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1. Introduction
In the pre-meeting email discussions, the justifications and objectives for potential uplink enhancements were summarized in [1] and [2] as following. 
	[Justification]

1) In Rel-17, PRACH coverage enhancement has not been addressed, despite being identified as one of the bottleneck channels in the corresponding studies. PRACH transmission is very important for many procedures, including initial access and contention-based beam failure recovery.

2) [The UE transmission power is the most valuable resource in uplink and enhancements to unlock additional uplink power are highly valuable for both UL coverage and capacity. There are some studies and works in Rel-17 on the power domain, such as in “Study on NR coverage enhancements” and “Increasing UE power high limit for CA and DC”, and hence some further study is necessary to exploit the Rel-17 studies/works.]

3) [For multi-carrier UL operation, there are some limitations of current specification, e.g. 2TX UE can be configured with at most 2 UL bands, which only can be changed by RRC reconfiguration, and UL Tx switching can be only performed between 2 UL bands for 2Tx UE. Dynamically selecting carriers with UL Tx switching based on the data traffic, TDD DL/UL configuration, bandwidths and channel conditions of each band, instead of RRC-based cell(s) reconfiguration, will lead to higher UL data rate, spectrum utilization and UL capacity.]

4) [DFTS-OFDM waveform is beneficial for UL coverage limited scenario because of its lower PAPR compared with CP-OFDM waveform. Currently, UL waveform is configured via RRC and only single layer transmission is supported. These limitations impose a large barrier to switch over to DFTS-OFDM waveform for cell-edge UEs practically.]

5) [In case of dense deployment where pathloss can be low, it would be possible to use wider bandwidth including UL CA for UL transmission with sufficient PSD so that UL performance can be largely improved. Considering that the dense deployment has some practical issues e.g., large cell planning effort for inter-cell interference coordination, one possible scenario to realize the dense deployment for UL is to deploy UL reception only points. In such scenario, since DL and UL are asymmetric, some enhancements are necessary for UL power control and beam management.]

6) [In Rel-17, PUCCH coverage enhancements are introduced based on repetitions using multiple UL slots. However, those mechanisms may not be available in case of TDD bands with limited UL slot configuration, such as DDDSU and may not be practically useful due to existing collision handling rules. Therefore, there is a demand to enhance the coverage performance of PUCCH/UCI not relying on repetitions using multiple consecutive UL slots.]

[Objectives]
1) Specify following PRACH coverage enhancements (RAN1, RAN2)

· Multiple PRACH transmissions with same beams targeting 4-step RACH [and 2-step RACH] procedures

· [Study, and if justified, specify PRACH transmissions with different beams targeting 4-step RACH [and 2-step RACH] procedures]

· Note: The enhancements of PRACH are targeting for FR2, which can also apply to FR1 when applicable.

· Note: The enhancements of PRACH are [format-agnostic and] targeting [for PRACH format B4, which can also apply to other] short PUCCH formats when applicable.
2) [Study and if necessary specify following power domain enhancements]

· [Enhancements to realize dynamic power aggregation based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, with checking relevant regulations ([RAN1,] RAN4)]

· [Note: The study can start after RAN4 work on “Increasing UE power high limit for CA and DC” is done depending on conclusions from RAN4.]

· [Enhancements to reduce MPR/PAR, including new transmission mechanism such as spectrum shaping, [reduced spectrum utilization with relaxed requirements on channel filtering,] [and potential adjustments to MPR and test tolerance relations] (RAN4[, RAN1])]
3) [Study and if necessary specify following enhancements for multi-carrier UL operation]

· [UL Tx switching schemes across [more than 2] bands with restriction of 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands (RAN1)]

· [Switching time and other RF aspects for above UL Tx switching schemes across [more than 2] bands (RAN4)]
Alt.1: 
4) [Study and if necessary specify following enhancements for DFTS-OFDM (RAN1)]

· [Dynamic switching between DFTS-OFDM and CP-OFDM]

· [Multi-layer transmission with DFTS-OFDM, with considering LTE design]

· [Note: the study targets to select only one of above enhancements, unless necessity to specify both enhancements is justified in the study]
Alt.2:

4) [Specify following enhancements for DFTS-OFDM (RAN1)]

· [Dynamic switching between DFTS-OFDM and CP-OFDM]

· [Study and if justified to support this on top of above dynamic switching, specify multi-layer transmission with DFTS-OFDM, with considering LTE design]
5) [Study and if necessary specify following enhancements for UL dense deployment and/or asymmetric beamforming operation between DL/UL, targeting [FR1 and/or FR2] (RAN1)]

· [UL power/timing control and UL beam management, with considering UL reception only points, including whether existing mechanisms can work with UL reception only points]
6) [Study and if necessary specify following coverage enhancements for PUCCH/UCI (RAN1)]

· [DMRS-less PUCCH with UCI payload size from 3 to 11 bits]

· [DFTS-OFDM waveform for short PUCCH with UCI payload size from 3 to 11 bits]

· [Repetition of CSI in dynamically indicated PUSCH resources]


To sum up, specific uplink enhancements include PRACH coverage enhancements, power domain enhancements, enhancements for multi-carrier UL operation, enhancements for DFTS-OFDM, enhancements for UL dense deployment and/or asymmetric beamforming operation between DL/UL, and coverage enhancements for PUCCH/UCI. In this paper, we provide discussions and comments on the main arguments of the pre-meeting email discussions for these directions, and also give suggested revisions of justifications or objectives based on [2]. 
2. Discussion
2.1 PRACH coverage enhancements
For the PRACH coverage enhancement, multiple beams operation should be included in the scope. Because, currently for the PRACH, uplink power is limited due to the limited EIRP of a specific direction. Using multiple beams may have larger uplink transmission power because the multiple beams can be in different directions, and for one of the direction the maximum EIRP is not exceeded. Hence our proposal is to remove the bracket for the multiple beam operation for PRACH coverage enhancement. The coverage enhancement can focus on the 4 step RACH procedure. Furthermore, regarding to the PRACH format, format B4 is supposed to have the largest coverage capability for short sequence formats, however, in reality, due to limited uplink RX analogue beams in one symbol, to save more time domain resources for data channels, short PRACH formats are also used. Then short PRACH formats are also valid for coverage enhancement. Hence we also propose that the enhancement is PRACH format agnostic.
Proposal 1: Multiple beam operation for PRACH coverage enhancement is included as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)

· Multiple PRACH transmissions with same beams targeting 4-step RACH [and 2-step RACH] procedures

· [Study, and if justified, specify PRACH transmissions with different beams targeting 4-step RACH [and 2-step RACH] procedures].
· Note: The enhancements of PRACH are targeting for FR2, which and can also be specified for apply to FR1 when applicable.

· Note: The enhancements of PRACH are [format-agnostic and] targeting [for PRACH format B4, which can also apply to other] short PUCCH formats when applicable.
2.2 Power domain enhancements
In terms of dynamic power aggregation, we agree with the summary [1] [2] that the study can start after RAN4 work on “Increasing UE power high limit for CA and DC” is done depending on conclusions from RAN4. 
In terms of enhancements to reduce MPR/PAR, the motivation in our understanding is to reduce the MPR of the current transmission signal and increase the output power of the UE in order to increase the coverage. Besides the potential schemes proposed in R17 coverage enhancement, pi/2 BPSK could be also one possible direction to be enhanced since pi/2 BPSK already has higher maximum output power than QPSK. The potential enhancement for coverage is to increase the spectral efficiency of pi/BPSK to increase the throughput of the cell edge UE. Hence we propose the following.
Proposal 2: Include the following objective for uplink enhancement in Rel-18:
· [Study and if necessary specify following power domain enhancements]
· [Enhancements to realize dynamic power aggregation based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, with checking in compliance with relevant regulations ([RAN1,]  RAN4)]
· [Note: The study can start after RAN4 work on “Increasing UE power high limit for CA and DC” is done depending on conclusions from RAN4.]
· [Enhancements to increase cell-edge data rate, e.g. reduce MPR/PAR, including new transmission mechanism such as spectrum shaping with QPSK, multi-layer DFT-s-OFDM with pi/2 BPSK, [reduced spectrum utilization with relaxed requirements on channel filtering,] [and potential adjustments to MPR and test tolerance relations] (RAN4[, RAN1])]
2.3 Enhancements for multi-carrier UL operation
In the pre-meeting email discussion, in terms of enhancements for multi-carrier UL operation, many companies have provided support for including this topic as an example area, while other companies still have questions which are summarized as following.

· The benefits of 2Tx switching on more than 2 UL bands over Rel-17 2Tx switching on 2 UL bands considering extra overhead of switching gap, SRS and DL interruptions.
· The benefits of 2Tx switching on more than 2 UL bands over Rel-17 2Tx switching on 2 UL bands considering UL power limitation. 

· The targeted number of Tx, bands/carriers of enhancements for multi-carrier UL operation.
We share our views on these aspects as below:
· The benefits of 2Tx switching on more than 2 UL bands over Rel-17 2Tx switching on 2 UL bands considering extra overhead of switching gap, SRS and DL interruptions.
For the evaluation in [3], we have considered simulation assumptions with 1 symbol switching gap which is referred to Rel-17 and 20ms periodic SRS, and 20%~50% performance gain can still be obtained. Besides, we also found negligible impact on performance gain with larger switching gaps (e.g., 2 or 4 symbols) in evaluation. With regard to SRS, for multiple bands including TDD, overhead of SRS carrier switching already exists for TDD DL CSI acquisition, and the information can be reused for multi-carrier UL operation. Regarding DL interruption, potential DL interruption is not increased at all by allowing switching among more UL carriers, because the number of UL switching occurrence at one time is not increased and any DL carrier can be interrupted, which depends on UE capability as in Rel-17, even if the UL switching is restricted among a smaller set of UL carriers. For example, taking a baseline as a UE configured with 3 DL carriers and UL switching between the first two UL carriers, whether the third DL carrier or any other two DL carrier is interrupted or not by an UL switching occurrence in Rel-17 depends on UE implementation and its resulting UE capability reporting. Allowing the third UL carrier for UL switching can have the same DL interruption frequency as the baseline. On the other hand, requiring independent UE Tx chain on the third UL carrier to achieve the same service as UL switching does not mitigate any DL interruption that has been required by the UL switching between the first two UL carriers.
More analysis on motivation and differences of solutions can be found in [3].
· The benefits of 2Tx switching on more than 2 UL bands over Rel-17 2Tx switching on 2 UL bands considering UL power limitation.

Actually, the restriction of UL power limitation is one main motivation of dynamic carrier switching. To be specific, considering the UL power limitation and Tx number limitation, it is hard for UE to enable simultaneous transmission over more than 2 bands. Different UE power splitting among given UL carriers have different UL throughput, so do different UE Tx chain allocation. Thus, to fully utilize the limited UE power and Tx chains, a gNB needs to schedule the most suitable bands via dynamic carrier switching according to the data traffic, TDD DL/UL configuration, bandwidths and channel conditions of each band, instead of RRC-based cell(s) reconfiguration. As a result, larger UL resource pool for scheduling will lead to higher UL data rate, spectrum utilization and UL capacity thanks to making full use of multi-band resources via limited power and Tx number.
· The targeted number of bands/carriers of enhancements for multi-carrier UL operation
The work in RAN1 would be agnostic to the number of bands over which Tx switching is performed. We could then let RAN4 decide if they will specify for 3 bands or more (e.g. 4). It is not unusual for an operator to have 4 bands. Perhaps RAN4 could take operators’ input during the WI and make a decision.
In conclusion, as justified in [3] and the previous contents, the benefits of multi-carrier UL operation are significant. Besides, RAN2 should also be relevant to this topic as it will introduce new UE capability reporting and RRC configuration. Therefore we suggest the following revision:
Proposal 3: Include the following objective for uplink enhancement in Rel-18:
· [Study and if necessary sSpecify following enhancements for multi-carrier UL operation]
· [UL Tx switching schemes across [more than 2] bands with restriction of 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands (RAN1, RAN2)]
· [Switching time and other RF aspects for above UL Tx switching schemes across [more than 2] bands (RAN4)]
2.4 Enhancements for DFTS-OFDM
Two potential aspects were proposed for DFT-S-OFDM enhancement, and one of them may be down-selected. From our point of view, the multiple-layer DFT-S-OFDM is prioritized over the dynamic switching between DFT-S-OFDM and CP-OFDM, because with higher transmission power of DFT-S-OFDM, rank 2 can be possible and this helps to improve the cell edge throughput. For dynamic switching between DFT-S-OFDM and CP-OFDM, our understanding is that a coverage-limited UE also has the chance to make rank 2 transmission, however the current specification limit the UE to be only rank 1 using DFT-S-OFDM, so enabling dynamic switching between the two waveforms can help the UE support rank 2 transmission at the cell edge. However, when making rank 2 transmission by CP-OFDM, the UE may sacrifice the maximum output power because the MPR of the CP-OFDM is higher than that of the DFT-S-OFDM. From the coverage point of view, rank 2 transmission using DFT-S-OFDM is more beneficial than dynamic switching between the two waveforms. Hence our proposal is that

Proposal 4: The alt1 can be accepted as the scope for DFT-S-OFDM enhancement, i.e.
· [Study and if necessary specify following enhancements for DFTS-OFDM (RAN1)]
· [Dynamic switching between DFTS-OFDM and CP-OFDM]
· [Multi-layer transmission with DFTS-OFDM, with considering LTE design]
· [Note: the study targets to select only one of above enhancements, unless necessity to specify both enhancements is justified in the study]
2.5 Enhancements for UL dense deployment and/or asymmetric beamforming operation between DL/UL
It is not clear what work can be done on UL power control if there is no DL from the same TRP. In this case the DL from a DL+UL TRP has to be used, and then each UE should have multiple uplinks operating co-channel, which might defeat the goal to transmit at lower power only towards the closest TRP. It seems that some form of coordination among DL+UL TRP and UL-only TRPs would have to be implemented, and that sounds a lot like UL mTRP with joint reception, which is not something new and can be implemented based on current specs, and could also save UE UL power. If the proposal is specifically for FR2, we also wonder how beam-based operation towards a UL-only TRP will work without a corresponding DL Rx beam. There are also potential timing issues if the UE acquires DL timing from another TRP. In conclusion, the feasibility and benefits of UL-only TRP are not entirely clear for us. In addition, separate DL/UL TCI indication and associated power control mechanism has been supported under R17 unified TCI framework, and this UL dense deployment and asymmetric Tx/Rx beamforming intrinsically require separate DL/UL TCI indication and (enhanced?) UL power control. So, it is more natural to consider these scenarios in the objective on extending R17 unified TCI framework in Rel-18 MIMO, avoiding duplicated design. Therefore, we prefer to deprioritize this direction from UL enhancements and have the following proposal.
Proposal 5: Remove the following objective from uplink enhancement in Rel-18 and possibly consider it together with extension of unified TCI framework (separate DL/UL TCI indication and power/timing control) under MIMO topic:
·  [Study and if necessary specify following enhancements for UL dense deployment and/or asymmetric beamforming operation between DL/UL, targeting [FR1 and/or FR2] (RAN1)]

· [UL power/timing control and UL beam management, with considering UL reception only points, including whether existing mechanisms can work with UL reception only points]
2.6 Coverage enhancements for PUCCH/UCI
PUCCH coverage was enhanced in Rel-17 for all the formats, and the need to further enhance the coverage of the PUCCH channel may need further justification. Hence from this point of view further coverage on PUCCH should only be considered with lower priority
Proposal 6: Further coverage enhancement on PUCCH is with lower priority. 
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