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Principles for Rel-17 planning 
Rel-15 specified a common air interface with NR for FDD and TDD and expanded the frequencies used by 3GPP to the millimeter wave bands. The vast majority of 5G pioneer bands being TDD bands in FR1 and FR2, most optimizations have been targeted for TDD up to Rel-16. In particular massive MIMO is primarily supported by SRS. While Rel-15 supports LTE/NR spectrum sharing and forward compatibility features, NR still lacks substantial optimizations for operation in FDD band below 3 GHz. It is expected that many of the deployments refarming LTE to NR will occur based on Rel-17 commercialization timeframe. Therefore, optimizations for NR FDD bands below 3 GHz are of primary importance for Rel-17, not only for MIMO but also for carrier aggregation and mobility.
Meanwhile, experience from early deployments in FR2 will become available by the timeframe of Rel-17 package approval so some amount of work on FR2 and beam management is still expected and should be focused and clearly targeted at practical problems encountered in the field. Rel-17 may be the release used in the second phase of FR2 deployments when such frequencies become available in parts of Asia and Europe. As FR2 deployments become more ubiquitous, coverage will become a bottleneck in particular indoor coverage and coverage of high date rate applications such as the uplink of video surveillance cameras.
The expansion to new use cases and the improvements towards maturity for verticals will still play a large role in Rel-17. V2X phase 4 should target completion of all the advanced use cases and scenarios, and in particular should enable the support of a very high data rate sidelink and the support of broadcast/multicast over the Uu link, among other things. A multicast/broadcast solution for NR should target the mixed-mode multicast/unicast architecture studied by SA2. The evolution of the sidelink should remain unified for V2X and new use cases such as the support of AR/VR between a smartphone and a lightweight AR/VR headset, and the support of UE to Network relay via sidelink upon which more advanced UE cooperation techniques may be built to provide higher UE and cell throughputs on DL and UL.
Continuations of several Rel-16 areas is expected, e.g. URLLC/IIoT, intelligent networks (SON/MDT), IAB, positioning (for factories), non-terrestrial networks, NR UE power consumption. New areas will also be explored, such as more efficiency support of dual-SIM UEs, RAN slicing, extreme rural coverage, and the study of waveforms for frequencies above 52.6 GHz. 
While the IoT/MTC device types are inherently supported by 3GPP specifications, Rel-17 may be looking at enabling some IoT/MTC applications will lower complexity devices than eMBB smartphones, at least by relaxing requirements for mandatory features. Some work on NR-based MTC not targeting LPWA could be looking at more efficient support of use cases such as wireless video surveillance cameras and industrial wireless sensor networks. At the same time, continued evolutions of NB-IoT and LTE-MTC can proceed to strengthen 3GPP solutions for LPWA.
Continuing the evolution of LTE eMBB is considered useful at least for regions where investments in NR may come at a later time and where the handset ecosystem is largely based on LTE for various reasons such as lower cost. 3GPP should discuss whether substantial enhancements of LTE is desirable, but it should be clear that LTE evolutions does not stop in Rel-16 and that sufficient flexibility should be retained in the 3GPP RAN workplan for allowing necessary corrections and enhancements for LTE needed in the market. Reserving TU for LTE would be the cleanest way to ensure resource availability for LTE in Rel-17, no matter when such need to enhance LTE arises from practical needs. Given that NB-IoT and LTE-MTC are expected to keep evolving as in past releases and that LTE eMBB TU was already reduced in Rel-16, it is proposed to keep the LTE TU unchanged for planning the Rel-17 content.
Overview of Rel-17 work areas for NR and LTE 
A list of potential work areas for Rel-17 is provided below, with a short overview of each proposed work area. More details for each proposed work area can be found in the next section of the paper.  

1. [bookmark: OLE_LINK5]NR sub 3-GHz FDD enhancements
· FDD spectral efficiency enhancements via FDD channel partial reciprocity, efficient multi-carrier operation with control overhead reduction
2. Coverage and uplink enhancements for NR and LTE
· Indoor coverage enhancements, uplink capacity enhancements (WTTc for wireless video cameras), potential enhancements for rural and extreme coverage
3. NR sidelink enhancements for V2X and other use cases
· Sidelink performance enhancements for V2X and other use cases such as AR/VR, sidelink UE to network relay and UE cooperation
4. NR URLLC & Industrial IoT
· Covering distributed machine controllers for factories, enhancement of standalone NPN , URLLC capacity for factories, etc
5. NR Multicast and Broadcast Services
· Mixed-mode dynamic multicast/unicast aligned with SA2 study, including support of V2X Uu multicast
6. Enhanced support for Dual SIM UEs
· LTE+EN-DC dual-SIM UE, LTE+NR SA dual-SIM UE and NR+NR dual-SIM UE
7. Intelligent Networks (SON/MDT enhancements)
· Continuation of Rel-16 RAN-centric data collection, can also consider network energy efficiency
8. NR MIMO TDD enhancements
· SRS enhancements for massive-MIMO mobility, non-linear precoding, FR2 and beam management enhancement
9. Mobility enhancements
· Scenarios: EN-DC enhancements, Direct HO to EN-DC
10. RAN slicing
· Slicing-specific mobility, Slice-specific data transmission with less signaling overhead 
11. QoE enhancements
· Support QoE for more services, short-term and real-time 
12. NR-MTC enhancements
· UE capability relaxation for MTC UEs (no reduction of UE min bandwidth) (WTTc). Transmission in RRC_INACTIVE state with large number of connections (IWSN).
13. NB-IoT enhancements
· Latency reduction, IoT relay based on Uu, efficiency enhancements 
14. LTE eMBB enhancements
· MIMO CSI, WTTx optimizations, more CA band combinations
15. NR full duplex radio
· Feasibility study of full duplex radio at the network side
16. Non-Terrestrial Networks
· For MBB in LEO and GEO deployments
17. Study for frequencies above 52.6 GHz
· Waveform selection in Rel-17, signals/channels design in Rel-18
18. Integrated Access and Backhaul enhancements
· FDM/SDM, cross-link interference mitigation, 256 QAM, Potential Rel-16 leftovers (e.g. inactive mode), IRAT IAB
19. NR UE power savings enhancements
· Potential Rel-16 leftovers, possibly additional enhancements



In order to reach a good level of common understanding among 3GPP companies, it is important that all potential work areas identified proceed to email discussions. Some email discussions could start after RAN#85, e.g. for Rel-16 topics still on-going or for topics related to studies in SA1/SA2. In any case, even potential work areas that may not eventually materialize into a WI/SI in Rel-17 can be better understood and prepared for a later release. It is suggested to avoid defining too broad work areas since this would likely lead to complex and inefficient email discussions. Some overlap between work areas can be tolerated as long as the scope of each discussion is properly defined.

Details of work areas for NR and LTE
NR sub 3-GHz FDD enhancements 
It is well-known that Sub-3GHz spectrum has the advantages of small penetration loss and wide coverage. Historically, different spectrum blocks were auctioned for all kinds of RAT usage (e.g., GSM/UMTS/LTE) at different time phases. Typically, almost all the operators in the world own multiple Sub-3GHz bands (e.g., 700MHz, 800MHz, 900MHz, 1.8GHz and 2.1GHz bands) for cellular deployment and the bandwidth of each spectrum block is narrow since operators compete for the spectrum. On the other hand, as licenses for 2G/3G spectrum gradually expire or 2G/3G business is gradually declining, it is highly possible that operators will deploy NR in these valuable bands in the future either through with another RAT or completely re-farming to NR. Furthermore, there are two key aspects that facilitate operators refarming Sub-3GHz spectrum to NR FDD.
Firstly, advanced solutions like type II codebook in NR Rel-15 can significantly improve spectral efficiency and network capacity compared to LTE system, e.g. NR FDD 32 Tx exceeds by more than 3 times the performance of LTE 4Tx. Therefore, enhancement to FDD MIMO is an important incentive for operators to refarm LTE FDD to NR FDD. 
Secondly, Rel-15/16 NR specifications support LTE-NR coexistence with 15 kHz subcarrier spacing. Such feature enables operators to deploy or smoothly migrate spectrum to NR, even if legacy LTE still exists in Sub-3GHz bands. In particular, it allows efficiently utilizing spectrum resource by traffic-adaptive bandwidth sharing between NR and LTE.
· CSI enhancement based on FDD channel partial reciprocity
Advanced codebook, such as Type II codebook in Rel-15 and DFT-based compression in Rel-16, were specified and can provide significant performance gain. However, there are still obstacles in current design which cannot facilitate FDD MIMO deployment, especially Massive MIMO deployment, in real commercial systems for operators, such as lower UE implementation complexity and much lower feedback overhead. On the other hand, based on the real channel measurement from industry and academia, it has shown that there is high correlation of both angle and delay between DL and UL channel. Based on some initial analysis and evaluation, more than 90% of ideal feedback can be achieved by utilizing the reciprocity in angle and delay for FDD. 
Moreover, since more reciprocal channel information can be obtained by gNB from UL reception, the UE only needs to handle and feedback the non-reciprocal channel information, which can significantly reduce the uplink overhead and UE complexity. Therefore, based on FDD partial reciprocity, Rel-17 should target enhanced CSI acquisition:
· Specify CSI enhancement based on FDD partial reciprocity, including the following enhancements
· [bookmark: OLE_LINK10]Codebook enhancement e.g. based on FDD partial reciprocity 
· [bookmark: OLE_LINK4]Study and, if needed, specify SRS and/or CSI-RS enhancements for partial reciprocity measurements
· L1 overhead reduction and efficiency improvement
L1 control overhead is one bottleneck for the efficiency and capacity in Sub-3GHz. Firstly, different from LTE, dedicated DMRS is introduced in NR PDCCH. It leads to each CCE consisting of 72RE, which is twice that of LTE. As a result, it causes lower capacity than LTE given the same narrow bandwidth in Sub-3GHz. In addition, NR CA is one solution for single-operator to utilize scattered spectrum. However, L1 DL control overhead is high considering narrow bandwidth of each cell (e.g., 5MHz or 10MHz) since PDCCH per cell is needed and there are many repeated redundant information (CRC, TPC bits, RA header, etc.). Moreover, in Rel-16 MR-DC WI, N DCIs in one slot to schedule N TBs across N slots was agreed for CA contiguous data transmission. Due to the SCS difference (e.g. 15 kHz in Sub-3GHz and 120 kHz in FR2), cross-carrier scheduling become restrictive and the overhead is similarly too large since one 15 kHz slot corresponds to eight FR2 slots. Meanwhile, operators may deploy LTE-NR spectrum sharing where the capacity for NR PDCCH may be limited to just 1 symbol considering 2 LTE PDCCH/CRS symbols. Under this scenario, NR PDCCH coverage/capacity is more restricted. Besides, with multi-TRP transmission, PDCCH overhead will double. Therefore, L1 control overhead reduction should be studied to improve the spectrum utilization efficiency, system capacity, control coverage and reduce blocking probability for the above single carrier, multiple carriers and sharing cases, e.g. to allow scheduling multiple carriers with single PDCCH, or scheduling multiple slots with single PDCCH.
Regarding the utilization of scattered spectrum, in addition to the L1 control overhead issue, common channel overhead is also relatively high for narrow spectrum since at least one SSB per band is needed. On the other hand, NR DL common channel leads to restrictive scheduling in the spectrum chunk where legacy GSM/UMTS/LTE exists. Besides, restricting PDSCH (codeblock) in the narrow bandwidth also limits the diversity and coding gain. Allowing UE with same experience as single “wideband” cell over scattered spectrum can be the target of multi-carrier operation enhancement.
Based on the above discussion, we have the following objective for Rel-17 enhancements for sub-3 GHz FDD:
· Specify L1 control overhead reduction and capacity improvement, taking into account single carrier, multi-carriers and LTE-NR sharing scenario
· Study and, if needed, specify control overhead reduction, e.g. to allow scheduling multiple carriers with single PDCCH, or scheduling multiple slots with single PDCCH, etc.
· Study and, if needed, specify PDCCH capacity enhancement.
· Study and, if needed, specify enhancements to efficiently utilize narrow and non-continuous spectrum, e.g. by common control overhead reduction, PDSCH scheduling enhancement, etc.
Coverage and uplink enhancements for NR and LTE 
Coverage is always one of the most important key performance indicators for the wireless communication systems. Considering the first wave of 5G network is typically deployed on the higher frequency of TDD band (e.g. 2.6GHz, 3.5GHz, and 4.8GHz etc.) for wider bandwidth, indoor coverage is expected to suffer severely from the higher path loss and penetration loss, leading to poor user experience especially in uplink. The uplink enhancements for LTE is also important as many operators already choose NSA for the initial 5G deployment, then an ubiquitous coverage provided by LTE could help the LTE and NSA users get high quality of service, especially for basic connectivity including voice and emergency message, etc. 
Another use case for which the uplink coverage is essential is that in some rural area with low ARPU (average revenue per user), to cover a large area (e.g., even up to 100 km) with a single cell is the target of operators. However, during the initial design study the remote coverage capability of NR and LTE in such scenario is not yet fulfilled and initial analysis shows that it needs enhancement to meet the requirements based on typical deployment solutions. 
Furthermore, due to the 5G deployment on higher frequency using TDD as the duplex mode and limited uplink transmission power, the uplink throughput is limited, which makes it be more challenging to provide good coverage performance in the uplink. However, the newly emerging video services driven by surveillance cameras have large demand on the uplink throughput.
To enhance the uplink coverage of the above scenarios, some example solutions can be considered such as high power UE, cross slot/subframe channel estimation, techniques utilizing frequency diversity, other resource than frequency, time and spatial resources for information transmission, UE cooperation, optimized scheduling/HARQ mechanism, overhead reduction for slow-varying channels, enhanced UL power control, reusing the LTE-M/NB-IoT techniques etc. The work of the coverage enhancement can be focused on the following aspects:
· Evaluate uplink coverage performance of NR and LTE for different uplink target data rates in different scenarios as well as identify the coverage gap to be fulfilled (RAN1)
· Identify the requirements of the different scenarios including indoor coverage, remote coverage and uplink throughput for video surveillance
· Develop necessary simulation assumptions and performance metrics for coverage study, including the channel model for the above coverage scenarios, especially for the remote coverage. 
· Evaluate the performance of the Rel-16 design for control and data channels regarding to the above scenarios. 
· Identify any potential issues of control and data channels for NR/LTE for different coverage demanding scenarios. (RAN1, RAN2)
· Identify any potential coverage enhancement solutions in different scenarios for physical signal, control and data channels.
· Evaluate the potential coverage enhancement solutions in different deployment scenarios, e.g. high power UE, cross slot channel estimation, techniques utilizing frequency diversity, other resource than frequency, time and spatial resources for information transmission, UE cooperation, optimized scheduling/HARQ mechanism, overhead reduction for slow-varying channels, enhanced UL power control and reusing the LTE-M/NB-IOT techniques etc.
· Identify the specification impacts of each potential solutions. (RAN1, RAN2)
NR sidelink enhancements for V2X and other use cases 

3GPP is developing sidelink communication via the Rel 16 NR V2X SI and 5G V2X with NR sidelink WI to support advanced V2X services over the NR PC5 interface and the NR Uu interface. Sidelink unicast, sidelink groupcast, and sidelink broadcast are defined as well as coexistence among them in a carrier. There are still several use cases of V2X in SA1 TS 22.186 and TR 22.886 that should be further considered, due to the particular challenges they pose.
· Sidelink communication range extension: for long vehicle platoons, such as 20 vehicles and for extended sensors use case with higher degress of automation, of 1000m communication range, introduction of more advanced technologies such as UE relay is needed.
· Sidelink throughput burst: for extended sensors, another case of 1000Mbps data rate within 50m communication range and assured reliability of 99.99% is defined by SA1. Further FR2 communication enhancement should be considered to support this. 
· Sidelink high achievability: based on the urban deployment evaluation result in TR 38.885, due to the blockage and density of the vehicles, the packet reception ratio (PRR) degrades after a certain range. System-level enhancements can overcome this, such as CA, SL multi antenna extentison, and high order modulation, to ensure the QoS of V2X communication for very dense UE scenarios.
· V2P communication support: Dynamic ride sharing and the Vulnerable Road User (VRU) are a very important cases, for which power saving for pedestrian UEs should be supported.
· Sidelink relative positioning: relative position is a key enabler for more advanced auto-driving scenarios, including V2V, V2I and V2P ranging. TS 22.186 also defines the relative position for ‘cm’ level accuracy.
The sidelink itself can be used for use cases other than C-V2X, e.g. public safety as identified in TR38.885 when the service requirements can be met, and interactive services for AR/VR, etc. 
Sidelink data transmission is mainly initiated from one UE on SL and terminated at other UE(s) on SL, rather than from or to the gNB. To improve the UE experience for eMBB applications in Rel-17, as well as to ensure that more stringent reliability/latency requirement for vertical applications can be met on Uu link, the network assisted UE cooperation (NAUC) scheme can be used. For example, for the scenarios where data rate requirement and/or coverage requirement cannot be met, a cooperative UE (CUE) can be introduced to operate cooperatively with the source/destination UE. The cooperative UE and source/destination UE can be linked with each other through SL and form a virtual UE which has higher capability due to the aggregated transmit power and aggregated distributed transmit antennas. For the scenario where the source UE or destination UE is out-of-coverage, the cooperative UE acts as a relay because only a single Uu link is maintained. From this perspective, the UE cooperation could be viewed as the extension of relay that was the key technique already used for some critical applications such as public safety. In other word, relay is a special operation used in UE cooperation.
Proximity Services for public safety: There are more proximity-related service requirements than those covered by the existing Rel-16 work, e.g. UEs outside network coverage cannot communicate with gNB in Rel-16, creating a significant gap to enable mission-critical services. Connectivity to gNB for out-of-coverage UEs can be provided via cooperation with UEs that are in coverage.
Wireless video monitoring system in public areas and vertical industry system is going to be widely deployed in public areas like city, rural areas, public transportation, and for many vertical industries like manufacturing, mining, etc, in the future. The deployment of video monitoring systems will place higher demand on uplink efficiency and coverage, support of bursty traffic and efficient coexistence with eMBB services. From techniques currently used, it is observed that there exists about ~6x spectrum efficiency difference between cell edge and cell centre, which needs to be improved. If NAUC techniques are used, the uplink solution could be to enable joint transmssion among nearby cameras as in the following 
· A camera having large amount of data (SUE) to transmit could pass its data on sidelink to nearby cameras (or called cooperative UE, i.e., CUE) having no or little data to transmit
· Nearby cameras could help with data transmission of the SUE to NW using joint transmission or as a relay 

The benefits of such solution comes from the following aspects: more transmit power due to the help from nearby cameras, improved spatial diversity/multiplexing due to larger number of antennas, reduced transmission latency due to sharing of unbalanced video traffic load among UE. In some situations, some dedicated transceivers could be deployed as dedicated CUE(s) to help with improve UL spectrum efficiency at cell edge for the SUE. 
Indoor eMBB coverage for ubiquitous home/office experience always needs to be addressed to improve the UE experience. Penetration loss or shadowing could create many coverage holes for indoor environment. NAUC could be used to improve the UE experience for such scenarios. For example, a special cooperative UE (CUE) (e.g., a CPE) and indoor UE(s) could form a UE group for NAUC. This CUE could be installed outdoor to improve transmit and reception capability on Uu link. The CUE helps with indoor target UE (TUE) to improve DL/UL performance by relaying their data on Sidelink: 
· Good sidelink channel condition and larger bandwidth (e.g., using out-of-band sidelink); 
· Lower power consumption to help with other UE
· Less security concern among UE(s) from the same household and office.
In summary, the Rel-17 work should target the following objectives for Network assistant UE cooperation and Sidelink for 5G V2X, video surveillance and AR/VR. More information can be found in the companion contribution [4]. 
· NR SL enhancement
· Anchor based on SL resource allocation (mode 2d) for coverage extension. A relay framework based on mode 2d is defined based on this resource allocation scheme to support sidelink communication extension for better long range communication.
· Sidelink spectrum efficiency improvement for throughout burst and high achievability.
· Sidelink carrier aggregation. This is the most straightforward technology to improve data rate and system capacity with transmission over multiple carriers. 
· SL FR2 enhancement. Working on high frequency bands, beams can be formed to achieve efficient spatial multiplexing. Beam management, fast beam tracking and beam recovery for mobility need to be defined to achieve better spectrum efficiency in FR2 for mobility case.
· SL MIMO enhancements and high order modulation. In order to support spatial multiplexing for multi-users of sidelink unicast, PMI needs to be defined, and higher-rank CSI acquisition needs to be defined to achieve high achievability for sidelink transmission from system aspect. When high SNR can be achieved, allowing the support of high order modulation is reasonable.
· Power saving for V2P communication support. For power saving more extensive optimization of the sensing behaviour can be considered for P-UE with respect to different traffic types such as periodic/aperiodic traffic, or broadcast/groupcast/unicast traffic. A DRX mechanism can be introduced for V2P communications. Defining an inactive state for the P-UE will also help to reduce power consumption. 
· Sidelink relative positioning. Vehicles can determine the inter-vehicle distance with NR sidelink ranging (e.g. ToA/RSTD/ OADoA), and then the relative position of vehicles in proximity can be determined based on the measurement results shared between vehicles. 
· SL assisted Uu communications/data transmission
· UE discovery and grouping at RAN level. The UE discovery and grouping mechanism is for the UE to find UE(s) nearby and form a UE group. The UE grouping could be formed with the assistance of the network including group ID configuration and UE ID assignment. 
· Support source ID/destination ID for UC. The destination ID/source ID can be supported in NAUC similar to that in V2X but including gNB. 
· Intra-group transmission/sharing (SL): Based on V2X SL resource allocation and transmission. SL functions developed in Rel-16 and Rel-17 V2X could be reused wherever applicable.
· Data splitting/reassembling for UL UC transmission. Support split of packet of SUE and share on SL with CUE.  At gNB side, support reassembling of SUE packet
· UE relay architecture (special case for UC). Support a simple L2 relay structure with some lower layer functions such as decoding and forwading.
· Cooperative HARQ. HARQ process could be considered together for both Uu and SL.

NR URLLC & Industrial IoT 
The expansion to reliable verticals continues in Rel-16 with work items on URLLC enhancements and Industrial IoT. Both initial evaluation results with Rel-15 technologies as showed in TR38.824 and the evaluation results with Rel-16 technologies in our companion paper [6] show the availability (i.e., percentage of UEs meet the reliability within latency boundary) still has substantial room to be improved. It can be anticipated that further enhancements will still be needed in Rel-17. Reducing outage and improving reliability/availability for various URLLC scenarios, and improving the capacity in number of URLLC UEs per cell (up to 100 UEs per cell in factory scenario), will continue being important for the vertical industries. The impact from the new IIoT channel model in Rel-16 should be taken into account as well. RAN architecture may be enhanced to support distributed machine controllers in factories, in order to support locally terminated service with strigent latency requirement. Based on the requirement of SA2 Rel-17 FS_eNPN SI, it can be anticipated that further RAN enhancements will still be needed in Rel-17.
The specific objectives are summaried as follows: 
· Specify enhancements for URLLC/IIoT using carriers in FR1 and FR2 at least for the use cases of AR/VR with high UE data rate (up to 1Gbps) and factory automation with high UE density (more than 100 UEs per cell), applying new IIoT channel modelling in factory scenario [RAN1,RAN2]:
· Robust beam management, beam failure recovery, radio link monitoring for ultra-reliability and low latency on FR2
· Reduce the HARQ feedback delay for CA with FR1 and FR2
· Potential enhancement of the frame structure and numerologies for the new IIoT channel model 
· The detailed objectives for improving system resource efficiency:
· Aperiodic CSI on PUCCH
· Early termination by explicit ACK channel for UL CG 
· SPS/CG enhancement with channel adaptation
· Physical layer repetitions on carriers
· Scheduling and HARQ enhancement for closed-loop applications, which requires both DL and UL packet transmissions with tight cycle time
· Interference management for different slot configuration between outside and inside factory
· The detailed objectives for mechanism catering for distributed machine controller are [RAN2, RAN3]:
· Study the hierarchical 5G architecture catering for hierarchical topology of industry production line; 
· Study the role of the distributed machine controller, whether it should be of enhanced UE type or node type to support the locally terminated service with stringent latency requirement; 
· Sidelink URLLC for UE type
· Local breakout/switch for node type
· Industrial Ethernet integration, e.g., support for TSN in hierarchical 5G architecture;
· The detailed objectives for enhanced NPN are [RAN2, RAN3]:
· Seamless service continuity for ongoing services between SNPN and PLMN;
· Specify RAN sharing between NPN and PLMN, including the potential access schemes to ensure NPN services;
· Support for voice/IMS emergency services for SNPN;
NR Multicast and Broadcast Services 
3GPP has developed LTE broadcast/multicast from Rel-9, originally for video broadcasting. Later on, the support for other services such as Public Safety, IoT and V2X has been specified, taking into account broadcast/multicast requirements, therefore triggering the evolution for broadcast/multicast systems in the following LTE releases. The first evolution of broadcast in the 5G era is based on LTE, with the Rel-16 work item on EN-TV.
Considering 5G has further requirements and use cases for broadcast such as public safety, V2X, IoT, PMSE, AR/VR,  and the endorsed way forward during RAN #83 clarify that Rel-17 will not target HPHT/MPMT with NR, then NR Rel-17 shall be the first NR release to specify the broadcast/multicast feature in 5G-CN and NG-RAN targeting the “mixed mode multicast”. In addition, SA2 has approved a Rel-17 SI for broadcast architecture study, which should have impact to the RAN, including the discussion on the functional split among SA and RAN.
In summary, the Rel-17 work should target the following objectives for broadcast/multicast services in RAN, and more information can be found in the companion contribution [5]. 
· RAN configuration procedures and channel design for broadcast/multicast [RAN1, RAN2]
· High commonality with broadcast/multicast/unicast on physical layer design and other basic NR functions, e.g. PDCCH/ PDSCH, frame structure, BWP, etc.
· High commonality on configuration procedures enabling moderate and flexibly controlled transmission areas (few cells to one cell, or even beam level granularity).
· Study the necessary solutions to support service continuity especially for use cases requiring tight latency and high reliability such as V2X, PMSE, AR medical, etc. 
· Solutions for QoS-guaranteed broadcast/multicast on spectrum efficiency, latency and reliability, such as feedback mechanisms. 
· RAN Architecture for broadcast/multicast [RAN2, RAN3]
· Study the RAN architecture to enable flexible broadcast/multicast areas (few cells to one cell).
· Study the need for multicast Coordination function (MCF) and SYNC protocol, by considering both CU-DU localized and distributed gNB deployments.
· Study local breakout for efficient local broadcast/multicast transmission e.g. for platooning etc.
In addition, it is desirable to keep the system design (including architecture/procedure/channel, etc.) flexible enough to meet different QoS requirements for a variety of broadcast services, and to keep the architecture scalable enough to minimize the deployment complexity based on operator policy and the requirements of the deployed services.
Enhanced support for Dual SIM UEs 
In SA1#86, it was approved that SA1 WG start working on stage 1 for supporting multi-USIMs devices. A study item, Study on support for multi-USIM devices (FS_MUSIM), proposed by SA2 WG has been approved. Currently, many commercially delivered devices support more than one (typically two) USIM (called MUSIM UE) which may be from the same or different MNOs. There are several use cases for MUSIM UE. One use case is that a user has a personal subscription for one USIM and a business subscription for the other USIM in the same device. Another use case is that a user has multiple personal subscriptions and chooses which one to use based on the selected service (e.g. use one individual subscription and one “family circle” plan). There is also a case that a user travelling abroad uses a travel USIM card as well as the USIM at home.
· Service requirements and UE vendor’s implementation
For MUSIM UE, a very basic requirement is that paging associated with the multiple SIMs are not missed when there is no traffic transmission in this MUSIM UE. It in consequence requires that MUSIM UE should support receiving multiple pagings simultaneously even when the multiple paging collide in the time domain.
Furthermore, when there is traffic transmission associated to one of the multi-SIMs, for example a user A is using one SIM of this MUSIM UE to have the voice/data service with a user X, this MUSIM UE should have the capability to receive paging associated with other SIMs so that user A can be notified of incoming traffic associated with other SIMs.
Furthermore, MUSIM UE can support transmitting/receiving different traffic associated with the multi-SIMs simultaneously. In this case, for example, a user A can have voice service associated with one SIM and at the same time, this user A can have data service associated with another SIM.
Different stages of the requirements needs different technical solutions. By pure implementation method, some UE vendors already deliver LTE+LTE dual-SIM productions which can support transmitting/receiving the traffic associated with the multi-SIMs simultaneously, so standardization work to support LTE+LTE dual-SIM is not needed.
Looking forward in the near future, depending on operator’s deployments, we forecast different types of MUSIM UEs, including LTE+EN-DC dual-SIM UE, LTE+NR SA dual-SIM UE and NR+NR dual-SIM UE. Specification based solution can be studied in Rel-17 to deliver better user experiences than UE vendors implementation.
Observation: Standardization work to support LTE+LTE dual-SIM UE is not needed. 
· MUSIM UE radio capability
[bookmark: OLE_LINK9]For cost efficiency reasons, a MUSIM UE implementation typically uses common radio and baseband components that are shared among the multiple USIMs. Because of hardware sharing and/or in device co-existence problem, the MUSIM UE may not simultaneously communicate with two or more networks associated to different USIMs. SA1 gives the descriptions of different UE’s capabilities from the service requirements perspective. According to SA1 definition, dual Rx allows MUSIM UE to simultaneously receive traffic from two networks, single RX allows MUSIM UE to receive traffic from one network at one time, single Tx allows MUSIM UE to transmit traffic to one network at one time. In RAN area, UE’s capability is from hardware configuration perspective not from service requirements perspective. For LTE+EN-DC dual-SIM UE, LTE+NR SA dual-SIM UE and NR+NR dual-SIM UE, the minimum downlink RF chain is 2 and the minimum uplink RF chain is 2.
· Gap analysis
Technical solutions need to be studied for the following use cases.
· Consider a MUSIM UE with dual Tx. If the RRC state associated to UMIS1 is idle, and the RRC state associated to USIM2 is connected, the UE can use 2 Tx for the uplink transmission associated to USIM2. If the RRC state associated to UMIS1 changes to connected, when the RRC state associated to USIM2 is still connected, one Tx originally for the uplink transmission associated to USIM2 should be switched to USIM1, and only one Tx remains for the uplink transmission for USIM2. Therefore, the Tx capability adaptation for USIM2 should be supported.
· When the UE simultaneously transmits for the two USIMs, the total transmission power may exceed the maximum transmission power of the UE. The transmission power should be coordinated between two USIMs. 
· When actively communicating for USIM1, the UE needs to occasionally monitor paging and perform measurements for USIM2. This occasional reception for USIM2 may have performance impact for USIM1. Therefore, the Rx capability adaptation for USIM1 should be supported.

Thus, to support MUSIM UE in Rel-17, the objective of the SI is:
· Study UE capability coordination and adaptation, power control, to address simultaneously transmission and receiving for multiple networks associated with multiple USIMs, for the following use cases:
· LTE+EN-DC dual-SIM UE, LTE+NR SA dual-SIM UE and NR+NR dual-SIM UE
· Minimum downlink RF chain is 2 and the minimum uplink RF chain is 2
Intelligent Networks (SON/MDT enhancements) 
SON/MDT is quite important for intelligent networks with OPEX (operating expense) reduction and performance improvement especially for multi-RAT scenarios. Some of SON/MDT features, as the outcome of Rel-15 SI on radio data collection, will be specified in Rel-16. There will likely be leftovers worthy of further work, e.g. further enhancements on power saving/energy efficiency, possible new measurement quantities for MDT reporting. Specifically, LTE and NR are expected to co-exist for a long period of time, new SON/MDT features would help two RATs to operate in a more efficient and coordinated way.
The following potential enhancements could be taken into account.
· Network energy efficiency enhancements for multi-RAT deployment scenarios
· For NR, it is necessary to introduce mechanisms to flexibly support TRX on/off with no or hardly any impact on user experience and spectral efficiency. Power assisted scheduling mechanisms with traffic profile information available are needed to save power consumption by enabling base station to sense, distinguish traffic characteristic and then enable more frequent and/or longer sleep duration. 
· For LTE, more dynamic downlink power control for data channel especially when the base station is active could benefit the network energy saving. The traffic profile aware scheduling is also useful to obtain more sleeping opportunities for network power saving. Similar to NR, TRX on/off mechanisms can be considered to save static power consumption, especially for massive MIMO. 
· In multi-RAT (e.g., EN-DC), the continuous coverage can be provided by LTE base stations and high data rate service can be provided by NR base stations especially in the hotspot areas. Considering the fluctuation of traffic in different geographic positions, it is necessary to support efficient activation/de-activation mechanism for power saving mode to better leverage the coverage capability of LTE and high data transmission capability of NR. In addition, further coordination mechanisms between two systems could also be considered to achieve more power efficiency where coverage of NR and LTE are overlapped.
· Further SON/MDT enhancements could be investigated to improve EN-DC performance. In EN-DC network, the coverage optimization of NR cells is important, especially for the stage of NR coverage roll out. The logged MDT for NSA cell should be supported. Considering SN change failure will lead to SCG link interruption, the network should be able to detect failure cause of SN change and adjust parameters related SN change. In this case, the MRO-like solution for SN change should be further considered. In the coexisting scenario of EN-DC/LTE and NR, if inter-RAT SON/MDT report can be collected, it is beneficial for network management/optimization.
· Considering the coexistence of NB-IoT, LTE and NR, flexible configuration information exchange among network entities would be helpful to reduce the OPEX of the network.
· Some new features were introduced in Rel-16, e.g. conditional HO, RACH-less, 2-step RACH etc., SON/MDT could be enhanced to help improve performance for such new features, e.g. new measurements or new RACH reports. 
NR MIMO TDD enhancements 

· SRS enhancement
For TDD system, SRS is a key feature to support high system throughput. It can be used for several important functionalities, such as UL CSI acquisition, DL CSI acquisition based on channel reciprocity, UL/DL beam management and positioning. 
Since SRS need to be used in various scenarios and a large number (like 500~1000) of UE can be connected to a cell, more resources for SRS transmission are needed from the system point of view. For example, for multi-panel UE, more UL transmittion beams need to be trained. For DL CSI acquisition, NR Rel-16 is also discussing the need to increase the number of SRS resource/resource set with usage “codebook”, to support better performance for multi-panel UE. Another scenario is to support better system performance for moderate/high speed UE, due to the reducing channel coherence time. All these scenarios requires an increasing number of SRS transmission.
To support this, more time-frequency resources can be configured. However, sufficient resources are needed for PUCCH/PUSCH as well to guarantee uplink system throughput. Thus, under the constraint of limited number of time/frequency resources for SRS, the method to increase the number of resources used for SRS transmission need to be considered. 
One way is to increase the number of SRS base sequences so that a higher multiplexing can be achieved. NR Rel-15/16 follows 30 groups of bases sequences in LTE, which is limited. If two or more bases sequences are available in each cell, then doubled or tripled number of UE can transmit SRS on the same time/frequency resources. In this way, inter-cell and especially intra-cell interference need to be carefully considered to guarantee channel estimation accuracy. Backward compatibility should be considered as well. 
Observation: An increasing number of SRS transmission can be expected in the future. Increasing the number of SRS bases sequences can be considered without compromising uplink system throughput. 
It is worth noting that channel aging can also be mitigated by exploiting high-precision time variation information of channels, such as channel correlation between slots, Doppler spectrum. Generally, high-precision time variation information can be used for channel extrapolation/prediction. Note that PTRS in NR Rel-15 can partially obtain high-precision time variation information, but it was specified for tracking phase noise during UL data transmission for FR2 and is not used for CSI acquisition. Bear in mind that channel correlation between slots, Doppler spectrum, and so on, stay relatively stable for a long-enough period of time and can be tracked on a limited number of frequency positions. As a result, channel tracking can rely on a low-density uplink RS structure. Meanwhile, a low-density RS structure can also help shortern RS periodicity by having a higher multiplexing capability. It has been observed that in hot spot areas, when the number of middle-to-low speed moving UEs in a cell increases, only relying on frequent SRS transmission may not be enough to obtain real-time CSI, since the multiplexing capability of SRS can be limited. Therefore, a low-density RS structure will also help shorten RS periodicity to improve system performance.
Observation: Introducing a low-density RS facilitates tracking high-precision time variation information of channels as well as achieving short RS periodicity is beneficial.
Another issue in the field which impacts UE downlink/uplink MIMO transmission is the un-equalization problem between DL and UL. This un-equalization problem between DL and UL is mainly from two different reasons, one reason is the different RF chain path for the uplink transmission and the downlink receiving in UE’s hardware design, another reason is different transmission power backoff from different Tx chains because of SAR. For these two reasons, the sounding reference signal, which can be used for uplink channel estimation, cannot be directly used for the downlink channel estimation. In consequence, the downlink precoding used by the gNB cannot match the real downlink channel. Because of this un-equalization problem between downlink channel and uplink channel, a 10%-30% system throughput loss is observed.
· Enhancement on UE uplink MIMO power control for un-equalized Tx power issue  
In order to enhance the performance for UL transmission, 5G NR speficied UL MIMO transmission from Rel-15. For typical UE implementation, the different uplink RF chains and the connected antennas are deployed at the different ends of the UE form factor. In most of the use cases in real life, because of the hand holding and head blocking different antennas are blocked by different body losses, which leads to rather different effective transmission power from the different antennas in the UE to the gNB, as described in Figure 2. Analyzed based on big data, about 20% UEs suffer from antenna un-equalization problem with more than 10dB difference between two antennas.
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Figure 2 Different effective transmission power from different antennas
In Rel-15, the UL Tx power is split equally to different antenna ports, which leads to the un-equalized received power by the gNB from different UE antennas, and further leads to the decrease of throughput in cell center and the coverage in cell edge. From link level evaluation, 1dB-3dB gain is observed if the uplink transmission power can be adjusted according to the different body losses experienced at different antennas. Based on the observations, we propose to consider enhancements to uplink MIMO transmission to address the un-equalized Tx power issue.
· Non-linear precoding
It is well known that the non-linear precoding schemes are able to provide higher spectral efficiency compared to linear precoding methods due to better ability of interference suppression. During NR Rel-15 study item phase, several companies proposed to study non-linear precoding e.g., DPC based precoding techniques, linear and non-linear hybrid precoding techniques. Unfortunately, there has been no further discussion and conclusion on non-linear precoding in NR Rel-15 work item and NR Rel-16. So the transmission scheme, signalling, RS design, and interference measurement in NR MIMO in Rel-15 and Rel-16 are adopted based on the assumption of linear precoding. 
With the rapid development and popularization of NR, the demand of MU-MIMO multiplexing capacity and user experience is increasing, especially for highly clustered users in heavily loaded networks, it is hard for the traditional linear precoding techniques to meet the high-load requirement. In order to meet the demand of MU-MIMO and guarantee the system throughput performance, the non-linear precoding should be discussed and specified NR Rel-17. 
As a result, we propose to specify non-linear precoding schemes in Rel-17 to further increase the MU-MIMO throughput.
· Interference information indication based interference cancellation
Accurate CSI and enhanced precoder enables MU interference cancellation at gNB. However, residual multiuser interference still exists when CSI is not accurate due to, e.g., CSI aging or UE without antenna switching. In this case, multiuser interference mitigation at receiver can also be considered. Code-word level MU interference has notable gain compared with symbol level cancellation. Thus, code-word level MU interference cancellation can be considered. To do this, gNB needs to indicate interference information like MCS level and RV of other paired UE to target UE. Thus, method to indicate such interference information need to be specified. 
· FR2 enhancement
FR2 enhancement should prioritize to solve issues identified in practical deployment and to further improve mmWave application experiences. Some issues probably will be discussed in Rel-16 leftover, while there are also some other aspects need to be considered in Rel-17 which actually are not covered in the scope of Rel-16. Generally speaking, FR2 enhancement in Rel-17 should strive to achieve the following objectives. 
· Overhead and latency reduction for BM: The overhead and latency in FR2 is thought to be much higher than FR1, mainly coming from two aspects: narrow beam sweeping operation at both BS and UE and Frequent RRC configuration/reconfiguration. Rel-16 mainly focuses on latency/overhead reduction from high-layer signaling perspective, while further improvement seems possible and necessary considering the fact that there still exist some redundant design and restrictions. For example, joint DL/UL or P2/P3 beam training via a single trigger without a reconfiguration of QCL for P3 CSI-RS resources based on UE reported SSBRI/CRI during a previous P2 procedure. In addition, it was specified in Rel-16 that when UE performs SSB based L1-RSRP measurement in FR2, scheduling restriction applies to RS symbols to be monitored, which highly increase the overhead, and hence multiplexing of SSB(s) and UE-specific PDSCH in some cases should be considered. Finally, LF assisted HF BM also seems attractive. The measurement results in a lower frequency carrier (e.g., <6GHz) can be used to reduce FR2 SCell activation latency, and to support BM without SSB sweeping, which can reduce a large amount of BM overhead. 
· UE experience improvement especially in case of mobility/rotation: in Rel-16, a lot of restrictions are made on UE beam usage due to limited TU, which actually cause UE experience degradation in case of mobility/rotation. We think these aspects should be discussed in Rel-17. 1) UE is the first to know beam quality degradation in downlink and prefer to optimize Rx beam usage by itself. Therefore, it preferable to allow UE to initiate beam training. 2) Some kind of TX beam correlation information at BS is beneficial to assist the smart beam selection at UE in order to avoid the overall candidate beam set failure in case of mobility/rotation. Rel-17 should define clear rules about the TX beam correlation at BS and the relevant BM procedure. 3) Simultaneous multi-panel reception is less challenging in the perspective of power consumption compared with the simultaneous multi-panel transmission precluded in Rel-16. It will bring significant performance enhancement for the deep fading UEs where beam diversity can be exploited. Therefore at least UE multi-panel simultaneous reception should be introduced in Rel-17 as an optional mode, with necessary network control and power consumption in consideration.
· System capacity enhancement: The beam based multi-user spatial multiplexing in FR2 is rather typical in practical deployment for the purpose of system capacity. For TDD based FR2, SRS based precoding for multi-user multiplexing seems rather straightforward, similar as FR1. However, for the most widely used AIP (Antenna In Package) RF architecture, the precoding for multi-user interference mitigation has to rely on the PMI feedback, due to the unfavorable TX/RX reciprocity. For FR2, the channel after analog beamforming is compressed in spatial domain and becomes evenly distributed in DFT domain, meaning that the compression in DFT as Rel-16 will drop many non-negligible components. For Type II port selection codebook, the CSI-RS port selection codebook assumes the BS has some prior knowledge about the channel (e.g. by UE sounding) in order to determine the beamforming coefficients for each CSI-RS port, which is not always available in the practical deployment. On the other hand, high precision CSI feedback is important for high capacity transmission scenarios (e.g. WTTx), where high MCS are required to achieve high spectral efficiency. Therefore, the beamforming friendly codebook design for FR2 should be considered in Rel-17 to improve the CSI accuracy.
· UE power saving specific to FR2: Although power saving is being discussed in Rel-16, the study relevant to FR2 is delayed. The UE power consumption in FR2 is much higher than FR1 due to the frequent beam sweeping operation. It is one of the most crucial factors for successful FR2 commercial deployment to address the power-hungry beam operation at UE, especially for the hand-held devices. In Rel-17, UE power saving specified for FR2 should be studied. The principle is to support some simplified BM mechanism during UE DRX cycle, and maintain beam alignment between BS and UE with the minimum beam training/measurement activities. In addition, the UE multi-panel simultaneous operation has to take the UE power saving into consideration.
In addition to the Rel-16 leftover, Rel-17 should consider the following technology enhancement in Table 2.
Table 2 Potential standardization impacts of FR2 enhancement
	Objectives
	Potential standardization work

	Overhead and latency reduction for beam management
	Beam management simplification with minimum RRC signaling involvement

	
	Multiplexing of SSB(s) and UE-specific PDSCH

	
	Low frequency assisted mmWave beam management without SSB 

	UE experience improvement in case of mobility and rotation
	UE initiated beam training

	
	Network assisted UE beam selection/training

	
	UE multi-panel simultaneous reception

	System capacity enhancement
	Beamforming friendly codebook design

	UE power saving for FR2
	Beam management in case of DRX



Form the above analysis, the objectives for NR MIMO TDD enhancement include:
· Support uplink RS efficiency enhancement, taking into account:  
· Increase the number of SRS base sequences, considering extremely low intra-cell interference and backward compatibility.
· Specify a low-density reference signal to facilitate tracking high-precision time variation information of channels as well as achieving short RS periodicity.
· Specify enhancements to MIMO transmission to address the UL/DL un-equalization and the un-equalized Tx power issue.
· Specify interference information indication to receiver to enable code-word level MU interference cancellation.
· Specify enhancements for FR2 such as those listed in Table 2

Mobility enhancements 
In NR Rel-16, the Mobility Enhancement WI was set up with RAN2 as leading WG and to design solutions that target for 0 ms mobility interruption time. The two solutions that emerged as the main candidates for achieving 0ms mobility interruption time are DC-based HO and eMBB-based HO. After 3 meetings, RAN2 has not yet made any decision between DC-based HO and eMBB-based HO to achieve that goal. RAN2 has also deprioritized supporting simultaneous connectivity in UL, choosing to focus on simultaneous connectivity in DL for now. 
RAN1 and RAN4 have been working in parallel in order to determine the feasibility of simultaneous connectivity in given scenarios based on intra/inter-band operation, asynchronous vs. synchronous deployment type, frequency range and intra-frequency vs. inter-frequency operation. RAN4 sent an LS to RAN2 confirming that their earlier LS reply on LTE applies to NR, and also indicating that simultaneous connectivity in FR2 is not feasible and feasibility of RACH-less HO in FR2 is also uncertain. RAN1 also sent an LS to RAN2 confirming that their earlier LS reply on LTE is applicable to NR, further clarifying the conditions under which the LS reply is applicable. RAN1 also studied scenarios where simultaneous connectivity is feasible and reached the conclusion that (subject to UE capability) most scenarios in FR1 are feasible, with FR2 still being under study.
The expected outcome from RAN2 is that one of DC-based HO and eMBB-based HO will be adopted to enable 0ms mobility interruption time. However these solutions will likely be limited to scenarios in which RAN1/RAN4 deemed simultaneous connectivity to be feasible, for instance scenarios such as synchronous deployments in FR1. Moreover both DC-based HO and eMBB-based HO require UEs to support dual protocol stacks, where the source and target cells have their own MAC and RLC layers (in the solutions RAN2 is discussing: DC-based HO needs only one PDCP layer while eMBB-based HO needs two PDCP layers). Asynchronous deployments and FR2 deployments would not be covered by these mobility enhancements, coupled with the dual protocol stack support requirement: this means that only a small portion of UEs will be able to experience 0ms mobility interruption time. 
Observation: For NR Rel-16, adoption of DC-based HO or eMBB-based HO will only achieve 0ms mobility interruption time in DL in restricted scenarios such as synchronous deployments in FR1 (subject to UE capability).
For NR Rel-17, 3GPP should strive for mobility enhancement solutions that will provide 0ms mobility interruption time in a wider range of scenarios that includes asynchronous deployments, multi-beam operation in FR2, single protocol stack UEs and simultaneous connectivity in UL. As an example, a beam-based HO solution performed exclusively at L1/L2 level, removing any RRC involvement, can be considered. Beam Management (also known as mobility without RRC involvement) is currently used to measure, report, switch, and recover the beam pair(s) between gNB and UE within a cell. Such a framework can be extended to include inter-cell mobility scenarios to provide the UE with a framework that is agnostic to the frequency range and to the nature of the cells involved (source or neighbour). Such an example is given in Figure 3, illustrating a UE with single protocol stack switching from a beam transmitted by a source gNB to a beam transmitted by a neighbour gNB:
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Figure 3 Example of beam-based enhancement for single-protocol stack UE
To be specific, eMBB-based HO and DC-based HO are both targeted towards UEs that support dual protocol stack, i.e., dual MAC layers, dual RLC layers and possibly dual PDCP layers. For UEs with single protocol stack support, beam-based enhancements are attractive as they can offer 0ms mobility interruption time utilizing precise timing in L1. Beam Management is a form of intra-cell mobility without RRC involvement, relying on the UE sending L1 measurements based on CSI-RSs back to the network and L2 indications to switch between different beams. Filtering of L1 measurements can be performed by the network upon reception of multiple L1 measurements from the UE or by not configuring time-domain measurement restriction. CSI-RSs used for BM in a source cell can naturally be used for mobility measurements by UEs in neighbour cells, thus improving resource utilization across the network.
Such a framework would allow the UE to keep track of beams suitable for communication across cells and not require RRC reconfiguration every time it leaves a cell, as would be the case with the current HO mechanism based on reconfiguration with sync. With some additional efforts to introduce signalling to support CSI-RS resource configuration for Beam Management for neighbour cells, we expect that HO with RRC reconfiguration can be turned into a L1 beam switching with minimal to no RRC reconfiguration. All of these would make L1/L2-based mobility solutions a suitable topic for RAN1 to further study/specify in NR Rel-17. Some of the technical aspects that will need to be considered as part of a corresponding SID/WID on beam-based enhancements for NR Rel-17 are listed as follows:
· CSI-RS measurement and configuration for BM-CSI-RS transmitted by neighbor cells.
· L1 measurement reporting for BM-CSI-RS transmitted by neighbor cells.
· L2 mechanisms for QCL indication of resources transmitted by neighbor cells.
Thus it is proposed for NR in Rel-17 to study and specify L1/L2-based mobility solutions targeting at 0ms interruption time and improve reliability for a wider range of scenarios including but not limited to asynchronous deployments, multi-beam operation in FR2, single protocol stack UEs and simultaneous connectivity in UL.
[bookmark: OLE_LINK3]NR QoE enhancements 
3GPP introduced QoE feature (QoE Measurement Collection) for LTE Rel-15. With this feature, operators can utilize QoE measurement to evaluate user experience accurately. Then operators can optimize the network accordingly to achieve better user experience. For LTE QoE, the supported service types are streaming and MTSI services.
5G system should be adaptable to provide efficient support for the diverse set of services, so there should be more aspects for 5G QoE:
(1) More services may be considered for QoE feature in addition to streaming and MTSI services, e.g. AR/VR, URLLC/IIoT. For these services, there may be corresponding QoE to reflect user experience, so it should be of great interest for operators to understand the status of QoE, and more optimization means could be considered.
(2) LTE QoE follows MDT framework, so the feature is activated by Trace Function triggered from OAM. Basically LTE QoE is a long-term and non real-time optimization means. It may be interesting to have some short-term and real-time optimization means, e.g. RAN may utilize QoE for smart resource management, UE-RAN co-operations on guaranteeing user experience.
(3) Smart resource utilization monitoring with relating QoE information for some services.
In general, we think 5G QoE could bring lots of values to operators as more services, short-term and real-time optimization means and smart resource monitoring are considered. So we propose to study 5G QoE feature in Rel-17.
NR-MTC enhancements 
Among the envisioned future 5G IoT applications, the requirements would be much more diverse and the prioritized performance may change in a scenario specific manner, which calls for scalable and forward compatible design. As a result, to serve all IoT services well, it is meaningful to study and identify some other new IoT use cases that can be well met in NR beyond LPWA use cases served by NB-IoT and LTE-M. Two typical scenarios with machine type of devices are video surveillance and industrial wireless sensor networks (IWSN). 
Video camera is a type of medium to high end machine type of device compared with the device in NB-IoT and eMTC. In particular, video cameras usually demand continuous uploading with near constant rate requirement and may not be constrained by battery life. Video surveillance industry with large connections of video cameras is an emerging business opportunity for wireless communications. In 2016, the number of surveillance cameras in operation reached 200 million, and it is expected to reach 500 million by 2021. Video surveillance has rapidly been developed nowadays especially for Safe City/Village, smart factory, smart agriculture, health care, Programme Making and Special Events and etc. For instance, in safe city/village, 60~200 cameras per km2 are working simultaneously, and at least 2Mbps data rate per camera is demanded for the uplink transmission anywhere, considering only the economic video cameras (e.g. 1080p with H.265 coding). Assuming 80 cameras per cell, total 180Mbps data rate per cell is needed in UL, which means persistent wide band occupancy. How to support a large number of such medium to high end MTC devices is a new challenge for NR. The special features such as the fixed locations, slow varying channels, fixed rate requirements, etc. of the video camera traffics could be exploited to optimize the transmission efficiency.
Another promising use case is industrial wireless sensor networks (IWSN) for factories and logistics. SA1 has already specified scenarios such as remote access and maintenance and motion control, in which hundreds of sensors are deployed within a room of 50m*10m. 5G Alliance for Connected Industries and Automation (5G-ACIA) is also working on identifying more concrete requirements for industry 4.0. In IWSN scenario, though massive connectivity is required, the various type of sensor nodes are usually within local area and the coverage would not be the bottleneck issue, i.e., local dense connectivity. Moreover, the demanded data rate could be up to a few Mbps in some cases, and the inter packet arrival time could be within a second, which is much higher than the current IoT traffic model specified in TR45.820 (on average about 1 packet per 2 hours). Therefore, to support the massive sensors collecting data in the IWSN, low overhead, power and resource efficient data transmission is to be designed. Direct data transmission in RRC_INACTIVE state without state transition can help in this case for both UL and DL, leveraging the grant-free transmission concepts as defined for Configured Grant in RRC_ACTIVE state. It is worth noting that compared with RRC_IDLE state, direct data transmission from RRC_INACTIVE state could save more signalling overhead without adding extra cost at the UE side. Therefore, it is reasonable to stay in RRC_INACTIVE state after the very initial access to RRC_ACTIVE state is performed.
NR with small bandwidth (e.g. 5MHz or 10MHz) can meet the above IoT use cases. Therefore, it is possible to define new UE capabilities for these mid-to-high end MTC devices with minimum NR UE bandwidth but reduced NR capability to achieve better cost and power efficiency. 
Given the motivations above, the main design area for NR-MTC would be 
· Enhanced stationary wireless link for video monitoring service
· Direct small data transmission in RRC_INACTIVE state for both UL and DL
· Enhanced UL configured grant transmission in RRC_ACTIVE state 
· New UE capability for medium to high end MTC devices
More details please refer to the accompancy contribution [1].

NB-IoT enhancements 
3GPP Rel-13 introduced the Narrowband Internet of Things (NB-IoT) radio access technology to provide Internet of Things (IoT) services to massive numbers of devices using a minimum system bandwidth as narrow as 200 kHz. As the enabler of various LPWA use cases for massive IoT (e.g. sensors, metering, parking, smoke detector, shared bicycle, street light, vehicle tracking, white goods, door lock etc.), cellular IoT technologies NB-IoT has been successfully commercialized over the world. The volume of connected devices is undergoing a steady growth. 
The evolution in Rel-17 should address further market demands of growing diverse IoT services observed from the real deployment and continue to help operators manage their network running different services in a more efficient way in terms of spectrum usage, system overhead, network energy consumption etc. 
· One of the original design target for NB-IoT is to re-farm GSM carrier. It is desirable that NB-IoT eco-system is capable to carry all existing 2G M2M services as well as provide outstanding LPWA experience. 
· Demands from the NB-IoT market willing to see support of more IoT applications in new use cases related to human experience (e.g. wearables including health/fitness/emergency IP based voice etc.), which require higher peak data rate.
· Different services may have different requirements in terms of coverage, latency tolerance, battery life etc. Support of running different services with divergent requirements on different carriers would be beneficial for system resource usage and reduce the impact for each other.
· Forward compatible design is able to explore the potentiality to build one network efficiently operate with NB-IoT and other RATs (e.g. NR). While the system is backward compatible with legacy UEs.
· Exploiting frequency diversity between carriers would be beneficial on performance for narrowband system.
· A low cost and easy set-up NB-IoT relay can further extend coverage, save system resource by reducing repetitions and save end devices’ power consumption. It would be beneficial for many use cases e.g. basement but difficult to set up a base station, home, lower power class wearables etc.
· Mobility enhancement including inter-RAT between NB-IoT and NR is necessary to support.
LTE eMBB enhancements 

The eMBB traffic is the most important source of income for operators nowadays. As more and more mobile applications become popular, along with the introduction of unlimited data package by mobile operators, the overall required capacity and the resulting load level of existing LTE networks grow high. Considering the limited spectrum bandwidth amount below 6 GHz, increasing spectral efficiency of the existing LTE network becomes more and more important and urgent. In addition, many operators choose NSA deployment where an UE may work in LTE-NR dual-connectivity mode by utilizing LTE and NR simultaneously to boost the performance, therefore it would be beneficial to improve the user experience by enhancing LTE networks. The following aspects can be considered to improve the LTE eMBB:
· MIMO
MIMO as a key technology to increase the spectral efficiency, has been introduced in the current FDD LTE networks by some operators. Considering that the high resolution CSI feedback could provide significant performance gains for FDD MIMO, the advanced CSI with finer granularity of amplitude and phase based on the framework of advanced CSI in Rel-14, can be introduced for LTE to further improve the performance. 
· CA
Since Rel-10 the minimum spacing between component carriers (CCs) are specified, which can improve the spectrum efficiency by reducing the guard band in-between CCs. But until now it is only on Band 41 that the RAN4 requirements are specified to enable the minimum spacing deployment as SCC because the legacy LTE UE may not be able to access PCC when the minimum spacing is used on it. Although there is such limitation, we still see the benefit to apply the minimum spacing between CCs. For the new UE, the CA with minimum spacing can be used as PCC while for the legacy UE it can be accessed as SCC. Thus we would like to extend the support of minimum spacing for more LTE bands. 
The following topic is how to utilize the saved spectrum resources by deploying CA with the minimum spacing. For example, the minimum spacing for 20MHz+20MHz intra-band contiguous CA is about 300KHz. Compared with the nominal spacing, about 1.5MHz spectrum can be saved. One approach to utilize this saved 1.5MHz spectrum is to use it as a 1.4MHz CC. But the performance on 1.4MHz CC is poor due to narrow bandwidth and bad channel estimation performance. The other approach is to deploy a CC with larger bandwidth partially overlapped with other CC. On that CC the single CC operating performance can be improved. From UE perspective, the new UE is expected to be able to access the overlapping CC and support the CA with overlapping CC(s). For the legacy UE, since there is CRS interference among overlapped bandwidth, the overlapping CC is not required to be supported. Therefore, the non-backward compatible carrier design with minimal standard impact for overlapping CC(s) could be considered.
Spectrum allocations in different region show a large variety of non-standard spectrum block sizes (e.g. 4.6MHz, 7.6MHz, 7.8MHz), which makes it difficult to define new standardized bandwidth in 3GPP. Such cases may also arise when spectrum is displaced/re-farmed from GSM or UMTS to LTE within one operator’s licensed spectrum. Therefore, it is worth considering how to use non-standard spectrum block if refarming from GSM or UMTS to LTE occurs. In this work item, we propose to use overlapping CC(s) mechanism to resolve the issue of non-standard spectrum block utilization.
· WTTx
In addition to the conventional service of LTE, operators are trying to seek new services that can be enabled by the current networks. For example, video monitoring/sharing/meeting/chatting over wireless link has rapidly been developed nowadays especially for Safe City/Village, Smart Home, enterprise and etc. Such applications typically require high and stable data rate in both downlink and uplink transmission for stationary UEs, e.g., cameras and CPEs. Since such WTTx scenarios has the fixed link conditions with more powerful cameras and CPEs, both the uplink and downlink MIMO realted aspects, RS overhead, the UE specific requirements, etc, could be enhanced. 
· EN-DC 
A UE in EN-DC mode will be facing the fact that LTE has higher priority of power allocation which may result in NR not getting any power or no guaranteed power which makes the power control of the EN-DC unpredictable and bring difficulties to the scheduling and link adaptation. Furthermore in the current EN-DC deployment, NR using TDD duplex mode and LTE using FDD duplex mode is a typical deployment. In this case, the slots of LTE corresponding to the NR downlink can transmit at full power without considering NR transmission. LTE and NR can split the power equally on slots of LTE corresponding to an uplink NR slot. Single TX is also one of the solution to make the power control of EN-DC predictable with better performance while enhancing the uplink slots usage.
In summary, the work area for LTE eMBB focuses on the following aspects:
· MIMO: CSI enhancement with advanved CSI reporting for FDD system.
· CA: Overlapping CA with minimum spacing for more LTE bands to support efficient intra-band contiguous CA and non-standard spectrum block utilization.
· WTTx: Enhanced SU/MU MIMO, RS overhead reduction, HPUE requirements, etc.
· EN-DC: Enhanced UL power control of EN-DC to boost UL performance while enhancing the uplink slots usage.
Full duplex radio 
Full duplex is defined as the co-frequency co-time full duplex, i.e. the transmission and reception can happen on the same frequency or the same frequency range at the same time by one device including base station, user terminal or IAB (integrated access and backhaul) node. from the base station point of view, the base station will transmit the downlink and receive the uplink simultaneously. To transmit and receive simultaneously, the transmit and receive chain should have very good isolation to maintain a relatively good demodulation sensitivity which may be achieved by physical isolation, such as antenna isolation, or by self-interference cancellation including analogue domain self-interference cancellation and digital domain self-interference cancellation or self-interference management techniques.
There are several full duplex application scenarios, such as those where the base station is in full duplex mode, and the UE is in full duplex or half duplex mode. In one scenario, a full duplex base station can communicate with two UEs of half duplex. And in another scenario, a full duplex base station can communicate with a full duplex UE. In a third scenario, an IAB node can transmit the uplink signal to a donor base station while at the same time receiving the uplink signal from the UE to which it provides the access services. 
Besides the self-interference at the device, there also exists cross link interference between two devices close to each other and with different transmitting and receiving modes. One of the example is that when a full duplex base station is transmitting downlink to a UE and receiving from another UE simultaneously, and the two UEs are close to each other, the uplink from one UE will create cross interference to the UE who is receiving the downlink signals from the base station. Unlike the cross link interference studied in Rel-15 and Rel-16, the cross link interference here is intra-cell cross link interference between UEs in the same cell. At the same there also exists cross link interference between UEs of adjacent cells which is the same as in Rel-15 and Rel-16. 
To use full duplex, the uplink and downlink can be multiplexed without TDM and the latency will be reduced especially compared with a TDD system on an upaired spectrum. Another benefit may increase the spectrum efficiency as simultaneously transmit and receive on the same spectrum.
Form the above analysis, the scope for the full duplex study may include the follows. 
· Study the full duplex in the following scenarios and identify the system benefit of the full duplex
· Full duplex base station and half duplex terminal
· Full duplex IAB node
· Identify potential technologies for the following aspects
· Potential technologies for self-interference management
· Potential technologies for intra-cell cross link interference management
· Potential technologies for inter-cell cross link interference management enhancement
· Evaluate the full duplex performance of different scenarios regarding to the identified technologies.
Non-Terrestrial Networks 
Non-Terrestial Network is expected to provide service in the scenarios where terrestrial network is either not available, or inefficient. The objective of Rel-16 NTN study item is to identify a set of necessary features/adaptations enabling the operation of NR in NTN with a priority on satellite access. The reference scenarios in Rel-16 are limited to transparent GEO satellite and LEO based non-terrestrial access network (moving beams on earth). 
The channel characteristics in the reference deployment scenarios are different depending on the architecture options, platform orbit and the carrier frequency. In summary, two characteristics of NTN channel affect the system design most. One is the propagation delay due to the long distance between the space-borne platform and UE. For GEO, the propagation delay can reach hundreds of milliseconds (ms). Even for LEO, the worst propagation delay is in of tens of milliseconds, much larger compared with the terrestrial network.
[bookmark: OLE_LINK14]Table 3 Propagation delays for NTN scenarios
	NTN scenarios
	A (GEO transparent)
	C2 (LEO transparent)
	D2 (LEO regenerative)

	Max distance between satellite and user equipment at min elevation angle
	40581 km
	1932 km (600 km)
3131 km (1200 km)

	Max Round Trip Delay
	541.46 ms
	25.77 ms (600km)
41.77 ms (1200km)
	12.89 ms (600km)
20.89 ms (1200km)


The other characteristic is the large Doppler shift and variation rate for LEO. One example is provided in the following Table 4 for LEO with 600 km.
[bookmark: OLE_LINK8]Table 4 Summary of Doppler shift and shift variation for LEO 600km
	Frequency (GHz)
	Max Doppler
	Relative Doppler
	Max Doppler shift variation

	2
	+/- 48 kHz
	24ppm
	- 544 Hz/s

	20
	+/- 480 kHz
	24ppm
	-5.44 kHz/s

	30
	+/- 720 kHz
	24ppm
	-8.16 kHz/s


The large propagation delay and Doppler shift has an impact on various system design aspects such as time and frequency synchronization, random access, timing advance adjustment, PDSCH/PUSCH scheduling timing and retransmiscsion, etc. 
One distinct difference in NTN is that the orbits of the satellites are relatively stable, some of the channel characteristics are predictable in certain occasions. As an example, the Doppler shift due to satellite motion in LEO based access is a function of satellite orbit height and elevation angle between the UE and satellite, which can be pre-determined if the altitude and elevation angle (or information that can be converted to each other) are known to the UE or satellite. The system design is dependent on whether the UE location, e.g. based on GNSS, and/or satellite ephemeris can be avalaible to the UE. It is preferred that Rel-17 NTN WI can support UEs with and without GNSS capability.
Based on the above analysis, the scope of Rel-17 NTN WI may include the following
· Time and frequency synchronization (Scenario C2, D2)
· Random access procedure including higher layer adaptation (Scenario A, C2, D2)
· Uplink timing advance and maintenance (Scenario C2, D2)
· PDSCH/PUSCH transmission with disabled HARQ functionality (Scenario A, C2, D2)
· Data scheduling and HARQ-ACK feedback timing extension (Scenario A, C2, D2)
· Handover enhancement including frequent handover and group handover (Scenario C2, D2)
· Feeder link switch (Scenario C2, D2 with CD-DU split)
· Paging and tracking area management (Scenario C2, D2)
· Adaptation of SN and window sizes for RLC and PDCP (Scenario A, C2, D2)
Study for frequencies above 52.6 GHz 
The Rel-16 SI on NR design above 52.6GHz mainly focuses on the spectrum and regulatory survey, use cases and deployment scenarios, and design requirements. Rel-17 should first focus to study on the waveform selections in the use cases and deployment scenarios that are identified by the Rel-16 SI, considering the related design requirements, including and not limited to the performance, complexity and specification impact. The detailed design of physical channels and signals could be targeted in a later release, by considering the licensed bands first. For waveform selection, note that for below 52.6GHz, NR supports CP-OFDM for DL, and both CP-OFDM and DFT-s-OFDM for UL. Overall performance comparisons should be considered before introducing any other kind of waveform, where clear motivations should be demonstrated. Therefore, the objective for the study for frequencies above 52.6GHz should be
· Study the waveforms in the use cases and deployment scenarios that are supported from the Rel-16 SI
· Waveform as baseline: CP-OFDM for DL, and both CP-OFDM and DFT-s-OFDM for UL

A possible workplan for the study and design for frequencies above 52.6 GHz is shown below:
· Step 1 (R16 RAN study, on-going)
Regulatory survey, use cases and deployment scenarios
Identification of design requirements for scoping the technical study
· Step 2 (R17 RAN1/RAN4 SI on waveform)
Focused study on waveform selection considering performance, complexity, spec impact
No detailed design of physical channels and signals needed at this stage
· Step 3 (R18 RAN1/2/4 WI for licensed bands – could start later in R17)
Complete design of physical channels and signals (support DL, UL, SL)
Adaptation of initial access and beam management protocols
Core performance requirements
· Step 4 (R18 RAN1/2/4 SI/WI for unlicensed bands)
Coexistence study and design of coexistence mechanism
Design adaptation for meeting regulations (e.g. occupied channel bandwidth)
Also applicable for IAB and sidelink

Integrated Access and Backhaul enhancements 
Rel-16 only defines basic specification framework for fixed IAB node in both RAN1 and RAN2, and most advanced features for system capacity enhancement are not studied due to the limited TU. These enhancements include: 
· Inter-IAB CLI management to enable multi-hop topology (RAN1)
Inter-IAB CLI commonly exists in multi-hop topology. Due to the MT and DU function in IAB node, there exist four types of inter-IAB interference: DU-to-MT, MT-to-MT, MT-to-DU, and DU-to-DU, which were expected to be studied in Rel-16 CLI WID. However, CLI didn’t specifiy the inter-BS CLI neither. It has to be studied in Rel-17 IAB.
· Dynamic SDM/FDM based resource allocation between parent backhaul link and child link (RAN1)
Rel-16 only supports dynamic TDM between parent backhaul link and child link, which is the most basic resource multiplexing scheme for IAB. In addition, SDM/FDM are also preferable for system capacity according to the Rel-16 TR. The SDM/FDM and their relevant specification impact should be studied in Rel-17.
· High order modulation on backhaul link (RAN1, RAN4)
High capacity backhaul link is always necessary for system capacity, since backhaul link easily becomes congested and constrains the system capacity. 256QAM should be considered for backhaul link.
· IRAT IAB (RAN2, RAN3)
In Rel-16 WI, the IAB node can only be operated in SA mode or NSA EN-DC mode. Besides that, LTE access over NR backhaul is another important scenario, which allows (legacy) E-UTRAN UEs to use NR backhaul. On the other side, the backhaul link is NR which can provide several benefits e.g. utilize higher frequency bands for backhaul, larger bandwidth, higher throughput, lower latency, and etc. It is also important to support IAB operated in other NSA networks, i.e. NG EN-DC and NE-DC modes.
· Leftovers for performance enhancement (RAN2, RAN3)
There are some leftovers which need to be supported in Rel-17 for performance enhancements which includes support of inactive mode of IAB node, end-to-end ARQ, packet duplication over backhaul links and etc.
NR UE power savings enhancements
At the very beginning of 3GPP NR specification work, companies have already realized that with high MIMO capability and large carrier bandwidth, in consequence high data rates, the 5G NR UE will have the problem of high power consumption and potential overheating problem. In Rel-16, companies agreed to have a SI/WI to study and specify the solutions to reduce UE power consumption. In SI phase, it is observed that techniques in time domain, frequency domain and spatial (MIMO) domain can provide signification power saving gain. Specifically, in time domain, wake up signal, PDCCH skipping, C-DRX parameter adaptation, cross-slot scheduling, multi-slot scheduling, UE initiated RRC connection release were studied. In frequency domain, dynamic SCell PDCCH skipping, BWP parameter adaptation and CC grouping were studied. In spatial (MIMO) domain for both uplink and downlink, dynamic antenna ports adaptation and per-BWP MIMO configuration were studied. Together with the RAN1 solutions, the necessary enhancements to UE assistance information for power saving were studied. RRM measurements relaxation were also evaluated and proved to be beneficial for UE power saving. Until now, DCI based power saving signal outside of Active Time and cross-slot scheduling have already been included in WI scope. The RAN4 impacts because of MIMO layer adaptation is under RAN4’s work. At RAN#84 Plenary meeting, other solutions for time domain, frequency domain and spatial (MIMO) domain will be discussed for including in the WI scope. It could be possible that not all the valuable technical solutions can be adopted in the WI because of the TU issue. If not, Rel-16 standard cannot provide a complete set of solutions to address UE power saving in all possible scenarios. Rel-17 should continue the UE power saving specification work. 
EN-DC enhancements 
EN-DC has been taken as the first step of the 5G deployment by many operators, and is expected to exist for a period, therefore EN-DC related enhancements would help operators to provide better service for customers and in the future to smoothly migration from NSA to SA. Although EN-DC has been supported in Rel-15 and was enhanced in Rel-16, some issues are still identified and need to be addressed. On one side, the coverage of NR NSA cells may be smaller than that of the LTE cells, the moving UE will experience more frequent SN change than legacy HO in EN-DC network. In addition, except of legacy HO and SN change, the UE can also experience MN change with/without SN change which can be seen new HO types in EN-DC network. On the other side, SA NR cells may be deployed in some countries and areas in the near future. It is important to enable smooth mobility between NR SA and EN-DC without service interruption. However, in Rel-15 only basic EN-DC mobility procedure and basic inter-RAT HO between NR and LTE were introduced. In Rel-16, in order to meet the ITU requirement for URLLC services, the mobility enhancements on both of LTE and NR are under discussion, targeting at achieving good handover performance with 0ms interruption, low latency and high reliability, but the scenario of 0ms handover within EN-DC network, and between NSA/LTE and SA is not taken into account. Considering the potential long existence of EN-DC network and co-existence of SA and NSA networks, it is also essential to improve mobility performance in EN-DC network and multiple RAT network. And as a second aspect, in the physical layer, a UE in EN-DC mode will be facing the fact that LTE has higher priority of power allocation which may result in NR not getting any power or not guaranteed power which makes the power control of the EN-DC unpredictable and bring difficulties to the scheduling and link adaptation. Furthermore in the current EN-DC deployment, NR using TDD duplex mode and LTE using FDD duplex mode is a typical deployment. In this case, the slots of the LTE corresponding to the NR downlink can transmit at full power without considering NR transmission. LTE and NR can split the power equally on slots of LTE corresponding to an uplink NR slot. Single TX is also one of the solution to make the power control of EN-DC predictable.
Considering the different network deployment scenarios the following potential enhancements on EN-DC should be taken into account. Note that other MR-DC options are not precluded, but considering the mainstream of initial NSA deployment, EN-DC related enhancements should be prioritized.
· One step HO from NR SA to EN-DC in the scenario with NR SA and EN-DC coexisting. 
In Rel-15, one step HO from NR SA to EN-DC (i.e. handover from NR to LTE + SN addition in one step) is not supported. In this case, the target eNB can only perform SN addition after the UE finishes HO, and during the SN addition procedure, the UE cannot use the SN to boost data rate. For example, this kind of inter-system inter-RAT HO could be triggered by EPS fallback, and also general mobility case from NR to EN-DC.
· Fast SN change in EN-DC.
In case of EN-DC, the SN change procedure happens more frequently than legacy HO due to small coverage of NR NSA cell, considering the SN will carry most of the data transmission of the UE, and the SN change will bring data interruption similar with legacy HO, the SN change procedure has more significant impact on UE experience. Therefore, it should be considered to reduce SN change time to support 0ms interruption.
· Handover enhancements between EN-DC and EN-DC.
In Rel-15, the HO with EN-DC operation is supported, e.g. MN change with SN change and MN change without SN change. However, the further mobility enhancements for LTE in Rel-16 only target standalone LTE operation, but not include EN-DC. In this case, the HO with EN-DC operation cannot achieve good handover performance with 0ms interruption, low latency and high reliability. In order to take better utilization of EN-DC network, it should be considered to apply the mobility enhancement to handover case between EN-DC to EN-DC.
· Potential power control enhancement for EN-DC for better performance 
Potential enhancement of uplink power control for EN-DC regarding to the unpredictable uplink power of the current standard, including potential solutions on single TX and semi-static power control.
Conclusion
This contribution provided Huawei’s views on NR and LTE enhancements and new features for Rel-17.
A list of potential work areas for Rel-17 is provided below, with a short overview of each proposed work area.  

1. NR sub 3-GHz FDD enhancements
· FDD spectral efficiency enhancements via FDD channel partial reciprocity, efficient multi-carrier operation with control overhead reduction
2. Coverage and uplink enhancements for NR and LTE
· Indoor coverage enhancements, uplink capacity enhancements (WTTc for wireless video cameras), potential enhancements for rural and extreme coverage
3. NR sidelink enhancements for V2X and other use cases
· Sidelink performance enhancements for V2X and other use cases such as AR/VR, sidelink UE to network relay and UE cooperation
4. NR URLLC & Industrial IoT
· Covering distributed machine controllers for factories, enhancement of standalone NPN , URLLC capacity for factories, etc
5. NR Multicast and Broadcast Services
· Mixed-mode dynamic multicast/unicast aligned with SA2 study, including support of V2X Uu multicast
6. Enhanced support for Dual SIM UEs
· LTE+EN-DC dual-SIM UE, LTE+NR SA dual-SIM UE and NR+NR dual-SIM UE
7. Intelligent Networks (SON/MDT enhancements)
· Continuation of Rel-16 RAN-centric data collection, can also consider network energy efficiency
8. NR MIMO TDD enhancements
· SRS enhancements for massive-MIMO mobility, non-linear precoding, FR2 and beam management enhancement
9. Mobility enhancements
· Scenarios: EN-DC enhancements, Direct HO to EN-DC
10. RAN slicing
· Slicing-specific mobility, Slice-specific data transmission with less signaling overhead 
11. QoE enhancements
· Support QoE for more services, short-term and real-time 
12. [bookmark: _GoBack]NR-MTC enhancements
· UE capability relaxation for MTC UEs (no reduction of UE min bandwidth) (WTTc). Transmission in RRC_INACTIVE state with large number of connections (IWSN).
13. NB-IoT enhancements
· Latency reduction, IoT relay based on Uu, efficiency enhancements 
14. LTE eMBB enhancements
· MIMO CSI, WTTx optimizations, more CA band combinations
15. NR full duplex radio
· Feasibility study of full duplex radio at the network side
16. Non-Terrestrial Networks
· For MBB in LEO and GEO deployments
17. Study for frequencies above 52.6 GHz
· Waveform selection in Rel-17, signals/channels design in Rel-18
18. Integrated Access and Backhaul enhancements
· FDM/SDM, cross-link interference mitigation, 256 QAM, Potential Rel-16 leftovers (e.g. inactive mode), IRAT IAB
19. NR UE power savings enhancements
· Potential Rel-16 leftovers, possibly additional enhancements
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Appendix
Table 1 Simulation setting of Figure 1
	Parameters
	Dense Urban (Macro layer only)

	Duplex mode
	TDD

	Carrier frequency
	4GHz

	Subcarrier spacing
	30kHz

	System bandwidth
	20MHz

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Channel model
	SCM-3D-UMi

	Inter-BS distance
	500m

	Minimum distance
	50m

	BS antenna height
	25m

	BS Tx power
	49dBm

	BS antenna configuration
	(M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8) λ

	UE antenna configuration
	(M, N, P, Mg, Ng, Mp, Np) = (4,8,2,1,1,1,1)
the polarization angles are 0 and 90

	UE distribution
	100% outdoor, 0.1km/h, 10km/h, 30km/h, 60km/h

	UE receiver
	MMSE-IRC

	MIMO scheme
	SU/MU-MIMO with maximum 12 layers;

	Scheduler
	PF

	Traffic model
	Full Buffer

	Feedback assumption
	Realistic

	Channel estimation
	Realistic
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