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1 Introduction
In the TSG-RAN#86 meeting, new SID on NR coverage enhancement was approved [1], and the objective for NR coverage enhancement is listed as follows:
The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· 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 this contribution, we provide our views on potential techniques for PUSCH coverage enhancement in Rel-17.
2 [bookmark: OLE_LINK69]Discussion on PUSCH coverage enhancement
In Rel-15/16, two types of repetition for PUSCH repetition (i.e., PUSCH repetition type A and B) are supported for NR system.
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Figure 1. Example of PUSCH repetition Type A in an TDD scenario with a certain UL-DL configuration 
A PUSCH repetition type A is semi-statically configured as slot-by-slot manner with same starting symbol position and length for each PUSCH repetition. When PUSCH repetition type A is configured, a UE would transmit PUSCH for repetition number, K slots, with same SLIV values for each PUSCH repetition. However, in case of using PUSCH repetition type A, as shown in Figure 1, PUSCH coverage gain cannot be fully obtained in some TDD scenarios even though available UL symbols for PUSCH transmission in each slot are 2 and 14 respectively. For PUSCH repetition type A in consecutive slots, only 1 or 2 PUSCH symbol(s) can be repeated since each PUSCH repetition in different slots should be transmitted with same starting symbol position and length, i.e., same SLIV value. In other words, 12 symbols (symbol 0~11) in the second slot cannot be utilized for PUSCH repetition type A when starting the PUSCH repetition from the first slot. Thus, the coverage gain cannot be achieved.
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Figure 2. Example of PUSCH repetition Type B in an TDD scenario with a certain UL-DL configuration
In Rel-16 URLLC WI, a PUSCH repetition type B was newly introduced for URLLC service. The PUSCH repetition type B can be configured for supporting more flexibility and low latency. Also, coverage gain can be obtained with PUSCH repetition type B due to its efficient resource utilization. However, initial PUSCH repetitions (i.e., nominal repetitions) can be segmented into smaller repetitions (i.e., actual repetitions) at the boundary (e.g., slot boundary, semi-static DL symbols). In some TDD scenarios, nominal repetitions may be segmented more frequently due to fewer UL symbols in a slot. Figure 2 shows an example of PUSCH repetition Type B with 4-symbol length and 4 repetition in an TDD scenario with a certain UL-DL configuration of PUSCH repetition. As shown in figure 2, actual repetitions are composed of 2 or 4 symbols according the rule for making actual repetitions from nominal repetitions in the TS38.214 specification [3]. Considering a DMRS symbol per each actual repetition, only 1 or 3 symbol(s) would be used for data symbol. Also, for PUSCH repetition Type B, PUSCH repetition with one symbol is dropped, i.e., symbol # 5 in figure 2 since it cannot be mapped with both DMRS and data symbols. The high reliability and low latency for URLLC still can be achieved with flexible small size actual repetitions for PUSCH repetition Type B. However, each actual repetition should be rate-matched with higher code rate. Therefore, coding gain loss would be inevitable, and it results in coverage loss.  
· Observation 1: PUSCH coverage gain cannot be fully obtained with current PUSCH repetition mechanism.
As described above, PUSCH repetition should be improved for coverage enhancement. One straightforward way for coverage enhancement is to utilize every possible UL symbols continuously and repeat within several slots in time domain.
[image: ]
Figure 3. PUSCH repetition with different SLIV for each slot
Firstly, it can be necessary that PUSCH repetition can be transmitted in different symbol position and different lengths for each slot (i.e., different SLIV on each slot). As shown in figure 3, in case that a UE is configured to transmit PUSCH repetition within 2 consecutive slots (slot #n and #n+1) and available UL symbols are different for each slot, if the UE can be indicated by a gNB to utilize different SLIV values for PUSCH repetition on each slot which indicates different symbol position and/or different length (e.g., S=10, L=4 in slot #n and S=4, L=10 in slot #n+1), PUSCH coverage can be enhanced by transmitting PUSCH repetition with different symbol locations and different lengths within consecutive slots. 
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Figure 4. Repetition of PUSCH which is configured across slot boundary
Another way which can be considered for PUSCH coverage enhancement is to relax slot boundary and introduce new slot unit for PUSCH repetition which can be called ‘virtual slot’. For example, in figure 4, contiguous UL symbols available for PUSCH transmission are spanned across the slot boundaries. It is clear that 6-symbol PUSCH has better coverage performance than 2-or 4-symbol PUSCH. Thus, a UE can transmit 6-symbol PUSCH which spans across slot boundary. Additionally, a new slot boundary can be considered for PUSCH repetition. As shown in figure 4, when S=12, L=6 is indicated to a UE, the UE can determine that a PUSCH spanning across slot boundary is scheduled with starting symbol (S=12) as starting of new virtual slot #0. Then, PUSCH repetition can be performed with same symbol location and same length like PUSCH repetition Type A for each virtual slot. Although a virtual slot consists of 14 symbols in figure 4, it can be extended if a single PUSCH repetition is re-constructed with more than 14 symbols. Therefore, it should be further studied about more than 14 symbols PUSCH for coverage enhancement.
· Proposal 1: Enhanced PUSCH repetition to utilize available continuous uplink symbols as many as possible in time domain should be further studied for PUSCH coverage enhancement.
· It can be considered to indicate different SLIV for PUSCH repetition for each slot on consecutive slots.
· Slot boundary can be relaxed and a new slot unit for PUSCH repetition can be considered.
· FFS: A PUSCH with more than 14 symbols or not.

3 Conclusion
In this contribution, we provided our views on potential techniques for Rel-17 PUSCH coverage enhancement and the followings were proposed:
· [bookmark: _Hlk47689171]Observation 1: PUSCH coverage gain cannot be fully obtained with current PUSCH repetition mechanism.
· [bookmark: _Hlk47689223]Proposal 1: Enhanced PUSCH repetition to utilize available continuous uplink symbols as many as possible in time domain should be further studied for PUSCH coverage enhancement.
· It can be considered to indicate different SLIV for PUSCH repetition for each slot on consecutive slots.
· Slot boundary can be relaxed and a new slot unit for PUSCH repetition can be considered.
· [bookmark: _Hlk47689390]FFS: A PUSCH with more than 14 symbols or not.
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