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Introduction
Enhanced mobile broadband (eMBB) is one of the primary use cases of NR design. In Rel-15, various technologies are introduced for eMBB, e.g., advanced MIMO schemes, flexible resource allocation, dynamic change of DL/UL directions, new channel coding and so on. In the consequent releases (i.e., Rel-16, Rel-17), more features are introduced in NR to further improve eMBB performance, e.g., NR on unlicensed band, coverage enhancement and DAPS. Despite these advanced features/mechanisms, there are still some rooms for further eMBB enhancement due to the following aspects:
· Spectrum efficiency can be further enhanced
· For UL transmission, Rel-18 UE will be more powerful and can offer both RF capability and baseband capability
· For DL transmission, more efficient CSI compression is promising via exploiting of time-domain correlation
· UE becomes smarter and it can better facilitate network operations, e.g., beam management
· New services will lead to new challenges
· XR/CG service has stringent requirements for data rate, latency and reliability, which leads to new challenges
· New enhancement/mechanism to better match XR/CG traffic characteristic will be beneficial for NR ecosystem. 
· New spectrum offers new opportunities
· Rel-17 will only specify some basic building blocks to make NR workable on sub-71 GHz band. More efficient and advanced mechanisms should be studied in Rel-18.  
· Higher frequency band up to 114.25 GHz is also proposed for NR
Based on the above aspects, in this contribution, we will discuss the potential Rel-18 enhancements of MIMO, XR/CG and high frequency band, respectively. 
MIMO Enhancement
For Rel-18, from our perspective, one motivation for enhancing the MIMO is to further improve the spectrum efficiency of downlink transmission and uplink transmission in NR. Higher spectrum efficiency is always on the most important KPI for NR systems. Another motivation is to improve the user throughput to enable new services, for instance the XR and CG which can be expected to be key commercial services in 5G. For that, we propose to consider the following works in rel-18 MIMO enhancements.
Proposal 1: the motivations for Rel-18 MIMO enhancements are:
· Further improve the spectrum efficiency for both downlink and uplink transmission
· Improve user throughput to enable new services.
The first aspect we can consider is to enhance the uplink PUSCH transmission.  NR specified two modes for PUSCH transmission in NR: codebook-based transmission and non-codebook-based transmission. The maximal number of layers in PUSCH transmission is up to 4, which limits the maximal throughput of NR uplink transmission. However, new services keep emerging and they would require higher and higher uplink data transmission. For instance, high-definition live news coverage service would require 1080P or even 4K video transmission in uplink. Such services would be difficult to be supported by NR uplink and therefore, we can observe strong motivation for improving the NR uplink transmission throughput. To increase the uplink transmission spectrum efficiency, we can consider to support higher order SU-MIMO PUSCH transmission with up to 8 layers. That can be applicable for the UEs (e.g., CPE) that are equipped with more transmit antennas and are close to the gNB so that they can support more layers in uplink transmission.  Another enhancement for uplink transmission is frequency selective precoding. In current spec, only wideband precoding is supported for PUSCH transmission, i.e., one single and same precoding vectors are applied to all the RBs in one PUSCH transmission. In the scenarios with frequency selective channel, wideband precoding might not be optimal but applying subband-specific precoding can improve the uplink link quality and thus improve the uplink spectrum efficiency.  Evaluation results have shown that frequency-selective precoding can obviously improve the spectrum efficiency of uplink transmission when the number of uplink antenna ports is large.
The second aspect we can consider is to further enhance CSI reporting. In NR, Type I and II CSI feedback are supported. In Rel-17, the CSI is further enhanced by taking into account the channel reciprocity in FDD systems and the CSI is also enhanced for multi-TRP transmission. To further improve the system spectrum efficiency, we can consider to enhance the CSI from two different perspectives. The first perspective is to reduce the overhead of CSI feedback. For that, we can consider time domain compression. Reducing the overhead of CSI feedback can reduce the uplink resource occupation and thus improve the spectrum efficiency. The second perspective is to introduce higher resolution codebook to support higher accuracy CSI feedback. Improved CSI feedback accuracy can support more advanced downlink MIMO precoding and thus improve the downlink transmission spectrum efficiency. 
The third aspect we can consider is to further enhance the multi-TRP transmission. In multi-TRP transmission, one UE receives PDCCH/PDSCH from both TRPs.  One challenge for UE supporting multi-TRP transmission is high power consumption. For example, in multi-DCI based multi-TRP transmission, the number of CORESETs in one BWP is increased from 3 to 5. For better performance and user experience in multi-TRP system, reducing UE power consumption is one key factor. Therefore, we propose to study and specify UE power saving for multi-TRP transmission, for instance, reduction of PDCCH blind decoding.  Another enhancement we can consider is to support simultaneous uplink transmission to two TRPs, which can improve the uplink transmission spectrum efficiency.
The efficiency of multi-beam operation is always important for the performance of high-frequency NR systems. Improving the efficiency of multi-beam operation can improve the performance of high frequency systems.  In Rel-15 and Rel-16, the beam management including beam measurement and reporting, and beam switching of PDCCH/PDSCH and PUSCH and PUCCH are always initiated and controlled by the gNB. As specified in Rel-15 and Rel-16, the gNB uses MAC CE to switch the TCI state for PDCCH, and MAC CE/DCI to activate and then switch the TCI state for PDSCH. Likewise, the gNB can use MAC CE to switch the spatial relation info for PUCCH and PUSCH and associated SRS resources for PUSCH transmission. In Rel-17 FeMIMO, the dynamic TCI state update is also initiated by the gNB. The drawbacks of such multi-beam operation include potential large signaling overhead and large latency.  For instance, even though the UE knows which beam is the best beam for DL transmission and/or uplink transmission through measuring the CSI-RS resources for beam management, the UE still need to wait for the beam switch command (for instance MAC CE command that indicates or activates TCI state for PDCCH/PDSCH or MAC CE command that indicates spatial relation info for PUSCH or PUCCH). That introduces both extra signaling overhead and latency for beam switch. To reduce the overhead and latency, we can consider L1-event-driven beam management techniques and UE-initiated beam management. One example of UE-initiated beam management is illustrated in Figure 1. The gNB first configures the UE to measure a set of CSI-RS resources for beam management. According to the configuration information, the UE can measure the CSI-RS resources for BM and then select the ‘best’ beam for DL transmission and/or UL transmission according the metric for instance L1-RSRP or L1-SINR.  Then the UE can indicate the selected ‘best’ beam to the NW and both gNB and UE switch the beam starting from a given time point after that. Compared with NW-initiated beam management, the UE-initiated beam switch does not need beam reporting and DL signaling for TCI switch. 
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Figure 1: UE-initiated beam management
Based on the above discussion, we propose to consider the following aspects for Rel-18 MIMO enhancements:
Proposal 2: For Rel-18 MIMO enhancement, consider the following aspects:
· High-order UL SU-MIMO for UEs of lager size, e.g., CPE
· up to 8 layers
· frequency domain selective precoding when # of layers is larger than 4
· CSI enhancement: overhead reduction by exploiting time-domain correlation and higher resolution codebook
· Multi-TRP enhancement: simultaneous transmission of multiple panels at UE side and power saving enhancement
· Enhancement on multi-beam operation:  L1-event driven multi-beam operation and UE-initiated beam management.

Enhancements for XR/CG
XR and Cloud Gaming (CG) are considered as the most important 5G media applications by the industry and getting significant attentions. In 3GPP, there have been lots of work on XR and CG on various aspects, e.g., use case, service architectures, service flow, traffic characteristics, performance requirement, gap analysis and so on.  Some of those works were captured in [1][2][3][4]. To be specifically, TR 26.928 collects information on XR in the context of 5G radio and network services, where use cases and device types are classified, and processing and media centric architectures are introduced. TR 22.842 investigated new use cases of XR/CG services and provided traffic requirement for typical use cases.
In RAN1, a study item was dedicated to investigate the support of XR/CG in NR by simulations from the four following aspects:
· Network Capacity
· UE power consumption
· Coverage
· Mobility
From the perspective of XR/CG traffic, XR/CG has the following characteristics for its service:
· Different QoS (e.g., latency/requirement) requirements for the different data streams
· One or more periodic data streams with different packet sizes.
· A periodicity with jitter for each data stream
· Large packet size for each slice of video stream   
No matter from the perspective of network capacity, latency or UE power consumption, it is beneficial for NR to utilize the characteristics of XR/CG traffic for better match of the transmission and the data streams. For example, NR can configure UE to monitor periodically on the slots/symbols where the data stream will occur, and UE power consumption can be reduced due to less PDCCH detection. In order to utilizing the characteristics of XR/CG traffic, NR should identify each traffic or data streams. Thus, we have the following proposal:
Proposal 3: Study the feasibility and how to identify XR/CG traffic or data stream at NR system, especially at RAN side

The typical XR/CG services usually have tight requirements for data rate, low latency and reliability. In some cases, XR XR/CG services may require extremely good quality where the requirements of eMBB and URLLC shall be satisfied simultaneously.  For example, the XR structure “Viewport independent streaming” requires the high data rate of 100Mbit/s with a low packet error rate of 10-6. In order to satisfy such kind of tight requirements, gNB always needs to allocate a larger number of radio resources in time, thereby leading to some challenges for system capacity.  Based on the initiate evaluations from RAN1, only a limited number of XR/CG users can be satisfied in one NR cell, even if the requirements of the service quality are quite loose in some simulations. Thus, in order to better support XR/CG services and get larger system capacity, we need some further enhancement in Rel-18 from the following aspects:
· More efficient and low-latency scheduling/resource utilization. 
· SPS/CG transmission is an efficient solution to support periodic traffic with fixed packet size. XR/CG services are periodic traffics but with variable packet sizes and jitter. To support XR/CG services, some enhancements for SPS/CG transmission are required to support new characteristic of XR/CG services.
· A slice of XR/CG data stream always has a large size and may need multiple slots for its transmission. Thus, it is beneficial for NR to optimize the transmission of huge packet size.
· Some enhanced link adaptation mechanism, e.g. CSI and HARQ-ACK feedback enhancement, may also help the efficiency of resource utilization
· Reliability enhancement
· URLLC is focusing on the high reliability of low-data-rate service. In contrast, XR/CG requires high reliability for high data rate. Thus, it is desiring for NR to improve repetition/duplication for high data rate transmission.
Based on the above discussion, we have the following proposal:
Proposal 4: In order to enlarge the system capacity, improve the reliability and reduce the service latency, support the following enhancement for Rel-18 XR/CG work 
· More efficient and low-latency scheduling/resource utilization, e.g., SPS/CG transmission enhancement, optimized transmission of huge packet size and link adaptation enhancement
· Reliability enhancement, e.g., repetition/duplication for high data rate transmission

UE power consumption is a key factor from the perspective of user experience. Due to the stringent requirement of XR/CG, the power consumption of XR/CG service is challenging for NR UE. Thus, further enhancement of power saving should be supported in Rel-18 XR/CG work by exploiting the characteristic of XR/CG services. During Rel-16 and Rel-17, there are some efficient power saving schemes were introduced, and they can be a good starting point.
Proposal 5: In order to improve the power consumption at UE side, support further enhancement of power saving for Rel-18 XR/CG work, i.e., PDCCH adaptation to better match service with a periodicity associated with some jitter
· Rel-16/Rel-17 power saving mechanism is the starting point 

In NR, some mechanism (e.g., DAPS handover) is introduced to reduce the interruption and improve service continuity during handover. XR/CG has stringent requirements for data rate, which leads to new challenges for the handover.  In Rel-17, there is a discussion on L1/L2 centric inter-cell mobility, which may help to improve XR/CG service at cell edge. However, the final outcome of L1/L2 centric inter-cell mobility is not clear so far since companies have diverging views on this topic. DAPS is a new feature introduced in Rel-16, and supports the simultaneous transmissions with two cells during handover. One disadvantage of DAPS is high complexity. In order to improve the XR/CG service continuity during handover, Rel-18 should try to further enhance the mobility mechanism. 
Proposal 6: In order to improve XR/CG service continuity during handover, support further enhancement of mobility for Rel-18 XR/CG work, i.e., mechanism to reduce interruption time for lossless handover with reasonable complexity
Enhancements for New Spectrum
The new spectrum work item in Rel-17 focuses on establishing basic building blocks, which targets to achieve a workable NR system over sub-71 GHz band with some essential functionalities inherited from NR R15/R16.  Driving towards a more aggressive spectral efficiency gain, more advanced mechanisms can be further envisioned. For instance, more flexible initial access with flexibly configured subcarrier spacing and improved coverage for the UL transmissions will allow the network to use the initial UL BWP in a more efficient manner. On the other hand, advanced UE may be envisioned that will be capable of processing DL/UL data with boosted throughput. To address the UE of such type, new scheduling and feedback mechanisms should be studied. Moreover, for operation in unlicensed spectrum, e.g. 60GHz, R17 sub-71GHz system may not be efficient to address instantaneous burst interference due to UE mobility or environment changing. Rel-18 may fill up the gap in this area. 
Proposal 7: to further improve the system spectral efficiency, coverage and flexibility for sub-71GHz spectrum, the following aspects can be considered in Rel-18:
· UL coverage enhancement
· Fully flexible SCS configured in initial BWP
· Further scheduling and feedback enhancement 

1. Conclusion
In this contribution, we discuss the potential eMBB enhancement from three aspects: higher spectrum efficiency, new services and higher frequency band. Based on the discussion, we have the following proposals for MIMO enhancement, NR better support of XR/CG and NR operations on new spectrum:
Proposal 1: the motivations for Rel-18 MIMO enhancements are:
· Further improve the spectrum efficiency for both downlink and uplink transmission
· Improve user throughput to enable new services.
Proposal 2: For Rel-18 MIMO enhancement, consider the following aspects:
· High-order UL SU-MIMO for UEs of lager size, e.g., CPE
· up to 8 layers
· frequency domain selective precoding when # of layers is larger than 4
· CSI enhancement: overhead reduction by exploiting time-domain correlation and higher resolution codebook
· Multi-TRP enhancement: simultaneous transmission of multiple panels at UE side and power saving enhancement
· Enhancement on multi-beam operation:  L1-event driven multi-beam operation and UE-initiated beam management.
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Proposal 4: In order to enlarge the system capacity, improve the reliability and reduce the service latency, support the following enhancement for Rel-18 XR/CG work 
· More efficient and low-latency scheduling/resource utilization, e.g., SPS/CG transmission enhancement, optimized transmission of huge packet size and link adaptation enhancement
· Reliability enhancement, e.g., repetition/duplication for high data rate transmission
Proposal 5: In order to improve the power consumption at UE side, support further enhancement of power saving for Rel-18 XR/CG work, i.e., PDCCH adaptation to better match service with a periodicity associated with some jitter
· Rel-16/Rel-17 power saving mechanism is the starting point 
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