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In NR coverage enhancement SID, the following objectives have been identified [1]:
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· 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 the contribution, we discuss potential techniques for NR coverage enhancement, with primary focus on various solutions to improve coverage for uplink transmission. Our view on baseline coverage performance for FR1 and FR2 is described in our companion contributions [2] and [3], respectively.
Techniques for NR coverage enhancement
Based on the link level simulation results and MCL analysis as presented in our companion contributions [2][3], it is proposed to specify overall coverage enhancement target in RAN1 and focus on coverage enhancement for uplink transmission including PUSCH and PUCCH. In this section, we discuss potential techniques for coverage enhancement for uplink transmission, including
· Coverage enhancement in time domain 
· Coverage enhancement in frequency domain 
· Coverage enhancement in spatial domain 
· Potential DMRS enhancement 
· Advanced receiver for coverage enhancement 
Considering all the options listed above, it is more desirable to conduct comprehensive link level simulations for comparison while taking into account potential specification impact. In our view, the techniques for NR coverage enhancement for uplink transmission need to be carefully studied to strike a proper balance between specification impact, link budget improvement and implementation cost.  
Proposal 1
· The techniques for NR coverage enhancement for uplink transmission need to be carefully studied to strike a proper balance between specification impact, link budget improvement and implementation cost.

Coverage enhancement in time domain 
In NR Rel-15, multi-slot based transmission for PUSCH and PUCCH was supported, which can be used to improve the coverage. More specifically, the number of slots for PUCCH and PUSCH repetitions can be 2, 4 or 8. To further improve the coverage, one straightforward approach is to increase the number of repetitions for uplink transmission. Note that exact values for repetition level may depend on the overall target for NR coverage enhancement. 
When repetition is employed for the transmission of PUSCH and PUCCH, same time domain resource allocation is applied in each slot in Rel-15. If the number of symbols in each slot is limited, the coverage enhancement target for uplink transmission may not be satisfied even when the indicated repetition level is large. To improve the coverage performance for PUSCH and PUCCH, enhanced time domain resource allocation mechanism may be considered. As shown in Figure 1, it may be more desirable to employ continuous uplink transmission by spanning PUSCH and PUCCH in time as long as possible so as to improve the coverage performance. 
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[bookmark: _Ref39612997]Figure 1. Continuous uplink transmission in time for PUSCH/PUCCH repetition
Proposal 2
· It is desirable to increase the number of repetitions for PUSCH and PUCCH to further improve the coverage.
· Contiguous uplink transmission in time can be considered for coverage enhancement of uplink transmission. 

Coverage enhancement in frequency domain 
In Rel-15, when inter-slot frequency hopping is enabled, UE transmits the PUSCH or PUCCH in one frequency resource in one slot and switches to another frequency resource in the next available slot. Note that this frequency hopping pattern may need to be further enhanced for coverage enhancement of uplink transmission. 
For coverage limited scenario, channel estimation is typically a bottleneck in term of link level performance. This may motivate the implementation of cross-slot channel estimation at the receiver to improve the channel estimation performance. To facilitate the cross-slot channel estimation, frequency resource for uplink transmission during the repetitions may remain the same for certain number of slots in order to allow inter-slot interpolation for channel estimation improvement. 
Figure 2 illustrates one example of enhanced inter-slot frequency hopping pattern for coverage enhancement. In the example, PUSCH or PUCCH transmission occupies the same frequency resource for two slots before it switches to another frequency resource. 
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[bookmark: _Ref39613054]Figure 2. Enhanced inter-slot frequency hopping pattern for coverage enhancement
Proposal 3
· Enhanced inter-slot frequency hopping pattern can be considered for coverage enhancement of uplink transmission.

Another potential solution for coverage enhancement is to employ PSD boosting for uplink transmission with resource allocation less than 1 PRB. In particular, sub-PRB based transmission can be applied for PUSCH, which may follow similar design principle for PUCCH format 4. 
While this option can help in improving the PUSCH link budget with PSD boosting, specification impact on the current uplink scheduling may be non-trivial. Specifically, either additional bit fields for subcarrier-based resource allocation or pre-DFT sequence index may need to be specified in the DCI format for UL grant. Moreover, modifications to PUSCH DM-RS may also be needed for accurate channel estimation for demodulation of UL transmissions spanning less than 1 PRB bandwidth. In our view, depending on specific overall coverage enhancement target, further study is needed to investigate whether sub-PRB based resource allocation can be considered for PUSCH coverage enhancement. 
Proposal 4
· RAN1 to further study PUSCH transmission with sub-PRB based resource allocation for coverage enhancement.

Coverage enhancement in spatial domain 
When UE is equipped with multiple antennas or multiple panels, several options may be considered for coverage enhancement by exploiting the benefit of spatial diversity:
· Precoder cycling in time: different precoders may be applied for the transmission of PUSCH during repetition. For this option, certain precoder cycling pattern may need to be defined. 
· STBC/SFBC: this Alamouti based scheme can be generally applied for PUSCH and PUCCH transmission. However, certain restriction may need to be considered for the PUSCH/PUCCH transmission when DFT-s-OFDM waveform is employed. For instance, SFBC may not be employed for PUSCH/PUCCH transmission with DFT-s-OFDM waveform as it may destroy single carrier property.  
· SORTD: orthogonal resources in time/frequency/code domain may be applied for the transmission of PUSCH and PUCCH in different APs. Note that this scheme may be employed for certain PUCCH format, e.g., PUCCH format 0, 1 and 4 when distinct CS or OCCs are applied for different APs. 
For the above options, careful study is needed for coverage enhancement of uplink transmission while taking into account the link level performance improvement and specification impact. 
Further, for FR2, multi-beam based uplink transmission may be employed to improve the coverage performance. As shown in Figure 3, different Tx beams can be applied for a first and second part of repetitions, which can help in reducing blockage and improving reliability and link budget of uplink transmission. In general, this mechanism can be applicable for both PUSCH and PUCCH transmission with repetition. 
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[bookmark: _Ref39685375]Figure 3. Multi-beam based uplink transmission
[bookmark: _GoBack]Note that as indicated in the FeMIMO WI [4], one of the objectives is to “identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline”. In our view, it is more appropriate to study multi-beam based uplink transmission under FeMIMO WI, instead of NR coverage enhancement SI. 
Proposal 5
· Multi-beam uplink transmission for coverage enhancement is studied under FeMIMO WI. 

Potential DMRS enhancement 
As mentioned above, for coverage limited scenario, channel estimation is typically a bottleneck in term of link level performance. When increasing the reference signal density, channel estimation performance can be improved substantially at the cost of higher coding rate. This indicates that an appropriate tradeoff can be achieved between the channel estimation gain and coding loss. 
In Rel-15, flexible DMRS pattern including high DMRS density, e.g., 4 DMRS symbols for PUSCH and long PUCCH format was defined. For instance, when dmrs-AdditionalPosition is pos3, and PUSCH transmission duration is 14 symbols, 4 DMRS symbols can be configured for PUSCH transmission. Similarly, for PUCCH format 3 and 4, when additionalDMRS is configured, and when PUCCH transmission duration is 14 symbols, 4 DMRS symbols can be configured for PUCCH transmission. 
Given that DMRS density of 4 symbols is already supported in NR specification, careful study is needed to investigate whether it is feasible to further increase the DMRS density for uplink transmission. It is worthy mentioning that cross-slot channel estimation in conjunction with enhanced inter-slot frequency hopping pattern may be employed to improve channel estimation performance and hence the link budget for uplink transmission. 
Proposal 6
· RAN1 to further study whether higher DMRS density compared to Rel-15 is needed for coverage enhancement. 

Advanced receiver for coverage enhancement 
As mentioned above, advanced receiver including cross-slot channel estimation algorithm may help in improving the channel estimation performance, and hence overall link budget of uplink transmission. This is of primary importance when considering coverage enhancement solutions are mainly targeted for low SNR regime where channel estimation is typically performance bottleneck. Further, when operating SNR point is relatively low and UE is in stationary condition, i.e., channel condition does not vary in time during repetition, symbol level combining across slot may be performed for coverage enhancement. 
Note that certain performance degradation may be expected for the advanced receivers, e.g., in the presence of practical impairments including residual timing and frequency offset. In this case, careful study on the advanced algorithms may need to be investigated on how to compensate the residual timing and frequency offset and further the impact on the overall link level performance. 
Based on the discussions above, in our view, advanced receiver needs to be considered when evaluating performance for different techniques for coverage enhancement.
Observation 1
· Advanced receiver needs to be considered when evaluating performance for different techniques for coverage enhancement. 

Conclusions
In this contribution, we discussed potential techniques for NR coverage enhancement, with primary focus on various solutions to improve coverage for uplink transmission. Further, we summarize the observations and proposals as follows:
Observation 1
· Advanced receiver needs to be considered when evaluating performance for different techniques for coverage enhancement. 
Proposal 1
· The techniques for NR coverage enhancement for uplink transmission need to be carefully studied to strike a proper balance between specification impact, link budget improvement and implementation cost.
Proposal 2
· It is desirable to increase the number of repetitions for PUSCH and PUCCH to further improve the coverage.
· Contiguous uplink transmission in time can be considered for coverage enhancement of uplink transmission. 
Proposal 3
· Enhanced inter-slot frequency hopping pattern can be considered for coverage enhancement of uplink transmission.
Proposal 4
· RAN1 to further study PUSCH transmission with sub-PRB based resource allocation for coverage enhancement.
Proposal 5
· Multi-beam uplink transmission for coverage enhancement is studied under FeMIMO WI. 
Proposal 6
· RAN1 to further study whether higher DMRS density compared to Rel-15 is needed for coverage enhancement. 
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