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1	Introduction
Further email discussions on Rel-18 NR uplink enhancements in October, focusing on coverage enhancement [1], resulting in a draft WID [2].  In this document, we provide further views on features for this work item, with emphasis on power domain enhancements, DFT-S-OFDM to CP-OFDM fast switching, and multi-layer DFT-S-OFDM.
[bookmark: _Ref178064866]2 Power Domain Enhancements
The outcome of the email discussion [1] led to the following text for power domain enhancements.
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])]
Improvements of total UE power capability for CA/DC in terms of dynamic power aggregation should be made in a manner predictable to the network and not only be left to UE implementation. 
We think MPR reduction and power domain enhancements that reduce MPR also for single-carrier transmission are promising. We agree a study phase is needed, and since this is in RAN4’s area of expertise, the study should begin there. Therefore, we think that RAN4 can be the leading WG for coverage enhancement aspects, with RAN1 being a secondary WG as needed. 
Regarding the objectives, we are open to considering dynamic power aggregation and spectrum shaping.  However, there are a variety of spectral shaping techniques with varying levels of specification impact, so clarification on what spectral shaping is meant would be helpful.
The MPR requirements, in particular for FR2, were developed to support conservative worst-case assumptions on implementations for the first release of NR in Rel-15. Furthermore, tolerances are applied on top of the MPR in the RAN4 specifications with additional test tolerances added for UE conformance testing by RAN5.   These tolerances effectively increase the margins from MPR, leading to quite high total margins.  One example for FR2: for power class 3, 16QAM modulation with DFT-s-OFDM and allocations within a carrier of 100 MHz channel bandwidth, the maximum output power including MPR is 22.6 dBm (power class) – 3 dB (MPR) = 19.6 dBm. Added on top of the power class that already includes tolerance (contrary to FR1) and MPR are tolerances due to power accuracy at lower power levels (RAN4 specifications) of 2 dB and a test tolerance 3 dB test tolerance for conformance testing (RAN5 specifications) based on the worst performing lab resulting in a UE pass/fail limit of 14.6 dBm. The UE designed for a power back-off is therefore afforded 5 dB additional margin in testing. This margin increases further with MPR and MCS order. Given the experience from commercial deployments of Rel-15, these MPR and tolerances should be revisited in RAN4.
For power domain enhancements, MPR for single-carrier transmissions and associated tolerances should be revisited in RAN4 given experience from commercial deployments of Rel-15 (FR2 in particular). Improvements of total UE power capability for CA/DC in terms of dynamic power aggregation should be made in a manner predictable to the network and not only be left to UE implementation.
[bookmark: _Toc89092109]Jointly consider MPR and tolerances in deriving UE power backoff for meeting radio requirements (e.g. unwanted emission requirements), with a view toward reducing UE power backoff, in particular for FR2.
Reduced spectrum utilization with relaxed requirements on spectrum confinement techniques for both single-carrier and intra-band contiguous UL CA is another possible approach to reduce MPR for meeting EVM requirements and has been recently discussed in the context of the beyond 52.6 GHz work. This may also reduce filter complexity.
[bookmark: _Toc89092110]For power domain enhancements, consider reduced spectrum utilization with relaxed requirements on spectrum confinement techniques for both single-carrier transmissions and intra-band contiguous UL CA to reduce MPR and/or reduce filter complexity
3	DFT-S-OFDM Fast Switching and Multi-Layer transmission
The draft WID has the following alternatives for multilayer DFT-S-OFDM and fast DFT-S-OFDM to CP-OFDM switching:
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]
A primary reason for the different alternatives was that during the email discussions, companies questioned the benefit of specifying both multi-layer DFT-S-OFDM and dynamic switching between DFT-S-OFDM and CP-OFDM.  In this section, we provide system level simulation results on fast switching and multi-layer DFT-S-OFDM in order to identify the need for either or both of the two schemes.  We also discuss general aspects motivating the two schemes.
3.1 Tradeoffs for DFT-S-OFDM, CP-OFDM, and Multi-Layer transmission
The NR uplink has two waveforms that are semi-statically configured: precoded (DFT-S-) and non-precoded (CP-) OFDM. DFT-S-OFDM has a relatively low peak to average power probability, which allows the UE to operate its power amplifier closer to its maximum output power (theoretically ~3 dB closer for QPSK as measured by the cubic metric) than CP-OFDM.  This higher output power can be used to improve coverage, especially for higher modulation orders. It also enables more efficient PA operation, and consequently reduced current drain in the UE.
While DFT-S-OFDM has benefits, it also has drawbacks.  DFT-S-OFDM scheduling is restricted to contiguous PRBs in the frequency domain, and the number of PRBs must be a multiple of 2, 3, and 5 (i.e. , with , , and  non-negative integers).  Furthermore, DFT-S-OFDM produces inter-subcarrier interference in the presence of delay spread which can require equalization and/or degrade performance.  CP-OFDM on the other hand allows non-contiguous resource allocation, any integer number of PRBs in the frequency domain, and generally does not require equalization.
Comparing DFT-S-OFDM and CP-OFDM, we observe that their tradeoffs are a function of dynamic parameters.  The benefit of non-contiguous frequency domain resource allocation or unrestricted numbers of PRBs may be more desirable to efficiently pack UEs in the frequency domain while reaping the benefits of frequency selective scheduling.  Such benefits accrue faster at higher cell loads.  If the UE is in a relatively flat channel and where frequency domain scheduling constraints are not a concern, using DFT-S-OFDM rather than CP-OFDM could allow the UE to operate at a higher MCS state because it will be able to transmit closer to its maximum rated power.  Similarly, if the UE experiences a deep fade or sudden blockage of a UE antenna, being able to transmit at the highest power level can be beneficial and switching to DFT-S-OFDM could improve performance.
DFT-S-OFDM and CP-OFDM operation are often a function of dynamic parameters, such as cell load, scheduling / link adaptation, fading, and/or antenna blockage. 
3.2 System performance of DFT-S-OFDM/CP-OFDM switching, and Multi-Layer DFT-S-OFDM
The constraints of using the DFT-S-OFDM waveform for UL-MIMO in NR are even more restrictive than for non-MIMO, since NR supports only a single layer for DFT-S-OFDM. In LTE, DFT-S-OFDM is specified with up to four-layer transmission and it is straightforward to enhance NR to be on par with LTE uplink spectral efficiency for this single carrier waveform case.  
Currently, DFT-S-OFDM is not used in the upper QPSK MCS range due to lack of 2-layer transmission.  In general, the benefit for cell edge / coverage scenarios may not be obvious.  As was shown in [3], in practice it turns out that rank 2 or higher transmission can be quite common in a cell, and that multilayer transmission can be a mechanism to deliver higher power especially for non-coherent UL MIMO UEs.   
However, it may also be asked how the gains of fast switching and multilayer DFT-S-OFDM compare.  In order to roughly quantify the relative gains of the two schemes, we considered 3 scenarios: codebook based UL MIMO using CP-OFDM, fast switching between CP-OFDM and DFT-S-OFDM for rank 1, but CP-OFDM for rank 2, and DFT-S-OFDM for both rank 1 and rank 2.  The non-coherent codebook is used in all cases with Rel-16 UL full power ‘mode 0’ (where each PA is capable of full power).  We note that this full power mode will reduce the gains from rank 2 DFT-S-OFDM relative to rank 1 DFT-S-OFDM, since the full power will be available for rank 1 non-coherent operation.  The 500m UMa scenario is used, given its relevance to coverage.
Observing that there is 1 and 3 dB MPR in 38.101 in section 6.2.2 for QPSK with DFT-S-OFDM and CP-OFDM in the edge and outer bands, and a similar difference in power (of 1.5 dB) for the inner bands, we model DFT-S-OFDM transmission maximum power as 22 dBm, while CP-OFDM is 20 dBm.  We expect these differences are conservative given that 38.101 captures minimum performance requirements, and given the higher amounts of cubic metric observed as discussed above.
The system level simulations further use FTP model 1 traffic, and link adaptation selection between rank 1 and 2.  Results from both 4 Tx and 2 Tx are given in Table 1 and Table 2, respectively, for 20, 50, and 70% cell load, as gains over the CP-OFDM baseline.  Detailed simulation assumptions are given in the Appendix.
[bookmark: _Ref88916628]Table 1: System throughput gains for fast switching and multi-layer DFT-S-OFDM: 2Tx, xpol
	
	Mean Throughput Gain
	Cell Edge Throughput Gain

	
	20%
	50%
	70%
	20%
	50%
	70%

	CP-OFDM
	0%
	0%
	0%
	0%
	0%
	0%

	Fast-Switching
	4%
	2%
	1%
	17%
	27%
	34%

	DFT-S-OFDM
	11%
	14%
	17%
	31%
	33%
	34%



[bookmark: _Ref88916639]Table 2: System throughput gains for fast switching and multi-layer DFT-S-OFDM: 4Tx, directional
	
	Mean Throughput Gain
	Cell Edge Throughput Gain

	
	20%
	50%
	70%
	20%
	50%
	70%

	CP-OFDM
	0%
	0%
	0%
	0%
	0%
	0%

	Fast-Switching
	5%
	8%
	9%
	68%
	63%
	59%

	DFT-S-OFDM
	12%
	16%
	19%
	70%
	78%
	81%



Examining the results for fast switching, we see that there are substantial cell edge gains over all load points and for both the 2 and 4 Tx configurations.  The 2 Tx gains range from 17-34%, while the 4 Tx gains are 59-68%.  There is also some mean throughput gain from fast switching: up to 4% and 9% with 2 and 4 Tx, respectively.
Multi-layer DFT-S-OFDM provides even more gain than fast switching, since more power is available for rank 2.  For 2 Tx, cell edge gains range from 31 to 34%, while for 4 Tx they are 70-81%.  Strong mean throughput gains are available from rank 2 DFT-S-OFDM: 11-17% and 12-19% for 2 and 4 Tx, respectively.  These higher mean throughputs from rank 2 DFT-S-OFDM as compared to fast switching are natural, since the higher throughput from rank 2 is available over more of the cell.
There is substantial cell edge gain (e.g. ~30% or ~80% for 2 or 4 Tx) at the system level from fast switching between DFT-S-OFDM and CP-OFDM
There are strong mean throughput gains (e.g. ~15% or ~20% for 2 or 4 Tx) at the system level from multi-layer DFT-S-OFDM
It may be observed from the results above that multilayer DFT-S-OFDM consistently outperforms fast switching.  Therefore from a purely performance perspective, one may argue that only multi-layer DFT-S-OFDM should be specified.  However, only UL MIMO scenarios are considered above, which neglects the gains for single Tx of DFT-S-OFDM over CP-OFDM.  Furthermore, fast switching and multi-layer DFT-S-OFDM are quite different from a UE implementation and specification impact perspective, and so are likely to be independent UE features.  As such, specifying them independently is motivated to meet the needs of different applications and markets.
Fast switching and DFT-S-OFDM are both beneficial, but for different UE designs
[bookmark: _Toc89092111]Specify both fast switching between DFT-S-OFDM and CP-OFDM and multi-layer DFT-S-OFDM for PUSCH.
[bookmark: _Toc490080453][bookmark: _Toc490081578][bookmark: _Toc47621446][bookmark: _Toc47621523][bookmark: _Toc47621562]4 Comments on other features in [RAN94e-R18Prep-02] UL enhancements email discussion outcome
We briefly summarize our views on the remaining objectives from [2] in this section.
1. Specify following PRACH coverage enhancements (RAN1, RAN2)

Multiple PRACH transmissions with at least the same beams may help certain UE implementations, and so we are OK to include this in the work item.

· 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]

Two step RACH is generally not used in coverage limited scenarios, given the lack of controlled timing advance, the possibility of PUSCH collision during contention, etc.  Therefore, these objectives should only include 4-step RACH.

· 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.
We are OK with these two notes.
[bookmark: _Toc89092112]Rel-18 PRACH coverage enhancements do not target 2-step RACH operation

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)]
Since the UL enhancements work is now targeting primarily coverage related aspects, multi-carrier operation should be discussed within a CA focused work item. 

[bookmark: _Toc89092113]Enhancements for multi-carrier UL operation are discussed within a CA focused work item. 

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]
While this is an interesting area, it’s still not clear to us what the study entails.  Diverse use cases were mentioned in [1] such as receive only nodes, low power Tx nodes, and asymmetric beamforming.  As there is some need to downselect objectives due to TU limitations, we prefer to not have this objective at this time.
[bookmark: _Toc89092114]Enhancements for UL dense deployment and/or asymmetric beamforming are not included in the Rel-18 UL enhancements work item

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]
As has been commented in prior rounds of Rel-18 discussion, e.g. [1] and in more detail [3], there was not consensus on the gains of DMRS-less PUCCH during the Rel-17 NR coverage enhancement study, and the practical benefit of a new PUCCH format at this stage in NR for up to 11 bits is not clear.  Similar comments were made for the DFT-S-OFDM waveform for short PUCCH.  As such, we do not think these two aspects should be included in the Rel-18 work on UL enhancements.
Regarding repetition of CSI in dynamically indicated PUSCH resources, there was consensus in the work item to enhance PUCCH repetition, motivated by observations that CSI is one of the potential coverage bottlenecks in some cases. The Rel-17 work item has excluded enhancement for dynamic repetition of PUCCH carrying CSI, which has meant that this enhancement to spectrally efficient CSI coverage is not included in Rel-17. Joint channel estimation is being specified and can increase CSI coverage, but this has no gain for TDD single UL slot configurations (i.e. DDDSU and similar). 
Therefore, we prefer to have enhancements to CSI coverage that can use whole slot repetition in a spectrally efficient manner. This efficiency can be obtained by dynamic control of the repetition factor and/or by aperiodic CSI triggering. At present aperiodic CSI can’t be repeated on PUSCH (except for the special case of Rel-17 UL-MTRP operation where at most two repetitions are allowed), aperiodic triggering for repeated CSI on PUCCH is not supported, nor is a dynamically indicated repetition factor for PUCCH carrying persistent or semi-persistent CSI. Rather than introducing an entirely new PUCCH format, we prefer considering one or more of the above approaches if enhanced CSI coverage is contemplated for Rel-18. 
During the final round of the email discussion [1], there were comments that repetition of CSI could be limited to PUSCH, resulting the current version in objective 6 above.  Given that the workload needs to be further limited in coverage, we are fine to support the bullet as in the above.
[bookmark: _Toc89092115]For objective 6, only repetition of CSI in dynamically indicated PUSCH resources is included in the Rel-18 UL enhancements work item.
5	Conclusion
In this document, we gave our views on topics for a Rel.18 work item on uplink enhancements, including MIMO and coverage aspects.  We considered some selected topics of interest, as well as provided some further comments on the potential work identified in the outcome of the [RAN93e-R18Prep-02] UL enhancements email discussion [1].  Based on the observations made, we propose the following for the Rel-18 uplink enhancement related work:
Proposal 1	Jointly consider MPR and tolerances in deriving UE power backoff for meeting radio requirements (e.g. unwanted emission requirements), with a view toward reducing UE power backoff, in particular for FR2.
Proposal 2	For power domain enhancements, consider reduced spectrum utilization with relaxed requirements on spectrum confinement techniques for both single-carrier transmissions and intra-band contiguous UL CA to reduce MPR and/or reduce filter complexity
Proposal 3	Specify both fast switching between DFT-S-OFDM and CP-OFDM and multi-layer DFT-S-OFDM for PUSCH.
Proposal 4	Rel-18 PRACH coverage enhancements do not target 2-step RACH operation
Proposal 5	Enhancements for multi-carrier UL operation are discussed within a CA focused work item.
Proposal 6	Enhancements for UL dense deployment and/or asymmetric beamforming are not included in the Rel-18 UL enhancements work item
Proposal 7	For objective 6, only repetition of CSI in dynamically indicated PUSCH resources is included in the Rel-18 UL enhancements work item.
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7 Appendix: Simulation Assumptions

	System-level simulation parameters

	Metric
	DL mean and cell-edge user throughput

	Traffic model
	FTP Model 1

	Number of sites
	7

	UE distribution
	80% indoor and 20% outdoor

	Handover margin
	3 dB

	Carrier frequency
	3.5 GHz 

	Bandwidth
	100 MHz 

	Subcarrier spacing
	30 kHz

	Channel model
	38.901

	Scenario
	UMa with 500m ISD

	Packet size
	100 kB

	gNB antenna configuration
	(, , , , , , ) = (8, 8 ,2, 1, 1, 4, 8) with (, ) = (0.5, 0.8)


	UE antenna configuration
	4 Tx: Directional elements, each with different a boresight and with cross polarized antenna elements
2 Tx: Two cross polarized antenna elements


	MIMO scheme
	UL SU-MIMO, with non-coherent codebook and Rel-16 power scaling (‘mode 0’)

	gNB antenna height
	25 m 

	gNB noise figure
	5 dB

	UE antenna height
	According to 36.873

	UE transmit power
	At most 22 dBm and 20 dBm, for DFT-S-OFDM and CP-OFDM, respectively

	Power control
	, SNR target=10 dB

	gNB noise figure
	5 dB

	Modulation
	Up to 64 QAM
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