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 Introduction
In the RAN1#94bis and RAN1#95 meetings, the following agreements on enhancements to grant-based PUSCH in URLLC were reached [1][2].
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
Agreements:
· Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots
In this contribution, we mainly compare the three options agreed for grant based PUSCH repetitions within or across slot, and address the FFS point related to the definition of available slots. The enhancement for uplink grant-free transmission is in our companion contribution [3].
Comparison of different schemes for PUSCH repetitions
In general, K repetitions in time is an easy way to improve the reliability of a transmission. In RAN1#95, three options were discussed and agreed to at least support one of them for PUSCH enhancement.  
· Option 1: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Option 2: One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· Option 3: N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
Firstly, Option 3 is to use N independent UL grants scheduling N PUSCH repetitions, which provides a flexible scheduling for each PUSCH repetition. However, such flexibility at least in the frequency domain seems unnecessary if inter-repetition frequency hopping is supported for Option1/2. Also, the flexibility is at the cost of DL control overhead, which has proven very severe in [4]. Therefore, Option 3 is not preferred. In the following, we give a further comparison between Option 1 and Option 2. 
Compared to Option 2, the essential character of Option 1 is that more than one PUSCH repetitions within one slot is supported. If the available symbols in one slot are sufficient for all the PUSCH repetitions, then Option 2 turns out to be a single shot transmission. It means all the benefits of mini-slot repetitions identified in summary [5], also briefly listed below, would lost. 
· Lower latency
· Mini-slot level diversity (beam/precoder/QCL diversity) 
· Lower data rate 
· More granularity for spectral efficiency/scheduling flexibility
· Better frequency diversity 
Possibly, the available symbols in one slot are not sufficient for all the repetitions, i.e., need cross a slot boundary.  An example is shown in Figure 1, where four repetitions with each repetition of 2 symbols is assumed for Option 1. Correspondingly, Option 2 only has 2-segment PUSCH repetitions with 6 and 2 symbols respectively. In such cases, the benefit listed above still holds. For example, four different beams could be utilized for Option 1, while Option 2 can only use two different beams. 


[bookmark: _GoBack]Figure 1. Options for grant based PUSCH repetitions
Based on above analysis, we prefer to support Option 1 for grant based PUSCH enhancement. In addition, the number of symbols for each repetition could be the same for simplicity. This could also save signaling overhead in DCI.
Proposal 1: For grant-based PUSCH enhancement, one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· Each repetition has the same number of symbols
 Definition of available symbols or slots
In Rel-15, if the UE is configured with pusch-AggregationFactor, the same symbol allocation is applied across the pusch-AggregationFactor consecutive slots. If one transmission in a slot collides with slot configuration, the transmission on that slot is omitted and not counted as a valid slot for multi-slot PUSCH transmission. For URLLC traffic, things are different, where all K repetitions should be guaranteed and transmitted as soon as possible. It means the K repetitions should be transmitted in consecutive available slots and started in the first available UL symbols in each slot. Thus, the following two issues need to be discussed. 
· The definition of available slots 
· The definition of first available symbols in each slot
Firstly, a valid slot should contain enough uplink or flexible symbols at least larger than the number of symbols needed for one repetition. Furthermore, if there are downlink symbols before uplink/flexible symbols in one slot according to slot configuration, there might need a guard period (GP) for switching from DL to UL. An example with K=4 and each repetition of two symbols is shown in Figure 1. The first three transmissions are transmitted in slot #n, and the last one is in slot #n+1. That is both slot n# and slot#n+1 are available slots for transmission. If one symbol is used for GP, the first available symbol is the second flexible symbol in slot#n+1. 


Figure 2. K mini-slot grant-based PUSCH repetitions across the slot boundary.
In conclusion, the number of uplink or flexible symbols in the slot is larger than the total number of symbols needed for one repetition and GP. The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP. 
Proposal 2: For grant-based PUSCH repetitions, an available slot contains enough uplink or flexible symbols, which is larger than the total number of symbols needed for one repetition and GP. 
· The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP. 
 Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: For grant-based PUSCH enhancement, one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· Each repetition has the same number of symbols
Proposal 2: For grant-based PUSCH repetitions, an available slot contains enough uplink or flexible symbols, which is larger than the total number of symbols needed for one repetition and GP. 
· The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP.  
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