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Introduction
The email discussion before RANP #94 preparing for Rel-18 have identified a few topics for Rel-18 NR UL enhancements (excluding MIMO). Expect the objectives related to PRACH coverage enhancements, other topics are still controversial. The objectives proposed by moderator as an outcome from the email discussion are listed below [1]. 

	The objective of this work item is to specify NR UL enhancements such as for PRACH coverage, [for power domain], [for multi-carrier UL operation], [for DFTS-OFDM], [for UL dense deployment] and [for PUCCH coverage]. 
The detailed objectives of the work item are as follows:
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]



In this contribution, we provide our views for the WID of NR UL enhancements. And the updated objectives are attached in the Annex. 
Discussion
PRACH coverage enhancements
PRACH was not included in the Rel-17 coverage due to the capacity of work item and that the PRACH should be the last uplink channel which needs coverage enhancement. As the 1st step for the uplink transmission, the sequence based PRACH provides enough coverage and flexibility. The motivation of the PRACH coverage enhancement only lies for FR2, which is suffered from the propagation losses and vulnerable to the blockage.  Compared with 4-step RACH procedure, 2-step RACH procedure requires higher coverage and SINR. Then the scenario of 2-step RACH coverage enhancement is not that clear. First, the 4 step RACH procedure could work as the fallback mode of 2-step RACH procedure, once the coverage of 2-step RACH are coverage limited. Second, the design target of 2-step RACH is to shorten latency of initial access when the condition is permitted. One of the conditions is the coverage, for which a RSRP threshold for Msg A have been defined. And if the repetitions are introduced for the 2-step RACH, the latency is obviously increased. Thus, the 2-step RACH should not be considered for Rel-18 coverage enhancements.

For the PRACH transmission with different beams, it is more for shortening the latency with multiple RACH in one occasion. Multiple beams in the same direction, which works like repetitions, could enhance the signal power and coverage. But the PRACH with multiple beams is not that clear. 

The coverage enhancements for PRACH should be format agnostic. But only the PRACH format B4 have been evaluated during the SI. Then we should start from PRACH format B4 and guarantee the enhancements could work for the other PRACH formats. 

[bookmark: _Hlk89003009]Proposal 1:
· The 2-step RACH procedure should not be included in the PRACH coverage enhancements.
· PRACH transmission with different beams needs more discussion.
· The PRACH enhancements should be format agnostic. But the group could start with format B4 and enhancements should apply to other PUCCH formats.

And the objectives are updated as follows.
	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.



Power domain enhancements
During the pre-#94 meeting email discussion, it is clear that the current Rel-17 RAN4’s work on “Increasing UE power high limit for CA and DC” overlaps with the contents under the power domain enhancements. And it was commented whether the dynamic power aggregation is needed is not clear. For this part, we could begin the work after RAN4 finish their Rel-17 work and study whether the dynamic indication or switching is needed. The decision should base on the outcome from RAN4’study.
The reduction of MPR/PAR is attractive. But during the SI, this topic was lack of interest and had only a few contributors. We are not sure the situation has changed. Then the normative work for the reduction of MPR/PAR needs more justification. If it is approved for the Rel-18 work, it should start with a study phase and further check if the normative work is needed.
[bookmark: _Hlk89003015]Proposal 2: 
· The power aggregation should only start after the RAN4’s work on “Increasing UE power high limit for CA and DC” if specification impacts have been identified. The dynamic indication or switching needs justifications.
· The enhancements to reduce MRP/PAR needs justifications.

And the objectives are updated as follows.
	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])]



Enhancements for multi-carrier UL operation
UL Tx switching schemes across more than 2 bands with 2 Tx simultaneous transmission for FR1 UEs can facilitate the flexible use multiple frequency bands which the operators have. Flexible use of different bands could benefits both coverage and capacity/data rate by switching between different bands, such as below 1GHz and middle frequency bands. Currently, we have seven frequency bands which all support CA. The extension to only 3 bands seems not bring sufficient flexibility and advantages over the 2 frequency bands which has been supported in the Rel-17.  Then the scheme supporting at least 4 bands is preferred. As it was commented for the switching time and other RF aspects for the UL Tx switching schemes across more than 2 bands, we are open to study.
[bookmark: _Hlk89003022]Proposal 3:
For the UL Tx switching schemes across more than 2 bands with restriction of 2 Tx simultaneous transmission for FR1 UEs, at least 4 frequency bands should be supported. 

And the objectives are updated as follows.
	5. [Study and if necessary specify following enhancements for multi-carrier UL operation]
· [UL Tx switching schemes across [more than 2] at least 4 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 at least 4 [more than 2] bands (RAN4)]



Enhancements for DFTS-OFDM
The discussion on the enhancement of DFT-S-OFDM are controversial during the email discussion. The motivations for multiple-layer transmission with DFT-S-OFDM and dynamic switching between OFDM and DFT-S-OFDM are not exactly the same but they may have a similar effect for the cell-edge UEs. The multiple-layer transmission for DFT-S-OFDM could bring additional data rates when the channel conditions are allowed. And the dynamic switching between OFDM and DFT-S-OFDM do solve some concerns from some operators that, gNB does not reconfigure the UEs that original works in the DFT-S-OFDM to the OFDM waveform. The benefits are similar for utilizing the higher rank of channel. Considering the limited time and work load of Rel-18, only one of then should be supported. Though the DFT-S-OFDM could bring more benefits in the PAPR and bring additional transmit power compared with OFDM, the design and the sepc impacts of multiple layer transmission is more complicated. Then the dynamic switching between DFT-S-OFDM and OFDM is slightly preferred. On the other hand, if the multiple layer transmissions for DFT-S-OFDM are supported in Rel-18, it should belong to the work of MIMO, which is already high loaded. Then the support of dynamic change between DFT-S-OFDM and OFDM is the most efficient way to fulfil the targets. 
[bookmark: _Hlk89003029]Proposal 4:
Only support the dynamic switching between DFTS-OFDM and CP-OFDM under the enhancements for the DFT-S-OFDM.
And the objectives are updated as follows.
	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:
5.  [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]



Enhancements for UL dense deployment and/or asymmetric beamforming operation between DL/UL
The UL dense deployments and/or asymmetric beamforming operation between DL/UL are proposed for the UL enhancement. The content of asymmetric beamforming operation between DL/UL needs more clarification. Since the UL dense deployments introduces new access points without capability of DL transmission with the consideration of the cost and UL coverage enhancements. The benefit of asymmetric beamforming is not that clear. And whether it is operated under the multiple TRP scenario or multiple cell is not clear. Meanwhile, it is overlapped with the work of MIMO.

[bookmark: _Hlk89003370]Observation 1:
The using scenario of asymmetric beamforming operation between DL/UL needs clarification and justification. 

As we commented in the previous email discussion, small cell base stations for NR have been developed and deployed in the fields, which is exactly the same considerations and steps for the industry for LTE development and deployments. Then benefit of UL dense deployment, especially for FR1, needs justifications. For the FR2, the enhancements and the specification impacts need more clarification. As the UE’s power control should follows the instruction of gNB and current PC supports multiple loops for TPC and multiple settings for the open loop configurations, the issue related with power control without DL Reference signals could be solved through implementations. And for the UL beamforming at UE side, current SRS supports the usage of beam management. Then it is more like an implementation issue. 

[bookmark: _Hlk89003390]Proposal 5:
The enhancements for UL dense deployments and asymmetric beamforming operation between DL/UL needs justification. 

And the objectives are updated as follows.
	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]



Coverage enhancements for PUCCH/UCI
The DMRS-less PUCCH have been discussed and studied sufficiently in the SI but was not recommended by the working group due to different views on the benefits. And during the discussion in RAN plenary, the views were still diverse and it was not included in the Rel-17. From our side, the observations and views during the previous Rel-17 discussion still stands. Then there is no motivation to support the DMRS-less PUCCH in Rel-18. For the short UCI enhancement of the coverage, it is contradictory from one side searching for more resources for repetitions and on the other side not using a long formats which are more robust and coverage friendly. And the PUCCH repetition enhancements in Rel-17 has cover both long and short PUCCH. There is no need for further enhancements. CSI information are more latency sensitive. The benefit should be evaluated before any decision for the repetition kind enhancement of CSI.

[bookmark: _Hlk89003407]Proposal 6:
· The DMRS-less PUCCH had been sufficiently studied in Rel-17. There is no need for the enhancement in Rel-18.
· Short PUCCH have been enhanced in Rel-17. There is no need for further enhancements.
· The enhancement of CSI repetitions needs justifications, as the CSI is time/latency sensitive and impact the DL performances.

And the objectives are updated as follows.
	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]



Conclusions
In this contribution, we provide our views for the WID of NR UL enhancements. The observation and proposals are as below. The updated objectives are also attached below. 
Observation 1:
The using scenario of asymmetric beamforming operation between DL/UL needs clarification and justification. 

Proposal 1:
· The 2-step RACH procedure should not be included in the PRACH coverage enhancements.
· PRACH transmission with different beams needs more discussion.
· The PRACH enhancements should be format agnostic. But the group could start with format B4 and enhancements should apply to other PUCCH formats.

Proposal 2: 
· The power aggregation should only start after the RAN4’s work on “Increasing UE power high limit for CA and DC” if specification impacts have been identified. The dynamic indication or switching needs justifications.
· The enhancements to reduce MRP/PAR needs justifications.

Proposal 3:
For the UL Tx switching schemes across more than 2 bands with restriction of 2 Tx simultaneous transmission for FR1 UEs, at least 4 frequency bands should be supported. 

Proposal 4:
Only support the dynamic switching between DFTS-OFDM and CP-OFDM under the enhancements for the DFT-S-OFDM.

Proposal 5:
The enhancements for UL dense deployments and asymmetric beamforming operation between DL/UL needs justification. 

Proposal 6:
· The DMRS-less PUCCH had been sufficiently studied in Rel-17. There is no need for the enhancement in Rel-18.
· Short PUCCH have been enhanced in Rel-17. There is no need for further enhancements.
· The enhancement of CSI repetitions needs justifications, as the CSI is time/latency sensitive and impact the DL performances.
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Annex
The updated objective are as follows with tracks. 

Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objective of this work item is to specify NR UL enhancements such as for PRACH coverage, [for power domain], [for multi-carrier UL operation], and [for DFTS-OFDM]., [for UL dense deployment] and [for PUCCH coverage]. 

The detailed objectives of the work item are as follows:
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] at least 4 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] at least 4 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:
7. [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]

8. [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]

9. [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]
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