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Introduction:
NR specification is still in the middle way of Rel-15 and a significant effort is foreseen to complete Rel-15 on time. The goal for this paper is to initiate some preliminary thinking-process with an open and wide angle with respect to Rel-16. It is encouraged to think about Rel-16 features although no immedicate actions are expected to take place in plenary and working groups.
Due to the limited time and demand for early deployments of 5G NR in some markets, some selections were done in Rel-15 to focus on eMBB and basic URLLC scenarios. To fulfil target release to ITU-R IMT-2020 submission, Rel-16 is expected to have full capabilities to meet IMT-2020 requirements. This is the first proposed criterion when we consider Rel-16 features. The second aspect is to consider higher performance and more competitive capabilities based on IMT-2020 requirements. IMT-2020 requirements could be seen as the baseline for NR design, meanwhile NR is to target future 15 to 20 years when the potential services and application are hard to predict completely at the moment. Therefore a flexible NR with higher performance is still expected to provide capabilities to support all of scenarios, i.e. eMBB, MMTC and URLLC, and other market segments, e.g. WTTX, as well. 
The third aspect is to consider features that could expand the current mobile eco-system and find new opportunities for the industry to grow, e.g. V2X. The NR design is expected to be flexible to support all of vertical market services in a unified technical framework. At the same time, for the services that are already identified, some service-specific design and optimization could bring benefits as long as it doesn’t break the unified design.
The fourth aspect is about time frame. It could be predicted that a lot of proposals will be brought up for Rel-16. We need to consider how to take advantage of limited time of Rel-16 efficiently. We may learn from the standardization experience from LTE and LTE-Advanced. For example, there was a “big” MIMO topic almost in every release. It took a lot of time and energy. In NR, being an important topic, MIMO should rather be handled in some optimized approaches to focus on the features that are most likely to be deployed.
In the rest of paper, we give some preliminary thinking on topics which could likely be discussed. As it is said at the beginning of the paper, here it is a wide and open list to encourage people to think about them at this early stage, and eventually to generate a set of features in Rel-16. We consider the potential topics into several categories: eMBB enhancements, full capabilities of URLLC, support of MMTC, vertical markets and new services, and network architecture.
Enhancements for eMBB
The major part of Rel-15 NR standards is for eMBB that lays a good foundation from performance and forward capability perspective. Meanwhile due to limited time of Rel-15, some features can be foreseen to be in queue to provide more competitive performance in Rel-15. They may include several aspects: network capacity, performance at cell edge, coverage extension and mixed deployment of LTE and NR, with possible topics as below (some of them can also be used for URLLC, MMTC and vertical services)
· MIMO enhancements 
· Integrated Access and Backhaul (IAB)
· Control channel enhancements
· Uplink capacity enhancement
· Coverage extension
· Multi-TRP transmission enhancement
· New Multiple Access (NoMA)
· Carrier Aggregation enhancements
· Wideband operation optimizations
· Enhancements of LTE/NR DC with UL sharing 
· Study on Full Duplex for NR
· High frequency deployment
· NR Unlicensed access
· UE Wake-up mechanism
· High precision positioning

The main motivation for MIMO schemes is to improve system spectral efficiency and/or user experiences in various NR application scenarios. In Rel-16, it would aim to introduce some new transmission scheme and CSI acquisition mechanisms for the purposes of performance: transmission technologies include, e.g. enhanced Precoding, enhanced diversity transmission points, multiple-TRP transmission, and CSI acquisition mechanism including, e.g. CSI feedback enhancement and codebook enhancement. 
As one of study items initiated in Rel-15, it is expected to continue studying Integrated Access and Backhual (IAB) in Rel-16 with taking some key aspects including dynamic/flexible resource allocation (including TDM/SDM/FDM) between the backhaul and access links, with half duplex TRP, high spectrum efficiency & reliable backhaul link transmission, etc. This may also be linked with a study on high frequency deployment.
Control channels can be enhanced or improved to support enhanced/new features. In Rel-16, some aspects could be considered, e.g. blind detection complexity reduction, signalling overhead reduction, control signalling for enhanced features, control signalling for coverage extension, etc.
With increase of some applications, e.g. video surveillance, uplink enhancements are also given some attention, e.g. scenario-specific enhancements (e.g., fixed position/flying route, etc.), precoding/RS/AMC. The enhancements for uplink include both capacity and coverage. Particularlly, considering the pioneer deployment of 5G in C Band, uplink coverage should be considered carefully to provide similar coverage as existing deployed bands.
Current NR system's support of TRP cooperation mechanisms faces a number of challenges such as interference management issues especially with narrower beams, increased signaling overhead among TRPs and increased density of UEs in a coverage area. Therefore there is a need for enhanced multiple TRP cooperation mechanism to increase user experiences through multiple-TRP-based beam management and multiple-TRP cooperation within a NR cell, and to enhance mobility/handover experiences through inter-NR cell TRP cooperation.
New Multiple Access (NoMA) study starts in Rel-15 and should be continued in Rel-16. NoMA is supposed to provide capacity gain for eMBB and increased number of connections for MMTC.
For Carrier Aggregation, the real deployment cases would be more complicated than that in LTE, e.g. aggregation of narrowband spectrums for services including IoT, MTC, voice, video, LTE + NR CA, for which a common design for CA is preferable. Migration of services currently using proprietary technologies to using NR would release such type of narrowband spectrum for use by NR.
In NR, larger bandwidth is adopted with new concept of bandwidth part (BWP). Some futher work is expected based on Rel-15 to provide more efficient operations of wide bands. For example, with enhanced BWP-based wide band operation, co-existence of different services, e.g. eMBB and URLLC, can be better supported.
Enhancements of LTE/NR DC with UL sharing could be considered to improve the overall performance, e.g. larger coverage, higher data rate and lower transmission delay. Support coexistence with various numerologies with different channel characteristics, support non-collocated case for standalone NR deployment and potential enhancement for non-standalone deployment may be considered. This will also depend on the progress of what is being done in Rel-15.
[bookmark: _GoBack]Full duplexing is a technology that has the potential to double the data rate. Full duplexing can be considered for both gNB and UE perspective. However, given the form factors and other implementation considerations, it is more practical to consider full duplex at the gNB side first. Both self-interference cancellation and cross-link interference cancellation need to be addressed to enable full duplex. Some standardization work for UE-to-UE cross-link interference mitigation is expected to be completed in Rel-15 for duplexing flexibility. gNB-to-gNB cross-link interference mitigation and further enhancements on UE-to-UE cross-link interference mitigation, together with self-interference cancellation at gNB, can be studied in Rel-16.
NR air interface design is a unified one up to 100GHz. Meanwhile in Rel-15, the design could be regarded as being optimal up to 52.6GHz. Due to different propagation characteristics and potential different deployment scenario from low frequency bands, it can be assumed that some optimization (including simplifications) could be done for high frequency, e.g. waveform, protocol design, etc. A study would probably be a good start.
Unlike LAA in LTE, NR unlicensed band access could be a part of NR from the beginning with optimal design. Beside capacity boosting for eMBB, NR unlicensed band access could be also be used in MMTC and vertical markets to provide a good complement to licensed band access. Specification of NR-based access to unlicensed spectrum is expected to proceed in Rel-16.
Battery and power consumption is a serious concern for smart phones. Any mechanism to save power of terminals with reaonsable technical costs and economic costs would be considered, e.g. UE wake-up mechanism. Most UE power consumption is due to the system monitoring for potential data arrival, e.g. decoding paging, decoding PDCCH. Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on Days of Use. UE power reduction techniques also should be studied for eMBB, but can also be used for URLLC and MMTC.
More and more services and applications need positioning support. Public safety (e.g. FCC E911) and commercial service (e.g. V2X, UVA) call for high precision positioning (meter level or sub-meter level). Rel-15 NR only supports limited positioning precision and limited scenarios: RAT independent techniques like GPS have low availability in the central urban due to limited number of satellites available (GPS not available under the city valley/high building, tree shadow, tunnel and bridge), and RAT dependent techniques Rel-15 NR only support LTE based RAN side positioning (50 m). However NR RAN has the potential to support high precision positioning (<1m) due to large bandwidth, beam forming, high spectrum efficiency, denser deployment, etc. Targets would be high positioning accuracy, positioning anywhere in any scenarios, considering economic network complexity, UE power consumption, spectrum usage, to encourage operators to deploy positioning feature in Rel-16.

Full Capabilities of URLLC
The major challenges of URLLC design of meeting the requirements of reliability within 1ms latency bound, include what level of reliability can be reached, and the percentage of users that can be covered in the case where URLLC requirements are met. Basic design is discussed and specified for URLLC in Rel-15. To aim for diverse services in URLLC scenario currently and in the future, it is proposed to continue design of URLLC in Rel-16 with taking the following aspects into account:
· Coverage enhancement with the requirement of ultra-reliability within 1ms latency bound
Most URLLC traffic is critical. Sometimes almost 100% coverage with the requirement of 99.999%-reliability within a few milliseconds latency bound is necessary, e.g. in the industrial application scenario and the v2v collision avoidance application scenario. Here are aspects to consider: multi-TRP transmission enhancement，MIMO transmission scheme enhancement, advanced interference coordination/avoidance between TRPs/cells/on-going transmissions, flexible and accurate CQI measurement/interference measurement, optimized GF transmission scheme, etc.
· Support URLLC traffic with higher-data rate requirement
Small packet size is considered in Rel-15, e.g. 32-byte packets. The data rate supported in Rel-15 is low. To support more URLLC services, higher-data rate is necessary. For example, about 25Mbps with 99.999% reliability within E2E 5-ms latency bound could be required for remote driving. Here are some aspects to consider: optimized single TRP/carrier/cell transmission scheme for both DL and UL URLLC traffic, optimized transmissions based on CoMP/CA/dual-connectivity for both DL and UL URLLC traffic, etc.
· Power saving and fast state transition
One aspect is to support low-latency connection setup. To save the power consumption of URLLC users and reduce network overhead, URLLC users should be allowed to turn to idle mode. In this case, when a UL/DL URLLC burst is triggered, low-latency connection should be supported. Here are some aspects to consider: support of low-latency paging, optimized initial access procedure/mechanism, etc. Another aspect is to support grant-free transmission in inactive/idle states. Grant-free transmission in inactive mode could save the power consumption of URLLC devices. Grant-free transmission in idle mode could serve massive MTC devices to support small packet transmission without the signaling overhead for connection establishment.
Support of MMTC
The requirement of MMTC in ITU-R IMT-2020 is relatively simple, i.e. connection density. The basic targets to design capabilities of MMTC should consider connection density and coverage. From this perspective, some technologies could be considered, e.g. new transmission scheme, new waveform, etc. Addtionally for long term consideration, these requirements should be regarded as a basic set of requirements for MMTC and higher requirements and more targets should be set for MMTC scenarios, e.g. more use cases specified in SA1. 
Although NB-IoT and eMTC are widely deployed, neither NB-IoT nor eMTC cannot simultaneously efficiently support diverse mMTC applications. One unified interface is beneficial for operator saving investment and reducing cost of mMTC devices. New technologies discussed in NR can be applied to mMTC usage scenario to provide continuous and ubiquitous coverage, high connection density and long battery life. 
It can be assumed that NR as specified in Rel-15 could serve some requirements of MMTC. But there is no technical discussion for MMTC in Rel-15 NR and it is hard for people to judge what capabilities are ready for MMTC. Support of MMTC should be a natural part of NR from the beginning of 5G. One approach is to start a study of MMTC requirements and use cases, and evaluate how many requirements and use cases are met by the techniques specified in Rel-16 and the techniques foreseen for Rel-16.
Addtionally, but importantly, to protect investments of operators who have deployed or are going to deploy NB-IoT & eMTC on their present networks, the migration path should be studied carefully.
Vertical Markets and New Services
There will be a great opportunity to enlarge the reach of the mobile industry by extending 5G NR to cover not only eMBB but also vertical markets and new services. The support of URLLC and MMTC could be the base to provide common capabilities for vertical markets and new services. Additionally, some service-specific designs for identified services and applications could support the services and applications with better cost-effectiveness as long as the service-specific designs don’t comprise the unified NR protocol framework. One example is NR V2X.
Vehicle communication is a typical service that should be supported in MMTC and/or URLLC scenarios of 5G system. Supporting V2X in unified air interface of NR will bring good large-scale effect, bring more business opportunities to operators and service providers, and bring more value-added features to car manufactures and better experiences to end users. Channel modeling for NR V2X starts in Rel-15 and the normative work of NR V2X could include scope as follows (the exact scope depends on the progress of NR V2X study in Rel-15): resource allocation, RS design, synchronization, architecture and high level procedures for V2X, high-speed & high reliability (related to URLLC), MIMO and beam management, HARQ design, etc. One aspect should be highlighted that sidelink could be a part of V2X design with some advanced technologies, e.g. UE relay, to provide out-of coverage services. Sidelink in LTE consumed a lot of specification time but it is hard to say it was very successful. In NR, a different approach to design sidelink may be tried, i.e. designing sidelink within a specific scenario and a use case. Here, V2X could be a good candidate to start work on sidelink.
Besides V2X, other neighborhood area communications, such as industrial automation, smart home/mall, on-demand events etc, should also be supported in 5G NR network. The requirements of these services include low latency/high reliability (related to URLLC), variable and scalable QoS, and zero service interruption during mobility.
Another potential application is combination of non-continuous small bands for enterprise. In enterprise markets, it is commonplace that a services operates on just a couple of non-continuous bands each of which is very small, even several kHz. It is not economic to use every band independently, and it is also complicated and may not be cost-efficient to use carrier aggregation mechanism. NR design is flexible and future-proof, so theoretically NR is capable of supporting the scenario in a more efficient approach. This will bring NR into a big market to serve enterprises and provide more consistent user experiences between public networks and enterprise networks. Some work may be done in NR, e.g. identifying basic requirements for PHY layer and RAN4, e.g. regulation, evaluating of specified features and identify gaps between the Rel-15 NR and the requirements, identifying technical aspects for PHY design and in RAN4, e.g. impacts on RF design, impacts on high layers, e.g. signaling reductions, reliability, etc.
Non-terrestrial networks communication, starting with a study in Rel-15, would also be done in Rel-16 to provide satellite and drone within the unified NR air interface design.
Network Architecture Aspects
There are motivations to design flexible 5G RAN architecture from performance, cost and user experiences point of view, to meet requirements of different deployment scenarios and different migration paths of different operators. In Rel-15, high layer split of CU and DU is being specified and more discussion on low layer split of CU-DU and separation are ongoing. These features are supposed to provide more flexibility and cost reduction of deployment. However a balance between the potential advantages and complexity of real implementation should be considered carefully so that the expected benefits can be reached finally.
Comparing to 4G networks, one “big” step of change is end-to-end slicing to support diversity of services and corresponding performance requirements in one physical network. E2E slicing is mainly driven from core network side meanwhile RAN side is also expected to provide complete support, including slicing management, slicing awareness, etc. For better support of vertical markets and new services, 5G NR should provide vertical industries with more opportunities to manage/control/market its own “networking services”. More specifically, 5G NR should support service oriented RAN operation, e.g. mission driven network sharing, aggregation and isolation, session driven network topology and protocol adaptation, and means for network slice performance monitoring.  
Conclusion
This paper gives a very open view for potential Rel-16 topics to discuss based on targeting scenarios and services of 5G. Meanwhile some features existing in 4G networks can also come to the table, e.g. SON, MBMS, etc. These topic could also be discussed. For these topics, operators’ opinions, especially experiences (and even lessons) of deploying those services in their current networks, are highly expected so that people can decide the most suitable scope and technical solutions that can really work well in 5G networks. 
Furthermore, some topics need coordination between RAN WGs and SA WGs, e.g. voice support. It is proposed to have a close coordination between RAN and SA from both of technical point of view and timeline point of view.
This paper focused on a very brief view of which Rel-16 topics could be considered from RAN1, RAN2 and RAN3 point of view. RAN4 will also see enhancements for NR, and the experience of Rel-15 in RAN4 shows how carefully RAN4 topics and workload need to be considered. 
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