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1. Introduction
In previous RAN1 meetings [1] [2] and RAN#80 meeting [3], several agreements were made on PUSCH transmission: 
	Agreements:RAN1#94
· Study further whether/how on ensuring K repetitions.
· Study further on PUSCH repetitions within a slot for configured grant.

Agreements:RAN1#94bis
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.

RAN1#80
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)



In this contribution, we discuss some aspects on PUSCH enhancement including PUSCH repetition and power control on PUSCH transmission.

2. Discussion 
2.1. Non-slot PUSCH repetition within a slot
In current specification, TB repetition is only possible when using multiple slots. In other words, a UE can perform only one transmission for the TB in a slot. However, considering URLLC service requirements, it seems beneficial to support shorter transmission with repetition even in one slot for the following reasons:
· Unlike single long PUSCH transmission, gNB can try to decode PUSCH at end of each repetitions. It means that gNB can end a PUSCH reception and send TB to upper layer earlier. By this, even if two PUSCH transmissions are reliable in channel coding sense, achievable latency can be different. Figure 1 show an example of non-slot repetitions. Considering RS overhead, 8 symbol PUSCH can have same reliability as 2 symbol PUSCH repeated 5 times (10 symbol duration). However, in terms of latency, shorter transmission duration with repetitions could get much shorter PUSCH reception time in average-sense. 
· For URLLC, ‘longer transmission duration’ would be inefficient compared with ‘shorter transmission duration’ + ‘repetition’ when configured scheduling is used. Shorter transmission occasion with repetition can provide latency benefits by allowing shorter waiting time (e.g., frame alignment latency) before initiating transmission data. This benefits disappear if repetition occurs only across slots. 
· Unlike PUSCH scheduled by UL grant in DCI, PUSCH resources allocated by configured grant may or may not be uplink resources. Since resource allocated by configured grant is treated as measurement resource in a perspective of slot format, the UE cannot utilize resources allocated by configured grant unless all the allocated symbols are indicated as UL symbols. In this case, it is beneficial to adopt repetition of short duration PUSCH with potential partial cancelling/dropping on a subset of repetitions. This benefits again will not be present if same repetition mechanism to multi-slot PUSCH is adopted for shorter transmission.
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Figure 1. An example for the benefit of non-slot repetition with in a slot

In this sense, we propose to adopt non-slot repetition within a slot for URLLC PUSCH.
Proposal 1: For URLLC PUSCH transmission, non-slot PUSCH repetition within a slot should be supported.
To perform non-slot repetition, we can simply think of repeating non-slots side-by-side. Considering limited uplink symbol in dynamic TDD case, it may be efficient way to utilize resources. However, there are symbol level periodicity and various symbol duration. If multiple UEs using side-by-side repetition with different symbol duration PUSCH, it is hard to align DMRS symbol among multiple UEs. It may restrict possibility of sharing. 
[bookmark: _GoBack]Alternatively, we can consider to define nominal boundary for repetition within a slot. By restricting start symbol and duration and using specific interval for repetitions, we can prevent TO from crossing slot boundary. In addition to this, when we consider sharing grant-free with a UE using 2 symbol or 7 symbol periodicity, it has beneficial to make repetition method using 2/7 symbol interval. In other words, this approach is to assume ‘sub-slot’ similar to sTTI structure as in LTE. For example, 2 OS sub-slot structure (e.g., 7 of 2 OS sub-slots in a slot) and 7 OS sub-slot structure (e.g., 2 of 7 OS sub-slots in a slot) can be considered where there is one transmission occasion in a sub-slot. To determine sub-slot size, based on time-domain duration, the smallest sub-slot covering the configured time-domain resource can be selected. For example, if OFDM symbol 0-1 is configured, 2 OS sub-slot can be assumed, and if OFDM symbol 0-3 is configured, 7 OS sub-slot can be assumed. About repetition number K, it is also discussed in our contribution R1-1812578.
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Figure 1. An example of proposed non-slot repetition method

Proposal 2: For supporting non-slot repetition, the following options can be considered: 
· Option 1: repeating non-slot PUSCH over consecutive symbol in a slot
· Option 2: repeating non-slot PUSCH with certain periodicity
· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]

2.2. DMRS sharing on PUSCH repetition
When non-slot PUSCH repetition is performed by a UE to achieve higher reliability within a slot, DMRS overhead should be considered. When the duration of non-slot PUSCH is too short like two or three symbols, front loaded DMRS will be mapped on each non-slot PUSCH resource and it will occupy quite much resources in one PUSCH transmission instance. Then the DMRS presence in each PUSCH transmission within a repetition could be relaxed because DMRS per each non-slot PUSCH transmission would lead higher coding rate, and thus would make it difficult to achieve the reliability requirement. One method to solve this problem is DMRS sharing between non-slot PUSCH repetitions. Figure 3 shows an example of DMRS sharing, when a UE is configured with three non-slot PUSCH repetitions within one slot, the UE can map DMRS only in first and last non-slot PUSCH resources. When network receives the data, for the resource in the middle, it can use the DMRS in first and last non-slot PUSCH resource to estimate/decode the data. 
Proposal 3: when non-slot PUSCH repetition within a slot is used, to improve transmit reliability, DMRS sharing between transmitted non-slot PUSCH repetitions could be considered.


Figure 3. An example of DMRS sharing

When a dynamic SFI arrives, it may change the direction or disable one or few resources of non-slot PUSCH repetition, in this case firstly we should consider whether the action of configuring a dynamic SFI to override non-slot PUSCH repetition is possible, if yes, in order to share DMRS in a certain condition, the information of DMRS position can be signalled to UE using DCI. Or in that case, UE can simply assume there is no DMRS sharing in the slot which is re-configured by dynamic SFI. 

2.3. Power control on PUSCH transmission
When a UE is scheduled with multiple resources on multiple carriers, the UE will be also indicated transmit power on each carrier. In case of power limited case, it is currently assumed that a UE scales the power based on priorities and UE implementation. In terms of priority, not only UCI contents but also QoS required for each channel/UCI content needs to be considered. Furthermore, to guarantee the power allocated to URLLC packet, it should be possible to drop other overlapping transmissions. By dropping other transmissions, the computed PCmax can be changed (PCmax to transmit one UL can be different from PCmax to transmit two ULs with A-MPR, etc), and it is necessary to reapply recomputed PCmax after dropping. 
Proposal 4: Power limited case should allow highest priority to URLLC traffic potentially including dropping other overlapping UL transmissions. 

3. Conclusion
We discussed PUSCH enhancement for NR URLLC, and proposed the followings. 
Proposal 1: For URLLC PUSCH transmission, non-slot PUSCH repetition within a slot should be supported.
Proposal 2: For supporting non-slot repetition, the following options can be considered: 
· Option 1: repeating non-slot PUSCH over consecutive symbol in a slot
· Option 2: repeating non-slot PUSCH with certain periodicity
· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]
Proposal 3: when non-slot PUSCH repetition within a slot is used, to improve transmit reliability, DMRS sharing between transmitted non-slot PUSCH repetitions could be considered.
Proposal 4: Power limited case should allow highest priority to URLLC traffic potentially including dropping other overlapping UL transmissions. 
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