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Introduction
In RAN#86 meeting, new study item on NR coverage enhancement [1] was agreed. Some of objectives of this study item are showing below,
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.
In RAN1#102 e-meeting, the following agreements were reached. The techniques to enhance the PUSCH coverage are identified and prioritized.

Agreements:[2]
· Prioritize the study on the performance and specification impacts on time domain based solutions for PUSCH enhancements, including
· Increase the number of repetitions for PUSCH repetition  type A 
· PUSCH repetition with non-consecutive slots/on the basis of available slots for TDD
· Note: whether increasing the number of PUSCH repetition for FDD depends on the outcome of AI 8.8.1.1.
· Enhancement on PUSCH repetition Type B
· E.g., actual repetition across the slot boundary, or the length of actual repetition larger than 14 symbols, etc.
· TB processing at least over multi-slot PUSCH
· e.g., single TB, sized for a single slot, but transmitted in parts over multiple slots; or single TB, sized for multiple slots, transmitted over multiple slots, and in conjunction with repetition, etc.
· FFS
· OCC spreading based repetition
· Symbol-level repetition
· TB interleaving
· RV repetition
· Early termination of PUSCH repetitions

Agreements:
· Following solutions are not considered for PUSCH enhancements in this study item in RAN1:
· Enhancements to improve spherical coverage / beam correspondence
· Reflective arrays
· Polarization aspects of the UL and/or DL reference signals

Agreements:
· Prioritize the study on the performance and specification impacts on DM-RS enhancements for PUSCH, including 
· Cross-slot channel estimation
· With a lower priority compared with cross-slot channel estimation (i.e., companies are encouraged to study it)
· Lower density
· E.g., DM-RS sharing among multiple PUSCH transmissions or lower DMRS density in the frequency domain.
· Higher density 
· E.g., in time or frequency domain, e.g., 1-comb pattern
· Adaptive configuration
· DM-RS balancing among frequency hops

Agreements:
· Multiple layer PUSCH transmission with DFT-S-OFDM for PUSCH enhancements can be studied with low priority.
· Study open-loop/closed loop Tx diversity for PUSCH enhancements with low priority.
Agreements:
· Study the performance and specification impacts on frequency domain based solutions for PUSCH, including
· Inter-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
· Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation
· Enhancements on frequency hopping for PUSCH repetition type B
· Note that the above inter-slot frequency hopping enhancement can apply for PUSCH repetition type B
· [Sub-PRB transmission for VoIP]
· FFS: details, e.g., number of tones, multi-slot aggregation
· FFS
· Intra-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
[Note: Appropriate simulation assumptions are expected.]

Agreements:
· Study following power domain based solution for PUSCH enhancements
· Waveform design to optimize MPR/A-MPR
· [FDD high power UE]
· Power boosting for pi/2 BPSK 
Note: if a LS to RAN4 (for the last two bullets) is deemed necessary, target sending the LS in the 1st week of RAN1#103-e
In this contribution, we discuss the various potential techniques for NR coverage enhancement and the related standard impacts.
The techniques for PUSCH coverage enhancement
The standard impacts
According to last meeting agreements, the time domain/DMRS enhancements techniques are prioritized for further study. Some standard impacts are considered in this section.
· Time domain repetition
· Increasing the repetition number and dynamic indication of repetition
Time domain repetition technique can increase the received signal power density via the energy accumulation and improve probability of successful channel decoding. It is extensively applied to various NR channels, i.e., PDSCH, PUSCH, PUCCH, CG PUSCH. The maximum repetition number defined in Rel.15 is  8. The PUSCH repetition number is extended to 16 in Rel.16.
Repetition is effective and simple solution to enhance the coverage for specific channel with the cost of spectral efficiency degradation. Increase the repetition number is necessary for TDD NR, due to dropping the repetition frequently, the actual repetition number is less than the number indicated by the aggregation factor.
One specification impact is the increase of repetition number in PUSCH aggregation factor. If dynamic indication of repetition is allowed, it is possible to increase the entries of TDRA table from 16 to 32.
· PUSCH repetition Type B enhancement
In Rel.16 URLLC PUSCH repetition type B design, if the nominal repetition is across the slot boundary, then the nominal transmission is split into multiple actual transmission, the coding rate is high in the actual transmission. With type B repetition  enhancement, the PUSCH repetition can cross the slot boundary and the repetition can transmit on the UL symbols of special slot. In some sense, the actual transmission is instead by nominal transmission. The higher coding issue is avoided. The restriction that PUSCH repetition type B transmission is within a slot in 38.214 can be removed. 
· TB processing over multi-slot PUSCH
With this scheme, one TB for a slot is transmitted over multiple slots. The benefit is to lower the coding rate. It’s the similar as the repetition that multiple slots are required. The difference is if one sub-block in one slot is not received correctly, the whole TB will be re-transmitted. For repetition, if one slot is not decoded, there is the chance that the TB can decoded with other repetitions. In addition, the lower coding rate MCS table was supported by the specification already, i.e., Table 5.1.3.1-3 of TS38.214. This scheme will impact the TBS determination as well. 
· Frequency hopping 
Frequency hopping was proved to be an effective way to improve the coverage, it is already applied to NR PUSCH and PUCCH. To extend the frequency hopping application, it can extend the hopping between two frequency locations to multiple frequency locations if the system bandwidth is larger enough. Thus, the additional frequency diversity gain can be explored. The new frequency hopping offset and multiple hops just impact the PUSCH frequency hopping procedure of TS38.214.
· Enhancements on frequency hopping for PUSCH repetition type B
If the enhancement is on inter-repetition frequency hopping with more hopping position in frequency domain, the frequency domain resource in a slot is fragmented into many small PRB blocks. It lowers the resource utilization efficiency. If this scheme is agreed,  the section of frequency hopping for PUSCH repetition type B in 38.214 need to be updated.

· Sub-PRB transmission for VoIP
Sub-PRB transmission is very similar as the TB processing over multi-slot, first multiple slots are required for one TB transmission. The transmission power could be double with half-PRB transmission, at the same time the coding rate is increased as well, to lower the coding rate, more repetitions are required. The provided data rate with sub-PRB transmission is very limited. The standard impacts include the TBS determination, resource allocation in frequency domain, the coded bits mapping on the physical resources.
Comparing repetition, TB processing over multi-slot and sub-PRB transmission, these three schemes are the time domain processing scheme. Comparing with the standardized repetition scheme, other two solutions have no clear benefits and has the re-transmission issue. 
· Time domain repetition plus frequency domain hopping
If it is identified the required repetition number is larger to fulfill the coverage requirement, then repetition plus the frequency hopping is the better choice, the channel is repeated several times in each hop,  the gain of repetition and frequency diversity can be achieved in this way, this technique was already standardized in LTE eMTC and NB-IoT. With this scheme, the UE need to be configured with the repetition number for a hop.
· DMRS enhancements
Channel estimation plays an important role for data decoding. The repetition gain would be reduced with the non-ideal channel estimation in low SNR range, which results in larger repetition number. To improve the channel estimation performance in coverage limited scenario, the following techniques are attractive, cross-slot channel estimation, dynamic indication the number of symbols for DM-RS. For lower and higher DMRS density, the details are not clear enough. For the standard impacts, the cross-slot channel estimation could impact the power control to keep the transmission power same across the slots. And the number of slot to perform joint channel estimation could inform to UE. For Dynamic indication DM-RS symbol, new field could be introduced in the DCI to indicate the DM-RS symbols . 
Proposal 1:The coverage enhancement solutions should be down selected further according to the performance and standard impacts 
Proposal 2: The benefits of TB processing over multi-slot, sub-PRB transmission and frequency hopping enhancement for PUSCH repetition type B need to be studied further. 
PUSCH performance with frequency hopping and repetition
In addition to the baseline performance, we evaluate the DM-RS, hopping and repetition impacts to the performance, which are showing in the Figure 1, Figure 2 and Figure 3. 
The Figure 1 shows that adding one more DM-RS symbol could increase the PUSCH performance. The frequency hopping gain is depending on channel estimation performance. It should be noted that, with frequency hopping and/or introducing one additional DMRS symbol (per hop), while keeping the MCS as baseline, effectively the data rate becomes smaller.
In Figure 2, with the repetition, adding one more DM-RS symbol could improve the PUSCH performance. In high SNR region, hopping provides benefits. For the case of repetition, we evaluate both with and without inter-slot frequency hopping, as the figures show. Further, if repetition is applied, the coding rate is almost doubled to meet the target data rate, as shown in the figures. The figure shows that repetition provides marginal gain.
Figure 3 shows that frequency hopping with smaller PRB numbers could improve the PUSCH performance, especially at a relatively higher SNR where channel estimation loss due to hopping is less than frequency diversity gain.
Observation: 
· At low SNR operating point, PUSCH performance is improved with one more DM-RS symbol. 
· Intra-slot Frequency hopping can provide benefit with smaller number of PRB allocation and a relative high SNR region.
· Usage several techniques together could provide better performance than single technique applied.
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	Figure 1: Performance of single shot transmission, with and without intra-slot frequency hopping, with and without additional DM-RS. 
	Figure 2: Performance of repetition, with and without inter-slot frequency hopping, with and without additional DM-RS.
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	Figure 3: Performance of hopping and repetition with fixed DMRS overhead (2 per slot)
	


Summary
In this contribution, we discuss the potential PUSCH coverage enhancement techniques, and have the following proposals and observation:
Proposal 1:The coverage enhancement solutions should be down selected further according to the performance and standard impacts 
Proposal 2: The benefits of TB processing over multi-slot, sub-PRB transmission and frequency hopping enhancement for PUSCH repetition type B need to be studied further. 
Observation: 
· At low SNR operating point, PUSCH performance is improved with one more DM-RS symbol. 
· Intra-slot Frequency hopping can provide benefit with smaller number of PRB allocation and a relative high SNR region.
· Usage several techniques together could provide better performance than single technique applied.
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