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1.
Introduction and background
This paper discusses the Rel-17 time plan and provides a preliminary view of the anticipated scope of studies and work items for NR and LTE in Rel-17.
2.
Discussion on the time plan for Rel-17 in RAN

After the large amount of work to define the first 5G specifications in Rel-15, 3GPP RAN has experienced a return to more reasonable workloads in Rel-16 while still working on maintenance for Rel-15 and introducing important new features in Rel-16. The maintenance of Rel-16 will normally follow the same trend and return to normal maintenance workload. Scoping of Rel-16 demonstrated the large amount of features proposed, and only a subset of those was approved as Rel-16 study and work items. It is expected that the same level of interest will continue in Rel-17. Therefore, it is not expected that Rel-17 would be a small release but rather a normal release comparable to Rel-16, where some items will start with a study leading to a work item within Rel-17. Targeting for 18 months between Rel-16 stage-3 freeze to Rel-17 stage-3 freeze would seem appropriate to allow sufficient time for studies and for normative work. This would leave 18 months for studies and work items in each WG, RAN1 being offset by one quarter earlier than other WGs.
Proposal 1: 18 months from Rel-16 stage-3 freeze (March 2020) to Rel-17 stage-3 freeze (Sept 2021).
3. 
Discussion on potential Rel-17 scope for NR
NR evolutionin Rel-17 will continue enhancing eMBB spectral efficiency and mobility performance, and continue reducing outage and improving reliability for various URLLC scenarios. Better support for NR-based MTC devices may also be handled in Rel-17. This section elaborates on the three directions above.
NR eMBB enhancements will still mostly be based on MIMO enhancements. While Rel-15 and Rel-16 largely targeted optimizing massive MIMO for TDD, much remains to be done for FDD MIMO especially for bands below 3 or 2 GHz where full DL/UL channel reciprocity cannot be exploited for CSI as in TDD. Rel-17 MIMO should specify enhancements based on studies such as allowing the use of partial reciprocity and non-linear precoding, while ensuring robustness to mobility. SRS enhancements can also be considered for those targets, including SRS transmission in DL part of FDD band.
Some early NR deployments have been targeting fixed wireless access to the home. FWA applications are diverse and also include important use cases such as fixed video surveillance cameras that are very bandwidth demanding. Ultra high user experienced data rates is also needed for a home CPE connection, with high definition video streaming (4K/8K) and real-time VR gaming where the user experienced data rate could reach 300Mbps. Much improvement in spectral efficiency can still be achieved for stationary UE/CPE that are fixed, power supplied, and capable of more complex processing capability, hardware and antennas.
As NR deployments move towards ubiquitous coverage, deployments will start moving towards LTE bands with a period of transition where LTE and NR share the same bands. Rel-15 allows effectively sharing the same DL and UL bandwidth using 15 kHz subcarrier spacing for NR, but is less efficient with increased subcarrier spacing (e.g. 30 kHz) due to collisions with LTE CRS and PDCCH. Enhancements on SUL can also be pursued to expand beyond the Rel-15 supported SUL deployment use cases. Aggregating more NR carriers (including small carriers) can be more efficient by reducing control overhead and improving cell management and activation of a large number of cells. Enhancements for EN-DC will likely still be relevant in Rel-17.
C-V2X Phase 3 will be specified in Rel-16 in the first release of work on V2X for NR. There are important features already identified in the Rel-16 scoping discussion but not included in Rel-16, i.e. Uu multicast and sidelink positioning. It is also possible that some of the V2X sidelink features studied in Rel-16 and recommended for specification can only be specified in Rel-17 due to lack of time. Further requirements may also be received from the automotive industry, in particular regarding spectrum. It can therefore be anticipated that further work on NR V2X will continue in Rel-17 as C-V2X Phase 4.
While sidelink is specified for the first time for NR in Rel-16, mainly for V2X, the sidelink can be exploited for improving the Uu performance by introducing network-assisted UE cooperation. UE cooperation designs Uu and sidelink jointly, where two or more UEs act as a single receiver (or a single transmitter), can drastically improve data rates, coverage, as well as latency and reliability, depending on solutions. While full cooperation may be complex, significant gains can be achieved even with limited exchange of packets (received from the BS) over the sidelink [1]. RAN should confirm the feasibility of those gains and solutions with a study in Rel-17, targeting normative work in Rel-17.
The expansion to reliable verticals continues in Rel-16 with work items on URLLC enhancements and Industrial IoT to be approved at RAN#83. It can be anticipated that further enhancements will still be needed in Rel-17. Reducing outage and improving reliability for various URLLC scenarios, and improving the capacity in number of URLLC UEs per cell, will continue being important for the vertical sectors. RAN slicing aspects for factories may be improved, and the RAN architecture may be enhanced to support PLC in factories. Improved positioning accuracy below 20 cm accuracy within factories should be targeted for Rel-17.
Support for NR-based broadcast and multicast should be specified in Rel-17. The use case to be specified for NR in Rel-17 is “mixed mode multicasting” as summarized in [2], consistent with the studies already started in SA [3]. If RAN approves a Rel-16 LTE EN-TV WI targeting DL-only broadcast including HPHT, then work on 5G broadcast/multicast for NG-RAN in Rel-17 should not target DL-only broadcast for HPHT. The Rel-17 work should rather target dynamic switching between broadcast/unicast, mixed DL&UL, moderate and dynamically configured transmission areas (few cells to one cell), high commonality with unicast, common but flexible physical layer design, addressing vertical use cases such as IoT and V2X.
Work on machine-type communications for NR has arguably already started since Rel-15, although not with explicit targets. The 3GPP self-evaluations of NR have demonstrated that NR meets the mMTC requirements for IMT-2020, although with a larger bandwidth than required for NB-IOT. While any of the Rel-15 and Rel-16 features can be implemented in an MTC device, not all the mandatory features of Rel-15 may be useful for such device and may result in a cost disadvantage on the market e.g. for mid~high end MTC devices. NR MTC device types could be defined by selected features of NR and removing requirements for the support of large bandwidths. Studies on NR physical layer enhancements for MTC (or mMTC) should be carefully motivated by well-defined targets, which may or may not be overlapping with LPWA requirements.
A number of Rel-17 SI/WI will follow from corresponding studies in Rel-16, namely the work on non-terrestrial networks, the study on the design and waveform for targeted licensed and unlicensed bands within 52.6-114.25 GHz.  Further enhancements of NR-U in 5~6 GHz range may be needed, as well as the possible expansion to unlicensed spectrum in the 60 GHz range, e.g. for access but possibly also for backhaul (IAB) or sidelink. Topology enhancements for IAB may also be considered, as well as mobility, and the introduction of 256QAM and 1024QAM. Such modulation enhancements may also be relevant for FWA and NR-U. Coverage enhancements for terrestrial networks are still very relevant for certain regions of the world, and 3GPP has defined 5G requirements for extreme rural coverage scenarios that should be addressed at some point in time.
Observation: studies and work for NR in Rel-17 will continue enhancing eMBB, the support for reliable verticals, the support for machine-type devices, and the utilization of spectrum.
4.
Discussion on potential Rel-17 scope for LTE

LTE has been enhanced for several releases. With the scale of development of LTE networks in the past several years, LTE has become the fundamental infrastructure of ICT society in many countries and areas. It is essential to continuously evolve LTE standard to make full use of this existing network, combining the diverse requirements and new use cases requested by mobile operators and end users. 
According to the analysis of GSMA [4], by 2025, two thirds of mobile connections (excluding cellular IoT) across the world will operate on high-speed network, with 4G accounting for 53% of total mobile smartphones. In addition, the number of IoT connections (cellular and non-cellular) will increase more than threefold worldwide between 2017 and 2025, reaching 25 billion. The strong increase of 4G subscriptions would motivate operators to continue launching competitive features and valuable applications over 4G networks, assisted by proper standard evolution.
Basic coverage and capacity provided by LTE is the fundamental service that forms the unique value of LTE networks. In some areas, due to the explosion of unlimited data services, the network load and traffic requirements become very high, thus eMBB related enhancements to further boost the spectrum efficiency become essential especially taking into account the quite limited and expensive spectrum bandwidth available for LTE. On the other hand, in some developing areas the basic coverage is still the dominant requirement, thus how to improve the coverage as much as possible remains important especially when considering the deployment cost and low ARPU revenue in these areas. In addition, enabling new value-added services, e.g., enhanced IoT use cases, wireless access to home/enterprise/camera with CPEs, would also help to create new revenues.
As 5G moves from trials to commercialisation, the LTE network, as the anchor of the non-standalone (NSA) deployment in many countries, will continue playing an important role in the coming years. A UE working in the mode of NSA would maintain connections with eNB and gNB at the same time, which impacts the performance of e.g. UE power consumption. It is beneficial that the UEs in NSA still have good experience. These issues have not been completely addressed in Rel-15 and Rel-16.
OPEX of multi-RAT networks is always an aspect for mobile operators to focus on, especially when considering how to maintain the legacy networks when introducing a new one. For example, when 5G is under construction, it is important to comprehensively analyze the potential increase of overall OPEX when 2G/3G/4G/5G exist at the same time and find a solution to reduce it. One possibility is to reduce the number of RATs from operators’ perspective, e.g., to migrate the basic services from 2G/3G (e.g., voice and IoT services) to 4G and then gradually the network operators only need to run a network with 4G and 5G. Another important solution is to further reduce the network OPEX by technical solutions, e.g., network energy saving and more advanced self-organized network planning and optimization.
Therefore, in Rel-17, from LTE perspective, further enhancements are still needed as follows.
· eMBB related enhancements to help the operators resolve the issues identified in practical networks and maximize the value of the spectrum, e.g., spectral efficiency enhancements with MIMO and CA enhancements, and to enable basic coverage and services in extreme long range scenarios.
· Vertical enhancements to help operators roll out new applications easily and to increase revenue based on existing networks, e.g., to enhance IoT (including NB-IoT and eMTC) to support more diverse value-added services with forward-compatibility design (e.g., to enhance non-anchor carriers, interworking with NR etc.), and to support more efficient wireless to the home/enterprise/camera applications with CPE-specific enhancements.

· Multi-RAT related enhancements, e.g. on NSA NR, together with potential enhancement to reduce OPEX by, e.g., network energy saving and SON/MDT enhancements.

Proposal 2: LTE TU should not decrease in Rel-17 compared to Rel-16.
5.
Conclusion
This paper discusses the Rel-17 time plan and provides a preliminary view of the anticipated scope of studies and work items for NR and LTE in Rel-17. The following proposals and observations are made.
Proposal 1: 18 months from Rel-16 stage-3 freeze (March 2020) to Rel-17 stage-3 freeze (Sept 2021).

Observation: studies and work for NR in Rel-17 will continue enhancing eMBB, the support for reliable verticals, the support for machine-type devices, and the utilization of spectrum.

Proposal 2: LTE TU should not decrease in Rel-17 compared to Rel-16.
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