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Introduction
In the RAN1#102-e meeting, the following agreements and conclusion were made on PUSCH coverage enhancement [1].
	Agreements:
· 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:
· 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:
· 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.]


In this contribution, we provide our views on potential techniques for PUSCH coverage enhancement in Rel-17.
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In the last RAN1#102-e meeting, it was agreed to prioritize the study enhancement on PUSCH repetition Type-B, TB processing at least over multi-slot PUSCH in time domain, and enhancements on frequency hopping for PUSCH repetition Type-B.
Time domain enhancement
· Enhancement on PUSCH repetition Type-B
The main point of PUSCH repetition Type B enhancement is to make actual repetition with “consecutive long symbols” as much as possible for coverage gain. For this kind of enhancement, actual repetition cross the slot boundary, or the length of actual repetition larger than 14 symbols are discussed.
In below, we explain options related to the above issues, and discuss pros/cons for each option with figure 1.
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Figure 1. Options on Rel-16 PUSCH repetition Type B enhancement
In figure 1, there are examples of Rel-16 PUSCH repetition Type B, and two options (Option 1 and Option 2) that enhanced based on Rel-16 PUSCH repetition Type B. For all the cases, a UE is indicated as S=12, L=4, K=4. Thus, there are 4 nominal repetitions from 12th symbol in slot#n to 13th symbol in slot#n+1 for Rel-16, Option 1, and Option 2.
In case of Rel-16 PUSCH repetition Type B, each nominal repetition is segmented into actual repetition with slot boundary and nominal repetition boundary. Thus, there are 5 segmented actual repetitions with fewer symbols (2, 4, or 5 symbols) as showed in figure 1. These fewer symbols per actual repetition would impact on PUSCH coverage. Firstly, considering a DMRS symbol per each actual repetition, only 1, 3 or 4 symbol(s) would be used for data symbol with high DMRS overhead. Also, each actual repetition should be rate-matched with higher code rate. Therefore, coding gain loss would be inevitable, and it results in coverage loss. 
The following options are described when the slot boundary and nominal repetition boundary is relaxed in Rel-16 PUSCH repetition Type B, Option 1 has actual repetition with smaller than or equal to 14 symbols, and Option 2 has actual repetition with larger than 14 symbols. Note that Option 2 also includes Option 1 that actual repetition with smaller than or equal to 14 symbols.
Option 1. Slot boundary relaxation and actual repetition smaller than or equal to 14 symbols across slot boundary
With Option 1, additional coding gain can be obtained by making actual repetition across slot boundary. Thus, more symbols per actual repetition can be constructed. However, its gain is lower than Option 2 due to lower symbol length (actual#2). Also, implementation difficulties may be incurred due to relaxation of slot boundary that makes it hard to schedule and control process within chipset.
Option 2. Slot boundary relaxation and actual repetition larger than 14 symbols across slot boundary
With Option 2, coding gain can be maximized since there is no limit to make actual repetition as consecutive long symbols. Also, flexible resource allocation for PUSCH can be expected. However, there are also disadvantages. First, to support both slot boundary relaxation and more than 14 symbols, large specification impact will be required. For example, new DMRS patterns should be designed for more than 14 symbols that is not supported in the current specification. Second, it has implementation problem with slot boundary relaxation as described in Option 1. Beyond these disadvantages, it can be beneficial, and there is no reason to exclude possibility that can provide the maximum coverage gain. 
To maximize PUSCH coverage gain, it can be beneficial to support both actual repetition across the slot boundary and the length of actual repetition larger than 14 symbols. Therefore, we propose to discuss the detailed methods to support these options in WI phase.
· Proposal 1: Discuss detailed methods about actual repetition across the slot boundary and the length of actual repetition larger than 14 symbols in WI phase.

· TB processing at least over multi-slot PUSCH
Motivation for multi-slot TB processing is to allocate larger resource in time domain since coverage limited UE (e.g., cell-edge UE) can be scheduled with lower MCS. However, due to limited UE power, larger resource allocation in frequency domain is not a good way to coverage improvement. Therefore, it is beneficial for coverage limited UE to allocate more REs in time domain even if across the slot boundary.
For this, single TB that sized for multiple slots transmission over multiple slots can obtain coverage gain rather than single TB that sized for single slot transmission sized for multiple slots. If single TB that sized for multiple slots transmission over multiple slots is supported, specification impact can be considered about this method. Especially, RE calculation in TBS determination need to be discussed to extend multiple slots.
In current specification, RE calculation is follows below procedure as defined in TS38.214 [3].
First, number of REs per PRB allocated for PUSCH is calculated based on following equation.
, where  is the number of subcarriers per PRB,  is the number of symbols allocated for PUSCH,  is the number of DMRS REs per PRB, and  is the number of overhead REs per PRB that configured in RRC which has one value of {0, 6 ,12, 18}.
Next, total number of REs allocated for PUSCH is calculated based on following equation.
, where  is the number of PRBs allocated for PUSCH.
Above RE calculation is based on a slot when PUSCH repetition is not configured or repetition Type A is configured. If PUSCH repetition Type B is configured, RE calculation is based on a nominal repetition.
When a single TB in the size of multiple slots and transmitting it in multiple slots is considered, the following options may be considered.
Option 1. Redesign  calculation
RE calculation can be extended to multiple slots by redesign number of REs per PRB calculation. In this option, there are 2 alternatives.
· Alt. 1. Scaling , 
· Alt. 2. Scaling . Thus, 
For Alt. 1 and 2, K is aggregated slot numbers. Alt. 1 is simple and has less specification since all parameters in  are scaled with aggregated slot numbers K. However, number of overhead REs  are also scaled that excluded from available RE for data. On the other hand, Alt. 2  is scaled except overhead REs. Thus, more REs are calculated for data RE.
Option 2. Redesign  calculation
RE calculation can be extended to multiple slots by redesign total number of REs calculation. Thus, scaling  where K is aggregated slot or nominal numbers. It is simple and has less specification impact. However, number of overhead REs  are also scaled that excluded from available RE for data like Alt. 1 in Option 1. But scaling overhead RE may not be a critical issue to coverage since the overhead RE is not based on the exact scheduled value, it is a value that is commonly configured within the cell.
Also, if Option 1 is supported, additional issue may need to be considered on  calculation. In  equation, there is a value of 156 that limit the number of REs within certain numbers. If  is scaled over multiple slots, 156 also need to be scaled to determine larger TBS. Thus, Option 2 can be beneficial than Option 1. However, it can be further discussed about options in WI phase.
Based on above discussion, if a single TB in the size of multiple slots and transmitting it in multiple slots is supported, we proposed to further discuss about above options in WI phase.
· Proposal 2: Discuss options about RE calculation that extended to multiple slots in WI phase.
· Redesign  calculation 
· Redesign  calculation

Frequency domain enhancement
· Enhancements on frequency hopping for PUSCH repetition Type B
For PUSCH coverage enhancement, it was agreed to study frequency hopping enhancement for PUSCH repetition Type B. In Rel-15/16 NR, frequency hopping without PUSCH repetition or repetition Type A have 2 modes. In case of inter-slot hopping, each hopping boundary is determined based on the slot boundary. In case of intra-slot hopping, each hopping boundary is evenly divided based on a PUSCH symbol length. For PUSCH repetition Type B, it has inter-slot hopping and inter-repetition hopping. Inter-slot hopping is same with Rel-15 PUSCH hopping, and in case of inter-repetition hopping, hopping boundary is determined based on the nominal repetition boundary.
However, if the time domain enhancement method described above, that is, the aggregation of actual repetition in PUSCH repetition Type B, is applied and used instead of the Rel-16 method. Additional consideration may be required for the hopping boundary determination.
[image: ]
Figure 2. Options of different hopping boundary
In figure 2, there are 3 options about different hopping boundary.
· Option 1: Slot boundary
When the hopping boundary is based on a slot, the imbalance between the number of symbols in the first hop (4 symbols) and the number of symbols in the second hop (14 symbols) is severe. Further, since the hopping boundary is a slot, even if slot boundary relaxation is applied in the time domain, when hopping is performed, the hop is divided based on the slot boundary again.
· Option 2: Nominal repetition boundary
When the hopping boundary is based on a nominal repetition, there is a dropped symbol that segmented as 1 symbol.
· Option 3: Aggregated actual repetition boundary
For coverage enhancement, the nominal and slot boundaries can be relaxed, and new hopping boundaries can be applied. The new hopping boundary can be determined by mapping consecutive actual repetitions to one hop. In this case, the minimum number of symbols per hop in Option 1 and 2 is 2, and the maximum number of symbols is 4, whereas in Option 3, the minimum number of symbols per hop is 5, and the maximum number of symbols is 10. A coverage gain can be obtained by transmitting during the symbol.
However, the number of symbols in each hop may be uneven. If the imbalance is critical to performance, it can be handled by setting the number of references so that the number of symbols per hop does not exceed the number of references. This number of references can be determined by further study. 
Therefore, if time domain enhancement for PUSCH repetition Type B considering aggregation of actual repetition is supported, how to determine the hopping boundary in relation to issues such as number of symbols per hop should also be discussed. Thus, we propose to further discuss details about this issue in WI phase.
· Proposal 3: Discuss determination of frequency hopping boundary based on time domain coverage enhancement in WI phase.
Conclusion
In this contribution, we provided our views on potential techniques for Rel-17 PUSCH coverage enhancement and the followings were proposed:
· Proposal 1: Discuss detailed methods about actual repetition across the slot boundary and the length of actual repetition larger than 14 symbols in WI phase.
· Proposal 2: Discuss options about RE calculation that extended to multiple slots in WI phase.
· Redesign  calculation 
· Redesign  calculation
· Proposal 3: Discuss determination of frequency hopping boundary based on time domain coverage enhancement in WI phase.
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