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1 Introduction
With the global commercial deployment of 5G, there is an ever-increasing demand on higher uplink data rate as well as capacity for both eMBB (ToC) and industry (ToB) use cases [1~3]. To fill the uplink capacity or coverage gap, uplink enhancement for both consumer smartphone and industrial terminal should be considered. 
In RAN Rel-18 workshop, [4] identified “uplink enhancements” as an important topic for Rel-18 as following. 
	2. Uplink enhancements, with the following example areas:
· >4 Tx operation

· Enhanced multi-panel/multi-TRP uplink operation

· Frequency-selective precoding

· Further coverage enhancements


In the pre-meeting email discussions, example areas of uplink enhancements were further refined and summarized in [5] with non-controversial and controversial viewpoints as following.
	[Non-controversial]

· Uplink enhancements, with the following skeleton of the possible objectives:
· Study and if necessary specify >4 Tx UL operation, e.g., for CPE/FWA/vehicle/Industrial devices [leading WG: RAN1]
· Specify enhanced multi-panel uplink operation and/or enhanced multi-TRP uplink operation, potentially including fast UL panel selection, separate UL timings/power controls for different panel/TRP and/or simultaneous multi-panel UL transmission [leading WG; RAN1]
· Study and if necessary specify frequency-selective precoding, mainly targeting devices with >=4 Tx [leading WG: RAN1]
· Specify further coverage enhancements including PRACH enhancement for FR2 e.g., PRACH repetition with same or different beams [leading WG: RAN1]
· Study and if necessary specify power domain enhancements e.g., dynamic power aggregation [leading WG: RAN4 or RAN1]
· Potentially specify other UL enhancements e.g., enhancement for multi-carrier UL operation, enhancements for DFTS-OFDM, enhancement for UL CW mapping [leading WG: RAN1]
[Controversial]

· For >4 Tx UL operation,
· FFS: whether only some listed example device types are targeted or even other device types are also targeted

· FFS: target frequency range

· FFS: RAN4 as secondary WG

· For enhanced multi-panel uplink operation and/or enhanced multi-TRP uplink operation,

· FFS: further clarification and narrowing down of the scope for this example area based on listed example scopes as starting point

· FFS: enhancements are based on Rel-17 unified TCI framework

· FFS: target frequency range

· FFS: RAN2/4 as secondary WG

· For frequency-selective precoding,

· FFS: whether this example area can be generalized to enhanced uplink precoding

· FFS: target frequency range and target devices

· FFS: RAN4 as secondary WG

· For further coverage enhancement and power domain enhancement

· FFS: further clarification and narrowing down of the scope for this example area based on listed example scopes as starting point

· FFS: other coverage enhancement e.g., DMRS-less PUCCH

· For other potential UL enhancements

· FFS: further clarification and narrowing down of the scope for this example area based on listed example scopes as starting point

· FFS: other potential scope, e.g., enhancement for UL dense deployment


In this paper, we provide discussions and comments on the main arguments of the pre-meeting email discussions, and also give suggested scope of uplink enhancements based on [5]. 

2 Discussion on the outcome of email discussion
2.1 Enhanced multi-carrier (>2 bands) operation for 2Tx UEs
In the pre-meeting email discussion, with regard to the enhancement for multi-carrier UL operation targeting devices with 2Tx, i.e., 2Tx switching on more than 2 UL bands, many companies have provided support for including this topic as an example area, while other companies still have some concerns which are summarized as following.

· Use case and key differences with respect to Rel-16/17.

· The benefits of 2Tx switching on more than 2 UL bands over Rel-17 2Tx switching on 2 UL bands or fast cell activation/deactivation.
· The RF complexity of 2Tx switching on more than 2 UL bands. 

We share our views on these aspects as below:
· Use case and key differences with respect to Rel-16/17 

There are a variety of emerging and new consumer services which require high uplink date rate, e.g., HD video calls, online webcast/sales, AR, etc., which require about ~10s Mbps uplink data rate. In order to boost the uplink throughput and capacity for widely-applicable scenarios, e.g., it is necessary to more efficiently utilize all uplink resources in multi-carrier scenarios (>2 bands). However, it is difficult to implement more than 2Tx for smartphones due to increasing cost, complexity, heat generation, power consumption and intermodulation interference. Therefore, it is important to enable 2Tx switching dynamically among more than 2 UL bands.
In Rel-16~17, the UL capabilities of band configuration and concurrent transmission are strictly coupled. Limited by the protocol designs, UEs with 2Tx can only be configured with 2 UL bands, thus 2Tx switching can only be performed across 2 configured UL bands. For selecting/switching carriers among more than 2 bands, only semi-statical RRC cell reconfiguration can be used.
In Rel-18, the UL capabilities of band configuration and concurrent transmission are decoupled, i.e., max # of configured bands > max # of simultaneously transmitting bands. With this, UEs with 2Tx can be configured with more than 2 UL bands, thus UEs with 2Tx can dynamically perform Tx switching across more than 2 configured UL bands, e.g., 4 UL bands.

More analysis on motivation and differences of solutions can be found in Section A1.
· The benefits of 2Tx switching on more than 2 UL bands over Rel-17 2Tx switching on 2 UL bands or fast cell activation/deactivation 
The Rel-18 solutions of 2Tx switching on more than 2 UL bands and Rel-17 baseline are discussed in the previous bullet and Section A1. In terms of the performance, the Rel-17 baseline of switching carriers among more than 2 UL bands is through RRC-based cell(s) reconfiguration which requires long latency, i.e., about 50 ms (Note: fast cell activation/deactivation can only be within 2 configured UL bands), while Rel-18 UL 2Tx switching among more than 2 UL bands can enable much faster carrier switching which requires much shorter latency, i.e., symbol-level delay similar to Rel-17 or SRS carrier switching. 
Specifically, dynamical 2Tx switching among more than 2 bands based on the traffic, TDD D/U configuration, bandwidth and channel condition of each band can lead to higher UL data rate, higher system spectrum utilization and higher UL capacity for latency-bounded traffic thanks to efficient utilization of TDD UL slots, better adaptation to channel conditions and higher trunking efficiency. By the simulation evaluations, performance of 2Tx switching among more than 2 UL bands has notable gains over Rel-17 baseline in various scenarios. 
· Tx switching on more than 2 UL bands has 20%~40% uplink user perceived data rate gain over Rel-17.
· Tx switching on more than 2 UL bands has 20%~35% uplink average UPT gain over Rel-17.
· Tx switching on more than 2 UL bands has 50% XR uplink capacity gain over Rel-17.
In terms of the benefits of 2Tx switching on more than 2 UL bands, more analysis and simulation details can be found in Section A1 and A7. 
· RF complexity of 2Tx switching on more than 2 UL bands 

While Tx switching requires some switch, the comparison should be with 3Tx or 4Tx devices, i.e. devices supporting simultaneous transmission of 3UL or 4UL. The RF for these devices is much more complex than 2Tx with Tx switching. The main difference comes from the required number of power supplies and Tx RF chains (just 2 power supplies and Tx RF chain needed for 2 simultaneous uplinks). 
To sum up, considering “enhancement for multi-carrier UL operation” in last bullet of [Non-controversial] part in moderator’s summary is too broad and unclear, we suggest the following revisions:
Proposal 1: Include following objective for uplink enhancement in Rel-18:
· Specify enhancement for multi-carrier UL operation targeting devices with 2Tx, including UL Tx switching among more than 2 UL bands [leading WG: RAN1].
2.2 Enhanced multi-panel uplink operation and enhanced multi-TRP uplink enhancement
As captured in [Controversial] section of moderator’s summary, further clarification on the scope of < Enhanced multi-panel uplink operation and/or enhanced multi-TRP uplink operation> is necessary, and we share our views as below:

· It may not be a good idea to formulate an objective with multiple “and/or”, as it will lead to debates in WGs on the scope and priority.

· Before fast UL panel selection is stabilized, we still think it is premature to agree on specifying simultaneous multi-panel UL transmission, and more explanations will be provided in Section A3. 
· Reading the comments thus far, we observed that most companies are supportive on separating multi-panel UL operation and multi-TRP UL transmission. 
To sum up, we suggest the following revisions:
Proposal 2: Revise the possible objective on multi-panel and/or enhanced multi-TRP uplink operation as follows:
· Specify enhanced multi-panel uplink operation and/or enhanced multi-TRP uplink operation, potentially including fast UL panel selection, separate UL timings/power controls for different panel/TRP, and/or study potential gain of simultaneous multi-panel UL transmission [leading WG; RAN1.
· Specify enhanced multi-TRP uplink operation, including more orthogonal DMRS ports and uplink power control based on pathloss estimates from multiple TRPs [leading WG; RAN1].
2.3 Frequency-selective precoding

We support frequency selective precoding enhancement to increase UL capabilities, which is beneficial for >=4Tx and/or large bandwidth case. Another consideration is the case of indoor IIOT case with larger MU interference and more powerful UEs. The motivation to enhance precoding generally is to reduce MU interference and enable MU pairing more frequently. Then, high resolution UL precoding is required.
In the current specification, coarse TPMI is supported for CB based scheme and only high resolution precoding considering single user channel information is supported for NCB based scheme. Actually, to maximize the UL capabilities, high resolution precoding indicated by gNB considering MU channel information should be studied. Then potential high resolution UL precoding indication design should be included (such as new indication method except DCI or new actuate codebook design with low DCI indication design) as well as frequency selective precoding.
As this item targets >=4 Tx devices, RAN4 work on 4 Tx requirement would be required. In that sense, RAN4 can be captured as secondary WG at this moment.
We suggest the following revisions for the proposal:
Proposal 3: Revise the possible objective on frequency-selective precoding as follows:

· Study and if necessary specify uplink precoding enhancement including frequency-selective precoding and high resolution uplink precoding design, mainly targeting devices with >=4 Tx [leading WG: RAN1].

· RAN4 as secondary WG.
2.4 Further coverage and power domain enhancement

During the WI of the coverage enhancement of Rel-17, repetition, joint channel estimation and TBoMS (transport block over multiple slots) are specified, however those coverage enhancement directions are more focusing on the low data rate such as voice traffic. For higher data rate, e.g. 1Mbps, the JCE (joint channel estimation) can be applied. However, some of the scenarios in JCE may not be supported in Rel-17, e.g. none back to back PUSCH transmission. And these scenarios are worth to be continued in R18. Based on the progress of coverage enhancement of Rel-17, some techniques can be included in R18 further coverage enhancement. 

For the potential PRACH coverage enhancement, the PRACH formats to be enhanced should be carefully chosen, since there are lots of PRACH formats in the current standards, which PRACH formats should be enhanced should be clear in the scope of the further coverage enhancement. From our side, PRACH format B4 can be a starting point for the discussion. 

For power domain enhancement for further coverage enhancement, at least RAN4 should be involved, because some of the techniques are to reduce the PAPR of UL waveform and improve the maximum UE transmission power, and how much coverage gain can be achieved by the power domain needs RAN4 study. And the power domain enhancement may be based on QPSK modulation and pi/2 BPSK modulation.
For PUCCH coverage enhancement using DMRS-less transmissions can be a potential item in the further coverage enhancement. However, there are several techniques proposed during the SI of Rel-17 coverage enhancement. Which techniques and what kind of sequence should be specified needs more study if PUCCH DMRS-less enhancement is included in the scope of the R18 further coverage enhancement.

Another aspect is that, there may be some coverage enhancement needs from other features such as NTN and RedCap, those coverage enhancement needs may be address together with further coverage enhancement in R18. 
Proposal 4: PUSCH should be prioritized and PRACH format(s) should be carefully chosen for further coverage enhancement in Rel-18, and the techniques for PUCCH DMRS-less transmission should be studied before specified if it is included in the further coverage enhancement in Rel-18.
2.5 UL dense deployment
As captured in [Controversial] section of moderator’s summary, other potential UL enhancements including <UL dense deployment> are to be discussed. As will be explained in Section A6, we believe enhanced UL beam management that can facilitates asymmetric Rx & Tx beamforming at large-array FR2 UE would be quite beneficial for UL-dominant deployment/scenario(s). With this in mind, we propose the following.
Proposal 5: Include following objective for uplink enhancement in Rel-18:
· Specify enhancements to UL beam management with asymmetric UE Rx & Tx beamforming [leading WG: RAN1].
3 Conclusion

In this paper we share our views on the potential scopes for NR uplink enhancement in Rel-18 based on the pre-meeting email discussion [5], and have the following proposals accordingly.
Proposal 1: Include following objective for uplink enhancement in Rel-18:
· Specify enhancement for multi-carrier UL operation targeting devices with 2Tx, including UL Tx switching among more than 2 UL bands [leading WG: RAN1].
Proposal 2: Revise the possible objective on multi-panel and/or enhanced multi-TRP uplink operation as follows:
· Specify enhanced multi-panel uplink operation and/or enhanced multi-TRP uplink operation, potentially including fast UL panel selection, separate UL timings/power controls for different panel/TRP, and/or study potential gain of simultaneous multi-panel UL transmission [leading WG; RAN1.
· Specify enhanced multi-TRP uplink operation, including more orthogonal DMRS ports and uplink power control based on pathloss estimates from multiple TRPs [leading WG; RAN1].
Proposal 3: Revise the possible objective on frequency-selective precoding as follows:

· Study and if necessary specify uplink precoding enhancement including frequency-selective precoding and high resolution uplink precoding design, mainly targeting devices with >=4 Tx [leading WG: RAN1].

· RAN4 as secondary WG.
Proposal 4: PUSCH should be prioritized and PRACH format(s) should be carefully chosen for further coverage enhancement in Rel-18, and the techniques for PUCCH DMRS-less transmission should be studied before specified if it is included in the further coverage enhancement in Rel-18.
Proposal 5: Include following objective for uplink enhancement in Rel-18:
· Specify enhancements to UL beam management with asymmetric UE Rx & Tx beamforming [leading WG: RAN1].
A1. Enhancement multi-carrier (>2 bands) operation for 2Tx UEs
· Motivation
Smartphones today are not capable of simultaneously transmitting on more than 2 bands, since current commercial smartphones only support up to 2Tx RF chains. More Tx RF chains are difficult to be implemented for smartphone due to the following reasons.

· The cost and complexity is increasing because of more Tx RF chains, power supply modules and so on. 
· The size, heat generation and power consumption will also increase dramatically if more than 2 power supply modules work at the same time. 
· 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. 
· Some Tx RF resources may be under-utilized due to power limitation or restrictions of less available UL slots on TDD band.
A high percentage of smartphones is expected to remain so in 2025. This makes it very difficult for networks to fully exploit all of available uplink resources/bands, and for smartphones to increase their uplink data rates.
The current example areas in [4] do not target uplink throughput/capacity enhancements specifically for smartphones:

· Enhancements for >4Tx operation are targeting at devices such as CPEs or IoT devices without size and cost constraints.
· Enhancements for frequency-selective precoding provide most gains when the transmission includes 4 MIMO layers, so such gains would not be applicable for 2Tx smartphones.
· Enhancements for mTRP uplink are in principle applicable to all device types, and provide gains mostly for cell-edge performance in macro-cell mTRP deployments.
· Further coverage enhancements: uplink performance should be improved for smartphones not only in coverage-limited conditions.
Many operators have deployed or plan to deploy NR on more than two frequency bands with different bandwidths, TDD/FDD duplex and DL/UL configurations. In order to boost the uplink throughput and capacity for widely-applicable scenarios, it is necessary to more efficiently utilize all uplink resources in multi-carrier scenarios (>2 bands) where most devices are smartphones with a limited number of Tx antennas (e.g. 2Tx). 

Observation 1: The current example areas in [4] do not target enhancements for the uplink performance of smartphones.
· Capability and limitations from Release 15~17 standards
Practical implementation of Release 15~17 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 Rel-16 [6] and enhanced in Rel-17 [7] 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. Up to Rel-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, 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. Therefore, limited by protocol designs from current standards, for 2Tx UEs, it can be configured with at most 2 UL bands simultaneously, with/without Tx switching, which causes that activation/ deactivation can only be enabled on the 2 configured UL bands.  2Tx UEs can select or switch carriers among more than 2 UL bands by RRC-based cell(s) reconfiguration which requires much longer latency.
Observation 2: In Release 15~17, 2Tx UE can only configure and activate/deactivate serving cells on up to 2 UL bands. Thus, 2Tx UE can only select/switch carriers among more than 2 bands by RRC reconfiguration. 
· Potential enhancement: UL Tx switching enhancement for smartphones with less than 4Tx
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Figure 1. Flexible spectrum access mechanism.
For 5G evolution in Release 18, flexible spectrum access (FSA) as a flexible spectrum utilization mechanism for 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 1. Through this way, a UE can be configured with and activated on more than two bands while only utilizing one or two of those bands for concurrent PUSCH 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, bandwidth and channel condition of each band. In addition, UE devices capable of 2Tx switching among more than 2 UL bands have much less complexity and cost than UE devices capable of simultaneously transmission on more than 2 UL bands, whose main differences come from the number of power supplies.
· Benefits of UL 2Tx Switching Among More Than 2 Bands
By supporting dynamic UL Tx switching among more than 2 bands, FSA can lead to higher UL data rate, higher system spectrum utilization and higher UL capacity for latency-bounded traffic according to following reasons.
· Efficient utilization of TDD UL slots. Network can dynamically schedule the UE on the bands with wider bandwidth, or with most unscheduled RBs 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 being able to provide higher UL data rate with wider bandwidth, and the UE can be switched back to the TDD band when uplink slot is available on the band as shown in Figure 2. As a result, FSA can achieve higher UL data rate due to more UL available resources.
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Figure 2. Efficient Utilization of TDD UL Slots (take 2Tx UE as an example).
· Better adaptation to channel conditions. Network can schedule the UE on the bands with better channel conditions. Compared with legacy mechanism, more UL bands are available for better channel adaptation as shown in Figure 3. For example, for cell-edge users, selecting the best UL carriers and RBs from more UL spectrum enabled by FSA will lead to better uplink coverage and higher UL system efficiency. 
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Figure 3. Better Adaptation to Channel Conditions (take 2Tx UE as an example).
· Higher trunking efficiency. 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 TTI-level carrier switching and fast system load balancing. 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 as shown in Figure 4. 
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Figure 4. Higher Trunking Efficiency.
Observation 3: UL 2Tx switching among more than 2 bands can lead to higher UL data rate, higher system spectrum utilization and higher UL capacity for latency-bounded traffic due to efficient utilization of TDD UL slots, better adaptation to channel conditions and higher trunking efficiency. 
· Performance Evaluation 
According to the previous discussion, the strongest Rel-17 baseline can enable 2Tx UEs to switch among more than 2 bands through RRC reconfiguration. In this section, performance of FSA vs. Rel-17 baseline are evaluated for several use cases and some preliminary system level simulation (SLS) results are provided in the following. From the perspective of system, four bands are deployed for uplink access, i.e., 4.9G, 2.6G, 2.3G, 700M, and detailed SLS assumptions are listed in A7.
· The performance of uplink user perceived data rate vs. RSRP for 2Tx UE and 3Tx UE is evaluated with the simulation assumption that each cell has single UE. For 2Tx UE performance evaluation, as illustrated in Figure 2, 2Tx UE with Rel-17 CA/SUL can only configure 2 uplink bands, and 2Tx UE with FSA can configure 4 uplink bands. In Rel-17 CA/SUL the best 2 uplink bands are semi-statically allocated to each UE via RRC reconfigurations (Note: carrier selection in Figure 2 is an example.), while with FSA each UE can dynamically select the best carrier per TTI-level. It is obvious that FSA can provide 2Tx UE with more uplink resources and frequency selectivity. From the simulation results in Figure 5~6, it is shown that FSA could achieve user perceived data rate gain of about 20% for 2Tx UE and about 40% for 3Tx UE over Rel-17 CA/SUL. 
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Figure 5. User perceived data rate for 2Tx UE.          Figure 6. User perceived data rate for 3Tx UE.

Observation 4: FSA has uplink user perceived data rate gain of 20%~40% over Rel-17 CA/SUL. 
· The performance of uplink average UPT for 2Tx UE is evaluated with the simulation assumption that each cell has multiple UEs. As illustrated in Figure 4, 2Tx UE with Rel-17 CA/SUL can only configure 2 uplink bands, and 2Tx UE with FSA can configure 4 uplink bands. In the simulation of Rel-17 CA/SUL, all UEs in the system are randomly and semi-statically divided into two groups, which is that 40% of all UEs have access to 4.9G and 700M and 60% of all UEs have access to 2.6G and 2.3G according to uplink resources. In the simulation of FSA, each UE can dynamically select the best carrier per TTI-level. It can be observed that the packet of UEs with FSA transmits faster than that of UEs with Rel-17 CA/SUL due to more uplink resource, TTI-level load balancing to avoid congestion and frequency selectivity. From the simulation results in Figure 7, it is shown that FSA could obtain 20% average UPT gain for 20% RU scenario and 35% average UPT gain for 35% RU scenario over Rel-17 CA/SUL respectively. 
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Figure 7. Average UPT.

Observation 5: FSA has uplink average UPT gain of 20%~35% over Rel-17 CA/SUL. 
· The performance of XR uplink capacity for 2Tx UE is evaluated. General simulation settings are the same in Figure 4 as described previously. From the simulation results in Figure 8, it is shown that FSA has 50% uplink capacity gain for XR compared with Rel-17 CA/SUL. (Note: The network capacity of XR services is defined as the maximum number of UEs per cell with at least 90% of UEs being satisfied, with delay budget and reliability.)
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Figure 8. XR uplink capacity.
Observation 6: FSA has XR uplink capacity gain of 50% over Rel-17 CA/SUL. 
Overall, flexible spectrum access is able to make better use of multiple spectrum bands (more than 2 bands) while UE just need a limited number of Tx capability (e.g. 2Tx), which improves uplink user perceived data rate, network uplink capacity and uplink coverage. Furthermore, UE with high capability (e.g., 3Tx or 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:
A2. Enhanced multi-TRP uplink operation
MIMO enhancements in Rel-16/17 focused on the downlink spectral efficiency improvement. The uplink MIMO capability of NR is weaker than the downlink. From network perspective, uplink joint processing across multiple TRPs has great potential on improving the uplink capacity. For factory scenario, massive TRPs can be distributed deployed for the assembly lines and serving large number of users. These TRPs can be seen as one union TRP generally to perform scheduling and transmission. For Macro networks scenario, different Macro sites can also be processed jointly if ideal backhaul is supported across Macro sites. 

Higher spectrum efficiency improvement is expected by mTRP joint processing for massive UEs with uplink service, where each user could be connected to multiple TRPs and considerable large number of UEs can be scheduled simultaneously potentially. Therefore, to deal with the high spectrum efficiency requirement for uplink, power control and DMRS can be the potential uplink enhancement direction in Rel-18.
· UL DMRS 
As disused above, considerable large number of UEs would be scheduled simultaneously potentially with multi-TRP joint processing and the probability of more than 12 uplink layers in a local area would also be considerable high. As shown in Figure 9, it can be found more than 20 layers can be paired with large possibility with assumption of joint 6 TRPs reception in the case of IIOT. Actually, almost 24 layers can be always paired if joint 18 TRPs reception is assumed. However, only up to 12 orthogonal antenna ports are supported in previous R15/R16 specification. Generally, non-orthogonal DMRS ports can be configured to deal with the issue of more than 12 UL layers, but it would degrades the accuracy of UL channel estimation because of relatively high cross-correlation among DMRS sequences. 

[image: image9.png]distribution of the number of paired layers

12

13 14 15 16 17 18 19 20 21 22 23 24
paired Layer




Figure 9. The distribution of the number of paired layers with the assumption of joint 6TRP reception in IIOT case.
To support more potential UL transmission layers with no/insignificant UL channel estimation issue, two possible directions can be studied and specified, i.e., higher maximum number of orthogonal DMRS ports or low correlation DMRS ports. For the direction of higher maximum number of orthogonal DMRS ports, more orthogonal cover codes (OCC) without additional DMRS resources can be introduced, and one example is to extend the length of the OCC for each CDM group. Actually, frequency OCC can be seen as special case of multiplexing in the time delay domain (or cyclic shift domain). For the direction of low correlation DMRS ports, low cross-correlation DMRS sequences can be introduced to deal with the increased cross-correlation by transitional non-orthogonal DMRS ports. 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. Joint 18 TRPs reception is assumed.
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Figure 10. Initial simulation results for enhanced orthogonal DMRS in the IIOT scenario.
· UL power control 
More potential UL layers and joint UL multi-TRP processing bring a higher requirement on UL power control, but the existing power control restrict the UL performance due to the following reasons. 
· One user may be paired with different users in different slots for MU-MIMO, and the dynamic user pairing 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, the uplink power control only relies on the path loss from one TRP so far. 
Initial simulation results on enhanced power control show that ~20% cell edge performance gain can be achieved by power control enhancement. 
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Figure 11. Initial simulation results for enhanced power control by multi-TRP.
A3. Enhanced multi-panel uplink operation

As captured in [Controversial] section of moderator’s summary, further clarification on the scope of <Enhanced multi-panel uplink operation> is necessary, and we elaborate our views as below.

In Rel-17, fast UL panel selection is explicitly captured as one objective and simultaneous transmission from multiple panels (STxMP) is not included. Panel-specific timing and power control was also left out of Rel-17 due to prioritization. 
For Rel-18, we noticed that there is some voice on specifying STxMP, and in particular, the associated transmission schemes (diversity, multiplexing, etc).  

Regarding prioritization between fast UL panel selection and STxMP and splitting between Rel-17 and Rel-18, our views are summarized as below:

· The progress on fast UL panel selection in Rel-17 is slow. Our estimate is the design would be incomplete and rather limited in Rel-17, and it is important to continue the work in Rel-18. 
· To start, panel-specific UL timing/power control was unfortunately left out of Rel-17, but they are actually quite fundamental for enabling fast UL panel selection. 

· Up to now, RAN1 is still struggling on whether to support UE reporting on how many panels are equipped and how many are available to switch among during certain time period (i.e., its panel status), which should also be considered as the pre-requisite for fast UL panel selection. 
· Keeping multiple UE panels in activated status will lead to increased UE power consumption, which is critical in FR2 and should be taken in account from the beginning, but so far not considered. 
· In addition to UE-initiated panel activation/selection, which was agreed in Rel-17 but still lack of details, to reduce panel switching latency, it would be important to introduce gNB-triggered UE panel activation/switching.
· Majority of UEs can benefit from fast UL panel selection, improving user experience for handheld FR2 UEs, while STxMP is more (if not only) beneficial for FWA UEs, due to increased power consumption and complexity. 

· It is also unclear how much gain can be achieved by STxMP over fast UL panel selection, which requires proper investigation, after the specification support on fast UL panel selection is stabilized. 

With these in mind, we think it is important to continue the work on fast UL panel selection in Rel-18, and we propose to prioritize the continued specification work on fast UL panel selection (including UE report on its panel status, panel-specific timing/power control, UE power saving for multi-panel operation, gNB-triggered UE panel activation/switching) over STxMP in Rel-18.  
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Figure 12. Illustration of fast UL panel selection and simultanoeus transmisssion from multiple panels.
A4. Frequency-selective precoding

Two UL transmission schemes are supported in NR, i.e., codebook based UL transmission and non-codebook based UL transmission. For codebook based UL transmission, only uplink wideband coarse codebook (only constituted of ±1 and ±j) is employed. 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. 
Some drawbacks can be found for both codebook and non-codebook based transmission.

· The current uplink precoder determination is wideband-wise, i.e. only one precoder is applied to all the scheduled RBs for a UE. 
· A powerful UE may be equipped with more antennas, such as 4 or 8 antennas, especially for some industrial applications. Higher resolution precoding considering MU interference is required to improve the overall network capacity. 
To maximize network UL spectrum efficiency, sub-band precoding and higher resolution precoder are preferred and required. Initial simulation show that more than 20% cell average throughput gain can be achieved. However, it may lead to large precoding indication overhead. Therefore, the following uplink precoding enhancements should be considered for NR uplink boosting.

· Sub-band UL precoding for UE with no less than 4Tx (i.e. 4, 6, 8) and with regular and irregular antenna pattern.
· Higher resolution UL precoder design for UE with no less than 4Tx (i.e. 4, 6, 8) and with regular and irregular antenna pattern.
· Low precoding indication mechanism for subband and/or high resolution UL precoding.
· UL precoding indication via weighted DL CSI-RS, or
· UL precoding indication via multi-level DCI, in which DCI overhead for each transmission is reduced.
A5. Further coverage and power domain enhancement

During the SI phase of the coverage enhancement, there are a bunch of technologies are studied to extend the coverage of Macro cell [8]. However only a few of them were included in the WI of the coverage enhancement. In the recently held Rel-18 workshop, some companies proposed to continue to standardize the other technologies in Rel-18 [9-12]. In this paper we show our views on the Rel-18 coverage enhancement.

Some companies proposed to continue the coverage enhancement in Rel-18, and some of the potential candidates were also included in the proposals such as power domain enhancement sub-PRB transmission, further PUCCH and PRACH enhancement. For power domain enhancement for coverage, some solutions are included in TR38.830, such as MPR reduction through some enhancement on the waveform of the uplink signal, the PAPR is reduced and maximal transmission power of the UE can be increased without increase the power class of the UE. To increase the maximum UE output power is a straight forward way to extend the coverage. Two potential technique directions can be foreseen at this stage. One is to enhance waveform based on the current DFT-S-OFDM with QPSK modulation, and the other is to enhance the pi/2 BPSK together with DFT-S-OFDM waveform e.g. pi/2 BPSK with higher spectral efficiency by higher coding rate and multiple layers. Both technique directions have the potential to improve the uplink throughput for the user at the cell edge.
However the related waveform enhancement in Rel-17 is not comprehensively studied such as what the gain and what is the impact on the UE implementation. And another aspects is that whether the solutions has impacts on the demodulation performance. Some of the power increasing gain was given by one or two companies, and it is not sufficient to include them in a continuing WI of coverage enhancement. Those questions need to be answered before the normative work of the related technologies in Rel-18. And as another aspects some other solutions may be proposed to increase the UE power. And then from our perspective, at least part technology directions should be further studied before the normative work if there is continued coverage enhancement in Rel-18. And other related technologies can also be considered if the MPR reduction technology direction is accepted as one technology direction in Rel-18.
Other technique left from Rel-17 coverage enhancement can also be considered such as the TBoMS enhancement, DMRS overhead reduction etc.
A6. Enhanced UL beam management
As captured in [Controversial] section of moderator’s summary, other potential UL enhancements including <UL dense deployment> are to be discussed. In this section, we share our views on enhanced UL beam management to support deployment/scenario(s) with UL-dominant traffics, especially in FR2. 

When it comes to FR2, a natural solution for improving UL coverage/throughput is to adopt larger antenna array for analog beamforming. Due to space limitation on handheld devices, one antenna panel at UE has been typically assumed to have up to 8 elements, i.e., 4 per polarization. Such limitation may not be applicable to non-handheld devices, such as customized devices for live broadcasting or real-time HD video uploading. For these devices, as depicted in the figure below, a larger array can be considered, e.g., 16 to 32 elements per panel. 
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Figure 13. Illustration of large-array FR2 UE.

Some preliminary analysis from an urban macro trial field (ISD ranged from 300 to 400 m) is provided the figure below.  As can be seen, there is huge potential in improving O2O UL coverage ratio using larger array at FR2 UE. The targeted UL data rate is 30 Mbps, which would be beneficial for UL-dominant deployment/scenario(s).
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Figure 14. UL coverage ratio with different array size at UE from urban macro trial field.
With large array at FR2 UE, a high latency and overhead can be expected for obtaining and maintaining narrow analog Tx beam. From the evaluation results in Rel-17 coverage enhancements SI, one can observe that there is a large gap between coverage performance of PDCCH and PUSCH, i.e., around 30 dB. For UL-dominant scenarios that is with more UL traffic than DL, it is well motivated to consider using wide Rx beam for DL reception (e.g., with sufficient DL SINR for PDCCH reception), but narrow Tx beam for UL transmission (e.g., high UL SINR desired for enabling high modulation order). As illustrated in figure below, such transmission scheme would require asymmetric Rx and Tx beamforming at UE.
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Figure 15. Illustration of asymmetric analog Rx & Tx beamforming at FR2 UE.
In addition to joint DL and UL beam indication, separate DL and UL beam indication has been supported in Rel-17. Still, it was primarily designed for MPE mitigation, where the Rx beam and Tx beam are typically from different UE panels facing different directions, which is different from asymmetric Rx and Tx beamforming from the same (and larger) UE array/panel being considered here. 

In addition, though separate DL and UL beam indication part has been supported in Rel-17, there is no corresponding beam training mechanism to facilitate such asymmetric UE Rx and Tx beamforming scheme. To be specific, gNB does not have much control over UL beam training at UE side. In Rel-18, it would be beneficial to study gNB-assisted local UL beam training, i.e., to allow the gNB to instruct the UE to refine its Tx beam within the spatial range of the Rx beam, as illustrated in figure above. This would help exploiting the potential of large antenna array at non-handheld FR2 UE for achieving a better UL coverage/throughput in UL-dominant deployment/scenario.
A7. Simulation assumptions

Table 1. Simulation assumptions for uplink user perceived data rate evaluation of FSA
	Frequency band
	4.9G
	2.6G
	2.3G
	700M

	Bandwidth
	100MHz
	160MHz
	50MHz
	30MHz

	DL:UL
	7:3
	8:2
	SUL
	FDD

	BS antenna
	64T64R
	64T64R
	32T32R
	4T4R

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	15kHz

	Deployment
	3GPP Urban Macro, 7 sites, 3 sectors per site, 4 bands per sector

	ISD
	ISD 400m for 4.9G/2.6G/2.3G, ISD 800m for 700M

	Number of users
	1 UE per cell

	Traffic model
	Full buffer

	Scheduler
	PF

	UE power
	26dBm for 4.9G/2.6G, 23dBm for 700M/2.3G

	R17/18 switching time
	35us


Table 2. Simulation assumptions for uplink average UPT evaluation of FSA
	Frequency band
	4.9G
	2.6G
	2.3G
	700M

	Bandwidth
	100MHz
	160MHz
	50MHz
	30MHz

	DL:UL
	7:3
	8:2
	SUL
	FDD

	BS antenna
	64T64R
	64T64R
	32T32R
	4T4R

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	15kHz

	Deployment
	3GPP Urban Macro, 7 sites, 3 sectors per site, 4 bands per sector

	ISD
	400m

	Number of UEs
	60 UE per sector (Outdoor : Indoor 8: 2)

	Scheduler
	PF

	Traffic model
	FTP model 3

	Packet size
	1 Mbyte


Table 3. Simulation assumptions for XR uplink capacity evaluation of FSA
	Frequency band
	4.9G
	2.6G
	2.3G
	700M

	Bandwidth
	100MHz
	160MHz
	50MHz
	30MHz

	DL:UL
	7:3
	8:2
	SUL
	FDD

	BS antenna
	64T64R
	64T64R
	32T32R
	4T4R

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	15kHz

	Deployment
	3GPP Dense Urban, 7 sites, 3 sectors per site, 4 bands per sector

	ISD
	200m

	Number of UEs
	1~30 UE per sector  (Outdoor : Indoor 2: 8)

	Scheduling
	PF

	Traffic model
	AR: Truncated Gaussian Model, 10 Mbps, packet delay budget 60 ms, no jitter

	Packet arrival rate
	60 frame per second

	Frame reliability
	99%
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