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Introduction
In RAN1 AH1901, Some agreements on PUSCH were achieved in the following [1]:
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first repetition.
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)

Agreements: (Friday: modified as follows)
At least for scheduled PUSCH, for the option “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” (also called as “multi-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)
Agreements: 
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots
Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.
In this contribution, we shall focus on PUSCH enhancement.
Potential issues for one grant to schedule PUSCH repetition
· Time domain resource determination
Interaction with the DL/UL direction
For slot repetition, if transmission direction in one PUSCH repetition is not all uplink or flexible, then the PUSCH repetition is discarded. For mini-slot repetition, the similar rule can be a starting point.
Dynamic indication for mini-slot repetition
Currently, repetition is semi-static configuration. If repetition is configured only for cross-slot transmission, then repetition is not always required and Semi-static configuration leads PUSCH resource waste. Therefore, dynamic indication for repetition is necessary for mini-slot repetition.
If mini-repetition is introduced, long duration transmission can be performed by mini-repetition. So long duration can be excluded in time domain resource assignment table and bitfield for time domain resource assignment can be shorten. The leftover bit can be used for repetition indication.
Time domain resource indication for multi-segments
Modifying SLIV to support the cases with S+L>14 has small specification impact. It is probable for cell edge UE with long transmission duration to cross slot. For cell edge UE, short transmission duration hardly can be configured. Therefore,  if time domain resource assignment table size keep the same, the options that short transmission duration  can be deleted and the options that S+L> can be added.
· TBS determination
For slot repetition, TBS is determined by first repetition. Similarly, for mini-slot repetition and multi-segments, TBS is determined by first repetition or first segment.
· Frequency hopping
For dynamic transmission, Frequency hopping provides frequency diversity. However, URLLC transmission is usually wide transmission band and short time duration to reduce latency. For wideband transmission, frequency hopping only provides limited frequency diversity. Therefore, simple frequency hopping is enough for dynamic transmission.
For configured grant, collision among UE in one grant free can not be controlled by gNB and hopping is only way to resolve collision. To recognize UE as early as possible, hopping with small time granularity, e.g. symbol-level, should be considered for grant free.


In addition, Current hopping pattern only depends on two parameters, and, available hopping pattern is very limited and randomness of collision among UE is very limited, even leads persistent collision, which is fatal for URLLC. Non-orthogonal resource allocation, especially for data, is usual for URLLC to support more grant free UE in limited resource. If non-orthogonal resource for DMRS is applied, UE cannot be identified and data cannot be demodulated. So we suggest more flexible hopping pattern can be considered in terms of hopping sequence and hopping resource. 
· DMRS sharing
If each short PUSCH has its own DMRS, DMRS overhead will be very large. Taking 2-symbol PUSCH as an example, DMRS ratio is 16.7%-25%. Therefore, DMRS sharing should be considered. For PUSCH repetition within one slot but without hopping, one DMRS can be shared by multiple PUSCH repetition. However, for frequency hopping and/or slot crossing, independent DMRS per hopping or per slot is required.
Proposal 1: Time domain resource, TBS determination, frequency hopping and DRMS sharing should be enhanced for one grant to schedule PUSCH repetition.
Potential issue on separate grants to schedule PUSCH repetition
Separate grants to schedule PUSCH repetition is a simplest and most flexible scheme however it may increase PDCCH overhead. And PDCCH overhead is analyzed in the following.
Due to independent schedule, PUSCH resource allocation for each transmission occasion is flexible. And independent precoder configuration could provide more space diversity gain. However, PDCCH overhead is an issue. Then, PDCCH overhead is evaluated for the following two cases: 
· Case 1: One PDCCH and PUSCH with error probability  and , then correct probability for uplink transmission is  
· Case 2: Two PDCCH and PUSCH without combination with error probability  and  for each PDCCH , then correct probability for uplink transmission is   
Figure 1 shows total transmission error probability  with varying PDCCH error probability. PUSCH error probability  and due to limited transmission duration is assumed. Figure 2 shows PDCCH performance, of which simulation assumption is listed in Table A-2. From Figure 1, we can see that when P=, approaches to  and  approaches to. From Figure 2, we can see that in most cases, PDCCH aggregation level for case 2 is lower than that of case 1. So even two PDCCH is needed for case 2, however, total PDCCH overhead hardly increases.
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Figure 1 Error probability of PUSCH
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Figure 2 PDCCH performance
Observation 1: PDCCH overhead hardly increase for scheme 3(N (N>=2) UL grants scheduling N PUSCH repetitions).
If N UL grant scheduling N PUSCH repetitions is supported, it should be allowed that UL grant to schedule  PUSCH with the same HARQ ID as PUSCH could occur before PUSCH.
Proposal 1: Separate grant scheduling PUSCH repetitions is considered to supported due to flexible schedule, little specification work and small PDCCH overhead increase.
Conclusions
In this contribution, we show our views on PUSCH enhancement for URLLC with following proposals:
Proposal 1: Time domain resource, TBS determination, frequency hopping and DRMS sharing should be enhanced for one grant to schedule PUSCH repetition.
Observation 1: PDCCH overhead hardly increase for scheme 3(N (N>=2) UL grants scheduling N PUSCH repetitions).
Proposal 2: Separate grant scheduling PUSCH repetitions is supported due to flexible schedule, little specification work and small PDCCH overhead increase.
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Appendix
1.1 Link level simulation assumption
Table A-1: Link-level simulation assumptions at 4 GHz for all cases with urban macro
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-C (delay spread: 300ns)  as in 38.901

	UE speed
	3 km/h for power distribution and Rel-15 enabled use case;

	BS antenna configuration
	4 Tx antenna ports 

	UE antenna configuration
	4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value 


·  Evaluation of 700 MHz and 2 GHz carrier frequency are not precluded. 
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