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In RAN#86, the following descriptions were agreed in SID of NR coverage enhancement. 
	· 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 this contribution, we will elaborate on several promising solutions aiming at enhancing PUSCH coverage.
Increase PUSCH repetition number
In Rel-15, for dynamic scheduled/configured grant PUSCH the maximum supported repetition value is 8. Then, the repetition number was increased to 16 in Rel-16. For Rel-17, a simple way to extend the coverage is further augmenting the repetition number, e.g., 32, 64, etc. However, large repetition number may cause issues, such as overlong delay as well as the blockage of transmission opportunity for other transmission occurring on the same time/frequency resource. 
Proposal 1. The repetition number of dynamic scheduled PUSCH/configured grant PUSCH should be increased, e.g., 32, 64, etc.
Increase PUSCH hopping number
Both intra-/inter-slot hopping are supported in Rel-15/16. Nevertheless, the hopping is quite simple where at most 2 different hopping positions are supported. In a non-flat fading channel, increasing hopping position may be beneficial to acquire frequency selective gain. Our preference is to increase the number of hopping positions both for the intra-slot and inter-slot hopping.
As shown in Fig. 1, it is an example of 4 frequency position hopping for a 14-symbol length PUSCH. The 14 symbols are divided into four parts, each of which occupies different frequency position.


Fig.1 Intra-slot hopping for PUSCH enhancement
Similarly, we can also increase the number of hopping positions for inter-slot hopping case shown in Fig.2. Besides, considering the benefit of DMRS bundling, several continuous repetition can be viewed as a group and share the same frequency location.


Fig.2 Inter-slot hopping for PUSCH enhancement
Proposal 2.The supported PUSCH hoping number should be increased, e.g., 4, 8, etc. 

DMRS-less transmission
For channels not sensible to timing varying, some transmissions may have fewer or even no DMRS symbols and their decoding relies on DMRS transmitted in other slots. Without DMRS, data could have lower code-rate and spectrum efficiency is expected to be enhanced. Basically, at least the following issues need to be addressed:
Issue-1: How can UE know the activation/deactivation of this new functionality?
Issue-2: How can UE know the related DMRS for a specific no or less DMRS transmission?
For the first issue, dynamic explicit/implicit signaling is preferred than semi-static ones due to its time sensitive feature.
For the second issue, the simplest method is to allow the presence of DMRS only in certain transmissions, e.g., the first transmission. By using this method, it can avoid introducing new DMRS time patterns but performance loss is inevitable for the non-uniform DMRS distribution in time domain. Naturally, by introducing uniform DMRS distribution among multiple transmissions can surely achieve better performance. But a novel DMRS time domain pattern needs to be designed. For instance, the number of DMRS symbols may depends on the total duration of all transmissions or simply on the number of transmissions. Generally, the transmissions sharing the same DMRS can carry the information of same TB or different TBs. For both cases, these transmissions should have same spatial filter and/or digital precoder which should be guaranteed via gNB implementation.
Proposal 3. For DMRS-less transmission, both uniform and non-uniform time domain distribution for DMRS should be investigated.

Impact of introducing sub-PRB allocation 
By shrinking the frequency resources for PUSCH to a sub-PRB level, the PSD can be naturally enhanced, and so does the coverage performance. However, from our view, too much specification efforts are needed if adopting sub-PRB PUSCH. 
First, modifications for frequency resource allocation assignment is necessary due its finer granularity. 
Second, under coverage enhancement requirement, any restriction of supported TBS values for PUSCH is not reasonable. From this logic, TB mapping across slot is inevitable. As shown in Fig.3, it illustrates a TB occupying 4 slots. The benefit of introducing TB mapping across slots is questionable for the prolonged delay. Besides, the specification impact is tremendous. The TBS determination procedure may be re-considered and let alone the associated issues in many other topics, e.g., URLLC, NR-U, etc.
Before deciding to support sub-PRB allocation for PUSCH, very detailed and careful investigations should be done to verify its effectiveness and weigh the worth and workload for introducing this new feature.


Fig.3 Procedure of Sub-PRB transmission
Proposal 4. Before deciding to support sub-PRB allocation for PUSCH, very detailed and careful evaluations should be done to verify its effectiveness and weigh the worth and workload for introducing this new feature.

Conclusions
Proposal 1. The repetition number of dynamic scheduled PUSCH/configured grant PUSCH should be increased, e.g., 32, 64, etc.
Proposal 2.The supported PUSCH hoping number should be increased, e.g., 4, 8, etc. 
Proposal 3. For DMRS-less transmission, both uniform and non-uniform time domain distribution for DMRS should be investigated.
Proposal 4. Before deciding to support sub-PRB allocation for PUSCH, very detailed and careful evaluations should be done to verify its effectiveness and weigh the worth and workload for introducing this new feature.
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