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1	Introduction
According to the requirements and scenarios for new radio (NR) described in [TS38.913], the objectives of the Work Item are to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) considering frequency ranges up to 52.6 GHz. While the NR is not required to be backward compatible with LTE, the NR functionalities are forward compatible and allow for smooth introduction of additional technology components and support for new use cases.

2	Description
2.1	Architecture and functionality split
There are two types of architecture; E-UTRAN and NG-RAN. In following sections, the details are shown. 
2.1.1	Overall architecture
E-UTRAN architecture
The E-UTRAN architecture is illustrated in following figure. 



Figure 1  E-UTRAN Architecture (in section 4.1.2 of 3GPP TS 37.340)
Dual connectivity between eNB (as master node) and en-gNB (as secondary node) in E-UTRAN is called as EN-DC.
 In EN-DC, the NR base station (logical node “en-gNB”) connects to the LTE base station (logical node “eNB”) via the X2 interface. Although the X2 interface has been used up to now to connect eNBs, Release 15 extends the interface to also support connecting an eNB and en-gNB. In addition, E-UTRAN connects to the EPC via the S1 interface. 

NG-RAN architecture
The NG-RAN architecture is illustrated in following figure. 



Figure 2  NG-RAN Architecture
In the NG-RAN architecture, the NR base station (logical node “gNB”) or the LTE base station (logical node “ng-eNB”)connects to each other via the Xn interface In addition, NG-RAN node   connects to 5GC via the NG interface. 
Dual connectivity between gNB and ng-eNB in NG-RAN  is called as NGEN-DC (in case of ng-eNB is master node)/NE-DC (in case of gNB is master node). Furthermore, dual connectivity between/within gNB in NG-RAN is called as NR-DC.


2.1.2	Functional split
The gNB 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&M);
-	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 [X]):
-	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 [X]):
-	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 [X]):
-	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 3: Functional Split between NG-RAN and 5GC

2.1.3	NSA radio protocol architecture
2.1.3.1	Control Plane
In MREN-DC, the UE has a single RRC state, based on the MN RRC and a single C-plane connection towards the Core Network. Figure 4 illustrates the Control plane architecture for MREN-DC. Each radio node has its own RRC entity (E-UTRA version if the node is an eNB or NR version if the node is a gNB) which can generate RRC PDUs to be sent to the UE. RRC PDUs generated by the SN can be transported via the MN to the UE. The MN always sends the initial SN RRC configuration via MCG SRB (SRB1), but subsequent reconfigurations may be transported via MN or SN. When transporting RRC PDU from the SN, the MN does not modify the UE configuration provided by the SN.



		
Figure 4:	Control plane architecture for EN-DC (left) and MR-DC with 5GC (right).

2.1.3.2	User Plane
In MREN-DC, from a UE perspective, three bearer types exist: MCG bearer, SCG bearer and split bearer. These three bearer types are depicted in Figure 5 for EN-DC, and Figure 5a for MR-DC with 5GC (NGEN-DC, NE-DC and NR-DC). For EN-DC, the network can configure either E-UTRA PDCP or NR PDCP for MCG bearers while NR PDCP is always used for SCG and split bearers.
In MR-DC with 5GC, NR PDCP is always used for all bearer types. In NGEN-DC, E-UTRA RLC/MAC is used in the MN while NR RLC/MAC is used in the SN. In NE-DC, NR RLC/MAC is used in the MN while E-UTRA RLC/MAC is used in the SN. In NR-DC, NR RLC/MAC is used in both MN and SN.


Figure 5: Radio Protocol Architecture for MCG, SCG and split bearers from a UE perspective in EN-DC


Figure 5a:	Radio Protocol Architecture for MCG, SCG and split bearers from a UE perspective in MR-DC with 5GC (NGEN-DC, NE-DC and NR-DC)
2.1.4	SA radio protocol architecture
2.1.4.1	Control Plane
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 subclause 2.3.1;
-	RRC (terminated in gNB on the network side) performs the functions listed in subclause 2.3.2;
-	NAS control protocol (terminated in AMF on the network side) performs the functions listed in 3GPP TS 23.501 [X]), for instance: authentication, mobility management, security control…


Figure 6: Control Plane Protocol Stack

2.1.4.2	User Plane
The figure below shows the protocol stack for the user plane, where SDAP, PDCP, RLC and MAC sublayers (terminated in gNB on the network side) perform the functions listed in subclause 2.3.1.


Figure 7: User Plane Protocol Stack

2.2	Physical layer aspects
Numerologies, waveform and frame structure
Similar to LTE, OFDM using a CP is used as downlink (DL) waveform. In contrast to LTE, OFDM can also be used also in the NR uplink (UL) direction. As a complement, DFT-s-OFDM (OFDM with DFT precoding) can be used in the uplink although limited to single-layer transmission only. 
In order to support various deployment scenarios and wide range of carrier frequencies, NR supports multiple subcarrier spacings . More specifically, 15kHz, 30kHz, and 60kHz subcarrier spacing can be used for network deployments operating in frequency bands below 6 GHz, referred to as frequency range 1 (FR1). For network deployments above 24 GHz (FR2), 60 kHz and 120 kHz subcarrier spacing can be used.
 For the 15 kHz numerology, the CP is approximately 4.7 µs, with the CP scaling inversely with the sub-carrier spacing. In addition, for the 60 kHz numerology, there is a possibility for an extended CP of length approximately four times the normal CP. 
One resource block (RB) is defined as consecutive twelve subcarriers.
In the time domain, a subframe of 1ms consists of a number of slots, each slot being of length 14 symbols. The length, in ms, of a slot and thus also the number of slots per subframe hence depends on the numerology.  
NR supports both FDD and TDD operation with the same frame structure. In case of TDD, the direction of each OFDM symbol in a slot can be downlink or uplink for flexible traffic adaptation. The transmission direction can be semi-statically configured or dynamically changes as part of the scheduling decision.  Furthermore, transmissions can be carried out over only a fraction of a slot with the minimum transmission consisting of only two symbols. Such very short transmissions mainly targets usage cases requiring low latency, such as some URLLC services.

Channel coding and modulation
In NR, low density parity check (LDPC) coding is used for data (PDSCH/PUSCH) while, for L1 control signalling (PDCCH/PUCCH), polar coding is used in case of more than 11 information bits. For modulation, QPSK, 16QAM, 64QAM and 256QAM are supported for both DL and UL. In addition, when DFT-s-OFDM is selected as a UL waveform, pi/2-BPSK modulation can be used to further reduce peak-to-average power ratio (PAPR) of the UL transmission.

Initial access and mobility 
NR synchronization signals i.e., PSS and SSS, are transmitted over 127 sub carriers and are designed to carry the physical cell ID (PCID) selected from 1008 candidates. PSS and SSS are transmitted together with PBCH and DMRS for PBCH as an SS/PBCH block for a carrier within four OFDM symbols in time domain and 240 subcarriers, corresponding to 20 resource blocks, in frequency domain as shown in Figure 8. PBCH carries only minimum system information required to receive system information block 1 (SIB1) necessary for initial access, such as system frame number (SFN), initial PDCCH configuration, initial PDSCH and PUSCH. For SS/PBCH block transmission, the same or different subcarrier spacing from that for other DL transmissions can be utilized according to default subcarrier spacing for the frequency band or higher layer indication.
[image: 図4]
Figure 8: SS/PBCH block design in NR
SIB1 and other system information (SIB2 and onwards) are carried by PDSCH which is scheduled by PDCCH. RMSI contains necessary information to perform random access procedure for initial access. Paging message is carried by PDSCH which is scheduled by PDCCH. Numerology used for RMSI on a NR cell is indicated in MIB carried by PBCH and is commonly applied to OSI, Paging, Msg.2 and Msg.4 transmissions on the same cell.
For random access in NR, a four-step procedure (Msg.1, Msg.2, Msg.3 and Msg.4) similar to LTE is defined. For Msg.1 transmission in random access, NR supports two types of PRACH sequences, one is based on long Zadoff-Chu (ZC) sequences of length 839 and another is based on short ZC sequences of length 139. Four different PRACH formats based on long ZC sequence are defined and corresponding numerology is defined for each format. Nine different PRACH formats based on short ZC sequence are defined and numerology used for the PRACH format based on short ZC sequence is indicated in RMSI. Msg.2 and Msg.4 for random access are carried by PDSCH that are scheduled by PDCCH. Msg.3 for random access is carried by PUSCH which is scheduled by random access response (RAR) in Msg.2 or PDCCH in case of retransmission.
For mobility measurement and radio link monitoring, SS/PBCH block and/or CSI-RS can be utilized in NR. Configurations of SS/PBCH block and/or CSI-RS including numerology are provided by higher layer signalling. 

MIMO aspects
NR supports multi-layer transmission (single-user MIMO) with a maximum of eight and four transmission layers for the downlink and uplink transmission directions, respectively. NR is also particularly designed to support a larger number of multi-user MIMO scheduled users. RSs are specified assuming multi-antenna transmission. Demodulation RS (DM-RS), channel state information RS (CSI-RS) and sounding RS (SRS) are supported for PDSCH/PUSCH demodulation, DL CSI acquisition and UL CSI acquisition, respectively. CSI-RS can be also used for fine frequency/time tracking, a.k.a. Tracking RS (TRS), mobility measurements and beam management measurements. In addition, phase tracking RS (PT-RS) can be used in both DL and UL to compensate for the increased phase noise for the higher frequency ranges.
Beamforming/precoding is an important technique for achieving higher throughput and sufficient coverage. In the DL, beam management is performed based on SSB and CSI-RS, while SRS can be used for the UL beam management. Tx and Rx beams are selected based on L1-RSRP measurement and it is possible to utilize beam sweeping spatial filters at transmitter and receiver to improve beam directions. Information on Tx beams for PDCCH, PDSCH and PUCCH are indicated to a UE and it enables to apply the appropriate Rx beam at a receiver side. In addition, beam failure recovery is supported to achieve quick recovery from misalignment of Tx/Rx beams. UE can identify the misalignment and informs gNB of index of new candidate beam. For DL CSI acquisition, NR supports two levels of PMI definitions, the type I and II codebooks, providing different levels of CSI granularity. On the other hand, for the UL, NR supports a codebook that can be applied for different antenna implementations in terms of transmitter phase coherence across antennas and time. Non-codebook based UL transmission is also supported, where precoded SRS resources are transmitted by the UE and then gNB selects the desired transmission layers for PUSCH by selecting among these SRS resources. 

DL channels
The basic way of controlling data transmission in NR is scheduling in a similar way as in LTE. Each device monitors a number of physical downlink control channels (PDCCHs), typically once per slot although it is possible to configure more frequent monitoring to support traffic requiring very low latency. Upon detection of a valid PDCCH, the device follows the scheduling decision and receives (or transmits) accordingly.
The PDCCHs are transmitted in one or more control resource sets (CORESETs), each of length one to three OFDM symbol(s). Unlike LTE, where control channels span the full carrier bandwidth, the bandwidth of a CORESET can be configured. This is needed in order to handle devices with different bandwidth capabilities and also beneficial from a forward-compatibility perspective.
There are different formats for downlink control information (DCI) transmitted on a PDCCH as shown in Table 1. A UE monitors one or more PDCCH candidates for DCI with CRC scrambled by a certain RNTI in PDCCH common search space (CSS) set and/or UE-specific search space (USS) set. 
Table1	NR DCI formats.
	DCI format
	RNTI
	Notes

	DCI format 0_0
	RA-RNTI, TC-RNTI, C-RNTI, CS-RNTI
	Monitored on CSS or USS
Scheduling PUSCH

	DCI format 0_1
	C-RNTI, CS-RNTI
	Monitored in USS
Scheduling PUSCH

	DCI format 1_0
	SI-RNTI, RA-RNTI, P-RNTI, C-RNTI, CS-RNTI
	Monitored in CSS or USS
Scheduling PDSCH

	DCI format 1_1
	C-RNTI, CS-RNTI
	Monitored in USS
Scheduling PDSCH

	DCI format 2_0
	SFI-RNTI
	Monitored in CSS
Indicating slot format for slot(s)

	DCI format 2_1
	INT-RNTI
	Monitored in CSS
Indicating pre-emption of DL resource

	DCI format 2_2
	TPC-PUSCH-RNTI, TPC-PUCCH-RNTI
	Monitored in CSS
Group-TPC command for PUSCH/PUCCH

	DCI format 2_3
	TPC-SRS-RNTI
	Monitored in CSS
Group-command for SRS



[image: ]
Figure 9: General description of NR PDCCH.

UL channels
In NR, PUCCH delivers UCI (Uplink Control Information) which consists of HARQ-ACK (Hybrid Automatic Repeat Request Acknowledgement), SR (Scheduling Request), or CSI (Channel State Information). Various PUCCH formats are specified as in figure 10. NR PUCCH supports durations of 1 to2 symbols, or durations of 4 to 14 symbols. PUCCH formats 0/2 is called short-PUCCH, which can deliver UCI by 1 to 2 symbols; PUCCH formats 1/3/4 is called long-PUCCH, which can deliver UCI by 4 to 14 symbols. 

[image: ]
Figure 10: NR PUCCH formats.

Figure 11 describes general use-cases for PUCCH in NR. Long-PUCCH is used to improve coverage; on the other hand, short-PUCCH is used to reduce latency. Unlike LTE, where the PUCCH is always located at the uplink carrier edges, the frequency/time-domain resources for PUCCH transmission in NR are flexibly configurable. For a UE (User Equipment), TDM (Time Division Multiplexing) between long-PUCCH and short-PUCCH is also supported; for example, UCI of large payload, e.g. CSI, is transmitted by long-PUCCH, and UCI of small payload, e.g. HARQ-ACK, is transmitted by short-PUCCH.
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Figure 11: General description of NR PUCCH.

Scheduling/HARQ
DCI formats 0_0/0_1 and 1_0/1_1 schedule PUSCH and PDSCH, respectively. For each DCI format, frequency-domain and time-domain resource allocation fields are included. For frequency-domain resource allocation, resource block group (RBG)-level bit-map resource allocation (resource allocation Type 0) and contiguous resource allocation (resource allocation Type1) are supported. A UE can be configured with either or both of them. For time-domain resource allocation, the time-domain resource allocation field in the DCI jointly indicates scheduled slot, starting symbol, and the duration (number of consecutive symbols to use for the channel). 
For PUSCH and PDSCH, other than DCI-based scheduling, configured grant for PUSCH and semi-persistent scheduling (SPS) for PDSCH are supported. For configured grant PUSCH, once PUSCH resource is configured and activated, the UE can transmit a PUSCH without DCI format 0_0/0_1. There are two types of configured grant PUSCH; with the configured grant Type1, UE can transmit PUSCH on the configured grant resource once RRC configuration is available, while with the configured grant Type2, UE can transmit PUSCH on the configured grant resource after a DCI with CRC scrambled by CS-RNTI activates the configured grant resource. SPS for PDSCH also requires activation DCI with CRC scrambled by CS-RNTI.
For NR, only asynchronous and adaptive HARQ is supported for both PDSCH and PUSCH. For re-transmission of a PDSCH or PUSCH, DCI formats 0_0/0_1 or 1_0/1_1 is used. HARQ process number and redundancy version are indicated in the DCI scheduling the re-transmission.
UE reports HARQ-ACK feedback for a decoded PDSCH. UE can be configured with reporting one HARQ-ACK bit for each transport block (TB), while if a UE is configured with CBG-based PDSCH transmission, the UE reports one HARQ-ACK bit for each code block group (CBG), where a CBG is a group of code-blocks consisting of a TB. If a UE is configured with CBG-based PDSCH transmission, the DCI scheduling PDSCH includes CBG transmission information (CBGTI) field which indicates which CBG(s) is/are re-transmitted, and the DCI can also include CBG flushing out information (CBGFI) field, which indicates the CBGs being retransmitted can be combined with the earlier received instances of the same CBGs. For PUSCH, CBG-based transmission using CBGTI is also supported.
For reporting multiple HARQ-ACK bits at one time, two types of HARQ-ACK codebook construction are supported; Type 1 HARQ-ACK codebook constructs the codebook based on semi-static configuration only, while Type 2 HARQ-ACK codebook constructs the codebook based on both semi-static configuration and DCI field named downlink assignment index (DAI). 


Carrier Aggregation, Bandwidth Parts, and LTE/NR dual connectivity 
In NR, the maximum bandwidth of a NR carrier is 100MHz for carrier frequencies below 6 GHz and 400MHz for carrier frequencies above 24 GHz, respectively. In order to achieve wider bandwidth, carrier aggregation (CA) of up to 16 NR carriers is further supported. Both intra-band CA and inter-band CA are supported. Both self-carrier scheduling and cross-carrier scheduling are supported. For the case of inter-band CA, CA with different numerologies, i.e., CA with NR carrier below 6 GHz and NR carrier above 24 GHz, is also enabled. 
NR newly defines the concept of bandwidth part (BWP). Up to four BWPs can be configured for a UE per NR carrier for the DL and UL respectively. The usage cases for BWP include 1) support of different UE BW capabilities in a wideband NR carrier, 2) UE power saving resulted from BW adaptation, and 3) scheduling different UEs with different numerologies in different frequency parts of a carrier. In BWP adaptation, for example, a BWP with a smaller bandwidth is used if there is no data and is dynamically switched to BWP with a wider bandwidth when data transmission occurs. Also, BWP switching between BWPs with different numerologies is specified. 
For (NG)EN-DC and NE-DC, simultaneous UL transmissions across LTE and NR is supported; however, a single UL transmission is also enabled in some cases for difficult band combinations, e.g., band combinations where inter-modulation issue happens.

NR-LTE co-existence
NR is designed to allow co-existence with LTE. To achieve this, for instance, higher-layer signaling can be used to configure reserved resources and LTE CRS-related information to be rate-matched around. It is further possible to configure an LTE carrier that overlaps with an NR carrier with MBSFN subframe configurations to minimize the impact on NR. The corresponding backhaul signaling between eNodeB and gNodeB is also specified. For the UL it is possible to operate with a 7.5 kHz shift so that LTE and NR subcarriers are aligned. The above enables operations of NR and LTE on the same frequency. In addition, PDSCH resource mapping in NR allows LTE, NB-IoT and LTE-M to operate on the same frequency as NR.

Supplementary Downlink
Similar as within LTE the concept of SDL is supported wherein a carrier is pure DL carrier without any associated UL carrier. An SDL carrier can be aggregated with CA together with another DL and UL carrier.

[bookmark: _Toc510394426]Supplementary Uplink
In case of Supplementary Uplink (SUL), 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.

UL TPC
NR UL power control is designed to allow dynamic power adjustment and multiple power control processes, e.g., for switching. gNB executes it by signalling an index, which has pre-configured linkage with a reference signal (RS) for pathloss calculation, a power control parameter set, and a closed-loop. In addition, for LTE-NR coexistence, power sharing mechanism between RATs was introduced. When UE supports dynamic power sharing, power allocation is dynamically adjusted on condition that the total transmission power never exceeds allowed value. Otherwise, the total power is semi-statically split for the two RATs by gNB configuration.

2.3	Higher layer aspects 
2.3.1	Layer 2 related aspects 
2.3.1.1	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 (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.
2.3.1.2	RLC sublayer
The main services and functions of the RLC sublayer depend on the transmission mode and include:
-	Transfer of upper layer PDUs;
-	Sequence numbering independent of the one in PDCP (UM and AM);
-	Error Correction through ARQ (AM only);
-	Segmentation (AM and UM) and re-segmentation (AM only) of RLC SDUs;
-	Reassembly of SDU (AM and UM);
-	Duplicate Detection (AM only);
-	RLC SDU discard (AM and UM);
-	RLC re-establishment;
-	Protocol error detection (AM only).
2.3.1.3	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;
-	PDCP PDU routing (in case of split bearers);
-	Retransmission of PDCP SDUs;
-	Ciphering, deciphering;
-	PDCP SDU discard;
-	PDCP re-establishment and data recovery for RLC AM;
-	Duplication of PDCP PDUs.
The main services and functions of the PDCP sublayer for the control plane include:
-	Sequence Numbering;
-	Ciphering, deciphering and integrity protection;
-	Transfer of control plane data;
-	Reordering and duplicate detection;
-	Duplication of PDCP PDUs.
2.3.1.4	SDAP sublayer
The main services and functions of SDAP include:
-	Mapping between a QoS flow and a data radio bearer;
-	Marking QoS flow ID (QFI) in both DL and UL packets.
2.3.2	RRC related aspects
The main services and functions of the RRC sublayer include:
-	Broadcast of System Information related to AS and NAS;
-	Paging initiated by 5GC or NG-RAN
-	Establishment, maintenance and release of an RRC connection between the UE and NG-RAN including:
-	Addition, modification and release of carrier aggregation;
-	Addition, modification and release of Dual Connectivity in NR or between E-UTRA and NR.
-	Security functions including key management;
-	Establishment, configuration, maintenance and release of Signalling Radio Bearers (SRBs) and Data Radio Bearers (DRBs);
-	Mobility functions including:
-	Handover and context transfer;
-	UE cell selection and reselection and control of cell selection and reselection;
-	Inter-RAT mobility.
-	QoS management functions;
-	UE measurement reporting and control of the reporting;
-	Detection of and recovery from radio link failure;
-	NAS message transfer to/from NAS from/to UE.
2.3.3	Network interface related aspects 
Additional functions of X2AP
The X2AP protocol provides the following functions additionally:
-	E-UTRA-NR Dual Connectivity function. This function allows the eNB to request another en-gNB to provide radio resources for a certain UE while keeping responsibility for that UE.
-	Secondary RAT Data Usage Report function. This function allows eNB to get the uplink and downlink data volumes for the Secondary RAT on a per E-RAB basis.
Additional functions of S1 AP
The S1AP protocol provides the following functions additionally:
-	Report of Secondary RAT data volumes function. The functionality enables the eNB to report Secondary RAT data usage information in case of EN-DC.
Functions of XnAP
The XnAP protocol provides the following functions:
-	Xn Setup function. This function allows for the initial setup of an Xn interface between two NG-RAN nodes, including exchange of application level data.
-	Error Indication function. This function allows the reporting of general error situations on application level.
-	Xn reset function. This function allows an NG-RAN node to inform a second NG-RAN node that it has recovered from an abnormal failure and that either all or some of the contexts (except the application level data) related to the first node and stored in the second shall be deleted, and the associated resources released.
-	Xn configuration data update function. This function allows two NG-RAN nodes to update application level data at any time.
-	Xn removal function. This function allows two NG-RAN nodes to remove the respective Xn interface..
-	Handover preparation function. This function allows the exchange of information between source and target NG-RAN nodes in order to initiate the handover of a certain UE to the target.
-	Handover cancellation function. This function allows informing an already prepared target NG-RAN node that a prepared handover will not take place. It allows releasing the resources allocated during a preparation.
-	Retrieve UE Context function. The Retrieve UE context function is used for a NG-RAN node to retrieve UE context from another one.
-	RAN Paging function. The RAN paging function allows a NG-RAN node to initiate the paging for a UE in the inactive state.
-	Data Forwarding control function. The data forwarding control function allows establishing and releasing transport bearers between source and target NG-RAN nodes for data forwarding.
-	Energy saving function. This function enables decreasing energy consumption by indication of cell activation/deactivation over the Xn interface. 
-	Dual connectivity function. The dual connectivity function enables usage of additional resources in a secondary node in the NG-RAN.
-	Energy saving function. This function enables decreasing energy consumption by indication of cell activation/deactivation over the Xn interface.
-	Resource coordination function. This function enables coordination of cell resource usage between two NG-RAN nodes.
-	Secondary RAT Data Volume Report function. This function enables the NG-RAN node to report Secondary RAT usage data information in case of MR-DC with 5GC, either with a dedicated procedure or by including Secondary RAT usage data information in other messages


Functions of NG AP
The NGAP protocol provides the following functions:
-	Paging  function. The paging function supports the sending of paging requests to the NG-RAN nodes involved in the paging area e.g. the NG-RAN nodes of the TA(s) the UE is registered.
-	UE Context Management function. The UE Context management function allows the AMF to establish, modify or release a UE Context in the AMF and the NG-RAN node e.g. to support user individual signalling on NG.
-	Mobility Management function. The mobility function for UEs in ECM-CONNECTED includes the intra-system handover function to support mobility within NG-RAN and inter-system handover function to support mobility from/to EPS system. It comprises the preparation, execution and completion of handover via the NG interface.
-	PDU Session Management function. The PDU Session function is responsible for establishing, modifying and releasing the involved PDU sessions NG-RAN resources for user data transport once a UE context is available in the NG-RAN node.
-	NAS Transport function. The NAS Signalling Transport function provides means to transport or reroute a NAS message (e.g. for NAS mobility management) for a specific UE over the NG interface.
-	NAS Node Selection function. The interconnection of NG-RAN nodes to multiple AMFs is supported in the 5GS architecture. Therefore, a NAS node selection function is located in the NG-RAN node to determine the AMF association of the UE, based on the UE's temporary identifier, which was assigned to the UE by the AMF. When the UE's temporary identifier has not been yet assigned or is no longer valid the NG-RAN node may instead take into account slicing information to determine the AMF. This functionality is located in the NG-RAN node and enables proper routing via the NG interface. On NG, no specific procedure corresponds to the NAS Node Selection Function.
-	NG Interface Management function. The NG-interface management functions provide means  to ensure a defined start of NG-interface operation (reset) and  to handle different versions of application part implementations and protocol errors (error indication).
-	Warning Message Transmission function. The warning message transmission function provides means to transfer warning messages via NG interface or cancel ongoing broadcast of warning messages. It also provides the capability for the NG-RAN to inform the AMF that ongoing PWS operation has failed for one or more areas, or that one or more areas may be reloaded by the CBC.
-	Configuration Transfer function. The Configuration Transfer function is a generic mechanism that allows the request and transfer of RAN configuration information (e.g. SON information) between two RAN nodes via the core network.
-	Trace function. Trace function provides means to control trace sessions in the NG-RAN node.
-	AMF Management function. The AMF management function supports AMF planned removal and AMF auto-recovery.
-	Multiple TNL Associations Support Function. When there are multiple TNL associations between a NG-RAN node and an AMF, the NG-RAN node selects the TNL association for NGAP signalling based on the usage and the weight factor of each TNL association received from the AMF, and uses the TNL association. If an AMF releases a TNL association, the NG-RAN node selects a new one
-	AMF Load Balancing function. The NG interface supports the indication by the AMF of its relative capacity to the NG-RAN node in order to achieve load-balanced AMFs within the pool area.
-	Location Reporting function. This function enables the AMF to request the NG-RAN node to report the UE's current location, or the UE's last known location with timestamp, or the UE's presence in a configured area of interest.
-	AMF Re-allocation function. This function allows to redirect an initial connection request issued by an NG-RAN node from an initial AMF towards a target AMF selected by 5GC. In this case the NG-RAN node initiates an Initial UE Message procedure over one NG interface instance and receives the first downlink message to close the UE-associated logical connection over a different NG interface instance.
-	UE Radio Capability Management function. The UE Radio Capability Management function is related to the UE radio capability handling.
-	NRPPa Signaling Transport function. The NRPPa (NR Positioning Protocol A) Signalling Transport function provides means to transport an NRPPa (3GPP TS 38.455) message transparently over the NG interface.
-	Overload Control function. The overload function provides means to enable AMF controls the load that the NG-RAN node(s) are generating.
-	Report of Secondary RAT data volumes Function. The Report of Secondary RAT data volumes Function enables the NG-RAN node to report Secondary RAT usage data information in case of MR-DC, either with a dedicated procedure or by including Secondary RAT usage data information in other messages.



gNB-CU/gNB-DU Architecture and F1 interface
F1 interface was specified for the case where gNB is consisted of gNB-CU and gNB-DU; gNB-CU is defined as a logical node hosting RRC and PDCP (and SDAP for NG-RAN) protocols of the gNB. And, gNB-DU is defined as a logical node hosting RLC, MAC and PHY layers of the gNB.  
Functions of F1 AP
The F1AP protocol provides the following functions:
-	F1 interface management function
-	System Information management function
-	F1 UE context management function
-	RRC message transfer function
-	Paging function
-	Warning messages information transfer function

2.4	Frequency aspects
While the physical and higher layers are designed as frequency agnostic, two separate radio performance requirements are specified for two frequency ranges (FRs) which are FR 1 is sub-6 GHz range (450 - 6000 MHz) and FR2 is mmWave range (24250 - 52600 MHz). Both ranges were identified in Rel.15 NR SI. The RF and RRM requirements are developed for respective frequency ranges. One big difference between the requirements in FR1 and FR2 is testing methodology. Both conducted and over-the-air (OTA) methodologies can be utilized in FR1, but only OTA methodology can be utilized in FR2. With respect to bands for NR, the NR bands are specified considering market demands and categorized in the following four types in the WI. Note that all the NR bands are defined with a prefix “n” to distinguish them from the bands for the other RATs.
1) LTE “refarming” band: The bands have the corresponding LTE bands. For example, NR band n7 is corresponding to LTE band 7. Hence, the bands would be likely to be used by “reframing” the exiting LTE bands. 
2) NR new bands in FR1: Completely new frequency bands for NR in FR1 whose corresponding LTE bands do not exist.
3) NR new bands in FR2: This is new frequency band for NR in FR2. Note that there are no specified LTE bands in FR2.
4) Supplemental uplink (SUL) / downlink (SDL) band: SUL/SDL band has only uplink/downlink frequency, and it can be deployed with other type of NR bands as described in section 2.2.
Note that the ranges {65 - 256} and {257-512} are reserved as band number for NR new bands in FR1 and FR2, respectively. A band number will be assigned to a new frequency range on a “first come first served” basis from the reserved frequency range. During Rel.15 NR WI, 3 bands in FR1 and 4 bands in FR2 were defined as NR new bands considering the spectrum allocation plan in each region/country as shown in Fig. 8. In addition, some LTE bands were defined as LTE refarming band, and uplink frequencies of some LTE bands were defined as SUL/SDL band. All NR bands specified in this WI are summarized in Table 2. Especially for above new NR bands which have wider bandwidth than LTE, wider channel bandwidths, i.e. 100MHz in FR1 and 400MHz in FR2 at maximum, were defined to improve the spectrum efficiency and reduce the number of component carriers in case of NR CA operation. In addition, the RF requirements for NR bands and band combinations of NR CA were developed based on the market demands.
[image: ]
Figure 12: New NR bands in FR1 and FR2 in Rel.15 NR

Table 2 NR bands specified in this WI
	NR operating band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD1

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL

	n81
	880 MHz – 915 MHz
	N/A
	SUL

	n82
	832 MHz – 862 MHz
	N/A
	SUL

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780MHz
	N/A
	SUL

	n257
	26500 MHz – 29500 MHz
	26500 MHz – 29500 MHz
	TDD

	n258
	24250 MHz – 27500 MHz
	24250 MHz – 27500 MHz
	TDD

	n260
	37000 MHz – 40000 MHz
	37000 MHz – 40000 MHz
	TDD

	n261
	27500 MHz – 28350 MHz
	27500 MHz – 28350 MHz
	TDD



3	References
[1]	3GPP RP-180536, “Revision of WI: New Radio Access Technology,” NTT DOCOMO, May 2018.
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Annex: Abbreviation
NR	NR Radio Access
NSA	Non Stand-Alone
PBCH	Physical Broadcast Channel
PDCCH	Physical Downlink Control Channel
PDSCH	Physical Downlink Shared Channel
PRACH	Physical Random Access Channel
PSS	Primary Synchronisation Signal
PUCCH	Physical Uplink Control Channel
PUSCH	Physical Uplink Shared Channel
SSS	Secondary Synchronisation Signal
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