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1 Introduction
After three NR releases, 3GPP has reached a time point to look into the next release, i.e., Rel-18. From our perspective, Rel-18 is a starting point of the next NR evolution phase, and therefore of great importance. In this contribution, we analyse the main challenges and drive forces of next step NR evolution. We also present our views regarding some of the key technical areas, as well as their use cases and motivations. 
2 Key challenges and drive forces for Rel-18 and on
In [1], we provide some initial understanding on the general timeline of next step 5G evolution.  We believe Rel-18 scope can be decided by the end of 2021, and a suitable frozen time for Rel-18 is around the end of 2023, which give the RAN WGs an 18-month time period for the well-planned study and work.  In our view Rel-18 is not a simple extension of the previous releases, but it shall lay the foundation for the next few releases. 
To ensure a successful release, it is necessary to identity its main challenges and drive forces. We believe the following are outstanding challenges for today’s 3GPP standardization and commercialization.

· Challenge 1 - Lack of widely successful innovative services/apps
· Challenge 2 - Gaps to real 5G user experience
· Challenge 3 - Difficulties to optimize a radio network with increasing complexity
Based on these, we further believe the main drive forces for the next step NR evolution should focus on tackling these challenges. More specifically, the evolution shall enable more successful services and applications that are only possible with the NR system, to narrow the performance gap, especially for bottleneck cases such as cell edge, uplink, etc. Furthermore, it shall aim at a more intelligent network that can handle all the complexities in the system. To summarize, in our view the following are the main drive forces for the 5G evolution for Rel-18 (and on).
· Drive force 1 - Improved Support of Innovative APPs & Successful Verticals 
· Drive force 2 - Enhanced System and Radio Performance
· Drive force 3 - A First Step toward AI-based Radio Network
Based on the analysis, we further investigate some of the important technical areas for NR evolution in the next section.

3 General views on Rel-18 technical areas, use cases and motivations

In Figure 1 we provide several selected key areas, and show that how these are mapped to the main drive forces. 
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Figure 1 Technological areas mapped to the key drive forces
In the reminder of section 3, we further present our initial understanding on the use cases and motivations of these technical areas. 
3.1 NR positioning further enhancement

5G NR positioning should support the performance targets of the PSLs (Positioning Service Levels) for use cases defined in TS 22.261, including the deployment scenarios under which the performance targets of these PSLs should be met. In order to achieve higher accuracy positioning requirements and cover new positioning scenarios, the scope for a potential Work (and/or Study) Item for NR Positioning Enhancements in Rel-18 may include the support of:

· Positioning functionality for RedCap devices;
· Indoor positioning for asset management and tracking at centimeter level;
· Relative positioning accessing very high accuracy, down to the decimeter level, in 2D or in 3D;
· Heading and velocity meeting the accuracy requirements defined in TS 22.261.
3.2 NR positioning for V2X/public safety
In RAN#88e, a new RAN SI was approved for identifying the requirements and deployment/operation scenarios for V2X and public safety use cases. 

For NR V2X positioning, the use cases for V2X positioning may include these aspects: vehicles Platooning, advanced Driving, extended Sensors, remote driving, V2X QoS support, and cooperative safety etc. In Rel-18, NR positioning for V2X/public safety should meet the requirements identified by RAN plenary studies.
3.3 MIMO further enhancements
Given the previous NR MIMO specifications, we see a gap in UL MIMO performance. And this is one of the important areas along the line of Drive force 2 ‎as previously introduced. Our understanding on the use cases and motivations for Rel-18 UL MIMO enhancements can be found in [2]. 
3.4 RedCap enhancements/evolutions
Reduced capability NR devices are supported in Rel-17 with reduced complexity compared with legacy NR eMBB devices, e.g. reduced maximum UE bandwidth, reduced number of Rx branches etc.. The target use cases include industrial wireless sensors, video surveillance and wearables. 
UE power saving is important for RedCap devices which was studied in Rel-17. Further UE power saving enhancements can be considered in Rel-18 taking the characteristics of the RedCap traffic into account, e.g. reduced PDCCH monitoring, dynamic C-DRX cycle adaptation etc.. In addition, enhancements of RedCap to support large number of RedCap devices can be also considered. 
3.5 NR MBS enhancements
There is strong requirement for deployment of NR MBS system in many markets across the world. In Rel-17 a basic NR MBS framework is supported, however the room for NR MBS enhancements is clear. As has been shown in Figure 1, continuous NR MBS evolution is both towards successful service provision to users, and to achieve better system performance. 

To fulfil the requirement from different services provides worldwide, NR MBS framework shall not only supports general MBS services covering limited use cases such as public safety, mission critical, etc., but also supports diverse services including TV Video and Radio Services, as well as other emerging services in the future. The following was once captured in the SA study scope [6], i.e., objective B, for which the potential RAN impact may need to be investigated
The objectives to support broadcast architecture for TV Video and Radio Services in 5GS (including linear TV, Live, smart TV, and managed and OTT content, radio services) contain the following components:

-
Shared broadcast services amongst multiple providers.

-
Allow Video/TV/Radio services to devices with no subscription (e.g., Free to air TV) or with 3rd party content provider subscription only.

-
Provision/service to receive-only devices such as fixed TVs or vehicular receivers.

-
Enabling combination of broadcast services with unicast services from same provider (similar to DVB-I, HbbTV, etc.)

Moreover, support of TV Video and Radio Services (i.e., objective B) may also impose additional system performance requirement to 5G system, e.g., the spectral efficiency may be an issue as it is greatly impacted at cell edge with heavy inter-cell interference. This issue may exist for urban and rural network deployment, where the typical cell size ranges from hundreds of meters to a few kilometres.   
In order to make full use of operators’ network resources, it is also meaningful to extend NR MBS support to SN path in MR-DC, as in Rel-17 the MBS traffic is limited to the MN path. To enable a pure MBS carrier (dedicated carrier) on MN or SN node is also a possible direction to investigate, to make more efficient use of operators’ network/spectral resources. 
Besides, Rel-17 leftovers may also be considered if not fully specified due to lack of time. The details however may be further checked based on progress in Rel-17 NR MBS work in a later stage of the WI. 

3.6 NTN enhancements
NR NTN Rel-17 is a very basic version which supports LEO/GEO with transparent payload. However, some of the use cases are not addressed or low prioritized, e.g. UE without GNSS capability, coverage enhancement, and coordination between TN/NTN or between LEO/GEO. 

The potential enhancements for transparent payload on top of NR NTN Rel-17 include:

· TN/NTN or LEO/GEO coordination (pending on the progress of R17 discussion)

· Potential coverage enhancement (including physical layer enhancements to both uplink and downlink)
· Potential positioning enhancement

Another potential direction is the regenerative payload NTN, which has been studied in Rel-16 SI, but not included in Rel-17 scope. There are considerable benefits to support regenerative payload. Compared to transparent payload, regenerative payload satellites may allow more flexible deployment and richer services, which is enabled by more processing capability on the satellite. With gNBs on board, the satellites can communicate with each other directly via the ISL, which makes resource coordination between the gNBs more efficient, and thus improves the performance of handover.
3.7 Sidelink related further enhancements
The main directions for sidelink enhancements are towards higher data rate, higher reliability and lower ‎latency, as required by new use cases and scenarios. ‎

For LTE and NR V2X, the use cases and requirements are described in TS 22.886. There are cases ‎where higher data rate are required, e.g., up to 1Gbps for collective perception of environment, and ‎‎700Mbps for video data sharing for assisted and improved automated driving. ‎Also, the end to end ‎latency requirement may be as low as 0.5ms, and reliability as high as 99.99999%, if sidelink IIOT scenarios ‎described in TS 22.804 are considered. 

To reach the new requirements, some potential enhancements can be considered, such as support of ‎multiple carriers for sidelink, enhancements to resource allocation, and other techniques to improve ‎reliability as well as latency. 
Furthermore, Rel-17 MBS may also be evaluated, to determine whether it ‎can be used for Uu V2X when sidelink is not available.‎
3.8 Mobility and MRDC further enhancements
In the foreseeable future, the globe NR deployment will co-exist with LTE, as it takes a rather long period till complete migration to 5G. We observe high interests from operators on continuous improvements for related deployment use cases. 
Firstly, LTE and NR Interworking can be further improved. More specifically, Rel-16/17 mobility enhancements have taken into consideration of co-existence of LTE and NR and inter-RAT mobility. However, as a large number of UEs would be in inactive state to save power or network singaling, it is possible to improve the current procedure, which is not very efficient in terms of singaling overhead and latency.

Secondly, for scenarios such as EN-DC, the SN change procedure may happen more frequently due to smaller coverage of NR NSA cell. Therefore it is meaningful to consider SN change enhancements such as interruption reduction. Besides, other scenarios can be investigated, i.e., inter-MN HO without SN change, inter-RAT PSCell change, etc.

Last but not least, there is room for improvement due to the fact that some Rel-16 and Rel-17 mobility/MRDC features cannot work together. For example, the effort to further support CHO+DAPS might not be very high, and it can be considered in Rel-18.
3.9 Convergence between 5G RAN and AI
There has been growing interests in convergence between 5G RAN and AI. A RAN3-led SI is on-going in this area, where some key use cases have been highlighted, i.e., energy saving, mobility management, traffic steering, and load balance. It is foreseen that normative work is possible based on progress of these studies. For the other possible use cases, such as QoE management, network slice management, etc., we believe more studies can be carried out to better understand the possible benefit as well as impact to RAN. 
Besides, there are also good potential for AI in physical layer aspects. One example is channel modelling and CSI feedback in MIMO system. These may also be studied separately than the higher layer aspects as the expertise required is quite different.
To summarize, convergence between 5G RAN and AI is a promising technical area, which pave the way for 5G evolution and an even more intelligent next generation network. The study and work scope in Rel-18 can therefore be discussed and decided on a case by case basis. 
4 Conclusions 

In this contribution, we start with some general understanding of next step evolution of NR, and then we present views on Rel-18 technical areas, use cases and motivations‎ for information. We’d suggest these are taken into account in future discussion in RAN plenary meeting. 
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