement result and beam identifier, or no beam reporting).

Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements are defined as follows:

-
SSB based intra-frequency measurement: a measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.

-
SSB based inter-frequency measurement: a measurement is defined as a SSB based inter-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs are different.
-
CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources are the same.
-
CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is not within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources are different.
Whether a measurement is non-gap-assisted or gap-assisted depends on the capability of the UE, the active BWP of the UE and the current operating frequency. In non-gap-assisted scenarios, the UE shall be able to carry out such measurements without measurement gaps. In gap-assisted scenarios, the UE cannot be assumed to be able to carry out such measurements without measurement gaps.
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9.2.6
Random Access Procedure

The random access procedure is triggered by a number of events, for instance:

-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure;
-
Handover;

-
DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";

-
Transition from RRC_INACTIVE;

-
Request for Other SI (see subclause 7.3);

-
Beam failure recovery.

Furthermore, the random access procedure takes two distinct forms: contention-based and contention-free as shown on Figure 9.2.6-1 below. Normal DL/UL transmission can take place after the random access procedure.

For initial access in a cell configured with SUL, the UE selects the SUL carrier if and only if the measured quality of the DL is lower than a broadcast threshold. Once started, all uplink transmissions of the random access procedure remain on the selected carrier.
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Figure 9.2.6-1: Random Access Procedures
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10.1
Basic Scheduler Operation

In order to utilise radio resources efficiently, MAC in gNB includes dynamic resource schedulers that allocate physical layer resources for the downlink and the uplink. In this subclause, an overview of the scheduler is given in terms of scheduler operation, signalling of scheduler decisions, and measurements.

Scheduler Operation:

-
Taking into account the UE buffer status and the QoS requirements of each UE and associated radio bearers, schedulers assign resources between UEs;

-
Schedulers may assign resources taking account the radio conditions at the UE identified through measurements made at the gNB and/or reported by the UE;

-
Schedulers assign radio resources in a unit of TTI (e.g. one mini-slot, one slot, or multiple slots);

-
Resource assignment consists of radio resources (resource blocks).

Signalling of Scheduler Decisions:

-
UEs identify the resources by receiving a scheduling (resource assignment) channel.

Measurements to Support Scheduler Operation:

-
Uplink buffer status reports (measuring the data that is buffered in the logical channel queues in the UE) are used to provide support for QoS-aware packet scheduling.
-
Power headroom reports (measuring the difference between the nominal UE maximum transmit power and the estimated power for uplink transmission) are used to provide support for power aware packet scheduling.

10.2
Downlink Scheduling

In the downlink, the gNB can dynamically allocate resources to UEs via the C-RNTI on PDCCH(s). A UE always monitors the PDCCH(s) in order to find possible assignments when its downlink reception is enabled (activity governed by DRX when configured). When CA is configured, the same C-RNTI applies to all serving cells.

In addition, with Semi-Persistent Scheduling (SPS), the gNB can allocate downlink resources for the initial HARQ transmissions to UEs: RRC defines the periodicity of the configured downlink assignments while PDCCH addressed to CS-RNTI can either signal and activate the configured downlink assignment, or deactivate it; i.e. a  PDCCH addressed to CS-RNTI indicates that the downlink assignment can be implicitly reused according to the periodicity defined by RRC, until deactivated.

NOTE:
when required, retransmissions are explicitly scheduled on PDCCH(s).

When a configured downlink assignment is active, if the UE cannot find its C-RNTI on the PDCCH(s), a downlink transmission according to the configured downlink assignment is assumed. Otherwise, if the UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation overrides the configured downlink assignment.

When CA is configured, at most one configured downlink assignment can be signalled per serving cell. When BA is configured, at most one configured downlink assignment can be signalled per BWP. On each serving cell, there can be only one configured downlink assignment active at a time, and multiple configured downlink assignment can be simultaneously active on different serving cells only. Activation and deactivation of configured downlink assignments are independent among the serving cells.
10.3
Uplink Scheduling

In the uplink, the gNB can dynamically allocate resources to UEs via the C-RNTI on PDCCH(s). A UE always monitors the PDCCH(s) in order to find possible grants for uplink transmission when its downlink reception is enabled (activity governed by DRX when configured). When CA is configured, the same C-RNTI applies to all serving cells.

In addition, with Configured Grants, the gNB can allocate uplink resources for the initial HARQ transmissions to UEs. Two types of configured uplink grants are defined:

-
With Type 1, RRC directly provides the configured uplink grant (including the periodicity).

-
With Type 2, RRC defines the periodicity of the configured uplink grant while PDCCH addressed to CS-RNTI can either signal and activate the configured uplink grant, or deactivate it; i.e. a  PDCCH addressed to CS-RNTI indicates that the uplink grant can be implicitly reused according to the periodicity defined by RRC, until deactivated.
When a configured uplink grant is active, if the UE cannot find its C-RNTI on the PDCCH(s), an uplink transmission according to the configured uplink grant can be made. Otherwise, if the UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation overrides the configured uplink grant.

Retransmissions other than repetitions are explicitly allocated via PDCCH(s).

When CA is configured, at most one configured uplink grant can be signalled per serving cell. When BA is configured, at most one configured uplink grant can be signalled per BWP. On each serving cell, there can be only one configured uplink grant active at a time. A configured uplink grant for one serving cell can either be of Type 1 or Type 2. For Type 2, activation and deactivation of configured uplink grants are independent among the serving cells. When SUL is configured, a configured uplink grant can only be signalled for one of the 2 ULs of the cell.
10.4
Measurements to Support Scheduler Operation

Measurement reports are required to enable the scheduler to operate in both uplink and downlink. These include transport volume and measurements of a UEs radio environment.

Uplink buffer status reports (BSR) are needed to provide support for QoS-aware packet scheduling. In NR, uplink buffer status reports refer to the data that is buffered in for a group of logical channel (LCG) in the UE. Eight LCGs and two formats are used for reporting in uplink:

-
A short format to report only one BSR (of one LCG);

-
A flexible long format to report several BSRs (up to all eight LCGs).

Uplink buffer status reports are transmitted using MAC signalling.
Power headroom reports (PHR) are needed to provide support for power-aware packet scheduling. In NR, three types of reporting are supported: one for PUSCH transmission, one for PUSCH and PUCCH transmission and a third one for SRS transmission. In case of CA, when no transmission takes place on an activated SCell, a reference power is used to provide a virtual report. Power headroom reports are transmitted using MAC signalling.
Next Modified Subclause

10.5
Rate Control

10.5.1
Downlink

In downlink, for GBR flows, the gNB guarantees the GFBR and ensures that the MFBR is not exceeded while for non-GBR flows, it ensures that the UE-AMBR is not exceeded (see subclause 12). 



10.5.2
Uplink

The UE has an uplink rate control function which manages the sharing of uplink resources between logical channels. RRC controls the uplink rate control function by giving each logical channel a priority, a prioritised bit rate (PBR), and a buffer size duration (BSD). The values signalled need not be related to the ones signalled via NG to the gNB. In addition, mapping restrictions can be configured (see subclause 6.2.1).

The uplink rate control function ensures that the UE serves the logical channel(s) in the following sequence:

1.
All relevant logical channels in decreasing priority order up to their PBR;

2.
All relevant logical channels in decreasing priority order for the remaining resources assigned by the grant.

NOTE 1:
In case the PBRs are all set to zero, the first step is skipped and the logical channels are served in strict priority order: the UE maximises the transmission of higher priority data.

NOTE 2:
The mapping restrictions tell the UE which logical channels are relevant for the grant received. If no mapping restrictions are configured, all logical channels are considered.
NOTE 3:
Through radio protocol configuration and scheduling, the gNB can guarantee the GFBR(s) and ensure that neither the MFBR(s) nor the UE-AMBR are exceeded in uplink (see subclause 12).
If more than one logical channels have the same priority, the UE shall serve them equally.

Next Modified Subclause

10.6
Activation/Deactivation Mechanism

To enable reasonable UE battery consumption when CA is configured, an activation/deactivation mechanism of Cells is supported. When a Cell is deactivated, the UE does not need to receive the corresponding PDCCH or PDSCH, cannot transmit in the corresponding uplink, nor is it required to perform CQI measurements. Conversely, when a Cell is active, the UE shall receive PDSCH and PDCCH (if the UE is configured to monitor PDCCH from this SCell) and is expected to be able to perform CQI measurements.

At reconfiguration without mobility control information:

-
SCells added to the set of serving cells are initially deactivated;

-
SCells which remain in the set of serving cells (either unchanged or reconfigured) do not change their activation status (activated or deactivated).

At reconfiguration with mobility control information (i.e. handover):

-
SCells are deactivated.

To enable reasonable UE battery consumption when BA is configured, only one UL BWP for each uplink carrier and one DL BWP or only one DL/UL BWP pair can be active at a time in an active serving cell, all other BWPs that the UE is configured with being deactivated. On deactivated BWPs, the UE does not monitor the PDCCH, does not transmit on PUCCH, PRACH and UL-SCH.
Next Modified Subclause
12
QoS

The 5G QoS model is based on QoS Flows (see 3GPP TS 23.501 [3]) and supports both QoS Flows that require guaranteed flow bit rate (GBR QoS Flows) and QoS Flows that do not require guaranteed flow bit rate (non-GBR QoS Flows). At NAS level (see 3GPP TS 23.501 [3]), the QoS flow is thus the finest granularity of QoS differentiation in a PDU session. A QoS flow is identified within a PDU session by a QoS Flow ID (QFI) carried in an encapsulation header over NG-U.
The QoS architecture in NG-RAN, both for NR connected to 5GC and for E-UTRA connected to 5GC, is depicted in the Figure 12-1 and described in the following:

-
For each UE, 5GC establishes one or more PDU Sessions;
-
For each UE, the NG-RAN establishes one or more Data Radio Bearers (DRB) per PDU Session. The NG-RAN maps packets belonging to different PDU sessions to different DRBs. Hence, the NG-RAN establishes at least one default DRB for each PDU Session;
-
NAS level packet filters in the UE and in the 5GC associate UL and DL packets with QoS Flows;
-
AS-level mapping rules in the UE and in the NG-RAN associate UL and DL QoS Flows with DRBs.
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Figure 12-1: QoS architecture


NG-RAN and 5GC ensure quality of service (e.g. reliability and target delay) by mapping packets to appropriate QoS Flows and DRBs. Hence there is a 2-step mapping of IP-flows to QoS flows (NAS) and from QoS flows to DRBs (Access Stratum).

At NAS level, a QoS flow is characterised by a QoS profile provided by 5GC to NG-RAN and QoS rule(s) provided by 5GC to the UE. The QoS profile is used by NG-RAN to determine the treatment on the radio interface while the QoS rules dictates the mapping between uplink User Plane traffic and QoS flows to the UE. A QoS flow may either be "GBR" or "Non-GBR" depending on its profile. The QoS profile of a QoS flow contains QoS parameters, for instance (see 3GPP TS 23.501 [3]):
-
For each QoS flow:

-
A 5G QoS Identifier (5QI);
-
An Allocation and Retention Priority (ARP).

-
In case of a GBR QoS flow only:

-
Guaranteed Flow Bit Rate (GFBR) for both uplink and downlink;

-
Maximum Flow Bit Rate (MFBR) for both uplink and downlink;

-
Maximum Packet Loss Rate for both uplink and downlink.
-
In case of Non-GBR QoS only:

-
Reflective QoS Attribute (RQA): the RQA, when included, indicates that some (not necessarily all) traffic carried on this QoS flow is subject to reflective quality of service (RQoS) at NAS.

In addition, an Aggregate Maximum Bit Rate is associated to each PDU session (Session-AMBR) and to each UE (UE-AMBR). The Session-AMBR limits the aggregate bit rate that can be expected to be provided across all Non-GBR QoS Flows for a specific PDU Session. The UE-AMBR limits the aggregate bit rate that can be expected to be provided across all Non-GBR QoS Flows of a UE.
The 5QI is associated to QoS characteristics giving guidelines for setting node specific parameters for each QoS Flow. Standardized or pre-configured 5G QoS characteristics are derived from the 5QI value and are not explicitely signalled. Signalled QoS characteristics are included as part of the QoS profile. The QoS characteristics consist for instance of (see 3GPP TS 23.501 [3]):

-
Resource Type (GBR, delay critical GBR or Non-GBR);

-
Priority level;

-
Packet Delay Budget;

-
Packet Error Rate;

-
Averaging window;
-
Maximum Data Burst Volume.
At Access Stratum level, the data radio bearer (DRB) defines the packet treatment on the radio interface (Uu). A DRB serves packets with the same packet forwarding treatment. The QoS flow to DRB mapping by NG-RAN is based on QFI and the associated QoS profiles (i.e. QoS parameters and QoS charateristics). Separate DRBs may be established for QoS flows requiring different packet forwarding treatment, or several QoS Flows belonging to the same PDU session can be multiplexed in the same DRB.
In the uplink, the NG-RAN may control the mapping of QoS Flows to DRB in two different ways:

-
Reflective mapping: for each DRB, the UE monitors the QFI(s) of the downlink packets and applies the same mapping in the uplink; that is, for a DRB, the UE maps the uplink packets belonging to the QoS flows(s) corresponding to the QFI(s) and PDU Session observed in the downlink packets for that DRB. To enable this reflective mapping, the NG-RAN marks downlink packets over Uu with QFI.

-
Explicit Configuration: besides the reflective mapping, the NG-RAN may configure by RRC an uplink "QoS Flow to DRB mapping".

-
The UE shall always apply the latest update of the mapping rules regardless of whether it is performed via reflecting mapping or explicit configuration.

In the downlink, the QFI is signalled by NG-RAN over Uu for the purpose of RQoS and if neither NG-RAN, nor the NAS (as indicated by the RQA) intend to use reflective mapping for the QoS flow(s) carried in a DRB, no QFI is signalled for that DRB over Uu. In the uplink, NG-RAN can configure the UE to signal QFI over Uu.

For each PDU session, a default DRB is configured. If an incoming UL packet matches neither an RRC configured nor a reflective "QoS Flow ID to DRB mapping", the UE shall map that packet to the default DRB of the PDU session.

Within each PDU session, it is up to NG-RAN how to map multiple QoS flows to a DRB. The NG-RAN may map a GBR flow and a non-GBR flow, or more than one GBR flow to the same DRB, but mechanisms to optimise these cases are not within the scope of standardization. The timing of establishing non-default DRB(s) between NG-RAN and UE for QoS flow configured during establishing a PDU session can be different from the time when the PDU session is established. It is up to NG-RAN when non-default DRBs are established.
Next Modified Subclause
14
UE Capabilities

The UE capabilities in NR do not rely on UE categories: UE categories associated to fixed peak data rates are only defined for marketing purposes and not signalled to the network. Instead, the network determines the UL and DL data rate supported by a UE from the supported band combinations and from the baseband capabilities (modulation scheme, MIMO layers, …).

To limit signalling overhead, the gNB can request the UE to provide NR capabilities for a restricted set of band combinations. When responding, the UE can skip a subset of the requested band combinations when the corresponding UE capabilities are the same.
Next Modified Subclause (new)
16.5
Emergency Services
NG-RAN provides support for Emergency Services either directly or through fallback mechanisms towards E-UTRA. The support of Emergency Services is broadcast in system information (see 3GPP TS 36.331 [12]).
RAT fallback towards E-UTRA connected to 5GC is performed when NR does not support Emergency Services and System fallback towards E-UTRA connected to EPS is performed when 5GC does not support Emergency Services. Depending on factors such as CN interface availability, network configuration and radio conditions, the fallback procedure results in either CONNECTED state mobility (handover procedure) or IDLE state mobility (redirection) - see 3GPP TS 23.501 [3] and 3GPP TS 36.331 [12].
Next Modified Subclause

Annex A (informative):
QoS Handling in RAN

A.1
PDU Session Establishment

The following example message flow shows RAN procedures during a PDU session establishment procedure.
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Figure A.1-1: PDU session establishment

1.
5GC sends gNB with a PDU session establishment message.  It includes the NAS message to be sent to the UE with NAS QoS related information (see 3GPP TS 23.501 [3]).

2.
gNB sends a DRB set up Request message to the UE including DRB parameters and the NAS message received at Step 1.

3.
UE establishes at least default DRB associated with the new PDU session. It creates the QFI to DRB mapping.

4.
UE sends an RRC DRB set up complete message.

5.
gNB sends PDU session establishment ACK message to 5GC.

6.
Data is sent over the PDU session to gNB and then over the DRB to the UE.  The data packets may optionally include, if configured, a QoS marking (same as or corresponding to QFI) in the SDAP header.  UE sends UL packets over the DRB. If configured in step 2, UL data packets include a QoS marking (same as or corresponding to QFI) in the SDAP header.

A.2
New QoS Flow without Explicit Signalling

The following figure shows an example message flow where Reflective QoS is activated via User Plane and AS use reflective QFI to DRB mapping. In this example, the gNB receives a first downlink packet over NG-U interface associated with a new QoS Flow ID (QFI) for which the QoS parameters is already available in gNB, and there is no association to an existent DRB.  gNB decides to use an already existent DRB for this QoS flow.
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Figure A.2-1: DL data with new QFI sent over existing DRB

0.
PDU session and DRB have been already established.

1.
gNB receives a downlink packet with a new QFI for Reflective mapping over the NG-U interface.

2.
gNB decides to send the QoS flow over an existing DRB.  If gNB decides to send it over a new DRB, it needs to establish the DRB first.

3.
gNB sends DL packet over the DRB with the new QFI and RQI in the SDAP header.

4.
UE identifies the QFI and RQI on the received DL packet and the DRB on which the packet has been received. The AS reflective QoS mapping table shall be updated if there is a new match of QFI to DRB for this PDU session.

5.
UL packets received by UE AS uses this QFI to identify the DRB over which the packet is to be sent. gNB sends UL packets over NG-U and includes the corresponding QFI.

A.3
New QoS Flow with NAS Reflective QoS and Explicit RRC Signalling

The following figure shows an example message flow where Reflective QoS is activated via User Plane in NAS while explicit QFI to DRB mapping with RRC signalling is used in AS.  In this example, the gNB receives a downlink packet over NG-U interface associated with a new QFI for which the QoS parameters is already available in gNB, and there is no association to an existent DRB. gNB decides to map this QoS flow to an existing DRB with explicit RRC signalling.
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Figure A.3-1: DL data with new QFI sent over existing DRB

0.
PDU session and DRB have been already established.

1.
gNB receives a downlink packet with new QFI and RQI over the NG-U interface.

2.
gNB decides to send the QoS flow over an existing DRB using explicit RRC signalling for AS mapping.

3.
gNB sends a DRB update request to the UE with the new QoS flow to DRB mapping.  gNB may also update the DRB parameters if required to meet the QoS requirements for the new QoS Flow.

4.
UE updates the AS QFI to DRB mapping table.  If received, UE will also update the DRB parameters.

5.
UE sends an RRC DRB update complete message.

6.
gNB sends DL packets for this QFI on this DRB.  UL packets received in UE AS with the QFI are sent over the DRB decided by the QFI to DRB mapping table.

A.4
New QoS Flow with Explicit Signalling

The following figure shows an example message flow when the gNB receives a new QoS flow establishment request from CN that involves explicit signalling. The QoS flow establishment request that involves NAS signalling provides the gNB and UE with the QoS parameters for the QFI.  In this example, the gNB decides to establish a new DRB (rather than re-use an existing one) for this QoS flow and provides the mapping of QFI to DRB over RRC signalling.
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Figure A.4-1: DL data with new QoS Flow ID sent over new DRB with explicit signalling

0.
PDU session and at least one default DRB have been already established.

1.
gNB receives a PDU Session Modification Request from 5GC for a new flow establishment including the NAS message.

2.
If the gNB cannot find an existing DRB to map this QoS flow, gNB decides to establish a new DRB for this QoS flow.

3.
gNB sends a DRB set up request to the UE including DRB parameters together with the NAS message.

4.
UE establishes the DRB for the QoS flow associated with this PDU session. It updates the AS QFI to DRB mapping table.

5.
UE sends an RRC DRB set up complete message.

6.
gNB sends PDU Session Modification Response over NG-C to 5GC.

7.
UL packets received in AS with the QFI are sent over the DRB decided by the QFI to DRB mapping table.

A.5
Release of QoS Flow with Explicit Signalling

The following figure shows an example message flow when the gNB receives a request to release a QoS flow from CN that involves explicit signalling.  In this example, the gNB had used explicit signalling to establish the QFI to DRB mapping and uses explicit signalling to release the QFI to DRB mapping using explicit RRC signalling.
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Figure A.5-1: DL data with new QoS Flow ID sent over new DRB with explicit signalling

0.
PDU session and with DRB and mapping for QFI to DRB has been already established using explicit RRC signalling.

1.
gNB receives a PDU Session Modification Request from 5GC to release the QFI.

2.
The gNB decides to use explicit signalling to release the QFI to DRB mapping.  The DRB also carries other QoS flows and hence the DRB is not released.

3.
gNB sends an RRC DRB modify request to the UE to release the QFI to DRB mapping.

4.
UE updates the AS QFI to DRB mapping table to release this QFI to DRB mapping.

5.
UE sends an RRC DRB modify complete message.

6.
gNB sends PDU Session Modification Response over NG-C to 5GC.

A.6
UE Initiated UL QoS Flow

The following figure shows an example message flow when the UE AS receives an UL packet for a new QoS flow for which a QFI for DRB does not exist.
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Figure A.6-1: UL packet with a new QoS flow for which a mapping does not exist in UE

0.
PDU session and DRBs (including a default DRB) have been already established.

1.
UE AS receives a packet with a new QFI from UE NAS.

2.
UE uses the QFI of the packet to map it to a DRB. If there is no mapping of the QFI to a DRB in the AS mapping table for this PDU session, then the packet is assigned to the default DRB.

3.
UE sends the UL packet on the default DRB. The UE includes the QFI in the SDAP header.

4.
gNB sends UL packets over NG-U and includes the corresponding QFI.

5.
If gNB wants to use a new DRB for this QoS flow, it sets up a DRB.  It can also choose to move the QoS flow to an existing DRB using RRC signalling or AS reflective mapping procedures discussed above.  Details of this are as shown in Figure A.2-1 and Figure A.3-1.

6.
UL packets received in UE AS with the QFI are sent over the DRB decided by the QFI to DRB mapping table.  If configured in step 5, UL data packets include a QoS marking (same as or corresponding to QFI) in the SDAP header.
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0. PDU session and DRB established with QFI to DRB mapping for this QFI
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1. UL packet with new QFI (done by NAS filter)


�

3. User plane: UL packet[LCID, QFI]


2. UE AS uses the QFI to DRB mapping to send the packet on a DRB.  If no mapping exists, UE picks default DRB


�

4. NG-U: UL packet[QFI]


0. PDU session and default and other DRB established


5. gNB sets up DRB for new QoS flow 


6. PDU data tunnel [QFI]


6. User pane data over DRB [QFI]
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1. NG-U: DL packet[New QFI, RQI]


2. gNB decides to map this QoS flow to an existing DRB using explicit RRC signalling


0. PDU session and DRB established


�

3. RRC: DRB update Req [new DRB parameters, QFI to DRB mapping]


�

5. RRC DRB update complete


6. PDU data tunnel [QFI]


6. User pane data over DRB [QFI]


4. UE updates DRB, updates mapping table
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1. NG-C: PDU session establishment req [NAS message]


2. RRC: DRB setup Req [DRB parameters, NAS message]


�

5. NG-C: PDU session establishment ACK


4. RRC DRB setup complete


�

6. PDU data tunnel [QFI]


6. User pane data over DRB [QFI]


3. UE establishes DRB
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