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[bookmark: _Ref521334010]Introduction
The Rel-16 URLLC SID targets enhancements enabling more stringent latency and reliability requirements for diverse use cases in transport industry, factory automation and electric power distribution. One objective for potential PUSCH enhancements is the following [1]:
· PUSCH enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

This contribution investigates potential enhancements that may apply to PUSCH in general but with a focus on scheduled PUSCH transmission. In a related contribution [2] we address enhancements targeted specifically for configured PUSCH operation. 
Discussion
On mini-slot repetition
A Rel-15 NR UE may be configured for slot-level repetition wherein the same PUSCH time domain resource allocation is repeated in a number of slots as configured by the higher layer parameter pusch-AggregationFactor. PUSCH repetitions are primarily configured for coverage enhancements although other motivations may exist such as when coupled with frequency hopping for interference randomization on shared configured UL resources. URLLC on the other hand is interesting in that the objectives of very high reliability and very low end-to-end latency are typically conflicting objectives as in many use cases higher reliability is synonymous with enhanced coverage, which in turn is typically achieved by extending transmission duration for energy accumulation under a fixed power constraint. However, to satisfy the stringent latency requirements observed for e.g. factory automation, timely availability of UL scheduling opportunities is a must for URLLC. 
For configured UL grants mini-slot-level granularity facilitates low latency UL transmissions as the frame alignment between arriving UL data and the nearest UL opportunity is at most the length of a mini-slot. In contrast, for scheduled PUSCH, the latency components include SR transmission, gNB processing and frame alignment, PDCCH transmission, UE PUSCH preparation time and the corresponding PUSCH transmission. Once a SR is received the gNB may, in principle, schedule the UE over a sufficiently long duration. However, it was agreed at RAN1 #94bis that,
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.

Therefore, to achieve the target reliability, PUSCH repetitions can be employed where a single PUSCH transmission is confined within a slot. An illustration of a SR-based PUSCH transmission is shown in Figure 1, where the UE is scheduled with K = 4 mini-slot repetitions and the SLIV in the DCI scheduling the UL grant indicates S = 3, L = 4 for the first PUSCH transmission. In this example, each mini-slot has the same duration and immediately follows the previous one. To conform with the agreement the third mini-slot PUSCH is deferred to the next slot.
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[bookmark: _Ref528537720]Figure 1 SR-based PUSCH transmission spanning two slots with a mini-slot in each slot
Other scheduling approaches are also possible for better resource utilization. For example, rather than defer the third mini-slot to the next slot as shown in Figure 1, mini-slots of unequal lengths can be employed in the region around the slot boundary. An illustration is shown in Figure 2. The signaling details for how to achieve this are FFS.
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[bookmark: _Ref528917308]Figure 2 Mini-slot based PUSCH repetitions of unequal lengths spanning two slots 

Yet a different alternative can be to split a target aggregate data duration into the minimum number of mini-slots that would satisfy the agreement that one PUSCH transmission does not cross a slot boundary. For instance, for a total PUSCH duration of 14 symbols which would cross a slot boundary, a UE can be scheduled for two mini-slot based PUSCH transmissions with a first one terminating at the end of a first slot and the second one mapped to the following slot as shown in Figure 3.  
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[bookmark: _Ref528919306]Figure 3Illustration of a total PUSCH duration split into two mini-slot PUSCH transmissions of unequal lengths
It should also be noted that adaptation of transmission parameters is possible across successive mini-slot based repetitions depending on the scheduling details. 
Proposal 1: mini-slot-based PUSCH repetitions should be considered for both scheduled and configured PUSCH transmissions in Rel-16.
One issue with the mini-slot based schemes shown in Figure 1 and Figure 2 is relatively higher DMRS overhead in a slot. This can be reduced if the mini-slots are contiguous as in the example scenario depicted in Figure 1.  For instance, the DMRS in the second mini-slot in slot n and the fourth mini-slot in slot n+1 can be removed to increase the PUSCH spectral efficiency. A similar approach to DMRS overhead reduction was adopted for LTE latency reduction feature. On the other hand if repetitions are not contiguous or are in different slots, it is recommended to map at least one DMRS to each to ensure phase continuity for channel estimation.
Proposal 2: consider DMRS overhead reduction for contiguous mini-slot repetitions within a slot. 

Frequency hopping enhancements
A Rel-15 UE may be configured for intra-slot or inter-slot frequency hopping, where the latter is only applicable to multi-slot PUSCH transmission. Intra-slot frequency hopping can be extended to mini-slot repetition with the same procedure as in Rel-15 where roughly equal durations are applied to each hop. As each hop requires at least one DMRS symbol, there is a tradeoff between the frequency diversity gains compared to the DMRS overhead. 
Proposal 3: study the frequency diversity gains if intra-slot frequency hopping is enabled for mini-slot repetitions taking into account the DMRS overhead penalty. 
Inter-slot frequency hopping on the other hand may provide some frequency diversity with moderate DMRS overhead. Figure 4 shows a case where frequency hopping is applied to the two mini-slot based PUSCH transmissions of Figure 3. 


[bookmark: _Ref528543692]Figure 4: Inter-slot frequency hopping for mini-slot repetitions across a slot boundary
Proposal 4: consider support of inter-slot frequency hopping for mini-slot repetitions across slots.

PUSCH Power Control
In Rel-15 a UE may be configured with two closed loop power control loops associated with the configuration of multiple SRS resources. The power control loop to use is indicated by the SRI field in a DCI format 0_1 scheduling PUSCH. Furthermore, the UE may be provided with one or more sets of {P0_UE_PUSCH, α} associated with SRS resources. This flexible power control framework based on multiple SRS resources can be extended to providing different power control loops for different traffic types when a UE supports multiple traffic types (e.g. eMBB and URLLC). It is then possible to accumulate TPC commands independently for different traffic types. If necessary this framework also supports an extension of the dynamic range for URLLC TPC commands, if seen as beneficial.
[bookmark: _GoBack]Observation: the Rel-15 UL power control framework provides the necessary tools to support different power control loops for URLLC and non-URLLC PUSCH. 

Conclusion
This contribution discussed mini-slot based PUSCH repetitions for URLLC. The proposals are summarized as follows:
· Proposal 1: mini-slot-based PUSCH repetitions should be considered for both scheduled and configured PUSCH transmissions in Rel-16.
· Proposal 2: consider DMRS overhead reduction for contiguous mini-slot repetitions within a slot. 
· Proposal 3: study the frequency diversity gains if intra-slot frequency hopping is enabled for mini-slot repetitions taking into account the DMRS overhead penalty. 
· Proposal 4: consider support of inter-slot frequency hopping for mini-slot repetitions across slots.
· Observation: the Rel-15 UL power control framework provides the necessary tools to support different power control loops for URLLC and non-URLLC PUSCH. 
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