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Foreword

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

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

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

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

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

1
Scope

This document is intended to gather all technical outcome of the study item "Next Generation New Radio (NR) Access Technology" [1], and draw a conclusion on a way forward.
This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
In addition this document includes the results of the work supporting the3GPP submission to the ITU-R as a candidate technology for the IMT-2020.
2
References

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

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP RP-160671, “New SID Proposal: Study on New Radio Access Technology”
[2]
3GPP TR 36.842: "Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects".
[3]
3GPP TS 36.304: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures in idle mode".
3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

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

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

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

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

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

Abbreviation format (EW)

NR
New Radio
4
Introduction

5
Deployment scenario

6
Forward compatibility

7
Radio interface protocol architecture for next generation radio

To support tight interworking between LTE and NR, a technology of aggregating data flows between the two RATs is studied based on Dual Connectivity (DC) for LTE [3]. In DC between LTE and NR, both (e)LTE eNB and NR gNB can act as a master node as described in sub-clause 4.1.2.1, 4.1.2.2 and 4.1.2.3.
For NR, a technology of aggregating NR carriers is studied. Both lower layer aggregation like Carrier Aggregation (CA) for LTE (see [3]) and upper layer aggregation like DC are investigated. From layer 2/3 point of view, aggregation of carriers with different numerologies is supported in NR. Modelling aspects such as whether it is a single or multiple MAC entity is FFS.

In this sub-clause, the radio interface protocol architecture of NR is described for the user plane and the control plane encompassing DC between LTE and NR, and lower/higher layer aggregation of NR carriers.
7.1
User plane
7.1.1
User plane protocol stack for NR
The figure below shows the protocol stack for the user plane, where PDCP, RLC and MAC sublayers (terminated in gNB on the network side) perform the functions listed for the user plane in sub-clause 5.4.
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Figure 7.1.1-1:
User plane protocol stack

NOTE:
Terminology of each layer 2 sublayer could be changed in the normative phase.
7.1.2
Bearer types for Dual Connectivity between LTE and NR

The following three types of bearer are studied for Dual Connectivity between LTE and NR:

-
Split bearer via MCG as illustrated in Figure 7.1.2-1 (similar to option 3C captured in TR 36.842 [2]);
-
SCG bearer as illustrated in Figure 7.1.2-2 (similar to option 1A captured in TR 36.842 [2]);
-
Split bearer via SCG as illustrated in Figure 7.1.2-3, where the split occurs in the secondary node.
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Figure 7.1.2-1:
Split bearer via MCG
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Figure 7.1.2-2:
SCG bearer
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Figure 7.1.2-3:
Split bearer via SCG
7.2
Control plane
7.2.1
Control plane protocol stack for NR
The figure below shows the protocol stack for the control plane, where:
-
PDCP, RLC and MAC sublayers (terminated in gNB on the network side) perform the functions listed in sub-clause 5.4;
-
RRC (terminated in gNB on the network side) performs the functions listed in sub-clause 5.5.1;
-
NAS control protocol (terminated in NG-CP on the network side) performs the functions listed in sub-clause 5.6.
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Figure 7.2.1-1:
Control plane protocol stack
7.2.2
Control plane architecture for Dual Connectivity between LTE and NR

8
Physical layer for next generation radio

Editor’s notes: FDD and TDD, and licensed and unlicensed bands will be considered.
8.1
Downlink transmission scheme

Editor’s notes: If there are specific transmission schemes or technical features for the specific usage case, new section(s) and/or subsection(s) will be created. 
8.1.1
Basic transmission scheme
8.1.2
Physical layer procedure
8.1.3
Physical layer measurements
8.2
Uplink transmission scheme

Editor’s notes: If there are specific transmission schemes or technical features for the specific usage case, new section(s) and/or subsection(s) will be created.
8.2.1
Basic transmission scheme
8.2.2
Physical channel procedure
8.3
Sidelink transmission scheme

Editor’s notes: If there are specific transmission schemes or technical features for the specific usage case, new section(s) and/or subsection(s) will be created. 
8.3.1
Basic transmission scheme
8.3.2
Physical layer procedure
8.3.3
Physical layer measurements
9
Layer 2 and RRC for next generation radio

9.1
Overview of Layer 2 functions

Overall layer 2 structure comprised of order and placement of layer 2 functions is illustrated in Figure 9.1-1. Each layer 2 function is served by the corresponding layer 2 sublayer described in 9.2, 9.3 and 9.4.
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Figure 9.1-1:
Overall layer 2 structure for NR
NOTE 1:
These are baseline functions and can be changed according to the outcome of this study.

NOTE 2:
Terminology of each layer 2 sublayer could be changed later.
9.2
MAC Sublayer

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;
-
Priority handling between logical channels of one UE;
-
Padding.
9.3
RLC Sublayer

The main services and functions of the RLC sublayer include:
-
Transfer of upper layer PDUs;
-
Error Correction through ARQ (only for AM data transfer);
-
Segmentation and resegmentation [FFS: of PDU or SDU];
-
Reassembly of SDU.
9.4
PDCP Sublayer

The main services and functions of the PDCP sublayer for the user plane include:
-
Sequence Numbering;
-
Header compression and decompression: ROHC only;
-
Transfer of user data;
-
Reordering and duplicate detection (if in order delivery to layers above PDCP is required);
-
PDCP PDU routing (in case of split bearers);
-
Retransmission of PDCP SDUs [FFS: when to perform retransmission];
-
Ciphering and deciphering [FFS: integrity protection];
-
PDCP SDU discard.
NOTE:
NR specification should not prohibit out-of-order deciphering of PDCP PDUs.
The main services and functions of the PDCP sublayer for the control plane include:
-
Ciphering, deciphering and Integrity Protection;
-
Transfer of control plane data.
9.5
Numerologies and TTI durations
One numerology corresponds to one subcarrier spacing in the frequency domain. By scaling a basic subcarrier spacing by an integer N, different numerologies can be defined in TR 38.802 [14].

One TTI duration corresponds to a number of consecutive symbols in the time domain in one transmission direction. Different TTI durations can be defined when using different number of symbols (e.g. corresponding to a mini-slot, one slot or several slots in one transmission direction) as described in TS 38.802 [14].

The combination of one numerology and one TTI duration determines how transmission is to be made on the physical layer.

Which numerologies and/or TTI durations a logical channel of a radio bearer is mapped to can be configured and reconfigured via RRC signalling. The mapping is not visible to RLC, i.e. the RLC configuration is per logical channel with no dependency on numerologies and/or TTI durations, and ARQ can operate on any of the numerologies and/or TTI durations the logical channel is configured with.

A single MAC entity can support one or multiple numerologies and/or TTI durations but in order for the mapping to be respected, logical channel prioritization procedure takes into account the mapping of one LCH to one or more numerologies and/or TTI durations.
NOTE:
HARQ operation with multiple numerologies and TTI durations is FFS, and it should be discussed and decided by RAN1.
NOTE:
Whether any characteristic of the numerology beyond the TTI is visible to MAC is FFS (depending on progress in RAN1). 

9.6
RRC

This sub-clause provides an overview on services and functions provided by the RRC sublayer.
9.6.1
Functions
The main services and functions of the RRC sublayer include:
-
Broadcast of System Information related to AS and NAS;
-
Paging initiated by CN or RAN;
-
Establishment, maintenance and release of an RRC connection between the UE and NR RAN including:
-
Addition, modification and release of carrier aggregation;
-
Addition, modification and release of Dual Connectivity in NR or between LTE and NR [FFS: or between NR and WLAN];
-
Security functions including key management;
-
Establishment, configuration, maintenance and release of signalling radio bearers and data radio bearers;
-
Mobility functions including:
-
Handover;
-
UE cell selection and reselection and control of cell selection and reselection;
-
Context transfer at handover.
-
QoS management functions;
-
UE measurement reporting and control of the reporting;
-
NAS message transfer to/from NAS from/to UE.
9.6.2
UE states and state transitions

RRC supports the following three states which can be characterised as follows:
Editor’s note: more characteristics are to be added for each state depending on the progress of study.
-
RRC_IDLE:

-
Cell re-selection mobility;
-
[FFS:
The UE AS context is not stored in any gNB or in the UE;]
-
Paging is initiated by CN;
-
Paging area is managed by CN.
-
RRC_INACTIVE:

-
Cell re-selection mobility;
-
CN – NR RAN connection (both C/U-planes) has been established for UE;
-
The UE AS context is stored in at least one gNB and the UE;
-
Paging is initiated by NR RAN;
-
RAN-based notification area is managed by NR RAN;
-
NR RAN knows the RAN-based notification area which the UE belongs to;
-
RRC_CONNECTED:

-
The UE has an NR RRC connection;
-
The UE has an AS context in NR;
-
NR RAN knows the cell which the UE belongs to;
-
Transfer of unicast data to/from the UE;
-
Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.
NOTE 1:
How to model RRC_INACTIVE in the specification will be decided in the work item phase.
Figure 5.5.2-1 illustrates an overview of UE state machine and state transitions in NR.
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Figure 5.5.2-1:
UE state machine and state transitions between NR and E-UTRAN

NOTE 2:
It is FFS how the UE transits from RRC_INACTIVE to RRC_IDLE in NR.
NOTE 3:
It is FFS how the UE transits from RRC_CONNECTED to RRC_INACTIVE
Paging operation details for the NR RRC_IDLE and RRC_INACTIVE state are specified in 10.1.1.2.

The following state transitions are supported between the aforementioned RRC states (as also presented in Figure 5.5.2-1):
-
from RRC_IDLE to RRC_CONNECTED, following the "connection setup" procedure (e.g. request, setup, complete);
-
from RRC_CONNECTED to RRC_IDLE, following (at least) the "connection release" procedure;
-
from RRC_CONNECTED to RRC_INACTIVE, following the "connection inactivation" procedure;
-
from RRC_INACTIVE to RRC_CONNECTED, following the "connection activation" procedure;
-
from RRC_INACTIVE to RRC_IDLE.
NOTE 4:
Number of steps for each RRC procedure and the corresponding RRC message will be decided in the work item phase.
9.6.2.1
RAN-based notification are management

A UE in the RRC_INACTIVE state can be configured with the RAN-based notification area, whereupon:
-
a notification area can cover a single or multiple cells, and can be smaller than CN area;
-
a UE does not send any "location update" indication when it stays within the boundaries of the notification area;
-
leaving the area, a UE updates its location to the network.
There are several different options on how the RAN-based notification area can be configured:
-
List of cells;

-
A UE is provided an explicit list of cells (one or more) that constitute the RAN-based notification area.
-
RAN area.

-
A UE is provided (at least one) RAN area ID;
-
A cell broadcasts (at least one) RAN area ID in the system information so that a UE knows which area the cell belongs to.
NOTE 1:
It will be decided in the work item phase whether to support both options, list of cells and RAN area ID, or only one of them.
NOTE 2:
A list with cells may contain only one entry implementing RAN-based notification area comprising one cell.
9.6.3
System information handling

System information is divided into minimum SI and other SI. Minimum SI is periodically broadcast. The minimum SI comprises basic information required for initial access to a cell and information for acquiring any other SI broadcast periodically or provisioned via on-demand basis, i.e. scheduling information. The other SI encompasses everything not broadcast in the minimum SI. 

The other SI may either be broadcast, or provisioned in a dedicated manner, either triggered by the network or upon request from the UE as illustrated in Figure 5.5.3.1.2-1. For the other SI required by the UE, before the UE sends the other SI request the UE needs to know whether it is available in the cell and whether it is broadcast or not. The UE in RRC_IDLE or RRC_INACTIVE should be able to request the other SI without requiring a state transition. For the UE in RRC_CONNECTED, dedicated RRC signaling can be used for the request and delivery of the other SI. The other SI may be broadcast at configurable periodicity and for certain duration. It is network decision whether the other SI is broadcast or delivered through dedicated UE specific RRC signaling.
 Each cell on which the UE is allowed to camp broadcasts at least some contents of the minimum SI, while there may be cells in the system on which the UE cannot camp and do not broadcast the minimum SI. For a cell/frequency that is considered for camping by the UE, the UE should not be required to acquire the minimum SI from the other cell/frequency layer. This does not preclude the case that the UE applies stored SI from previously visited cell(s). If the UE cannot determine the full minimum SI of a cell (by receiving from that cell or from valid stored SI from previous cells), the UE shall consider that cell as barred. It is desirable for the UE to learn very quickly that this cell cannot be camped on.
NOTE 1:
Reception of the minimum SI via SFN is not precluded and pending the outcome of RAN1 study.
NOTE 2:
It is FFS whether Msg.1 and/or Msg.3 are/is used to carry the other SI request.
NOTE 3:
It is FFS whether there is an additional indication that an on- demand SI is actually being broadcast at this instant in time.
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Figure 5.5.3.1.2-1:
High level concept of on-demand SI provisioning
9.6.3.1
Dual Connectivity between LTE and NR

9.6.4
Measurements

For the cell level mobility driven by RRC described in sub-clause 10.1.2, the baseline of the RRM measurement framework for DL is the one specified for LTE (measurement object, measurement ID, reporting configuration) as specified in TS 36.331 [6]. The DL RRM measurement should be performed based on a common framework regardless of network and UE beam configurations (e.g. number of beams). As for the event triggered reporting, Event A1 to A6 like the ones specified for LTE are at least to be supported with potential modifications. Other events may also be studied for NR. Measurement report contains at least cell level measurement results.
In the multi-beam operation, the UE in RRC_CONNECTED measures at least one or more individual DL beams. The gNB should have the mechanisms to consider the measurement results of those DL beams for handover. This mechanism is needed at least to trigger inter-gNB handover and to optimise handover ping-pong and failure. The UE should be able to distinguish between the beams from its serving cell and the beams from neighbour cells. The UE should be able to learn if a beam is coming from its serving cell. Cell level signalling quality for the DL RRM measurement can be derived from multiple beams, if detected. This does not preclude the DL RRM measurement on a single beam.

9.6.5
Access control

The NR system should support overload and access control functionality such as RACH backoff, RRC Connection Reject, RRC Connection Release and UE based access barring mechanisms.

One unified access barring mechanism for NR should be introduced to address all the use cases and scenarios that LTE addressed with different specialized mechanisms. The unified access barring mechanism should be forward compatible in order to cope with future use cases/scenarios.

In NR, the unified access barring mechanism should be applicable for all RRC states in NR (RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE).
NOTE:
It is FFS whether it will be possible for the mechanism to be completely common between the states.
NOTE:
It is FFS if it is possible to specify the unified access barring mechanism fully inside the 3GPP WGs.

10
Architecture for next generation RAN

Editor’s notes: new section(s) and/or subsection(s) will be created when needed.
10.1
RAN-CN functional split
10.2
Overall architecture
10.3
Interfaces
10.3.1
RAN-CN interface
10.3.2
RAN internal interface 
11
QoS

11.1
QoS architecture in NR and NextGen Core
The QoS architecture in NR and NextGen Core is depicted in the Figure 8.1-1 and described in the following:
-
For each UE, the NextGen Core establishes one or more PDU Sessions.
-
For each UE, the RAN establishes one or more Data Radio Bearers per PDU Session. The RAN maps packets belonging to different PDU sessions to different DRBs. Hence, the RAN establishes at least one default DRB for each PDU Session indicated by the CN upon PDU Session establishment.
-
NAS level packet filters in the UE and in the NextGen Core associate UL and DL packets with QoS Flows.
-
AS-level mapping in the UE and in the RAN associate UL and DL QoS Flows with Data Radio Bearers (DRB).
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Figure 8.1-1:
QoS architecture in NR and NextGen Core

NextGen Core and RAN 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). 

In NR, the data radio bearer (DRB) defines the packet treatment on the radio interface (Uu). 

A DRB serves packets with the same packet forwarding treatment. Separate DRBs may be established for QoS flows requiring different packet forwarding treatment. 

In the downlink, the RAN maps QoS Flows to DRBs based on NG3 marking (QoS Flow ID) and the associated QoS profiles. 

In the uplink, the UE marks uplink packets over Uu with the QoS flow ID for the purposes of marking forwarded packets to the CN

In the uplink, the RAN may control the mapping of QoS Flows to DRB in two different ways:
-
Reflective mapping: for each DRB, the UE monitors the QoS flow ID(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 QoS flow ID(s) and PDU Session observed in the downlink packets for that DRB. To enable this reflective mapping, the RAN marks downlink packets over Uu with QoS flow ID.
NOTE 1:
It is FFS whether the marking with a QoS flow ID can be semi-statically configured (to not include the QOS flow ID when not needed).
-
Explicit Configuration: besides the reflective mapping, the RAN may configure by RRC an uplink “QoS Flow to DRB mapping”.
NOTE 2:
The precedence of the RRC configured mapping and reflective QoS is FFS (can reflective QoS update and thereby override an RRC configured mapping? Or does a configured QoS Flow ID to DRB mapping always take precedence over a reflective mapping?)
[Working assumption:] 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, is up to RAN how to map multiple QoS flows to a DRB. The 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.

A new user plane Access Stratum (AS) protocol layer above PDCP is responsible for the functions introduced in the UE and RAN for the new QoS framework, including:
-
QoS flow to DRB mapping;
-
QoS-flow-id marking in DL packets;

-
QoS-flow-id marking in UL packets.

The new user plane protocol layer is applicable for connections to the NextGen Core. A single protocol entity of the new user plane protocol layer is configured for each individual PDU session.
11.2
Dual Connectivity between LTE and NR via EPC
12
Key higher layer and network procedures


12.1
Initial access
12.1.1
Cell selection
Cell selection is performed by one of the following two procedures:
a)
Initial cell selection (no prior knowledge of which RF channels are NR carriers);
1.
The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.
2.
On each carrier frequency, the UE need only search for the strongest cell.
3.
Once a suitable cell is found this cell shall be selected.
b)
Cell selection by leveraging stored information.
1.
This procedure requires stored information of carrier frequencies and optionally also information on cell parameters, from previously received measurement control information elements or from previously detected cells.
2.
Once the UE has found a suitable cell the UE shall select it.
3.
If no suitable cell is found the Initial Cell Selection procedure shall be started.
The following three levels of services are provided while a UE is in RRC_IDLE:
-
Limited service (emergency calls, ETWS and CMAS on an acceptable cell);
-
Normal service (for public use on a suitable cell);
-
Operator service (for operators only on a reserved cell).
The definition of an acceptable cell, a suitable cell, a barred cell and a reserved cell is also applicable for cell selection in NR. A cell is considered as suitable if the following conditions are fulfilled:
-
Measurement quality of a cell is above a threshold;
-
A cell is served by the selected/registered PLMN and not barred.
NOTE:
Other conditions are FFS if any.

In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell. It is FFS how to derive the cell level measurement quantity from multiple beams, which may or needs not be different for the one in RRC_CONNECTED.

12.1.2
Random access procedure
The random access procedure supports both contention-based and contention free random accesses which follow the steps defined for LTE as illustrated in Figure 9.2-1. The design of random access procedure needs to support flexible Msg.3 size (as already supported in LTE).
NOTE 1:
RAN2 should strive for as much commonality in random access procedure as possible across all use cases.
NOTE 2:
It is FFS whether the gNB can be provided with more information (compared to LTE) from the UE on the Msg.3 to provide.
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Figure 9.2-1:
Random access procedures

12.2
Mobililty
12.2.1
Intra-RAT
12.2.1.1
UE based mobility
12.2.1.1.1
Cell reselection

The following cell reselection methods as specified in TS 36.304 [3] are applicable based on the corresponding parameters broadcast while the UE is camping on a cell in NR:
-
Intra-frequency reselection is based on ranking of cells.
-
Inter-frequency reselection is based on absolute priorities.
-
Inter-RAT reselection can be also based on absolute priorities.
-
Frequency specific cell reselection parameters common to all neighbouring cells on a frequency;
-
Service specific prioritisation;
NOTE:
For NR, it is FFS for which services the service specific prioritisation is applied and how it could be applied for the case of network slices.
-
A concept of neighbour cell lists and black cell lists;
-
Speed dependent cell reselection.
In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell. It is FFS how to derive the cell level measurement quantity from multiple beams, which may or needs not be different from the one in RRC_CONNECTED.
12.2.1.1.2
Paging
The UE in RRC_IDLE and RRC_INACTIVE states may use Discontinuous Reception (DRX) in order to reduce power consumption. While in RRC_IDLE the UE monitors CN-initiated paging, in RRC_INACTIVE the UE is reachable via RAN-initiated paging and CN-initiated paging. RAN and CN paging occasions overlap and same paging mechanism is used. The UE monitors one paging occasion per DRX cycle for the reception of paging as follows:
-
Paging DRX cycle length is configurable;
-
A default DRX cycle for CN paging is configurable via system information;
-
A UE specific DRX cycle for CN paging is configurable via UE dedicated signaling;
-
A RAN node can configure a UE with a DRX cycle for RAN paging. This configuration can be UE specific.
-
The number of paging occasions in a DRX cycle is configurable via system information;
-
A network may distribute UEs to the paging occasions based on UE id when multiple paging occasions are configured in the DRX cycle.

-
Paging occasion can consist of multiple time slots (e.g. subframe or OFDM symbol). The number of time slots in a paging occasion is configurable via system information.
-
A network may transmit a paging using a different set of DL Tx beam(s) or repetitions in each time slot.

NOTE 1:
FFS for the content of paging (e.g. paging message or paging indicator) when paging is transmitted using beam sweeping.

NOTE 2:
Transmission mechanism of paging in each time slot is up to RAN1 decision.
12.2.1.2
Network controlled mobility

Network controlled mobility is applied for the UE in RRC_CONNECTED and is dealt with or without RRC. The RRC driven mobility is responsible for the cell level mobility, i.e. handover. Handover signalling procedures adopt the same principle as Rel-13 LTE as specified in TS 36.300 [3]. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 10.1.2-1:
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Figure 10.1.2-1:
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. For some cases, the information required for contention based and contention free random access can be included in the Handover Command message.
4
The UE moves the RRC connection to the target gNB and replies the Handover Complete.
NOTE 1:
Further enhancements and modifications can be considered.
The handover mechanism driven by RRC requires the UE at least to reset the MAC entity if multi-connectivity is not configured for the UE. The handover with and without re-establishing the PDCP entity is supported, which is to be confirmed by SA3 whether handover without security key change is acceptable.

For mobility without RRC, it is dealt with PHY and/or MAC on the beam or TRxP level. As such, intra-cell mobility can be handled by mobility without RRC. One gNB corresponds to one or many TRxPs.
NOTE 2:
It is FFS whether there may be cases for which intra-cell mobility needs to be handled by RRC.
12.2.2
Inter-RAT
The following list defines the mobility support between NR and LTE connected to NG Core and EPC.  (see Figure 10.2-1).
1)
Support for HO between NR and LTE connected to EPC depends on SA2 decisions and support of NGx with context mapping between NG Core and EPC. If supported, from RAN2 perspective, a “conventional” S1/NG based HO procedure is used where the target RAT receives the UE S1 context information and based on this information configures the UE with a complete RRC message and Full configuration (not delta).
NOTE:
RAN2 does not consider direct RAN interface between eNB connected to EPC and NR.  This does not preclude indirect data forwarding over S1-NG-C being considered by other WGs without any RAN2 impact.
2)
Both Xn and CN HO between LTE connected to NG Core and NR is supported by RAN2 specifications.  The target RAT receives the UE NG-C context information and based on this information configures the UE with a complete RRC message and Full configuration (not delta).  Whether the HO is over Xn or CN is transparent to the UE.
3)
Lossless HO between RAN nodes (eNB and gNB) connected to NG Core should be supported by the specifications. Details are FFS.
4)
Source RAT should be able to support and configure Target RAT measurement and reporting for inter-RAT HO.
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Figure 10.2-1:
Example message flow for Inter-RAT mobility from NR to LTE connected to EPC and NG Core

NOTE 1:
Network messages are not shown except for one that carry on an RRC message.

Figure 10.2-2 illustrates an overview of UE state machine and state transitions in NR as well as the mobility procedures supported between NR and E-UTRAN.
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Figure 10.2-2:
UE state machine and state transitions between NR and E-UTRAN

NOTE 2:
It is FFS whether the RRC connection suspend and resume is supported between NR and E-UTRAN connected to NG Core.
NOTE 3:
It is FFS how the state machine and transitions look like if the UE supports LTE light connection.
Figure 10.2-3 illustrates the mobility procedures supported between NR and UTRAN/GERAN.
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Figure 10.2-3:
UE state machine and state transitions between NR and UTRAN/GERAN
13
Radio transmission/reception

13.1
Potential spectrum
Editor’s notes: Capture potential spectrum information and associated information.
13.2
Co-existence consideration
Editor’s notes: Capture assumed scenarios for co-existence study, simulation assumptions and the results.
13.3
UE/BS RF feasibility
Editor’s notes: Capture RF feasibility for UE and BS (including assumed scope).

13.3.1
Common requirements for UE and BS

13.3.2
UE RF requirements

13.3.3
BS RF requirements
14
Performance assessments

Editor’s notes: The subsections will be created based on the scenario and requirement study.
15
Conclusions and Recommendations

15.1
Conclusions
15.2
Recommendations
Annex A: simulation scenarios and assumptions

A.1
Link level simulation assumptions
A.2
System level simulation assumptions
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