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Introduction
The baseline link budget analysis provided in [1][2] for FR1 and FR2 respectively shows PUSCH is a clear bottleneck channel for all considered scenarios. In this contribution, we discuss some potential techniques to enhance PUSCH coverage. More specifically, we discuss MPR reduction, DMRS enhancements, TBS optimization, and dynamic waveform indication.
Techniques to reduce MPR in uplink transmissions
Based on our initial link budget analysis for rural and urban scenarios [1][2], uplink channels are a bottleneck for coverage and are a limiting factor when determining 5G NR cell coverage. This situation primarily arises due to fact that the BS and the UE differ significantly in the total transmitted power. This draws attention to techniques that let the UE transmit at a higher power, while being subject to the restrictions imposed by its power class. These observations motivate us to take a closer look at any unused transmit power at the UE and draws attention to the MPR table in 38.101-1.
We use a power class 3 UE as a motivating example, but the ideas presented here are applicable to UEs of any power class. Table 6.2.2-1 of 38.101-1 as provided in Table 1 specifies a set of power reduction values dependent on RB allocation and modulation order for power class 3 UEs. The power back off values are then used by the UE to calculate the lower bound on its  value. The set of power reduction values may sometimes be band-dependent, but for the sake of motivating the current proposal, we use band n78 as an exemplary band, and note that for this band this table applies as it is without any further consideration for band-specific A-MPR. The values in this table are chosen such that a UE’s transmissions meet the various RAN4 restrictions on ACLR, IBE, EVM and SEM. 
[bookmark: _Ref40451204]Table 1 MPR Table from 38.101-1
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While it is seen that for DFT-S-OFDM with inner RB allocations it is required to transmit the lower order modulations such as pi/2 BPSK and QPSK at full power without any power back off, a back off of up to 1 dB may be applied to outer and edge RB allocations. As one proceeds to higher order modulations, significant power back offs may be applied, with DFT-S-OFDM with 64 QAM being allowed up to 2.5 dB back off. Similarly, for CP-OFDM, power back off of up to 3 dB may be applied to outer RB allocations with QPSK modulation, with progressively increasing back offs for higher order constellations.
Note that DFT-S-OFDM with pi/2 BPSK has two sets of values defined, one for the case where the 0 dB MPR is in reference to 23 dBm and another where the 0 dB MPR is in reference to 26 dBm. This change in reference power to 26 dBm is permitted when UE is operating in TDD mode with less than 40% of the slots in a radio frame being used for uplink transmission. This particular amendment is based on the observation that the power class of a UE is defined on the basis of average transmit power and not based on instantaneous power used in a given slot, thus allowing a UE to transmit at a power above the value indicated by its power class. UEs that support this additional 3 dB boost are identified by the powerBoosting-pi2BPSK capability.
It is thus clear that for both lower and higher order constellations there is unused uplink power at the UE transmitter than can potentially be unlocked by considering advanced waveform design ideas that help the UE meet the various RAN4 requirements without having to back off on maximum transmit power. In particular, we believe it is beneficial to study advanced waveform design techniques that allow reducing the MPR values for waveforms of all modulation orders. 
Reducing the PAPR (Peak to Average Power Ratio) and CM (Cubic Metric) of the waveform is a common method for achieving higher transmission powers leading to lower MPRs. The input back off required for meeting the RAN4 restrictions is generally smaller for the reduced-PAPR waveform. This translates to a higher transmission power as well as higher PA efficiency. Among the large number of known PAPR reduction techniques, “tone reservation” stands out due to its simplicity and efficient usage of the available resources. This technique dedicates a subset of available sub-carriers to reducing the PAPR of the waveform. These subcarriers are referred to as Peak Reduction Tones (PRTs). To preserve the EVM, there is no overlap between the PRTs and the subcarriers used for transmitting the data.
The principle of tone reservation aims to use the PRTs to construct a compensating waveform, which when added to the raw waveform results in a lower-PAPR waveform. This compensating waveform is constructed by identifying peaks to cancel in the original waveform. The compensating waveform only uses the PRTs and thus leaves the data tones unaltered. Several efficient algorithms exist for this purpose. For example, one well known algorithm is by J. Tellado [4] that iteratively cancels the peaks in the original waveform.
While there are many options for the location of PRTs in reference to the data tones, for the DFT-s-OFDM waveform, reserving tones immediately adjacent to the RBs allocated to a UE is a reasonable choice. This is illustrated in the figure below where two UEs are allocated dedicated data tones for their uplink transmission and in addition have some tones on either side of their allocation reserved as PRTs. Note that when using algorithms such as those in [4], the power expended by a UE within the PRTs is quite negligible in comparison to the overall transmit power. 
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[bookmark: _Ref53743864]Figure 1 Tone reservation

On the receiver side, the gNB can discard the PRTs and process only the data tones allocated to a UE to recover the uplink payload. Thus, this approach to increasing uplink tx power has very minimal impact on gNB receiver design.
These ideas are applicable to any modulation order and also to CP-OFDM waveforms, thus providing a common framework to boost uplink transmit power across a wide range of scenarios.
To illustrate the effectiveness of these principles, we consider a UE that is allocated 8 RBs for PUSCH transmission. In addition to these 8 RBs, the UE is also provided with 1 RB of PRTs on either side of its allocation, as shown in the figure below. Thus, the UE is in all allocated a total of 10 RBs out of which 8 are used as data tones, and 2 RBs used for waveform shaping. 
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[bookmark: _Ref53743877][bookmark: _Ref53743818]Figure 2 Tone reservation with 20% Sideband PRTs
Focusing on such an allocation we consider a DFT-S-OFDM with QPSK modulation and highlight the significant improvements in PAPR and Raw Cubic Metric (RCM) improvements due to tone reservation in Fig 3. The left and right figures respectively represent the CCDF of PAPR and RCM. The PAPR improvements are as large as 3.3 dB at 10-6 CCDF level and 2.2 dB at 10-4. The RCM improvements are 1.2 dB and 1.0 dB at 10-3 and 10-2 CCDF levels respectively. The Power Spectral Density (PSD) of the PRTs is 15 dB lower than the PSD of the data tones. Therefore, the observed PAPR and RCM gains come at a negligible price in terms of energy and complexity.


[bookmark: _Ref48148797][bookmark: _Ref48140724]Fig 3: CCDF of PAPR and RCM of the DFT-s-OFDM QPSK waveform before and after PAPR reduction
These low PAPR waveforms are then tested against the various RAN4 constraints on EVM, ACLR, SEM and IBE. For a given target PAPR, the resulting waveform has a certain EVM, ACLR, SEM and IBE characteristic. The goal then is to find the lowest PAPR at which these constraints are met. Such a RAN4 compliant waveform with low PAPR then determines the required MPR. As an example of how PAPR, and RAN4 constraints eventually translate to MPR, we focus on ACLR and EVM[footnoteRef:2] compliance of the DFT-S-OFDM waveform generated for the setting in Figure 2. As shown in the table below,  [2:  ACLR target was set to 42 dBc and EVM target was set to -26 dB.] 


	DFT-s-OFDM, QPSK, 8 RBs 
	No PRTs
	2 additional RBs for PRTs

	PAPR that meets ACLR
	4.5 dB
	3.4 dB

	PAPR that meets EVM
	2.5 dB
	2.0 dB

	PAPR that meets both
	4.5 dB
	3.4 dB

	Energy used towards PRTs
	--
	0.1 dB

	Potential tx power gain compared to baseline
	--
	1.0 dB



Given these encouraging results and the promise of a common unified framework to increase the uplink transmit powers across all waveform types and modulation orders, we make the following proposal:
Proposal 1: For enhancing the coverage of PUSCH, consider techniques for UE transmit waveform design that allow further reduction in the MPR values for DFT-S-OFDM and CP-OFDM waveforms. In particular, consider tone reservation principle for DFT-s-OFDM and CP-OFDM waveforms to further reduce PAPR. 

PUSCH DMRS Enhancements
In this section, we discuss two possible approaches namely DMRS bundling and adaptive DMRS to improve channel estimation accuracy for PUSCH, and hence to extend the coverage of PUSCH. 
DMRS bundling
In Rel-15/16, channel estimation for data demodulation is based on DMRS symbols within a slot (or a mini-slot). There is no coherence requirement on the DMRS transmissions across different slots/repetitions.  At the cell edge, the performance degradation due to channel estimation error may be significant, and methods to improve the channel estimation quality may be beneficial. One way to improve the channel estimation accuracy in this scenario is to let the receiver jointly processing DMRS symbols in multiple slots. To this end, the transmitter needs to coherently transmit DMRS symbols over multiple slots/repetitions, i.e., the transmitter should maintain phase continuity across DMRS symbols in different slots/repetitions. This technique is also known as DMRS bundling.  
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[bookmark: _Ref40185053]Fig 4: DMRS bundling performance with 1 DMRS symbol per slot
To show how much performance gain can be offered by using DMRS bundling, we provide some simulation results below. Fig 4, we compare the performance of DMRS transmission with and without bundling for PUSCH. In the simulations, we assume that the number of DMRS symbols is fixed to 1 symbol, and data communication occupies 13 OFDM symbols. For DMRS bundling, we consider both the case in which the same TBs are transmitted over different slot (i.e., slot aggregation), as well as the case in which different TBs are transmitted over different slots. In all the simulations, the same MCS value is used. The red curves illustrate the performance without DMRS bundling. The blue curves show the performance with DMRS bundling over two slots. The green curves show the performance with DMRS bundling over four slots. As can be seen from the figure, DMRS bundling offers more than 0.8~1.5 dB gain in the considered scenarios.  
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[bookmark: _Ref40445116]Fig 5: DMRS bundling performance with fixed TBS per slot
In Fig 5, we consider a scenario where a PUSCH is scheduled with 1 RB and 14 OFDM symbols. We change the number of DMRS symbols within the slot but kept the transport block size (TBS) fixed. It is appreciated that there is a trade off on how many DMRS symbols are used for the transmission. On the one hand, with more DMRS symbols, the channel estimation quality is better. On the other hand, using more DMRS symbols means higher coding rate (i.e., less resources for transmitting data). As can be seen from the figure, the performance of using 1 DMRS symbol and 2 DMRS symbols provide similar performance, which are uniformly better than using 4 DMRS symbols. However, by using 1 DMRS per slot and bundle across 2 slots, we may achieve around 0.5 dB gain compared to the case of no DMRS bundling with 1 or 2 DMRS symbols per slot. Further gains may be achieved by bundling across more slots. 
[bookmark: _Ref40184653]Based on the above analysis, we make the following proposal: 
[bookmark: _Hlk23927392]Proposal 2: Consider DMRS bundling technique for coverage enhancement in Rel-17. 

Adaptive DMRS
Current specification assumes usage of fixed pilot patterns which are defined by DMRS parameters that are RRC configured per UE. Any change in DMRS configuration parameters can be done only through RRC reconfiguration. RRC reconfiguration is a non-synchronous process that also typically involves a high latency till reconfiguration process is over. During the reconfiguration period there is an uncertainty on the NW side regarding the configuration that is currently used by a UE. For this reason, there is no practical way to convey RRC reconfiguration (DMRS adaptation) “on the fly” without introducing some link interruption which may be very undesirable especially in case of UEs approaching the cell edge.  
Channel estimation accuracy depends on the level of correlation of the channel in time and frequency, working SNR point of a UE and on the used for channel estimation 2D pilot grid option. Channel parameters and SNR conditions are different for different UEs and are also varying in time. Different channel and SNR conditions require different pilot configuration option to maximize spectral efficiency of a link per UE. Hence, using a fixed pilot configuration in the NW requires to trade off in advance between average pilots overhead and UEs performance. As a result, in some cases extra resources are wasted for unnecessary pilots while in other cases UE performance is floored because of non-appropriate pilot configuration. 
Adaptive DMRS approach with dynamic selection and signaling of  DMRS configuration option which is the most convenient choice for the channel and SNR conditions experienced by the UE at the given time period was proposed by in [4] and was agreed to be further studied.
Using adaptive DMRS configuration per UE per slot (or some number of slots) to keep it aligned with a varying channel and reception conditions can provide a significant link performance improvement. For cell edge UEs link performance is limited by channel estimation processing gain which can be improved if denser DMRS patterns are used. Correspondingly, DMRS configuration adaptation can improve both coverage and rate over range characteristics in the network. Results provided in [4] showed that usage of the most appropriate DMRS configuration has a potential to provide gain of up to 1.7dB per fixed MCS and tens of percent of TPUT increase at cell edge scenarios for PUSCH.
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Figure 6 Performance of PUSCH with different DMRS configurations RI=1, MCS=0
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Figure 7 Performance of PUSCH with different DMRS configurations RI=1, MCS=2

Observation: Using appropriate DMRS configuration could provide up to 1.7dB gain per fixed MCS and tens of percent of TPUT increase at cell edge scenarios for PUSCH.
Adaptive selection of the most convenient DMRS configuration option for PUSCH is assumed to be done on BS side as a part of SRS processing and based on the estimated UL channel characteristics (like Doppler, delay spread) and reception SNR.
Adaptive DMRS approach primarily assumes usage of the existing in the specifications DMRS configuration options or patterns. Any new DMRS pattern that may be introduced in the next version of the specification may be addressed in the suggested DMRS adaptation process the same way as the existing DMRS configuration options/patterns (more details are provided further). 
Several techniques including TB repetition, DMRS bundling, frequency hopping and their different combinations are addressed by different companies for coverage enhancement in UL. All of them can benefit from DMRS adaptation that has a potential to bring additional value for each one of the addressed techniques. No matter which specific technique is addressed, it can be considered on top of basic DMRS adaptation approach and the associated with DMRS adaptation performance improvements. Different techniques and the corresponding configurations (number of TB repetitions applied with or without DMRS bundling assumption, intra or inter slot frequency hopping or any combination) can be employed with the corresponding to them most appropriate DMRS configuration choice based on the channel characteristics, working SNR point and a specific technique usage assumption. For optimal link performance and the required link reliability, DMRS configuration should be selected adaptively in time for any addressed coverage enhancement technique and different coverage enhancement techniques may be associated with a different choice of the most appropriate DMRS configuration for the same given channel characteristics and SNR conditions. 
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Figure 8 PUSCH performance with adaptive DMRS configuration for cell edge scenario
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Figure 9 PUSCH performance with adaptive DMRS configuration for cell edge scenario with TB repetition=2
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Figure 10 PUSCH performance with adaptive DMRS configuration for cell edge scenario with TB repetition=2 and DMRS bundling
 It can be seen from  that, for different scenarios and SNR ranges, a different DMRS configuration option (color) hits 100% of the max relative TPUT (becomes to be the best option among the 4 tested options). Relative degradations of different DMRS configuration options for every SNR point can be also observed for each one of the tested coverage enhancement techniques. This clearly shows a significant value in DMRS adaptation for a wide range of scenarios and employed coverage enhancement techniques.
To enable efficient DMRS adaptation in 5G NR, a new signaling mechanism for dynamic DMRS reconfiguration is required (RRC reconfiguration is problematic as was already mentioned before). MAC-CE based activation mechanism is used in 5G NR for dynamic reconfiguration (“on the fly”) of several configurations or parameters (active TCI state, active CSI trigger state for example). We suggest considering the following options for PUSCH:
· Option 1: Dynamic MAC-CE based activation + complementary DCI based selection of one of the activated DMRS configuration options.
· Option 2: Single active DMRS configuration option that is dynamically activated by MAC-CE.
Option 1 assumes the following components:
· A number of DMRS configuration options to be addressed by a UE are RRC configured (DMRS configurations table) by the NW minding NW scheduling patterns/preferences and UE capabilities. 
· Several DMRS configuration options from the configured table of DMRS configurations will be activated by MAC-CE (allows synchronous signaling with a short latency). Reactivation will be done dynamically and will follow long term DMRS adaptation process. 
· All the activated DMRS configuration options will be addressed as a code points for complementary DCI based selection. For each scheduled PUSCH allocation, the scheduling DCI will select/signal one of the activated DMRS configuration options. 
Option 1 allows usage of a different activated DMRS configuration options for different PUSCH allocations for the UE and this may allow a higher flexibility for the NW scheduler and a better level of adaptation for different scheduling scenarios (slot based on mini slot based scheduling, different MU-MIMO co-scheduling scenarios, PUSCH and SRS multiplexing, or usage of different coverage enhancement techniques like TB repetition, DMRS bundling or intra/inter slot frequency hopping).
Option 2 allows lower level of flexibility but also does not require a complementary DCI based signaling. This option assumes the following components:
· A number of DMRS configuration options to be addressed by a UE are RRC configured (DMRS configurations table) by the NW minding NW scheduling patterns/preferences and UE capabilities. 
· One of the RRC configured DMRS configuration options (from DMRS configurations table) will be dynamically activated /selected by the NW using MAC-CE signaling (allows synchronous signaling with a short latency). Dynamic reactivation will follow long term DMRS adaptation process.
· The activated DMRS configuration option will be used by the NW and by the UE till re-selection/re-activation of any other option (no extra DCI based signaling is required).


Figure 11 Signalling mechanism for dynamic DMRS reconfiguration (option 1 and option 2)

Usage of MAC-CE based signaling allows to avoid (as with option 2) or at least to minimize (as with option 1) the required additional new bits in DCI.
Based on the above discussion, we make the following proposals:
Proposal 3: Introduce a new mechanism for dynamic DMRS configuration signaling to enable DMRS adaptation in Rel-17. 
Proposal 4: Consider the following signaling options for dynamic DMRS configuration
· Option 1: Dynamic MAC-CE based activation and complementary DCI based selection of one of the activated DMRS configuration options.
· Option 2: Single active DMRS configuration option that is dynamically activated by MAC-CE to adopt DMRS configuration to channel and SNR conditions.

Dynamic Switching between CP-OFDM and DFT-S-OFDM
5G NR allows two transmission scheme options in UL: DFT-S-OFDM and CP-OFDM. 
DFT-S-OFDM is a preferred option for cell edge scenario since it has a lower PAPR characteristic and hence may allow an increased transmission power. For this transmission scheme spec also allows usage of a more robust MCS options (lower code rates and pi/2 BPSK modulation option). DFT-S-OFDM scheme usage currently is defined with single layer transmission only  (is not intended for high SNR region of for high spectral efficiencies) and is typically targeted for cell edge UEs (DFT-S-OFDM scheme in UL is a basic assumption for coverage enhancement section).
CP-OFDM scheme is a more spectrally efficient option since it is associated with MCS tables that provide mostly more spectrally efficient MCSs and allows multiple layers transmission. CP-OFDM is typically a default choice for the most of UEs under cell coverage. 
Different UEs may reside at different locations under the cell coverage range at different times and ideally should use different transmission schemes according to the experienced reception conditions (lowest SNR edge/cell edge or mid/high SNR range). This in turn requires a practical way to provide a dynamic switching between DFT-S-OFDM and CP-OFDM schemes. 
In the current specification of 5G NR, usage of DFT-S-OFDM scheme (or transform precoding enabling) is RRC configured. Correspondingly, switching to DFT-S-OFDM and back to CP-OFDM scheme requires RRC reconfiguration of the relevant parameters. There are 4 different RRC parameters that are related to (or involved in) transform precoding enabling/disabling for different modes/types of PUSCH scheduling (transformPrecoder  in pusch-Config, transformPrecoder  in configuredGrantConfig, msg3-transformPrecoder and msgA-TransformPrecoder-r16). To enable efficient waveform adaptation in 5G NR, a new signaling mechanism for dynamic waveform reconfiguration is required (RRC reconfiguration is problematic especially for cell edge UEs as was already mentioned in the previous sections). 
Current specification defines that UE is RRC configured with a different MCS tables for CP-OFDM based transmission (addressed if transform precoding is disabled) and for DFT-S-OFDM based transmission (addressed if transform precoding is enabled). Different MCS tables are also addressed for 64QAM (2 tables for CP-OFDM and 2 additional tables for DFT-S-OFDM) and for 256QAM.
We suggest considering the following options for dynamic implicit signaling of the waveform:
· Option 1: Dynamic MAC-CE based activation of the active MCS table. Different RRC configured MCS tables are associated with different waveforms and the activated MCS table provides an implicit indication of the associated waveform.

· Option 2: A new hybrid MCS table will be defined as a combination of MCSs from the existing MCS tables for DFT-S-OFDM and CP-OFDM transmission schemes. PUSCH MSC idx signaled in a scheduling DCI (scheduled grant) or configured under ConfiguredGrantConfig in case of a configured grant for PUSCH will be used as an implicit signaling for the transmission scheme.  
 
Option 1 assumes the following components:
· A number of MCS table options to be addressed by a UE are RRC configured (a list of MCS tables) by the NW minding UE capabilities. 
· One of the RRC configured MCS tables (from the list of the RRC configured MCS tables) will be dynamically activated /selected by the NW using MAC-CE signaling (allows synchronous signaling with a short latency). 
· Dynamic MCS table reactivation will be used to adopt the transmission scheme and the type of MCS table (DFT-S-OFDM/CP-OFDM, 64/256 QAM) to channel and SNR conditions associated with UL transmissions of a UE.



Figure 12 Signalling mechanism for dynamic MCS table and waveform reconfiguration (option 1)

Option 2 assumes the following components:
· A new hybrid MCS table will be defined. MCS indexes below some THR idx will be associated with DFT-S-OFDM transmission scheme and the remaining MCS indexes will be associated with CP-OFDM transmission scheme. 
· The signaled MCS index for PUSCH grant will provide an implicit indication of the corresponding associated with its waveform.
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Figure 13 Hybrid MCS table for dynamic implicit waveform signalling (option 2)

Proposal 5: Introduce a new mechanism for enabling dynamic PUSCH waveform adaptation (CP-OFDM vs. DFT-s-OFDM) in Rel-17. 
Proposal 6: Consider the following options for dynamic implicit signaling of the transmission scheme for PUSCH:
· Option 1: Dynamic MAC-CE based activation of the active MCS table. Different RRC configured MCS tables are associated with different waveforms and the activated MCS table provides an implicit indication of the associated waveform.

· Option 2: To define a new hybrid MCS table that will contain a combination of MCSs from MCS tables for DFT-S-OFDM and CP-OFDM transmission schemes while different MCS index ranges will be associated with different waveforms. MSC index indicated for a PUSCH grant will be used as an implicit signaling for the transmission scheme.  

TBS Scaling and Optimization for PUSCH
In Rel-15/16, according to section 6.1.4.2 and 5.1.3.2 of TS38.214, TBS is determined based on the scheduled modulation order , coding rate , number of MIMO layers  and number of available REs in the scheduled slot (denoted by ). To deliver a packet to the gNB, the UE may be scheduled with higher MCS and less resource if channel condition is good or lower MCS and larger resource if the channel condition is bad. For UE at cell-edge, larger resource allocation does not seem to be an ideal option due to the limited power budget. Thus, cell-edge UEs are most likely to engage in narrow band transmissions with low MCS (QPSK and lower coding rate). Such a configuration can often require the UE to divide a higher-layer packet into multiple segments and transmit the packets over multiple small TBs in multiple UL grants.
As illustrated in the figure below, if a UE has a packet with 1280 bits (e.g., a video call), the UE may transmit the packet in one slot using 16RBs, or divide it into 4 parts each with 320 bits and transmit them in 4 slots using 4RBs to have better coverage. 



Figure 14 Illustration for TB segmentation and TBS scaling/optimization.

Another example would be VoIP service in which UE needs to deliver 328 bits per 20ms. UE may transmit it in one slot with 4RBs or divide it into 4 parts each with 82 bits and transmit them in 4 slots using 1RB/slot to have better coverage.
While the second option is clearly the better choice for a cell-edge UE, the segmentation of the original packet incurs two kinds of penalties --- (a) upper-layer headers get appended to each segment, there by increasing the total number of bits to transmit and (b) coding gain tends to decrease as the block size decreases, i.e., it is not very power efficient to transmit multiple TBs of a few 100 bits as opposed to a single TB of size 1000 bits. 
In order to overcome these issues, and to let a cell-edge UE enjoy all the gains of being able to transmit a packet over multiple slots without excessive segmentation, we propose a simple bundling of multiple slots by appropriately scaling the TB size so that the entire payload can be encoded as a single TB. That is the UE may be scheduled to transmit a larger TBS (without segmentation) using the REs across multiple slots. Since more parity bits would be transmitted for a larger TBS, it can be expected that the MCL could be improved with larger coding gain. This option can be applied to both eMBB and VoNR services. 
Figure 15 illustrates the gains of letting a TB span multiple slots. The figure considers a UE with a 1 RB, MCS 0 allocation with TB size scaled to span a single slot, two slots, or up to 4 slots. It is seen that when the TB is allowed to span upto 4 slots, up to 2 dB gain is observed at 0.1 BLER.
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[bookmark: _Ref53704476]Figure 15 PUSCH Performance enhancement using TB size scaling

Hence, based on the above discussion, we make the following proposal:
Proposal 7: Consider TBS scaling and optimization across multiple slots for coverage enhancement in Rel-17.
Conclusion 
This contribution discusses some potential techniques for enhancing coverage in both FR1 and FR2. In particular, the following observations and proposals have been made:
On techniques to reduce MPR for uplink transmissions
Proposal 1: For enhancing the coverage of PUSCH, consider techniques for UE transmit waveform design that allow further reduction in the MPR values for DFT-S-OFDM and CP-OFDM waveforms.  In particular, consider tone reservation principle for DFT-s-OFDM and CP-OFDM waveforms to further reduce PAPR. 
On DMRS enhancements
Proposal 2: Consider DMRS bundling technique for coverage enhancement in Rel-17. 
Observation: Using appropriate DMRS configuration could provide up to 1.7dB gain per fixed MCS and tens of percent of TPUT increase at cell edge scenarios for PUSCH.
Proposal 3: Introduce a new mechanism for dynamic DMRS configuration signaling to enable DMRS adaptation in Rel-17. 
Proposal 4: Consider the following signaling options for dynamic DMRS configuration
· Option 1: Dynamic MAC-CE based activation and complementary DCI based selection of one of the activated DMRS configuration options.
· Option 2: Single active DMRS configuration option that is dynamically activated by MAC-CE to adopt DMRS configuration to channel and SNR conditions.
On implicit waveform selection
Proposal 5: Introduce a new mechanism for dynamic signaling of the transmission scheme to enable waveform adaptation to reception conditions associated with PUSCH transmissions of a UE. 
Proposal 6: Consider the following options for dynamic implicit signaling of the transmission scheme for PUSCH:
· Option 1: Dynamic MAC-CE based activation of the active MCS table. Different RRC configured MCS tables are associated with different waveforms and the activated MCS table provides an implicit indication of the associated waveform.

· Option 2: To define a new hybrid MCS table that will contain a combination of MCSs from MCS tables for DFT-S-OFDM and CP-OFDM transmission schemes while different MCS index ranges will be associated with different waveforms. MSC index indicated for a PUSCH grant will be used as an implicit signaling for the transmission scheme.  
On TBS optimization
Proposal 7: Consider TBS scaling and optimization across multiple slots for PUSCH coverage enhancement in Rel-17.
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Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

] MPR (dB)
Modulation Edge RB allocations Outer RB allocations Inner RB allocations
. <3.5! <1.2! <0.2!
Pi/2 BPSK <052 <0.52 02
QPSK <1 0
DFT-s-OFDM 16 QAM <2 <1
64 QAM <25
256 QAM <45
QPSK <3 <15
16 QAM <3 <2
CP-OFDM 64 QAM <35
256 QAM <6.5
NOTE 1: Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability
powerBoosting-pi2BPSK and if the |E powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for
UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.
NOTE 2: Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 with Pi/2
BPSK modulation and if the |E powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in radio frame are used
for UL transmission for bands n40, n41, n77, n78 and n79.
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