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1. Introduction

Release 18 will mark the mid-generation of 5G, with an expected commercialization around 2025. It was therefore decided at PCG to introduce a new brand marker for 3GPP specifications, starting from Rel-18:

Decision PCG46/04:
“5G-Advanced” to be used to identify 3GPP specifications and reports from Release 18 onwards, subject to the satisfactory completion of due diligence checks [3GPP/PCG#46(21)22].
A number of key features will need to be developed by 3GPP to meet those expectations, as presented in our companion papers dedicated to specific use cases and technologies. Here we only provide an overview of the motivations and reader can refer to those contributions for more details. TSG RAN will also have to consider the impact from features introduced by SA, as well as potential leftovers from Rel-17 work. Although these last two aspects are not covered in our companion papers, RAN should keep in mind that there will be a need to discuss these aspects by December 2021.

With the anticipation of the content of Release 18 matching those expectations, we believe that an 18-month duration would be appropriate for Release 18.

Proposal: Target 18 months for the duration of Rel-18

2. Vision on 5G-Advanced

By the end of 2020, the numbers of commercial 5G networks, terminal types, and users have reached over 140 networks, 550 terminal types, and 250 million users, respectively [1]. Huawei Global Industry Vision (GIV) 2025 [2] further anticipates that more than 6.5 million 5G base stations will be deployed in 58% of the global area to bring 5G services to 2.8 billion users, 337 million people will use VR/AR, and the number of global 5G connections will exceed 100 billion by 2025. The average handset data traffic per 5G user per month (based on DOU) will quickly reach 150 GB by 2025, up from 10 GB in 2020 and 4 GB in 2018 at a compound annual growth rate (CAGR) of 65% [1].
5G-Advanced must address all of needs from eMBB and non-eMBB domains by efficiently using all sub-100GHz bands.
2.1 All bands to 5G






3GPP NR Release 15 has defined two frequency ranges for operation, FR1 (410MHz – 7.125GHz) and FR2 (24.25GHz – 52.6GHz). Nowadays, 5G New Radio (NR) is being deployed on FR1 TDD bands globally (e.g., 3.5GHz, 2.6GHz), FR1 FDD bands in a few countries (e.g. 700MHz, 2.1GHz), and FR2 bands in some countries (e.g. 24GHz,  39GHz). 
WRC-19 has already identified 57GHz-71GHz frequency range for IMT deployment, and 3GPP NR Release 17 is specifying the support of NR for above 52GHz. Moreover, the upper 6GHz (6.425–7.125 GHz) has been set up as a project by WRC-19 and will be studied for possible IMT identification at WRC-23.
 
Figure 1: Overview of Sub 100GHz Spectrum
Spectrum is a key asset for operators. Efficiently and flexibly utilizing all available spectrum below 100GHz is essential in the 5G-Advanced time frame
· Sub-3GHz spectrum has the advantage of small propagation loss, thus plays an important role in cellular network deployments due to very good coverage. Almost all operators in the world own multiple sub-3GHz bands (mostly used by FDD, e.g., 700MHz, 800MHz, 900MHz, 1.8GHz and 2.1GHz bands) for cellular deployment. Large-scale NR deployment in these valuable bands is likely to happen by 2025. 
· For Sub-7GHz TDD, operators should continue upgrading the existing NR TDD network and potentially deploy NR in new TDD bands in 5G-Advanced time frame, with enhanced performance provided by Rel-18. Further enhancing the performance of NR in TDD bands likely means increasing the UL capacity in those bands, and expanding deployments toward mTRP operation with large coordination area and more efficient precoding schemes.
· mmWave spectrum including FR2 and above 52.6GHz has the advantage of ultra-wide bandwidth. With rapidly increasing traffic, such as HD videos downloading/ uploading, XR with high-definition and low-latency, mmWave bands play an important role. However, mmWave macro cell deployment are still challenging due to downlink coverage, energy efficiency and uplink coverage and capacity.
· Energy consumption has become a key part of the operators’ OPEX. According to the report from GSMA [3], the network OPEX accounts for 25% of the total operator cost among which 90% is spent on energy. Most of the energy consumption comes from RAN. 5G-Advanced need to further reduce network energy consumption for all sub-100GHz.
Observation 1: 5G-Advanced should target significant enhancements for Sub 3GHz FDD bands, Sub 7GHz TDD bands and mmWave bands.
2.2 Uplink boosting
By the end of 2025, uplink traffic will rapidly increase 10-20 times in consumer and industrial use cases. Consumer use cases, such as HD video calls, online webcast and sales, HD video uploading and augmented reality, will require high uplink throughputs, e.g. up to 50Mbps [4]. Industrial use cases, such as industry video surveillance, industry machine vision require very high uplink throughput and high density of users. The total required uplink capacity for one product line area of a factory can be 6 Gbps. The uplink capacity and user throughputs need to be enhanced. 
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Figure 2: Overview of use cases for uplink boosting
Observation 2: 5G-Advanced needs to boost uplink capacity and uplink user throughput.
2.3 XR

By the end of 2025, it is forecasted that there will be more than 300 million XR users in 5G network. Data traffic per user per month (DOU) will increase 10-20 times. The data rate of typical video today in the real network is about one to several Mbps. With the introduction of XR, the date rate will increase up to one or several Gbps. At the same time, XR require low latency and interactive experience. The E2E latency will need to be reduced from hundreds of milliseconds to several tens of milliseconds and even down to several milliseconds. 5G-Advanced is needed to satifiy the higher-definition, low latency and higher-interactivity XR applications.
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Figure 3: Trends of XR towards 2025 and beyond [1]
Observation 3: 5G-Advanced needs to satisfy higher-definition, low latency and higher-interactivity XR applications.
2.4 New and enhanced capabilities for verticals





NR needs to provide new capabilities for many vertical scenarios, such as low power high accuracy positioning and passive IoT for 5G-Advanced.

· For positioning, the market size for real-time location system will reach 8.8 billion USDs in 2023 [5]. To address those market needs, besides the accuracy, it is also required for positioning devices to sustain a long lifetime up to more than one year without changing battery. NR needs to support low power high accuracy positioning capabilities [6].
· Devices such as passive tags with ten or even a hundred times lower cost and power consumption compared to NB-IoT are needed, especially for battery-less applications, such as logistics and asset tracking, intelligent sensors and actuators. For logistics and asset tracking, according to the market trend forecast, the volume of parcels can be as large as 163.4 billion at 2025 in china [7]. In those use cases, the critical challenge is that the cost of the passive tag must be as low as possible. Passive IoT for 5G-Advanced can aim to those market. 
In addition to the introduction of new capabilities for verticals, the existing capabilities for verticals still need to be enhanced for commercial usage.
· Enhanced URLLC: For industrial IoT (IIoT), there is a large market opportunity for wireless technologies such as 5G NR in the area of automatic control in future smart factories. Cases are used for information technology (IT) area (e.g., eMBB-like uplink/downlink traffic) wherein there is no tight latency requirements. At the same time operation technology (OT) area in the factory floor require strict latency bound and ultra-reliable small packet transmission, including control-to-control/IO and motion control respectively [8]. Therefore, URLLC with strict latency bound need to be further enhanced for efficiently multiplexing with eMBB-like traffic.
· Enhanced mMTC: Regarding massive-connection IoT applications, 3GPP has specified NB-IoT/eMTC and NR RedCap. NB-IoT/eMTC are mainly target for low-tier IoT with up to 1Mbps data rate. Similar as LTE Cat-4, NR RedCap aim for high-tier IoT with date rate up to 150Mbps. However, in the past several years LTE Cat-1/bis became more popular than LTE Cat-4 for Mid-tier IoT market, which only requires up to 10Mbps data rate. For 5G-Advanced, further reduced UE cost compared to Rel-17 RedCap to address Mid-tier IoT market is needed. 
· Enhanced FWA: about 40% of the 135 5G commercial networks worldwide contain fixed wireless access (FWA) services. Enhancing spectrum efficiency and reducing the cost per connection is essential for connecting the remaining 700 million unconnected households around the world.
· Enhancements for targeted use cases will still be required for V2X and sidelink, Multicast broadcast service (MBS), and NTN.
Observation 4: 5G-Advanced needs to support new capabilities for verticals, such as low power high accuracy positioning (LPHAP) and passive IoT, as well as continue addressing the requirements of other verticals.
3. Rel-18 contents overview
3.1 Features driven by RAN

5G-Advanced in Rel-18 will be mostly driven by the needs of eMBB and verticals, in particular in terms of very high uplink capacity with diverse latency requirements. A number of other important enhancements are categorized into the three high-level areas of the agenda of the RAN Rel-18 workshop, as shown in the table below.
	eMBB-driven functional evolution
	Non-eMBB-driven functional evolution
	Cross eMBB/non-eMBB driven functionalities

	· NR DL MIMO and mTRP enhancements [10]
· NR FR2 enhancements [11]
· NR Multi-band Serving Cell operation [14]
· 5G-Advanced Mobility [22]
· 5G-Advanced Fixed Wireless Access [13]
· Higher layer enhancements [22]
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[23] 
· Network energy efficiency for sustainability and societal responsibility [20]
· NR NTN enhancements

· Continuation of data collection/SON
	· Low Power High Accuracy positioning (LPHAP) [16]
· 5G-Advanced XR for daily usage [12]
· NR Sidelink & V2X evolution, including sidelink positioning [18]
· Duplexing enhancements for URLLC exploiting BS full duplex capability [15]
· NR multicast/broadcast enhancements [19]
· RedCap evolution (e.g. lower cost/rate) [17]
· Passive IoT [26]
· UE reliability [27]
	· NR Uplink Boosting [9]
· Flexible spectrum access 

· Enhanced UL MIMO

· Flexible duplex (BS-BS CLI enh.)

· Multi-Path UE Relay

· UE aggregation [24]
· Robust Compatibility Mode Communication [25]
· Studies on AI/ML for PHY [21]


There will also certainly be necessary new features and enhancements specific to RAN4 that will be needed in Rel-18, in addition to the impact to RAN4 from the RAN1 and RAN2 led features. In particular, we anticipate improvements in the capabilities of FR1 and FR2 multi-band base stations [29], better UE RF characteristics [28],the use of more advanced receivers [31], and RRM enhancements for FR2 [30], which will require standardization support for most effectively taking advantages of these higher capabilities.

Some of the RAN-driven features for 5G-Advanced will take more than one release for study and specification work, but constitute an integral part of the vision for 5G-Advanced. Among these AI/ML for the physical layer, and passive IoT, are important directions for which studies may need to start in Rel-18. 

3.2 Features driven by SA

Some Rel-18 SA functionalities may have impact to RAN. While the impact to RAN is still to be determined, the functionalities identified with impact to RAN are: 
· NR positioning further enhancements (SA: LPHAP)

· NR sidelink positioning and ranging (SA: Ranging)
We expect relatively small impact to RAN from other items, if any.
3.3 Leftovers from Rel-17 

As usual at the end of a release the ambitions have to be revised and some features may not be completed as expected. Such features may still be of interest to the ecosystem and therefore will need to be discussed on a case-by-case basis for consideration in Rel-18. It may not be possible to discuss such features much earlier than December 2021, and for RAN2/RAN3 and RAN4 not even before March or June 2022. It will however be needed to have an understanding of potential leftovers that would be candidates for continuation in Rel-18. As such, discussion at TSG RAN#93e may be useful.
4. Conclusions
This contribution provided our views of the expected targets of Rel-18, as well as open issues to be kept in mind for further discussion during the scoping of Rel-18 in RAN. In particular, it is proposed to target an 18-month release to match the content with the expected capabilities of commercial deployments for 2025.
Proposal: Target 18 months for the duration of Rel-18.
Observation 1: 5G-Advanced should target significant enhancements for Sub 3GHz FDD bands, Sub 7GHz TDD bands and mmWave bands.

Observation 2: 5G-Advanced needs to boost uplink capacity and uplink user throughput.

Observation 3: 5G-Advanced needs to satisfy higher-definition, low latency and higher-interactivity XR applications.

Observation 4: 5G-Advanced needs to support new capabilities for verticals, such as low power high accuracy positioning (LPHAP) and passive IoT, as well as continue addressing the requirements of other verticals.
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