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1	Introduction
3GPP is taking the next step of its evolution of 5G-Advanced with the start of Rel-19. At the same time, we see that the ITU-R IMT-2030 time plan calls for action in 3GPP to start its work on 6G. Hence it is important to focus on the key features of interest for the market on the shorter term and further investigate what would enable a successful start of 6G standardization. In this contribution we highlight key areas for 3GPP to develop in Rel-19 and its associated time requirements.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk134006837]The goal for Rel-19 should be to improve the performance of 5G-Advanced and expand its usage. We are further standing at the doorway for the 6G work to start within 3GPP. Hence, Rel-19 will contain features targeting the market within 5G-Advance timeline, but also features that are more likely to come to the market with 6G and with ramping up usage during the 5G-Advanced time. For some 6G features that should be included in the first 6G release it may take some time for 3GPP and the industry to familiarize with them, e.g., understand how to use and prepare for, hence a simplified version of that feature is useful to introduce already in Rel-19 NR. This is very similar to the situation around Rel-13 and Rel-14 times for LTE at the start of NR standardization. As already endorsed at RAN#99, Rel-19 will be an 18-month release and the task RAN plenary has ahead of itself is to perform a proper project management task for the release. 
The key areas we see within Rel-19 are MIMO, XR, mobility, energy efficiency on both NW and UE side and finally AI/ML for both the Uu and NG-RAN. Additionally, we see that RAN plenary should in parallel to both SA1 and ITU WP 5D start its work on 6G RAN requirements to ensure a good start of the technical work for 6G in Rel-20. Each of the different areas are described below in further detail. 
[bookmark: _Toc135741329]The key areas for Rel-19 to focus on is MIMO, XR, mobility, energy efficiency and AI/ML
[image: ]
Figure 1: Evolution of different releases
2.1	Ensuring a timely completion of Rel-19
At RAN#99, the timeline for 3GPP Rel-19 was endorsed in slide 4 of RP-230050 with a note that if there are concerns from SA2 the timeline can be reassessed at RAN#100 in June 23. The Release length was decided to be 18-months. It is of outmost importance that 3GPP TSGs and now specifically RAN plenary performs its project management task in terms of scoping Rel-19 so that the 18 months timespan can be kept. This is even more important with 6G just around the corner. Specifically, that 3GPP has a predictable release planning so that 3GPP can later fit its schedule to both future market needs and external timelines set by, for example, ITU. This in practise means to define a scope for the release in terms of work/study items that are appropriate in numbers and the amount of work within each individual project. In the previous two releases, this has not been the case , i.e. both Rel-17 and Rel-18 where both extended with a quarter to finalize the release. Partly, this was the result of unpredictable events in the world. 
In order to ensure that Rel-19 is 18 months long, RAN plenary will need to target a smaller scope than for Rel-18/17 in TUs or in other metrics than one chooses to measure the scope with. This point is made within RP-230050 on slide 4 (see Figure 2).
[image: ]
[bookmark: _Ref132975583]Figure 2: Endorsed Rel-19 Timeline, slide 4 in RP-230050
We see that it is important, as endorsed in slide 4, to crucially dimension the Rel-19 scope so that there is no delay. Such delays for example prevent the addition of a maintenance quarter at a later stage for Release 19. If projects are delayed within Rel-19 without it being manageable, given the available time, down-scoping of the projects should be done. We further see that cooperation between SA2 and RAN working groups should be better considered, as an example there were late items coming from SA to RAN WGs. This is likely to happen again and needs to be consider in the TU reservation.
[bookmark: _Toc135741330]Projects that are delayed without it being manageable should be downscoped
[bookmark: _Toc135741331]TU reservation should consider items coming in from SA into RAN at a late stage of the release
2.2	MIMO
[image: ]Rel-19 MIMO should focus on improvements to better support existing and future deployments. Due to the new exploration of band n104 in the range 6-7 GHz, we see a commercial interest in larger base station antenna arrays. To support this interest, 3GPP needs to extend its support for massive antennas and go well beyond today’s specifications supporting up to 32 antennas ports. The corresponding CSI framework needs to evolve accordingly to support precoding-based beamforming for up to 128 CSI-RS ports as a complement to reciprocity-based beamforming. 
Uplink coverage and capacity is observed to pose a bottleneck in commercial systems and MIMO related enhancements are important for both mobile broadband and FWA scenarios. As an example, we believe that the stationary deployment of devices in a FWA network can be used to explore improved UL beamforming for reducing interference towards neighbouring cells.
The Multi-TRP specification is paving the way towards fully distributed MIMO (D-MIMO) systems. It needs further simplification to be fully commercially attractive as the current QCL signaling framework makes it difficult to quickly respond to traffic variations in the network and QCL signalling is not scalable into the future with denser networks and extensive multi-TRP operation. TRS-less PDSCH reception is an attractive alternative for achieving this. In addition, Coherent-JT in Rel-18 considered only ideal time/frequency synchronization and implies a costly practical realization. Rel-19 should contain enhancements that enable a realizable and cost-efficient C-JT implementation on a larger scale. 
Current link adaptation (LA) is coarse, and commonly used HARQ-ACK based open loop (OLLA) adjustments take long to converge and are sensitive to channel/interference variations. Rel-19 should enhance the LA procedures for improved accuracy, reduced need for CSI-RS and NW energy saving. 
For reciprocity based massive MIMO, the gNB needs to estimate DL CQI.  Since the gNB generally does not know the receiver, e.g., MMSE or MMSE-IRC, used at the UE, the CQI estimation is generally inaccurate which would lead to inaccurate LA and inefficient MU-MIMO. In addition, RAN4 requirements allow large differences in the SRS output power for different UE antenna ports in antenna switching, which makes the reciprocity-based CSI uncertain in practice leading to degraded massive MIMO performance. 
An increased number of beams and carriers in FR2 requires frequent RRC reconfigurations with increased RRC load. To reduce this load, increased dynamic (DCI) functionality for use in the beam management procedures should be introduced. Further details are available in [1].
2.3	XR
[bookmark: _Hlk134172692][image: ]While XR technology has only yet come to the market in a limited scale, it is a very promising use cases for communication and it is therefore an important use case for 3GPP to enhance. In large parts the support for the XR use case has already been defined by 3GPP. This since most of what is required can reuse technologies introduced for MBB and other enhancements areas. In addition, XR specific RAN enhancements are being introduced within Rel-18, with the XR awareness as a key feature that enables additional enhancements for XR capacity and UE power saving. For the Rel-19 scope one should keep this in mind and try to fill any remaining gaps that may exist. For the capacity area a promising case is to look into to possibility to utilize measurement gaps for data transmission/receptions. For UE power saving multiple DRX configurations for handling multiple parallel QoS flows is a promising solution. Finally, concerning the XR awareness framework we firstly need to see the Rel-18 outcome and if there are missing pieces there before considering if further enhancements to this framework is needed in Rel-19. Further details and proposals are available in [2].
2.4	Mobility
[image: ]The mobility area takes a large step forward in Rel-18 with the introduction of LTM (L1/L2 triggered mobility). These technic merges the beam managing framework with the mobility framework and introduces a low-latency mobility procedure for NR, supporting CA and applicable to both FR1 and FR2. The LTM framework within Rel-18 is limited to intra-CU operations. To add LTM as a way to perform inter-gNB mobility in Rel-19 is a way to further the success for LTM in the market going forward. Further details are available in [3].
In addition, for L3 measurement reporting it is not possible for the network to distinguish between a report triggered by a cell entering or leaving the reporting range (report on leave). This makes it difficult for the network to keep an up-to-date cell list for the UE. Further, with the current L3 measurement framework the network cannot control which frequencies the UE prioritizes when measuring nor does the network know from a measurement report that the UE has completed measurements but not found any cells on a frequency.
2.5	Network Energy Efficiency
[image: ]The Rel-18 study item on network energy efficiency showed that significant gains can be achieved by either enhancing current mechanisms or designing new functionalities specific to greenfield deployments. Due to the limited time available, only a few of the improvements could be standardized in Rel-18.
[bookmark: _Hlk134006527]In Rel-19, additional energy saving functionality should be introduced. Particularly on SCells, additional SSB transmission optimizations should be introduce including On-demand SSB transmission. Given the number of shared components for RX and TX in a base station, we see energy saving potential also from reducing the amount of time the receiver is activated. Here, dynamic adaptation of PRACH occasions, where the periodicity can be adjusted based on the PRACH load of the cell, would be useful. Further details are available in [4].
2.6	UE low-power Wake-up signal/receiver
[image: ]There is an ongoing study item for low-power wake-up signal/receiver which will investigate the potential UE energy consumption reduction that can be achieved with introducing such a signal. Given large enough gains to justify standardization, a Rel-19 work item is expected to work out a detailed solution. For such a feature to be feasible to implement, the chosen waveform must be possible to be generated with existing HW. The focus should be on duty-cycled WUR operation and the WUS coverage should be on par with PDCCH. Any negative impact on network efficiency and overhead should be minimized. Further details are available in [5].
2.7	AI/ML over Uu
[bookmark: _Hlk134004559][image: ]In Rel-18 3GPP has started to study AI/ML on PHY over the Uu. The work is both broad and narrow at the same time. It is broad in the sense it seeks to define a framework to support AI/ML on PHY over the Uu including aspect such as LCM and testing. At the same time it is narrow since a smaller set of use case areas was selected to get a good picture on how to standardize the framework while still supporting these use cases. AI/ML as a technique will impact many different areas, not only the Uu, but it is important for 3GPP to onboard new ways to define its technologies. Additionally, it is important to understand the gains vs complexity balance points through proper study in the working groups. The complexity should not only be seen as a complexity in terms of computation but also in introducing the feature to the market, i.e. if AI/ML is defined in a way that it requires new ways of bringing features to the market, it needs to be well understood how it should be done. Regarding which of the studied sub-use cases that should be included in a WI, the ones that have good gains vs complexity should be selected. 
It can be considered to study some of the Rel-18 use cases further in Rel-19 in order to gain a better understanding. It is expected that additional use cases for AI/ML over the Uu within Rel-19 will be proposed to study. If 3GPP onboards more use cases, one needs to balance the workload with all other items so that the study item and work item can be handled either in parallel or partly overlapping across different WGs. Further details are available in [6].
2.8	AI/ML for NG-RAN
[image: ]Automation within the RAN area is an important aspect going forward and one key tool within this area is AI/ML. The Rel-18 WI on AI/ML for NG-RAN includes support of AI/ML for mobility management, load balancing and energy efficiency. For Rel-19 more use cases can be added while keeping in place the basic framework that is defined within Rel-18. To start the process for Rel-19 it would be appropriate to first trigger a Study Item to identify potential use cases to be brought forward. Such SI should filter the use cases that are of interest down to a limited list of maybe 2 to 3 use cases that can be specified within Rel-19 work item. One should in this process also consider topics within the Rel-18 use cases that have not been standardized due to lack of time. An example of an interesting use case that could be newly added is dynamic cell shaping where the information exchange between RAN nodes and between RAN and OAM, needed to harmonize the changes caused by dynamic cell shaping would be standardized. Further details are available in [7].
2.9	6G RAN requirement
6G is around the corner for 3GPP. Ericsson sees commercial demands for 6G networks to be available in the early 2030s and the ITU process is aligned with this timeline. To meet this target, 3GPP RAN needs to start working on technical studies for 6G during Rel-20. To lay the groundwork for this, the 6G performance requirement work on RAN plenary level would need to start earlier, basically during the Rel-19 timeframe. This will be in parallel to ITU WP 5D work on technical performance requirement and evaluations criteria and allow the 3GPP community to influence the ITU requirements by aligning on the 6G requirements within 3GPP. Understanding the 6G technical requirements from a RAN plenary perspective is further crucial when scoping the appropriate content in the 6G study item in Rel-20. To start this work RAN can contemplate whether or not to have workshop on 6G before it starts. This to further align on the content of the actual SI on 6G RAN requirement. Further details are available in [8].
3	Conclusion
3GPP is taking the next step of its evolution of 5G-Advanced with the start of Rel-19 and at the same time we see that 6G is around the corner in terms of standardization. Hence, it is important to focus on the key features of interest for the market on the shorter term and further investigate what would enable a successful start of 6G standardization. In this contribution we highlight key area for 3GPP development within Rel-19 and its associated time requirements.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The key areas for Rel-19 to focus on is MIMO, XR, mobility, energy efficiency and AI/ML
Proposal 2	Projects that are delayed without it being manageable should be down scoped
Proposal 3	TU reservation should consider items coming in from SA into RAN at a late stage of the release
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