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Introduction
In this contribution, we shall discuss some potential techniques to enhance the coverage of various physical signals and channels. The proposed enhancement is based on observation drawn from our link budget analysis for both FR1 and FR2 as provided in [1] and [2], respectively. The enhancement is broadly targeted at uplink control and data physical channels as well as at the physical channels related to the initial access procedure. Specific enhancements for beam-change reliability in FR2 and issues with joint FR1+FR2 deployments are also considered.
Techniques to reduce MPR in uplink transmissions
Based on our initial link budget analysis for rural and urban scenarios [1][2], uplink channels are 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 backoff, 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 backoffs may be applied, with DFT-S-OFDM with 64 QAM being allowed up to 2.5 dB backoff. Similarly, for CP-OFDM power backoff of up to 3 dB may be applied to outer RB allocations with QPSK modulation, with progressively increasing backoff 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 using average power and not based on instantaneous power used in a given slot, thus allowing a UE to 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 backoff 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. These observations lead us to the following proposal.
Proposal 1: Techniques for UE transmit waveform design that allow further reduction in the MPR values for DFT-S-OFDM and CP-OFDM waveforms for all RB allocations and modulation orders should be studied for their benefit to coverage enhancement.
These waveform design techniques may broadly fall under one of two categories. The first category constitutes receiver-transparent approaches, while the second category includes non-transparent approaches that require additional processing on the receiver side based on some side information received from the transmitter. For example, using the current DFT-S-OFDM waveform for  pi/2 BPSK as an example, if the gNB processes this waveform without any assumption on the filters used on the transmit side, this would constitute a receiver-transparent scheme, and if the gNB receives additional information regarding this waveform either in the form of filter coefficients or any other means, and uses this information to process the received waveform, this would then constitute a receiver-non-transparent scheme. Both approaches have their advantages and disadvantages and are worth studying further. Importantly, the new waveform design approaches must be evaluated for their impact on the overall demodulation performance that considers channel estimation and symbol detection. With this in mind, we make the following proposal. 
Proposal 2: Receiver-transparent and receiver-non-transparent waveform design techniques should be studied for their benefits to coverage enhancement. Overall end-to-end performance should be used a metric to characterize the benefits of the proposed schemes.
When studying coverage enhancements, while it is important to consider the performance of cell-edge UEs, it is equally important to focus on the maximum data rate that a UE receives at a given MCL. Coverage enhancements are valuable for all levels of service requirements and must not exclusively cater to the needs of cell-edge UEs. For example, from a cell-throughput perspective it is significantly important to extend the range of MCL values where a 64 QAM or 256 QAM constellation can be used. The current MPR numbers for higher order constellations suggest that a significant amount of UE power may be unused when using these constellations and we think specific enhancements targeted at higher order constellations may be immensely helpful. Note that any increase in transmit power translates to direct gains in MCL for a given target data rate. Table 2 depicts the anticipated PAPR gains of a few configurations along with allocated BW (in term of number of RB).
The potential for significant improvement in PAPR suggests that the corresponding MPR of these waveforms with higher order constellations may unlock additional unused power for uplink transmissions. The potential for significant MCL gain via these methods motivates us to make the following proposal.
Proposal 3: Techniques to lower MPR values for higher order constellations should be studied for coverage enhancement to address improving cell capacity and coverage at different levels of service requirements.




[bookmark: _Ref40451319]Table 2 Potential PAPR Improvements for higher order modulations
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	Coverage enhancement scenario UL throughput: 
1Mbps
	Good UL throughput 
50 Mbps
	High UL throughput: 
70  Mbps

	
	DFT-S-OFDM
	CP-OFDM
	CP-OFDM
	CP-OFDM
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	QPSK
R15
	QPSK
Reduced PAPR
	QPSK
R15
	QPSK
Reduced PAPR 
	64QAM
R15 
	64QAM
Reduced PAPR 
	256 QAM
R15 
	256 QAM
Reduced PAPR 

	MCS
	3
	3
	3
	3
	19
	19
	26
	26

	SE
	0.49
	0.49
	0.49
	0.49
	5.112
	5.112
	7.16
	7.16

	RB
	30
	30
	30
	30
	140
	140
	140
	140

	Potential PAPR reduction in dB  
	REF
	2 
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	5
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	5

	REF
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DMRS-Less Noncoherent PUCCH 
In our initial link budget analysis for both FR1 and FR2 [1][2], It is identified that PUCCH coverage needs enhancement in several  scenarios (e.g., in rural scenario for FR1, or for FR2 in case of L1 beam report). This enhancement is critical for multiplexed HARQ-ACK report for multiple TBs in multiple D slots in a TDD system, CSI feedback to maintain desired downlink performance, and L1 beam report in PUCCH in FR2 (as further discussed in Section 6 below). 
There are two approaches to transmit UCI in a PUCCH channel, one is DMRS-based coherent transmission, the other one is DMRS-less noncoherent transmission. 
With DMRS based coherent transmission, as shown in the flow in Fig 1,  the UCI will be encoded using channel coding and modulation, then multiplexed with DMRS (either TDM or FDM) before transmission. At the receiver side, the receiver will first perform a channel estimation using the DMRS symbols, then coherently combine the encoded UCI payloads using the estimated channel.
[image: ]
[bookmark: _Ref40105780][bookmark: _Ref40005860]Fig 1: DMRS-based coherent PUCCH transmission flow in NR Rel-15
On the other hand, as suggested in the SID [3], DMRS-less noncoherent scheme can also be considered. In the DMRS-less noncoherent transmission scheme,  the UCI is transmitted with a sequence (picked from a sequence pool) without inserting DMRS in the transmission. In particular, as shown in Fig 2  below, the UCI payloads are converted into an integer value . From a sequence pool, the -th sequence is picked, and transmitted by the UE using all N REs in the allocated PUCCH resources. No DMRS is used for such the transmission. At the receiver, the receiver may perform a sequence detection, and determine the UCI payload based on the detected sequence. 
[image: ]
[bookmark: _Ref40444500]Fig 2: Sequence-based DMRS-less noncoherent PUCCH transmission
In NR Rel-15, both noncoherent and coherent PUCCHs are used, as summarized in the following table. PUCCH format 0 is with DMRS-less noncoherent transmission. PUCCH format 1/2/3/4 are with DMRS-based coherent transmission. 
	PUCCH format 0
	Sequence based DMRS-less non-coherent transmission

	PUCCH format 1
	DMRS-based coherent transmission 

	PUCCH format 2
	DMRS-based coherent transmission

	PUCCH format 3
	DMRS-based coherent transmission

	PUCCH format 4
	DMRS-based coherent transmission



With PUCCH format 0, UCI are transmitted by transmitting a base sequence S with a certain cyclic shift which depends on the payload of the UCI. Actually, in Rel-15 PUCCH format 0 study, comprehensive studies have been conducted to compare the link level performance between sequence based noncoherent transmission vs DMRS based coherent transmission. The conclusion is that sequence based PUCCH has better link level performance than DMRS based coherent PUCCH in PUCCH format 0 [4][5][6][7]. That is why Rel-15 PUCCH format 0 adopted sequence based non-coherent transmission. 
With PUCCH format 1/2/3/4, UCI are channel encoded with either repetition code,  RM code or Polar code, and then FDMed (in format 2) or TDMed (in format 1/3/4) with DMRS, finally transmitted in the REs in the assigned PUCCH resource. 
It is well-known in the literature that, the performance comparison between coherent vs noncoherent transmission depends on operating SNR region. In high SNR region, coherent transmission is better than noncoherent transmission. However, in low SNR region, non-coherent transmission should have better link level performance than coherent transmission. More specifically, the reasons that coherent PUCCH transmissions suffer at low SNR region are the following
· First of all, the channel estimation quality at low SNR is very poor, which leads to significant performance degradation in demodulation and decoding. 
· Secondly, the energy spent on the DMRS does not contain useful information. Hence, one may improve the channel estimation quality by using more DMRS symbols/REs, but increasing number of DMRS symbols reduces the energy available for the information transmission.  
· Furthermore, the channel code used for UCI transmission for small payload is not optimized for the low rate regime. 
· Indeed, when the number of UCI bits is smaller than or equal to 11 bits, an (11,32) modified Reed-Muller code is used. And repetition is used whenever the number of coded bits exceeds 32 (or equivalently, when the coding rate is below 1/3). As such, there is very few coding gain when the payload size of UCI is small. 
· For 2 bits UCI in PUCCH format 1, one can also verify the repetition code is not the optimal code to use in this case.
Since the coverage enhancement is targeting cell edge UEs that operate at low SNR, DMRS-less non-coherent PUCCH transmission should a good candidate scheme to improve PUCCH coverage. Due to the performance benefit of this scheme, also in light of Rel-15 PUCCH format 0 study, we propose to extend sequence based DMRS-less noncoherent PUCCH transmission to other PUCCH formats besides format 0 with payload size more than 1 bit (notice that the transmission scheme in Rel-15 for PUCCH format 1 with 1 bit UCI is already optimal), for the benefit of PUCCH coverage enhancement at low SNR for the cell-edge UEs.  To confirm the performance gain that can be provided by the sequence-based DMRS-less noncoherent PUCCH transmission, we provide some simulation results as below.
In Fig 3, we compare the performance of NR PUCCH using PUCCH format 3 with two decoding scheme vs the sequence-based DMRS-less PUCCH transmission. The payload size is 11 bits, which corresponds to the minimum number of bits required for a L1 beam report in FR2. We plot the SNR required to achieve 1e-2 BLER as a function of the number of DMRS symbols for the transmission. In all simulation results, we used 1 RB resource allocation for both the NR PUCCH and the new sequence-based DMRS-less scheme. For the NR PUCCH, we further optimized the number of DMRS symbols to have the best receiving performance.  
On the receiver side, for the NR PUCCH, we first perform a channel estimation based on the DMRS symbols, and then decode the UCI payload based on the estimated channel. The channel estimation algorithm is based on frequency-domain FFT estimation, assuming genie RMS delay and Doppler spread. Two decoding methods are simulated: 1) the receiver first perform a coherent demodulation, and then combine the demodulated symbols to form 32 LLR values. Then a hard decision is performed on the LLRs. Finally, a minimum Hamming distance decoder is used to decode the best codeword. 2) the receiver exploits the following minimum Euclidean distance decoder using the estimated channel as follows:

where  denotes the estimated channel on the nth RE, and  denotes nth element of the jth codeword. For the sqeuence-based DMRS-less transmission scheme, we used a QPSK modulated Gold sequence in the transmitter, and the receiver performs correlation with each sequences, and output the sequence that yields the maximum correlation with the received signal. 
In the simulations, the UE is equipped with 1 Tx antenna, and the receiver has 4 Rx antenna. Furthermore, we considered a TDL-C channel with 300 ns delay spread and 11Hz Doppler. As shown in the figure, the sequence based DMRS-less scheme has 3~4 dB gain compared to the transmission scheme used in NR. 
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[bookmark: _Ref40105953]Fig 3: Sequence-based DMRS-less PUCCH transmission vs NR PUCCH with 11 bits UCI payload; the number of DMRS symbols for NR PUCCH is optimized to achieve the best link budget
In Fig 4, the performance of Rel-15 PUCCH format 1 with 2 bits UCI payload is compared with DMRS-less noncoherent transmission with a set of 4 orthogonal sequences. The simulation is performed with 14 OFDM symbols, 12 tones, and TDL-C 300ns channel with 11Hz Doppler. In this set of simulations, for both Rel-15 and the Rel-17 new proposal, the optimal ML detector is used at receiver. For Rel-15 baseline, the ML detector includes both DMRS symbols and UCI symbols into ML based sequence detection.    
From the simulation result, we can observe that, given 1% ACK->DTX error rate and 0.1% NACK->ACK error rate as performance requirements, the new proposal can achieve the performance requirement with 3dB less SNR.   
[image: ]
[bookmark: _Ref1122285]Fig 4: Sequence-based DMRS-less PUCCH transmission vs NR PUCCH (with 2 bits UCI)
Based on the observed significant gain, in the light of extending sequence based PUCCH transmissions from PUCCH format 0 to other PUCCH formats with more than 1-bit UCI payload, we have the following proposal. For 1-bit UCI payload, the NR Rel-15 design is already optimal, and there is no need to improve the performance. 
Proposal 4: Support sequence-based DMRS-less noncoherent transmission for PUCCH with more than one- bit UCI in NR Rel-17.  
DMRS Enhancements
In this section, we discuss two possible approaches namely DMRS bundling and adaptive DMRS to improve channel estimation accuracy for a physical channel, and hence to extend the coverage of the channel. 
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.  
To show how much performance gain can be offered by using DMRS bundling, we provide some simulation results below. Fig 5, 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.  
[image: ]
[bookmark: _Ref40185053]Fig 5: DMRS bundling performance with 1 DMRS symbol per slot
In Fig 6, 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. 
[image: ]
[bookmark: _Ref40445116][bookmark: _Ref40184653]Fig 6: DMRS bundling performance with fixed TBS per slot
Based on the above analysis, we make the following proposal: 
[bookmark: _Hlk23927392]Proposal 5: Consider DMRS bundling technique for coverage enhancement in NR Rel-17. 

Adaptive DMRS configuration for UL and DL
Current specification assumes the usage of fixed pilot patterns which are RRC configured per UE. There is some flexibility with a limited set of DMRS patterns that are implicitly configured based on a static DMRS configuration and some PDSCH allocation parameters, but it is introduced in order to ease NW scheduling procedures rather than allowing DMRS configuration adaptation “on the fly”. 
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 chest 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. 
Using adaptive DMRS configuration per UE per slot (or some number of slots) to keep it aligned with a varying UE/NW Rx conditions can provide a significant NW performance improvement for both UL and DL. DMRS configuration adaptation can improve both coverage and rate over range characteristics in the network. Relative comparison for maximal achievable TPUT with different tested DMRS configurations is provided below for few scenarios (TPUT per each SNR point is normalized by the max TPUT achievable with the best DMRS option among the tested options)
[image: ]
Figure 7 Performance of different DMRS configurations at low doppler
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Figure 8 Performance of different DMRS configurations at medium doppler
(*) - Jitter of the curves is related to simulated SNR and MCS resolution
It can be seen 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. This clearly shows a significant value in DMRS adaptation.
Proposal 6: Consider DMRS configuration adaptation for both PUSCH and PDSCH to improve both coverage and link efficiency with particular focus on the following enhancements:
a) Introduce signaling mechanisms for dynamic DMRS configuration change for PUSCH and PDSCH.
b) Introduce procedures to allow UE assisted DMRS adaptation for PDSCH
c) Introduce means to improve ability for reliable channel characteristics estimation for UL to assist DMRS adaptation for PUSCH

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 from the perspective of cell capacity and coverage as it decreases the power spectrum density (PSD). To enable narrow band transmission for cell-edge UE with low MCS (QPSK and lower coding rate), the UE may divide the packet into multiple segments and transmit small TBS in multiple UL grants.
As illustrated in Figure 9 (the upper part), 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. 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 2 parts each with 164 bits and transmit them in 2 slots using 1RB to have better coverage.


[bookmark: _Ref40445829]Figure 9 Illustration for TB segmentation and TBS scaling/optimization.
However, one bottleneck with TBS segmentation is that the TBS transmitted in each slot is relatively small. To address this issue, one option can be considered is TBS scaling and optimization. That is, the UE may be scheduled to transmit a larger TBS (without segmentation) using the REs across multiple slots, as shown in the bottom figure of Figure 9. 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. Hence, based on the discussion, we make the following proposal:
Proposal 7: Consider TBS scaling and optimization across multiple slots for coverage enhancement for eMBB and VoNR in Rel-17.

[bookmark: _Ref40433212]Coverage enhancement in FR2 
For FR2, there are more attenuation loss in the environment (compared to FR1) which makes FR2 coverage more challenging. Having larger number of antennas can help the coverage by increasing beamforming gain which can compensate part of the signal attenuation. However, there are limits on the refinement of broadcast beams and also additional signaling may be needed to ensure reliability of refined unicast beams, which are needed to support reasonable coverage for unicast channels. It is also important that different deployment modes of FR2, i.e. standalone (SA) and non-standalone (NSA) and different FR1+FR2 combinations, should be considered. Some of the following discussions are applicable mainly for SA, while others can be applicable to both SA and NSA.  Also, maximum permissible exposure (MPE) may put additional limits on the transmit power of UE, which can make UL coverage more challenging. However, there are UE implementation methods that can mitigate the effect of MPE limits.  
In the following subsections, we investigate issues related to the FR2 coverage and some possible approaches for the coverage enhancement of FR2.
Initial access and RACH
A main factor in FR2 coverage is the low gain of broadcast wide beams (which are dependent on the SSB beams). An example of hierarchical levels of beams is shown in Figure 10.Figure 10. 
Most of channels and signals related to initial access and random access can be coverage bottleneck, due to the low gain of the broadcast beams. Among the broadcast channels, RMSI PDCCH has more coverage issue, because of limited number of symbols in the CORESET (typically one or two symbols) which put a low limit on the total energy that can be transmitted. Similar coverage issue as RMSI PDCCH can affect msg2 PDCCH in RACH procedure. Also, because of relatively lower transmit power at UE, combined with the low gain of gNB wide receive beam, uplink transmission during RACH (especially Msg3) can be the coverage bottleneck. 

[image: ]
[bookmark: _Ref40121591]Figure 10. An example of hierarchical levels of beams, including the refined unicast beams and wider broadcast beams

To enhance the coverage for broadcast channels or RACH messages, some approaches such as repetition or beam refinement can be used. Also, methods such as HARQ retransmission can improve coverage in the case of bottlenecks such as Msg3 PUSCH. However, using HARQ retransmission adds to the latency. 
It should be noted that broadcast PDCCH and Msg3 can be also coverage bottleneck in FR1. Therefore, the following two proposals apply to both FR1 and FR2:
Proposal 8: Methods for coverage enhancement of Broadcast PDCCH, e.g. RMSI PDCCH, should be studied.
Proposal 9: Methods for coverage enhancement of RACH procedure, especially Msg2 PDCCH and Msg3 PUSCH and PRACH, should be studied.

[bookmark: _Ref40155592]Figure 11. gNB-side and UE-side beam refinement as tools for improving the received SINR and enhance coverage, by enhancing the beam gain (for transmitter or receiver)
Both repetition and beam refinement can increase the receive SINR. For beam refinement, we can have gNB-side vs UE-side beam refinement (as shown in Figure 11). 
Mechanisms that enable enhanced UE-side beam refinement or can enable gNB-side beam refinement during RACH should be studied as approaches for coverage enhancement. Also, mechanism for enabling repetition and/or combining at receiver should be studied for enhancing the coverage of broadcast channels and RACH, especially for RMSI PDCCH and RACH messages.
[bookmark: _Hlk40378626]Proposal 10: Methods for enabling and improving gNB-side or UE-side beam refinement should be studied for coverage enhancement of broadcast PDCCH and RACH procedure.
Enhancing beam switching reliability
In FR2, it is important to have a reliable beam-change command and acknowledgement. Introducing enhanced coverage of signaling can improve the beam reliability that is required of unicast performance and coverage.
One example is the reliability of beam switching in FR2 (as shown in Figure 12), through MAC CE which is carried in DL PDSCH. When ACK->NACK or DTX in PUCCH, gNB and UE will assume different beams. In this case enhancing UL signaling can improve the reliability of the beam switching. 

[image: ]

[bookmark: _Ref40156057]Figure 12. Importance of coverage of UL signalling for reliability of beam change procedure
Another issue that affects the reliability of unicast beams in FR2 is the reliability of L1 report. In case that the current serving beam is becoming weaker, the gNB needs to rely on L1 report transmitted over PUCCH, which is at least 11 bits, and can be 19 bits (plus additional 6 bits CRC) or more for reporting two or more beams (up to four beams in the current spec), while the beam gain is much lower than the nominal value. Therefore, in practice, PUCCH carrying L1 report may need coverage enhancement, even though the link budget analysis (based on assuming optimal unicast beams) may not show it. Therefore, it is important to ensure enough coverage for the L1 report that is transmitted over PUCCH.
Proposal 11: To ensure reliable beam switching, methods for coverage enhancement of the following procedures should be studied:
· Beam-change command and acknowledgment
· L1 report for beam management 

Coverage issues related to deployment considerations of FR2
Deployment scenarios of 5G NR may affect the coverage of FR2 differently. Consider the dual connectivity (DC) scenario where MCG uses FR1 carrier(s) and SCG uses FR2 carrier(s). Since the RLC entities for MCG and SCG are separate and non-collocated, the RLC status reports have to be transmitted to respective serving gNB. Hence, the RLC status report for SCG has to be transmitted on FR2 uplink.  In FR2, the DL coverage (footprint) is larger than on UL, as shown in Figure 13. Therefore, in this DC scenario, the coverage of the FR2 link is limited by the UL FR2 coverage.  Note that this is not the case of carrier aggregation (CA) of FR1 carrier(s) and FR2 carrier(s). Since there is a common RLC entity for all carriers (same serving gNB), the RLC status reports could be transmitted on the FR1 carrier(s). This alleviates the FR2 UL coverage bottleneck for CA deployment.  


[image: ]
[bookmark: _Ref40156334]Figure 13. Coverage of dual connectivity vs carrier aggregation

 A typical comparison of link budget between DC and CA, depending on the RLC error rate, is shown in Figure 14. As can be seen from the figure, the link budget loss of the DC compared to CA (with the reference MCL value of 116 dB) due to RLC report transmission path, can be a few dBs.
[image: ]
[bookmark: _Ref40434194][bookmark: _Ref40434182]Figure 14. Typical comparison of DL link budget between DC and CA, due to RLC report, depending on the RLC error rate.

Proposal 12: Different deployment modes of FR2 and their specific coverage issues should be investigated. 
Conclusion 
This contribution discusses some potential techniques for enhancing coverage in both FR1 and FR2. In particular, we make the following proposals:
On techniques to reduce MPR for uplink transmissions:
Proposal 1: Techniques for UE transmit waveform design that allow further reduction in the MPR values for DFT-S-OFDM and CP-OFDM waveforms for all RB allocations and modulation orders should be studied for their benefit to coverage enhancement.
Proposal 2: Receiver-transparent and receiver-non-transparent waveform design techniques should be studied for their benefits to coverage enhancement. Overall end-to-end performance should be used a metric to characterize the benefits of the proposed schemes.
Proposal 3: Techniques to lower MPR values for higher order constellations should be studied for coverage enhancement to address improving cell capacity and coverage at different levels of service requirements.
On DMRS-less PUCCH:
Proposal 4: Support sequence-based DMRS-less noncoherent transmission for PUCCH with more than one- bit UCI in NR Rel-17.  
On DMRS enhancements:
Proposal 5: Consider DMRS bundling technique for coverage enhancement in NR Rel-17. 
Proposal 6: Consider DMRS configuration adaptation for both PUSCH and PDSCH to improve both coverage and link efficiency with particular focus on the following enhancements:
a) Introduce signaling mechanisms for dynamic DMRS configuration change for PUSCH and PDSCH.
b) Introduce procedures to allow UE assisted DMRS adaptation for PDSCH
c) Introduce means to improve ability for reliable channel characteristics estimation for UL to assist DMRS adaptation for PUSCH
On PUSCH enhancements:
Proposal 7: Consider TBS scaling and optimization across multiple slots for coverage enhancement for eMBB and VoNR in Rel-17.
On enhancements to RACH procedure:
Proposal 8: Methods for coverage enhancement of Broadcast PDCCH, e.g. RMSI PDCCH, should be studied.
Proposal 9: Methods for coverage enhancement of RACH procedure, especially Msg2 PDCCH and Msg3 PUSCH and PRACH, should be studied.
Proposal 10: Methods for enabling and improving gNB-side or UE-side beam refinement should be studied for coverage enhancement of broadcast PDCCH and RACH procedure.
On beam-change reliability:
Proposal 11: To ensure reliable beam switching, methods for coverage enhancement of the following procedures should be studied:
· Beam-change command and acknowledgment
· L1 report
On deployment considerations for FR2:
Proposal 12: Different deployment modes of FR2 and their specific coverage issues should be investigated. 
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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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