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First Modified Subclause
[bookmark: _Toc510394367]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
A-CSI	Aperiodic CSI 
AKA	Authentication and Key Agreement
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
BPSK	Binary Phase Shift Keying
C-RNTI	Cell RNTI
CBRA	Contention Based Random Access
CCE	Control Channel Element
CD-SSB	Cell Defining SSB
CFRA	Contention Free Random Access
CMAS	Commercial Mobile Alert Service
CORESET	Control Resource Set
C-RNTI	Cell RNTI
DFT	Discrete Fourier Transform
DCI	Downlink Control Information
DL-SCH	Downlink Shared Channel
DMRS	Demodulation Reference Signal
DRX	Discontinuous Reception
ETWS	Earthquake and Tsunami Warning System
GFBR	Guaranteed Flow Bit Rate
I-RNTI	Inactive RNTI
INT-RNTI	Interruption RNTI
I-RNTI	Inactive RNTI
LDPC	Low Density Parity Check
MICO	Mobile Initiated Connection Only
MFBR	Maximum Flow Bit Rate
MMTEL	Multimedia telephony
MNO	Mobile Netwok Operator
MU-MIMO	Multi User MIMO 
NCGI	NR Cell Global Identifier
NCR	Neighbour Cell Relation
NCRT	Neighbour Cell Relation Table
NGAP	NG Application Protocol
NR	NR Radio Access
P-RNTI	Paging RNTI
PCH	Paging Channel
PCI	Physical Cell Identifier
PDCCH	Physical Downlink Control Channel
PDSCH	Physical Downlink Shared Channel
PO	Paging Occasion
PRACH	Physical Random Access Channel
PRB	Physical Resource Block
PRG	Precoding Resource block Group 
P-RNTI	Paging RNTI
PSS	Primary Synchronisation Signal
PUCCH	Physical Uplink Control Channel
PUSCH	Physical Uplink Shared Channel
PWS	Public Warning System
QAM	Quadrature Amplitude Modulation
QFI	QoS Flow ID
QPSK	Quadrature Phase Shift Keying
RA-RNTI	Random Access RNTI
RACH	Random Access Channel
RANAC	RAN-based Notification Area Code
RA-RNTI	Random Access RNTI
REG	Resource Element Group
RMSI	Remaining Minimum SI
RNA	RAN-based Notification Area
RNAU	RAN-based Notification Area Update
RNTI	Radio Network Temporary Identifier
RQA	Reflective QoS Attribute
RQoS	Reflective Quality of Service
RS	Reference Signal
RSRP	Reference Signal Received Power
RSRQ	Reference Signal Received Quality
SD	Slice Differentiator
SDAP	Service Data Adaptation Protocol
SFI-RNTI	Slot Format Indication RNTI
SI-RNTI	System Information RNTI
SLA	Service Level Agreement
SMC	Security Mode Command
SMF	Session Management Function
S-NSSAI	Single Network Slice Selection Assistance Information
SPS	Semi-Persistent Scheduling
SRS	Sounding Reference Signal
SS	Synchronization Signal
SSB	Synchronization Signal and PBCH block
SSS	Secondary Synchronisation Signal
SST	Slice/Service Type
SU-MIMO	Single User MIMO
SUL	Supplementary Uplink
SU-MIMO	Single User MIMO
TA	Timing Advance
TPC	Transmit Power Control
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
XnAP	Xn Application Protocol

Next Modified Subclause
[bookmark: _Toc510394371][bookmark: _Toc510394384][bookmark: _Hlk494732718][bookmark: _Toc510394386][bookmark: _Toc510394407]4.2	Functional Split
The gNB and ng-eNB host the following functions:
-	Functions for Radio Resource Management: Radio Bearer Control, Radio Admission Control, Connection Mobility Control, Dynamic allocation of resources to UEs in both uplink and downlink (scheduling);
-	IP header compression, encryption and integrity protection of data;
-	Selection of an AMF at UE attachment when no routing to an AMF can be determined from the information provided by the UE;
-	Routing of User Plane data towards UPF(s);
-	Routing of Control Plane information towards AMF;
-	Connection setup and release;
-	Scheduling and transmission of paging messages;
-	Scheduling and transmission of system broadcast information (originated from the AMF or O&AM);
-	Measurement and measurement reporting configuration for mobility and scheduling;
-	Transport level packet marking in the uplink;
-	Session Management;
-	Support of Network Slicing;
-	QoS Flow management and mapping to data radio bearers;
-	Support of UEs in RRC_INACTIVE state;
-	Distribution function for NAS messages;
-	Radio access network sharing;
-	Dual Connectivity;
-	Tight interworking between NR and E-UTRA.
The AMF hosts the following main functions (see 3GPP TS 23.501 [3]):
-	NAS signalling termination;
-	NAS signalling security;
-	AS Security control;
-	Inter CN node signalling for mobility between 3GPP access networks;
-	Idle mode UE Reachability (including control and execution of paging retransmission);
-	Registration Area management;
-	Support of intra-system and inter-system mobility;
-	Access Authentication;
-	Access Authorization including check of roaming rights;
-	Mobility management control (subscription and policies);
-	Support of Network Slicing;
-	SMF selection.
The UPF hosts the following main functions (see 3GPP TS 23.501 [3]):
-	Anchor point for Intra-/Inter-RAT mobility (when applicable);
-	External PDU session point of interconnect to Data Network;
-	Packet routing & forwarding;
-	Packet inspection and User plane part of Policy rule enforcement;
-	Traffic usage reporting;
-	Uplink classifier to support routing traffic flows to a data network;
-	Branching point to support multi-homed PDU session;
-	QoS handling for user plane, e.g. packet filtering, gating, UL/DL rate enforcement;
-	Uplink Traffic verification (SDF to QoS flow mapping);
-	Downlink packet buffering and downlink data notification triggering.
The Session Management function (SMF) hosts the following main functions (see 3GPP TS 23.501 [3]):
-	Session Management;
-	UE IP address allocation and management;
-	Selection and control of UP function;
-	Configures traffic steering at UPF to route traffic to proper destination;
-	Control part of policy enforcement and QoS;
-	Downlink Data Notification.
This is summarized on the figure below where yellow boxes depict the logical nodes and white boxes depict the main functions.


Figure 4.2-1: Functional Split between NG-RAN and 5GC
Next Modified Subclause
5.1	Waveform, numerology and frame structure
The downlink transmission waveform is conventional OFDM using a cyclic prefix. The uplink transmission waveform is conventional OFDM using a cyclic prefix with a transform precoding function performing DFT spreading that can be disabled or enabled.


Figure 5.1-1: Transmitter block diagram for CP-OFDM with optional DFT-spreading
The numerology is based on exponentially scalable sub-carrier spacing f = 2µ × 15 kHz with µ={0,1,3,4} for PSS, SSS and PBCH and µ={0,1,2,3} for other channels. Normal CP is supported for all sub-carrier spacings, Extended CP is supported for µ=2. 12 consecutive sub-carriers form a pPhysical rResource bBlock (PRB). Up to 275 PRBs are supported on a carrier.
Next Modified Subclause
5.2.1	Downlink transmission scheme
A closed loop Demodulation Reference Signal (DMRS) based spatial multiplexing is supported for Physical Downlink Shared Channel (PDSCH). Up to 8 and 12 orthogonal DL DMRS ports are supported for type 1 and type 2 DMRS respectively. Up to 8 orthogonal DL DMRS ports per UE are supported for SU-MIMO and up to 4 orthogonal DL DMRS ports per UE are supported for MU-MIMO. The number of SU-MIMO code words is one for 1-4 layer transmissions and two for 5-8 layer transmissions.
The DMRS and corresponding PDSCH are transmitted using the same precoding matrix and the UE does not need to know the precoding matrix to demodulate the transmission. The transmitter may use different precoder matrix for different parts of the transmission bandwidth, resulting in frequency selective precoding. The UE may also assume that the same precoding matrix is used across a set of Physical Resource Blocks (PRBs) denoted Precoding Resource Block Group (PRG).
Transmission durations from 2 to 14 symbols in a slot is supported.
Aggregation of multiple slots with tTransport bBlock (TB) repetition is supported.
Next Modified Subclause
5.2.5.5	Reception of SIB1
MIB on PBCH provides the UE with parameters for monitoring of PDCCH for scheduling PDSCH that carries the SIB1. PBCH may also indicate that there is no associated SIB1, in which case the UE may be pointed to another frequency from where to search for an synchronization signal and PBCH blockSSB that is associated with a SIB1 as well as a frequency range where the UE may assume no synchronization signal and PBCH blockSSB associated with SIB1 is present. The indicated frequency range is confined within a contiguous spectrum allocation of the same operator in which the synchronization signal and PBCH blockSSB is detected.
Next Modified Subclause
[bookmark: _Toc510394399]5.3.4	Random access
Random access preamble sequences, of two different lengths are supported. Long sequence length 839 is applied with subcarrier spacings of 1.25 and 5 kHz and short sequence length 139 is applied with sub-carrier spacings 15, 30, 60 and 120 kHz. Long sequences support unrestricted sets and restricted sets of Type A and Type B, while short sequences support unrestricted sets only.
Multiple PRACH preamble formats are defined with one or more PRACH OFDM symbols, and different cyclic prefix and guard time. The PRACH preamble configuration to use is provided to the UE in the system information.
The UE calculates the PRACH transmit power for the retransmission of the preamble based on the most recent estimate pathloss and power ramping counter. If the UE conducts beam switching, the counter of power ramping remains unchanged.
The system information provides information for the UE to determine the association between the SS blocksSSB and the RACH resources. The RSRP threshold for SS blockSSB selection for RACH resource association is configurable by network.
Next Modified Subclause
5.4.2	Supplemental Supplementary Uplink
In conjunction with a UL/DL carrier pair (FDD band) or a bidirectional carrier (TDD band), a UE may be configured with additional, Supplementary supplemental uplinkUplink (SUL). SULSupplemental uplink differs from the aggregated uplink in that the UE may be scheduled to transmit either on the supplemental supplementary uplink or on the uplink of the carrier being supplemented, but not on both at the same time.
[bookmark: _Toc510394460]Next Modified Subclause
9.2.3.2.1	C-Plane Handling
The intra-NR RAN handover performs the preparation and execution phase of the handover procedure performed without involvement of the 5GC, i.e. preparation messages are directly exchanged between the gNBs. The release of the resources at the source gNB during the handover completion phase is triggered by the target gNB. The figure below depicts the basic handover scenario where neither the AMF nor the UPF changes:


Figure 9.2.3.2.1-1: Intra-AMF/UPF Handover
0.	The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.
1.	The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The source gNB decides to handover the UE, based on MeasurementReport and RRM information.
3.	The source gNB issues a Handover Request message to the target gNB passing a transparent RRC container with necessary information to prepare the handover at the target side. The information includes at least the target cell ID, KgNB*, the C-RNTI of the UE in the source gNB, RRM-configuration including UE inactive time, basic AS-configuration including antenna Info and DL Carrier Frequency, the current QoS flow to DRB mapping rules applied to the UE, the minimum system information from source gNB, the UE capabilities for different RATs, PDU session related information, and can include the UE reported measurement information including beam-related information if available. The PDU session related information includes the slice information (if supported) and QoS flow level QoS profile(s).
4.	Admission Control may be performed by the target gNB. Slice-aware admission control shall be performed if the slice information is sent to the target gNB. If the PDU sessions are associated with non-supported slices the target gNB shall reject such PDU Sessions.
5.	The target gNB prepares the handover with L1/L2 and sends the Handover Request Acknowledge to the source gNB. The Handover Request Acknowledge message includes a transparent container to be sent to the UE as an RRC message to perform the handover.
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]6.	The source gNB triggers the Uu handover and sends the RRCReconfiguration message containing Handover Command message to the UE. The Handover Command message carries the information required to access the target cell, which includes at least the target cell ID, the new C-RNTI, the target gNB security algorithm identifiers for the selected security algorithms, can include a set of dedicated RACH resources, the association between RACH resources and SSB block(s), the association between RACH resources and UE-specific CSI-RS configuration(s), common RACH resources, and target cell SIBs, etc.
7.	The source gNB sends the SN STATUS TRANSFER message to the target gNB.
8.	The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB.
9.	The target gNB sends a Path Switch Request message to AMF to trigger 5GC to switch the DL data path towards the target gNB and to establish an NG-C interface instance towards the target gNB.
10.	5GC switches the DL data path towards the target gNB. The UPF sends one or more "end marker" packets on the old path to the source gNB per PDU session/tunnel and then can release any U-plane/TNL resources towards the source gNB.
11.	The AMF confirms the Path Switch Request message with the Path Switch Request Acknowledge message.
12.	By sending the UE Context Release message, the target gNB informs the source gNB about the success of handover and triggers the release of resources by the source gNB. The target gNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the AMF. Upon reception of the UE CONTEXT RELEASE message, the source gNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
The RRM configuration can include both beam measurement information (for layer 3 mobility) associated to SS Block(s) and CSI-RS(s) for the reported cell(s) if both types of measurements are available. Also, if CA is configured, the RRM configuration can include the list of best cells on each frequency for which measurement information is available. And the RRM measurement information can also include the beam measurement for the listed cells that belong to the target gNB.
The common RACH configuration for beams in the target cell is only associated to the SS Block(s). The network can have dedicated RACH configurations associated to the SS Block(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell. The target gNB can only include one of the following RACH configurations in the Handover Command to enable the UE to access the target cell:
i)	Common RACH configuration;
ii)	Common RACH configuration + Dedicated RACH configuration associated with SS-Block;
iii)	Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.
The UE continues to use the common RACH configuration of the source cell unless it is signalled in the Handover Command Message.
The dedicated RACH configuration allocates RACH resource(s) together with a quality threshold to use them. When dedicated RACH resources are provided, they are prioritized by the UE and the UE shall not switch to contention-based RACH resources as long as the quality threshold of those dedicated resources is met. The order to access the dedicated RACH resources is up to UE implementation.
[bookmark: _Toc510394462]Next Modified Subclause
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. 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:


Figure 9.2.4-1: Measurement Model
NOTE:	K beams correspond to the measurements on NR-SS blockSSB 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. 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 do 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 an 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 is also the same.
-	SSB based inter-frequency measurement: a measurement is defined as an 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 is different.
NOTE:	for SSB based measurements, one measurement object corresponds to one SSB and the UE considers different SSBs as different cells.
-	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 is 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 is 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.
[bookmark: _Toc510394506]Next Modified Subclause
[bookmark: _Toc517229155][bookmark: _Toc510394487]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;
-	To establish time alignment at SCell addition;
-	Request for Other SI (see subclause 7.3);
-	Beam failure recovery.
Furthermore, the random access procedure takes two distinct forms: contention-based random access (CBRA) and contention-free random access (CFRA) 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.


			
(a)	Contention-Based											(b)	Contention-Free
Figure 9.2.6-1: Random Access Procedures
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 at least one Data Radio Bearers (DRB) together with the PDU Session and additional DRB(s) for QoS flow(s) of that PDU session can be subsequently configured (it is up to NG-RAN when to do so);
-	The NG-RAN maps packets belonging to different PDU sessions to different DRBs;
-	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.


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 explicitly 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 characteristics). 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 DRBs is controlled by mapping rules which are signalled 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 QoS flow to DRB mapping rules can be explicitely signalled by RRC an uplink "QoS Flow to DRB mapping".
The UE always applies the latest update of the mapping rules regardless of whether it is performed via reflecting mapping or explicit configuration. 
When a QoS flow to DRB mapping rule is updated, the UE sends an end marker on the old bearer.
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 may be configured: if an incoming UL packet matches neither an RRC configured nor a reflective "QoS Flow ID to DRB mapping"mapping rule, the UE then maps 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.
As specified in 3GPP TS 23.501 [3], the 5GC may associate a GBR QoS flow with notification control to request from the NG-RAN to notify the 5GC either when the GFBR can no longer be fulfilled or when the GFBR can be fulfilled again.
Next Modified Subclause
15.3.3.1	General
The purpose of ANR function is to relieve the operator from the burden of manually managing NCRs. Figure 15.3.3.1-1 shows ANR and its environment:


Figure 15.3.3.1-1: Interaction between gNB and O&AM due to ANR
The ANR function resides in the gNB and manages the NCRT. Located within ANR, the Neighbour Detection Function finds new neighbours and adds them to the NCRT. ANR also contains the Neighbour Removal Function which removes outdated NCRs. The Neighbour Detection Function and the Neighbour Removal Function are implementation specific.
An existing NCR from a source cell to a target cell means that gNB controlling the source cell:
a)	Knows the global and physical IDs (e.g. NR CGI/NR PCI, ECGI/PCI) of the target cell.
b)	Has an entry in the NCRT for the source cell identifying the target cell.
c)	Has the attributes in this NCRT entry defined, either by O&AM or set to default values.
NCRs are cell-to-cell relations, while an Xn link is set up between two gNBs. Neighbour Cell Relations are unidirectional, while an Xn link is bidirectional.
NOTE:	The neighbour information exchange, which occurs during the Xn Setup procedure or in the gNB Configuration Update procedure, may be used for ANR purpose.
The ANR function also allows O&AM to manage the NCRT. O&AM can add and delete NCRs. It can also change the attributes of the NCRT. The O&AM system is informed about changes in the NCRT.
[bookmark: _Toc510394507]Next Modified Subclause
15.3.3.2	Intra-system – intra NR Automatic Neighbour Cell Relation Function
ANR relies on NCGI (see subclause 8.2).
[image: ]
Figure 15.3.3.2-1: Automatic Neighbour Relation Function
Figure 15.3.3.2-1 depicts an example where the gNB serving cell A has an ANR function. In RRC_CONNECTED, the gNB instructs each UE to perform measurements on neighbour cells. The gNB may use different policies for instructing the UE to do measurements, and when to report them to the gNB. This measurement procedure is as specified in TS 38.331[12].
1.	The UE sends a measurement report regarding cell B. This report contains Cell B’s PCI, but not its  NCGI.
When the gNB receives a UE measurement report containing the PCI, the following sequence may be used.
2.	The gNB instructs the UE, using the newly discovered PCI as parameter, to read the all the broadcast NCGI(s), TAC(s), RANAC(s), PLMN ID(s) and NR frequency band(s) of the related neighbour cell. To do so, the gNB may need to schedule appropriate idle periods to allow the UE to read the NCGI from the broadcast channel of the detected neighbour cell. How the UE reads the NCGI is specified in TS 38.331.
3.	When the UE has found out the new cell’s NCGI(s), the UE reports all the broadcast NCGI(s) to the serving cell gNB. In addition, the UE reports all the tracking area code(s), RANAC(s), PLMN IDs and NR frequency band(s) that have been read by the UE.
4.	The gNB decides to add this neighbour relation, and can use PCI and NCGI(s) to:
a.	Lookup a transport layer address to the new gNB.
b.		Update the Neighbour Cell Relation List.
c.		If needed, setup a new Xn interface towards this gNB.
[bookmark: _Toc510394510]Next Modified Subclause
15.3.3.5	Inter-system Automatic Neighbour Cell Relation Function
 For Inter-RAT ANR, each cell contains an Inter Frequency Search list. This list contains all frequencies that shall be searched.


Figure 15.3.3.5-1: Automatic Neighbour Relation Function in case of E-UTRAN detected cell
Figure 15.3.3.5-1 depicts an example where the gNB serving cell A has an ANR function. In RRC_CONNECTED, the gNB can instruct a UE to perform measurements and detect cells on other RATs. The gNB may use different policies for instructing the UE to do measurements, and when to report them to the gNB.
1	The gNB instructs a UE to look for neighbour cells in the target RATs. To do so the gNB may need to schedule appropriate idle periods to allow the UE to scan all cells in the target RATs.
2	The UE reports the PCI and carrier frequency of the detected cells in the target RATs.
When the gNB receives UE reports containing PCIs of cell(s) the following sequence may be used.
3	The gNB instructs the UE, using the newly discovered PCI as parameter, to read the ECGI, the TAC and all available PLMN ID(s) of the newly detected cell in case of E-UTRA detected cells. The UE ignores transmissions from the serving cell while finding the requested information transmitted in the broadcast channel of the detected inter-system/inter-frequency neighbour cell. To do so, the gNB may need to schedule appropriate idle periods to allow the UE to read the requested information from the broadcast channel of the detected inter-RAT neighbour cell.
4	After the UE has read the requested information in the new cell, it reports the detected ECGI, TAC, and available PLMN ID(s) to the serving cell gNB.
5	The gNB updates its inter-RAT NCRT.
Next Modified Subclause
16.2.1.1	RAN-assisted codec adaptation
RAN-assisted codec adaptation provides a means for the gNB to send codec adaptation indication with recommended bit rate to assist the UE to select or adapt to a codec rate for MMTEL voice or MMTEL video. The RAN-assisted codec adaptation mechanism supports the uplink/downlink bit rate increase or decrease. For a bearer associated with configuration of MBR greater than GBR, the recommended uplink/downlink bit rate is within bundaries set by the MBR and GBR of the concerned bearer.
For uplink or downlink bit rate adaptation, gNB may send a recommended bit rate to the UE to inform the UE on the currently recommended transport bit rate on the local uplink or downlink, which the UE may use in combination with other information to adapt the bit rate, e.g. the UE may send a bit rate request to the peer UE via application layer messages as specified in 3GPP TS 26.114 [24], which the peer UE may use in combination with other information to adapt the codec bit rate. The recommended bit rate is in kbps at the physical layer at the time when the decision is made.
The recommended bit rate for UL and DL is conveyed as a MAC Control Element (CE) from the gNB to the UE as outlined in Figure 16.2.1.1-1.

 
Figure 16.2.1.1-1: UL or DL bit rate recommendation
Based on the recommended bit rate from the gNB, a UE may initiate an end-to-end bit rate adaptation with its peer (UE or MGW). The UE may also send a query message to its local gNB to check if a bit rate recommended by its peer can be provided by the gNB. The UE is not expected to go beyond the recommended bit rate from the gNB.
The recommended bit rate query message is conveyed as a MAC Control Element (CE) from the UE to the gNB as outlined in Figure 16.2.1.1-2.

 
Figure 16.2.1.1-2: UL or DL bit rate recommendation query
A prohibit timer can be configured per logical channel by the network to limit UEs sending frequent query MAC CEs. Independent prohibit timers are used for each direction (uplink and downlink) to prohibit the UE from retransmitting exactly the same query MAC CE to the gNB during the configured time.
[bookmark: _Toc510394534]Next Modified Subclause
16.5.3	eCall over IMS
NG-RAN broadcast an indication to indicate support of eCall over IMS (eCallOverIMS). UEs that are in limited service state need to consider both eCallOverIMS and ims-Emergency to determine if eCall over IMS is possible.

image1.emf
internet

gNBor ng-eNB

RB Control

Connection Mobility Cont.

Measurement

Configuration & Provision

Dynamic Resource 

Allocation (Scheduler)

AMF

UPF

Inter Cell RRM

Radio Admission Control

NG-RAN 5GC

Mobility Anchoring

Idle State Mobility 

Handling

NAS Security

SMF

UE IP address 

allocation

PDU Session 

Control

PDU Handling


Microsoft_Visio_2003-2010_Drawing.vsd

image2.emf
Transform 

Precoding*

Sub-carrier

Mapping

IFFT CP Insertion

*Optionally present in UL, not present in DL


Microsoft_Visio_2003-2010_Drawing1.vsd
Transform  Precoding*


Sub-carrier Mapping


IFFT


CP Insertion


*Optionally present in UL, not present in DL



image3.emf
H

a

n

d

o

v

e

r

 

P

r

e

p

a

r

a

t

i

o

n

UE Source gNB Target gNB AMF UPF(s)

0. Mobility Control Information provided by AMF

1. Measurement Control and Reports

2. HO decision

3. Handover Request

4. Admission Control

5. Handover Request Acknowledge

6. Uu Handover Trigger

User Data

User Data

7. SN Status Transfer

Forwarding User Data

Detach from old cell and 

synchronise to new cell

Deliver buffered and in transit user 

data to target gNB

Buffer user data from 

source gNB

8. UE synchronises to new cell and completes RRC Handover procedure

User Data

User Data

9. Path Switch Request

10. Path Switch related 5G CN 

internal signalling and actual DL 

path switch in UPF(s)

End Marker

End Marker

User Data

11. Path Switch Request Ack

12. UE Context Release

H

a

n

d

o

v

e

r 

E

x

e

c

u

t

i

o

n

H

a

n

d

o

v

e

r

 

C

o

m

p

l

e

t

i

o

n


Microsoft_Visio_2003-2010_Drawing2.vsd
UE


2. HO decision


3. Handover Request


4. Admission Control


5. Handover Request Acknowledge


6. Uu Handover Trigger


User Data


User Data


7. SN Status Transfer


Forwarding User Data


Detach from old cell and synchronise to new cell


Deliver buffered and in transit user data to target gNB


Buffer user data from source gNB


8. UE synchronises to new cell and completes RRC Handover procedure


User Data


User Data


9. Path Switch Request


10. Path Switch related 5G CN internal signalling and actual DL path switch in UPF(s)


End Marker


End Marker


User Data


11. Path Switch Request Ack


12. UE Context Release


Source gNB


Target gNB


AMF


UPF(s)


0. Mobility Control Information provided by AMF


1. Measurement Control and Reports


Handover Completion


Handover Execution


Handover Preparation



image4.emf
gNB beam 1

gNB beam 2

gNB beam K

Layer 3 

filteringfor cell 

quality

Evaluationof 

reporting 

criteria

Layer1 filtering

Layer1 filtering

Layer1 filtering

Beam 

Consolidation/

Selection

Cell quality

RRC configures 

parameters

RRC configures 

parameters

RRC configures 

parameters

UE Implementation 

specific

UE Implementation 

specific

B

A

A

1

C

D

C

1

L3 Beamfiltering

L3 Beamfiltering

L3 Beamfiltering

RRC configures 

parameters

K beams 

X beams 

Beam Selection 

for reporting

K beams 

E F

RRC configures 

parameters


Microsoft_Visio_2003-2010_Drawing3.vsd

image5.emf
UE gNB

Random Access Preamble 1

Random Access Response 2

Scheduled Transmission 3

Contention Resolution

4


oleObject1.bin
UE


gNB


Random Access Preamble


1


Random Access Response


2


Scheduled Transmission


3


Contention Resolution


4



image6.emf
UE gNB

RA Preambleassignment 0

Random Access Preamble 1

Random Access Response 2


oleObject2.bin
UE


gNB


RA Preamble assignment


0


Random Access Preamble


1


Random Access Response


2



image7.emf
UPF NB UE

PDU Session

Radio NG-U

NG-RAN 5GC

Radio Bearer NG-U Tunnel

QoS Flow

QoS Flow

Radio Bearer

QoS Flow


Microsoft_Visio_2003-2010_Drawing4.vsd
Radio Bearer


UPF


QoS Flow


QoS Flow


UE


NB


NG-U Tunnel


PDU Session


Radio Bearer


QoS Flow


Radio


NG-U


NG-RAN


5GC



image8.emf
eNB

Neighbour 

Detection Function

Internal 

Iinformation

RRC

Mrmnt 

reports

Mrmnt 

requests

Add/Update N

CR

N

C

R report

ANR function

gNB

OAM

NCR

add

NCRT

Managemnt 

Function

Neighbour

Removal

Function

NCR

remove

NCR

update

Neighbour  Cell  Relation Table

1

2

TCI

3

No 

Remove

TCI#1

TCI#1

No HO No Xn

O&M controlled Attributes Neighbour Cell Relation

NCR

TCl#1

X

X

X


Microsoft_Visio_Drawing.vsdx
eNB
Neighbour Detection Function
Internal Iinformation
RRC
Mrmnt 
reports
Mrmnt 
requests
Add/Update NCR
NCR report
ANR function
gNB
OAM
NCRadd
NCRT Managemnt Function
Neighbour
Removal
Function
NCRremove
NCRupdate
Neighbour  Cell  Relation Table
1
2
TCI
3
No 
Remove
TCI#1
TCI#1
No HO
No Xn
O&M controlled Attributes
Neighbour Cell Relation
NCR
TCl#1
X
X
X



image9.emf
eNB

Neighbour 

Detection Function

Internal 

Iinformation

RRC

Mrmnt 

reports

Mrmnt 

requests

Add

/

Update N

CR

N

C

R report

ANR function

gNB

O&M

NCR

add

NCRT

Managemnt 

Function

Neighbour

Removal

Function

NCR

remove

NCR

update

Neighbour  Cell  Relation Table

1

2

TCI

3

No 

Remove

TCI#1

TCI#1

No HO No Xn

O&M controlled Attributes

Neighbour Cell Relation

NCR

TCl#1

X

X

X


Microsoft_Visio_Drawing1.vsdx
eNB
Neighbour Detection Function
Internal Iinformation
RRC
Mrmnt 
reports
Mrmnt 
requests
Add/Update NCR
NCR report
ANR function
gNB
O&M
NCRadd
NCRT Managemnt Function
Neighbour
Removal
Function
NCRremove
NCRupdate
Neighbour  Cell  Relation Table
1
2
TCI
3
No 
Remove
TCI#1
TCI#1
No HO
No Xn
O&M controlled Attributes
Neighbour Cell Relation
NCR
TCl#1
X
X
X



image10.wmf
C

e

l

l

 

A

P

h

y

-

C

I

D

=

3

G

l

o

b

a

l

-

C

I

D

=

1

7

U

E

C

e

l

l

 

B

P

h

y

-

C

I

D

=

5

G

l

o

b

a

l

-

C

I

D

=

1

9

1

.

 

R

e

p

o

r

t

(

P

h

y

-

C

I

D

=

5

,

 

s

t

r

o

n

g

 

s

i

g

n

a

l

)

2

.

 

R

e

p

o

r

t

 

G

l

o

b

a

l

-

C

I

D

 

R

e

q

u

e

s

t

(

T

a

r

g

e

t

 

P

h

y

-

C

I

D

=

5

)

2

b

.

 

B

C

C

H

 

(

.

.

.

)

3

.

 

R

e

p

o

r

t

 

G

l

o

b

a

l

-

C

I

D

=

1

9


oleObject3.bin

image11.emf
 

Cell A   Phy - CID=3   Global - CID =17  

Cell B   Phy - CID=5   Global - CID =19  

1)  report( Phy - CID =5,  strong signal)  

2)  Report Global - CID  Request  ( Target  Phy - CID =5 )  

2b )  Read BC C H ()  

3) Report  Global - CID =19  


image12.wmf
C

e

l

l

 

A

T

y

p

e

=

N

R

P

h

y

-

C

I

D

=

3

G

l

o

b

a

l

-

C

I

D

=

1

7

U

E

C

e

l

l

 

B

T

y

p

e

=

L

T

E

P

h

y

-

C

I

D

=

P

S

C

=

5

G

l

o

b

a

l

-

C

I

D

=

1

9

1

.

 

R

e

p

o

r

t

 

N

e

i

g

h

b

o

u

r

 

R

e

q

u

e

s

t

(

R

A

T

,

 

F

r

e

q

u

e

n

c

y

)

2

.

 

R

e

p

o

r

t

 

N

e

i

g

h

b

o

u

r

 

R

e

s

p

o

n

s

e

(

P

h

y

-

C

I

D

,

 

S

i

g

n

a

l

 

L

e

v

e

l

3

.

 

R

e

p

o

r

t

 

G

l

o

b

a

l

-

C

I

D

 

R

e

q

u

e

s

t

(

T

a

r

g

e

t

 

P

h

y

-

C

I

D

=

5

)

3

b

.

 

B

C

C

H

 

(

.

.

.

)

4

.

 

R

e

p

o

r

t

 

G

l

o

b

a

l

-

C

I

D

=

1

9


oleObject4.bin

image13.emf
 

Cell A     Type = NR            Phy - CID= 3     Global - CID =17   Cell B     Type = LTE           Phy - C ID= PSC= 5   Global - CID =19  

2 )   R eport   Neighbour  Response  ( Phy - CID,  Signal level )  

3 )   Report Global - CID  Request  ( Target  Phy - CID =5 )  

3b)   Read B C CH   (…)  

4 ) Report  Global - CID =19  

1)   R eport   Neighbour Request  (RAT, Frequency)  


oleObject5.bin

[image: image2.bmp]

Cell A �Type = NR          Phy-CID= 3    Global-CID =17







Cell B �Type =LTE         Phy-CID=PSC=5�Global-CID =19







2) Report Neighbour Response (Phy-CID, Signal level)







3) Report Global-CID Request (Target Phy-CID=5)







3b) Read BCCH (…)







4) Report Global-CID=19







1) Report Neighbour Request (RAT, Frequency)











[image: image1]
image14.wmf
U

E

g

N

B

U

L

/

D

L

 

b

i

t

 

r

a

t

e

 

r

e

c

o

m

m

e

n

d

a

t

i

o

n


oleObject6.bin

image15.emf
UE gNB

UL/DL bit rate 

recommendation


Microsoft_Visio_2003-2010_Drawing5.vsd
UE


gNB


UL/DL bit rate recommendation



image16.wmf
U

E

g

N

B

U

L

/

D

L

 

b

i

t

 

r

a

t

e

 

r

e

c

o

m

m

e

n

d

a

t

i

o

n

 

q

u

e

r

y


oleObject7.bin

image17.emf
UE gNB

UL/DL bit rate 

recommendation query


Microsoft_Visio_2003-2010_Drawing6.vsd
UE


gNB


UL/DL bit rate recommendation query



