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1. Introduction

With the global commercial deployment of 5G, diverse services and applications are becoming prevalent targeting both eMBB (ToC) and industry (ToB) use cases. Meanwhile, there is an ever-increasing demand for higher uplink data rate as well as capacity which has not been well addressed. One important use case is uplink centric broadband communication (UCBC). According to [1], the uplink traffic requirement will increase 10-20 times by 2025 including the above mentioned consumer and industrial use cases. Some of the typical uplink applications are given in the following figure [1, 2]. The uplink applications can be categorized in to ToC and ToB use cases. For each use case different uplink data rate and deployment situation are required.
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Figure 1: uplink centric broadband communication use cases in ToC and ToB.
· ToC use cases 
There are a variety of emerging and new consumer services which require high uplink date rate. One typical use case is HD (high definition) video calls which require about 10Mbps uplink data rate. Another example is online webcast/sales, which requires up to 25Mbps uplink data rate. And a third example is augmented reality (AR) which requires about 30Mbps in the uplink. Most of these uplink ToC traffic are based on smart phones, and these use cases are usually served by a Macro or Micro base stations. One example is that people at home or in a vehicle have a video call (personal HD video call or business HD video conference) with his/her friends, relatives or colleagues etc. These use cases are usually served by a Macro base station. In another example people in a stadium or social event [2] would like to share what they hear and see by videos through social media application, and these traffic may be served by Macro or Micro base stations. 
These use cases are more and more popular with increasing demand for higher definition of the pictures, videos. In these deployment scenarios, many users are in one cell due to high user density or large cell coverage. Large uplink capacity are required in these scenarios. In some cases the uplink user perceived data rate is up to 50Mbps for pedestrian or user in a vehicle [2]. Furthermore, the user perceived throughput is required to be geographically consistent, e.g. requiring similar experience at the cell centre and the cell edge. Hence the cell coverage is also a key performance of the network for the uplink.
· ToB use cases
There are two types of ToB use case, one is eMBB-like use case demanding medium uplink data rate and the other type is use case like machine vision demanding super high uplink data rate. The eMBB-like use cases are similar to eMBB in terms of data rate and deployment situations. One example is the video surveillance mounted on a fixed point or on a vehicle. This kind or ToB devices are usually deployed in the same network with the eMBB users, and share the similar capacity and coverage performance requirement with the eMBB traffic. One different aspect may be that the ToB terminals may be equipped with more antennas and/or have a higher maximum transmit power. 
Machine vision use cases are typically deployed in a local area as indoor factory, where the UEs are deployed for video collection and the videos are uploaded to a network cloud for processing. The video is called machine vision, requiring more than 100Mbps or even 1Gbps uplink data rate from one device. Other use cases such as video/audio production applications (including television and radio studios, live news-gathering, sports events, music festivals) and medical applications also require very high uplink data rate [3]. 
As an example shown in Figure 2, in a 5000 m2 factory, 8 assembly lines are deployed and in each assembly line 16 cameras are used for different usage, including quality check, package check, and outlook check. The high definition cameras upload the video traffic to a cloud server for processing. Each machine vision camera requires about 80Mbps uplink data rate. Assuming that about 60% cameras are with data in the buffer (i.e. ~76 UEs are ready to be scheduled). Overall in this area, about 6Gbps uplink throughput is required. The cameras are required to have wireless connectivity for easy and low cost movement and assembly line rearrangement. Using C band (3.5GHz) spectrum with about 100MHz bandwidth, only about 600Mbps can be provided with 16 TRPs and typical UL/DL assignment DDDSU. Clearly, there is a huge gap to fulfil the target uplink throughput requirement.
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Figure 2: machine vision use case for a digital factory in Guangdong province China
2. Discussion 

In general, to fill the uplink capacity or coverage gap, four aspects can be explored, i.e. frequency, time, space and power domain technologies and solutions. However each of the aspects has its limitations in real applications and current specifications, as discussed in the following sections and potential enhancements are proposed for each aspect.
· Frequency domain

Nowadays, most operators have deployed NR at least on one FR1 TDD band (e.g., 3.5GHz or 2.6GHz), and a few operators have already deployed one FR1 FDD band (e.g., 700MHz or 2.1GHz) or FR2 band (e.g., 24GHz or 39GHz). In the future, it is highly possible that more sub-3GHz bands will be refarmed to deploy NR. Besides the current available spectrum for NR, more spectrum such as upper 6GHz and frequency beyond 52GHz may be assigned for NR. It is anticipated that almost all operators will have more than 2 bands (e.g., 3, 4 or 5) for NR in the future. Thus, the increasing demand for UL centric broadband communication and latency-bounded traffic could be met by full utilization of all the UL spectrum resources of the operators.
· Limitations of legacy mechanisms
Up to Release 17, for uplink, the network needs to configure serving cell(s) to comply with UE uplink capabilities derived from the FeatureSetCombination requirement, regardless the status of the serving cell(s), e.g., activated or deactivated. In other words, UE uplink capabilities, such as band configuration, activation and concurrent transmission, are strictly coupled in previous releases (Rel-15/16/17) of NR for CA/DC, i.e., the maximum number of configured bands, the maximum number of activated bands and the maximum number of uplink transmitting bands for PUSCH are equal to each other. The maximum number of uplink PUSCH transmitting bands depends on the number of concurrent TX RF chains equipped on the UE. 
So far, most of the commercial mobile phones, approximately 80%, only support 2TX RF chains. Only a few commercial UEs can support 3TX RF chains (in EN-DC scenario). More than 3 TX RF chains are difficult to be implemented due to high complexity, especially for smartphone. The increasing complexity is partially due to the power supply modules. If more than 2 power supply modules work at the same time, the size of the UE device will increase dramatically, so as the heat generation and the power consumption. Moreover, more TX RF chains also increase the number of PLLs and LOs which cause intermodulation interference and degrade the downlink performance for some band combination. 
Therefore, practical implementation of Release 17 at most support dual connectivity in RAN1/RAN2/RAN4 and support uplink CA band combinations with at most two bands in RAN4. UL TX switching between two configured bands for 2TX UE was introduced in Release 16 [4] and enhanced in Release 17 [5] to improve the UL data rate by allowing the 2TX to be used for UL MIMO on any one of the two bands in a switching manner. To utilize more UL spectrum to boost the uplink throughput and capacity via extending the existing current CA mechanisms to support more than 2 UL bands or introduce triple connectivity in Release 18 will face the above implementation and complexity issues. 
· Potential enhancement in R18 for frequency domain: Flexible Spectrum Access
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Figure 3. Comparison between legacy mechanism and flexible spectrum access
For 5G evolution in Release 18, flexible spectrum access (FSA) as a flexible spectrum utilization mechanism (e.g., 2TX or 3TX UE) is an important direction to improve the uplink user perceived throughput and network throughput. Especially, UE capabilities of configuration, activation and simultaneous transmission are decoupled as shown in figure 3. Through this way, a UE can be configured with, activated and scheduled on more than two bands while only utilizing one or two of those bands for concurrent PUSCH data transmission with only 2 concurrent TX RF chains. Accordingly, FSA provides a mechanism for dynamically selecting a subset of configured carriers and correspondingly switch TX for transmission based on the traffic, TDD D/U configuration and channel condition of each band, instead of switching using RRC-based cell(s) or cell group(s) reconfiguration which requires much longer latency to complete such a selection/switch. Therefore, the benefits of FSA include

· Higher UL data rate. Network can dynamically schedule the UL on the bands with wider bandwidth, with most unscheduled RBs or better channel condition in a given slot. For example, for a given slot, when one of the active TDD bands/cells is downlink, UE can be switched to another TDD band which is uplink according to the TDD configurations, or to an FDD band with the best channel condition, or a band/cell with most spare RBs being able to provide higher UL data rate, and the UE can be switched back to the TDD band when uplink slot is available on the band. As a result, FSA can achieve higher UL data rate due to more UL available slots, frequency resources and better frequency diversity.

· Higher UL capacity for latency-bounded traffic. Emerging applications such as virtual reality and augmented reality, impose strict latency (millisecond-level) and reliability requirements. FSA can alleviate the transmission timeouts issue and thus offer a considerable performance improvement for these applications thanks to more uplink available slots. For example, UE can be switched to a UL band in uplink slot if current band is in DL slot or congested, while the UE can be switched back if the original band switches to UL slot or has more unscheduled RBs.

· Higher system spectrum utilization. By enabling TTI-level carrier switching, FSA can achieve a well-balanced system load. Specifically, considering the traffic arrives randomly, if a frequency band is congested with user traffic, FSA can dynamically allocate a part of the traffic load to another frequency band to use the unoccupied resources as much as possible. Thus, a higher system spectrum utilization can be achieved.
Overall, flexible spectrum access is able to make better use of multiple spectrum bands (more than 2) without extra uplink capabilities, which improves uplink user perceived data rate, network uplink capacity and uplink coverage. Furthermore, UE with high capability (e.g., 4TX CPE) can also obtain the same benefits by employing FSA via TX switching or capability sharing among bands as described previously. Based on the above discussions, we propose the following potential enhancements:
Proposal 1: Specify the mechanisms to allow a UE (e.g., 2TX or 3TX UE) to be configured with more UL bands than its simultaneous transmission capability and specify mechanisms for dynamic carrier selection as well as TX switching between n (n>=2) configured bands applicable to SUL, CA and DC.
· Time domain

· Flexible duplex in FR1

In current 5G NR deployment, most of the spectrum are unpaired spectrum using TDD duplex mode. Operators with TDD spectrum are considering to serve the factory uplink application through different TDD UL/DL configuration in the factory deployment compared with the Macro deployment, because of the promising potential of providing large uplink peak data rate and capacity for TDD spectrum with larger ratio of uplink slots in a factory [1]. The isolation between the small cells in a factory and the Macro base station makes the deployment possible with some enhancements.
In current specification, flexible UL/DL slot ratio can be configured for a cell in a TDD carrier. DL dominant slot format is usually configured for a Macro cell due to downlink heavy traffic for eMBB users. However, with the increasing demand of UL heavy traffic in a factory or in a local area for industrial applications as shown in figure 4, where a UL dominant slot format needs to be configured. With different UL/DL slot format configurations, there will be severe interference from the downlink slot of the Macro site to the uplink slot of the small cell site in the local area (e.g. a factory). This cross link interference (CLI) from BS to BS was studied previously in [6]. However no standardization was made due to lack of time and most of the methods are left to implementation. 
In the deployment of R15/16, the flexible UL/DL assignment is not a focus, because the first wave of 5G deployment is still for eMBB users with downlink dominant traffic. For the cases described above, to serve the uplink heavy traffic the use of different TDD configurations is emerging and being tested in the real deployment. For a network of 300~500m inter-site distance, the candidate position of the small cells is typical from 50 to 200m considering the factory is with several tens of meters in length and width. A link budget of the BS-BS interference is presented in the table in figure 4, where a small cell that is 50m to 200m away from the Macro will have a BS-BS interference from 37dB to 26dB above the noise floor, which leads to serious performance degradation in the UL slot.
The severe interference from the Macro BS is usually suppressed by advanced receiver, and in certain cases antennas of TRPs in a factory can be processed jointly to explore the degrees of freedom in spatial domain for better interference suppression. The prerequisite for such interference suppression mechanism is accurate interference measurements, which are difficult or impossible on resources that are not defined specifically for this type of measurement. This is because there are several types of cross link interferences from the Macro to the small cells, i.e. instantaneous interference due to dynamic PDSCH/PDCCH scheduling and precoding, periodic interference caused by e.g. SSB, SIB1, and sparse interference caused by CSI-RS, etc. The transmission of these signals result in interference with different frequency-time resources, layers/ports and precoding vectors and hence result in different interference characteristics. The characteristics of the interference can be summarized in table 1. How to measure the interference incurred by these signals/channels is a key challenge for interference suppression.
As discussed above, some of the interference can be suppressed by the receiver, e.g. PDSCH interference suppressed by IRC receiver as mentioned above, but some of the interference may need to be avoided due to sparse interference resource and high complexity to suppress, and this kind of interference (e.g. from TRS or CSI-RS) can still cause serious impact on the decoding performance. One potential method is to define uplink muting resources for the interference measurement and avoidance, i.e. on some of REs, UEs connected to the small cells are not transmitting, and only interference is present on these REs so that the small cells can measure the CLI on these REs. And on REs corresponding to the sparse interference, the UE can rate match around these REs to avoid the interference.
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Figre 4: a typical example of the different TDD configuration between Macro and small cells and interference link budget.

Table 1: Different types of DL cross link interference measurement handling

	Interference channel/signal
	Interference characteristics

	Downlink broadcast interference: SSB, SIB1, broadcast PDCCH, cell specific CSI-RS, TRS etc.
	· Beamforming of the signal or channel are stable and constant for a period of transmission, the interference may be measured once and used for several times.

	Unicast PDSCH/DMRS
	· The interference is changing due to the precoding and scheduling changing slot by slot

	UE dedicated CSI-RS
	· Sparse resource in frequency and time domain. 


· Flexible duplex in FR2
The large bandwidth in FR2 is beneficial to serve high data rate services of downlink and uplink. Different cell may have different DL to UL traffic ratio due to different number of ToC and ToB users, and hence require different UL/DL configurations for traffic adaptation, but the problem is BS-BS cross link interference. Now in FR2, large size of antenna panel is to be used for better coverage and capacity, and the number of antenna elements on the antenna panel for the FR2 macro base station could be up to 4096 [8]. The large number of antenna elements for the base station leads to very narrow TX analogue beam and increased number of beams in the downlink. The narrow TX beam and increased number of beams improve the possibility of different TDD configuration between two Macro base stations, because the CLI can be efficiently managed and coordinated. Initial simulation results show that without CLI beam coordination, more uplink slots can give more uplink capacity, i.e. without beam coordination, initial simulation results show that we could get uplink throughput (~50% of that of the uplink slot without CLI) in the slots being interfered by downlink of the adjacent cells as shown in figure 5, but the uplink throughput needs to be improved with proper BS-BS CLI management, e.g. beam coordination. The interference measurement can also be enhanced using the example methods (uplink muting resources) described in FR1. More uplink slots also provide better coverage performance in the uplink. Therefore the CLI management between the base stations, i.e. the beam measurement and coordination between base stations is worth studying and specifying in R18 for flexible duplex application in a real deployment. 
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Figure 5: The downlink and uplink throughput comparision between flexible duplex and fixed TDD configure.
From the UE-UE CLI management perspective, the current UE-UE measurement is based on SRS resource configuration. Once the resource is configured the UE has to measure the resource regardless whether the aggressor UE transmits the SRS or not i.e. the CLI-SRS measurement resources are determined once it is configured regardless of the TDD configuration change, the SFI indication, collision dropping or power control adjustment. With such mechanisms, the BS has to guarantee that the aggressor UE transmits when the victim UE is measuring the resource periodically. For accurate measurement, the UE transmit power needs to stay the same. However the SRS transmission may be omitted by the UE due to UL/DL direction collision because there are many cases where the SRS is cancelled by the aggressor UE according to the current specification [9]. Another issue is when there are many UEs in the network, the configured periodical CLI measurement resource will consume a large amount of resources due to periodical CLI measurement resources at the transmitter and the receiver. Therefore, the UE to UE cross link interference measurement enhancement can also be considered such as L1 based UE-UE CLI measurement and reporting to reduce the overhead and make it more flexible for the gNB scheduling and configuration.
Proposal 2: BS-BS cross link interference management and UE-UE CLI management enhancement should be studied and specified in R18 for both FR1 and FR2: defining specific BS-BS interference measurement resources, e.g. UL muting resource for BS-BS CLI measurement, enhanced CLI beam measurement and coordination, L1 based UE-UE CLI management.
· Spatial domain

MIMO enhancements in Rel-16 and Rel-17 focused on the downlink spectral efficiency improvement. The uplink MIMO capability of NR is weaker than the downlink. From network perspective, to improve the uplink capacity, multiple TRP uplink joint processing has great potential. In a factory scenario, many TRPs can be deployed for the assembly lines and large number of users as described in the example in section 1. For uplink performance in the Macro networks, different Macro sites may be processed jointly. In these mTRP joint processing scenarios, high uplink user density is expected, many users are ready to be scheduled in the uplink, and each user could connect to multiple TRPs. In these scenarios, uplink precoding, power control and DMRS can be the potential uplink enhancement direction in Rel-18.
· UL precoding
Two UL transmission schemes are supported in NR, i.e., codebook based UL transmission and non-codebook based UL transmission. In current specification, codebook based UL transmission can only use uplink wideband coarse codebook (only constituted of ±1 and ±j). Furthermore, the current codebook design cannot match different types of UEs, for example UE of irregular shape and the antennas are placed at uneven distance and with an irregular pattern. For non-codebook based UL transmission, high resolution precoding can be obtained by UE through channel reciprocity between UE and gNB but precoding is only based on the UE’s own channel information while multiuser interference is not considered. 

For both codebook and non-codebook based transmission, the current uplink precoder is a wideband precoder, i.e. only one precoder is applied to all the scheduled RBs in the OFDM symbols for a UE. Furthermore, for some industrial applications a powerful UE may be equipped with more antennas, such as 4 or 8 antennas. Those antennas can be used for the uplink capacity boosting and improve the overall network capacity. The sub-band precoding and higher resolution precoder may lead to large overhead, so the uplink precoding indication mechanism should be optimized. Initial simulation in an IIOT scenario show that about 20% cell average throughput gain can be achieved. Therefore, the following uplink precoding enhancements can be considered for NR uplink boosting.
· Codebook and non-codebook transmission with sub-band precoding and higher resolution UL precoder design for UE with no less than 4T (i.e. 4, 6, 8) and with regular and irregular antenna pattern 
· High resolution UL precoding indication via weighted DL CSI-RS and multi-level DCI to reduce the DCI overhead for each transmission
· UL power control 
More UL layers and joint UL multi-TRP detection bring a higher requirement on UL power control, but the existing power control restrict the UL performance with many UL layers or with UL multi-TRP joint processing. Because, for uplink MU-MIMO one user may be paired with different users in different slots, and these dynamic user pairs can lead to large uplink transmission power variation. The variation can be larger than the existing power control adjustment steps. Both closed-loop and open-loop power control can be enhanced to match this large power variation. Another factor affecting the uplink power control is multi-TRP reception due to different received power on each TRP, while gNB optimizes the UE transmitting power for larger overall throughput, and this optimized power is based on the pathloss of multiple TRPs involved in the joint processing. However so far the uplink power control only relies on the path loss from one TRP. Initial simulation results on enhanced power control show that ~20% cell edge performance gain can be achieved by power control enhancement.
· UL DMRS 
Multi-TRP joint processing greatly increases the probability of more than 12 concurrent uplink layers in a local area. However, R15/R16 only supports up to 12 orthogonal antenna ports. Non-orthogonal antenna ports can be configured to deal with more than 12 UL layers but this degrades the accuracy of UL channel estimation due to relatively high cross-correlation among DMRS sequences. In such scenarios, the maximum number of orthogonal or low correlation UL antenna ports should be increased. One possible direction is to introduce more orthogonal cover codes (OCC) without additional DMRS resources, one example is to extend the length of the OCC for each CDM group. Frequency OCC can be seen as special case of multiplexing in the time delay domain (or cyclic shift domain). Another option is to introduce low cross-correlation DMRS sequences, in order to deal with the increased cross-correlation. It can be found that the performance of up to 24 layers with DMRS enhancement can achieve 68% cell average gain compared with non-orthogonal DMRS of current specification in our initial simulation results.
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Figure 6: initial simulation results for enhanced orthogonal DMRS in the IIOT scenario mentioned in section 1
Proposal 3: UL MIMO transmission enhancement is considered and specified, e.g. enhanced UL precoding including sub-band precoding and higher resolution codebooks for larger (4, 8) number of UE TX antennas, increased maximum number of orthogonal DMRS ports (up to 16 or 24) and UL power control enhancement to better support more UL MIMO layers and UL mTRP reception.
· Power domain
For uplink coverage and user experience throughput, uplink power is one key factor, which is especially critical for noise-limited scenarios. In an industry deployment scenario, multiple UEs may be coordinated with each other to provide more uplink power for better uplink experience and capacity. Another possibility is to increase the maximal transmitting power of the UE directly, e.g. increase the maximum uplink transmitting power of the UE for FDD bands (high power classes are already defined for TDD bands).
The target of Rel-17 sidelink based relay is for coverage extension and for providing basic functions for L2/L3 relay. Rel-17 relay supports only one path between remote UE and the gNB at any time, which could be either a direct path (remote UE(( gNB) or an indirect path (remote UE (( relay UE ((gNB). Such a limitation of single path cannot provide benefits for the capacity and the robustness especially at cell edge. Many emerging use cases such as AR/VR, video call, surveillance camera, and machine vision would require data rate in the range of at least 10-30 Mbps with deployment of large number of UEs. For public safety, mission critical (MS) transmission such as MCPPT, MC Video for fire fighters and police official would have more stringent requirement on data rate/latency/service continuity than conventional public safety. In Rel-18, we observed that sidelink based relay could be further enhanced in the following aspects to improve its performance and satisfy both public safety and commercial service requirements better. 

· Multi-path connection/transmission

As shown in figure 7, Rel-17 sidelink based relay would support one path for data transmission at any time. In some scenarios, the remote UE is in coverage or it can see two or more relay UE(s) with good link quality when it is out of coverage. In these cases, multi-path connection could be established between the remote UE and the gNB. These paths include both direct paths and indirect paths. The data of remote UE could be split/duplicated at PDCP layer for example and distributed/transmitted over multi-path. At the gNB side, the data received over multi-path could be aggregated at PDCP layer. The protocol stack used is similar as that for dual connectivity (DC). With multi-path connection and transmission of remote UE data by both relay UE and remote UE, it is equivalent to boost the transmit power of the remote UE and thus overcome the bottleneck of uplink transmit power limitation, e.g., increasing the transmit power from 23dBm to 26dBm. In addition, other benefits such as increased diversity /resources could be exploited. In general this could improve system throughput and robustness, as well as reduce the latency, which is especially beneficial and critical for cell edge performance.
To achieve this goal, the following aspects of supporting multi-path data transmission (but not limited to) could be studied
· The configuration of multi-path connection between remote UE and gNB

· The enabling of PDCP split/duplication of data at remote UE

· Data aggregation at PDCP layer at gNB

· Switching between multi-path connection and single-path connection (as fallback of multi-path connection)
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Figure 7: Rel-17 single path ( Rel-18 multi-path enhancement 

· 0ms path switch

The uplink enhancement is not limited to throughput enhancement but also include other aspects. In NR, many emerging commercial use cases require more stringent service continuity, expecting lossless and lower path switch latency when transmission switches from one path to another between network and UE. For Rel-17 L2 relay, the path switch is based on handover (HO) principle in NR, as shown in left part of Figure 8. When remote UE receives path switch command (such as RRCreconfiguration signal), it could release the source path (or at least not transmit/receive on the source path) and start to access to the target path. That incurs more path switch latency due to the time spent on target path establishment. 
For Rel-18, this path switch could be improved  As shown in right part of Figure 8, when gNB decides path switch for the remote UE, it could configure remote UE to establish the target path with the gNB while at the same time still maintain the source path. After establishment of target path is completed, the gNB could trigger the path switch and release the source path. As the establishment of target path is already completed before the path switch is triggered, the path switch could be accomplished very quickly and switch time could reach as low as 0ms. As the interface between remote UE and relay UE is sidelink, to support this feature, dual protocol stack needs to be activated at remote UE, one for Uu interface and one for sidelink interface. The similar principle was used in NR Rel-16 as dual active protocol stack (DAPS) HO technique, however, the purpose there is to connect to different gNB.
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To achieve this goal, the following aspects of enhancing multi-path service continuity (but not limited to) could be studied

· Determine and configure target path before path switch triggering

· Enabling DAPS at remote UE

· Trigger path switch from source path to target path
· Release the source path
As Rel-17 would only support path switch between a direct and an indirect path for intra-gNB, the study of 0ms path switch could focus on this scenario.
Proposal 4: Study and specify multi-path connection, multi-path transmission and fast path switch in Rel-18 for sidelink based relay
Another aspect to boost the power of the UL transmission is to increase the power of the UE directly. In R17 [7], FDD high power UE is being studied. Initial performance evaluation shows that the uplink average throughput and uplink cell edge throughput can be increased. 

Proposal 5: specify FDD higher power UE

3. Conclusions
In this paper we discussed the uplink traffic types and requirements, potential enhancement directions for NR uplink boosting in different deployment scenarios and from different technology directions, and hence have the following proposals.
Proposal 1: Specify the mechanisms to allow a UE (e.g., 2TX or 3TX UE) to be configured with more UL bands than its simultaneous transmission capability and specify mechanisms for dynamic carrier selection as well as TX switching between n (n>=2) configured bands applicable to SUL, CA and DC.
Proposal 2: BS-BS cross link interference management and UE-UE CLI management enhancement should be studied and specified in R18 for both FR1 and FR2: defining specific BS-BS interference measurement resources, e.g. UL muting resource for BS-BS CLI measurement, enhanced CLI beam measurement and coordination, L1 based UE-UE CLI management.
Proposal 3: UL MIMO transmission enhancement is considered and specified, e.g. enhanced UL precoding including sub-band precoding and higher resolution codebooks for larger (4, 8) number of UE TX antennas, increased maximum number of orthogonal DMRS ports (up to 16 or 24) and UL power control enhancement to better support more UL MIMO layers and UL mTRP reception.
Proposal 4: Study and specify multi-path connection, multi-path transmission and fast path switch in Rel-18 for sidelink based relay

Proposal 5: specify FDD higher power UE
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