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Discussion and decision
1 Introduction
In RAN1 #94bis, the following agreement was made: 
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This contribution considers enhancements to PUSCH for URLLC. 
2 Necessity and benefit of PUSCH repetitions within a slot 
As discussed in [1], for configured grant, the motivation of introduce mini-slot repetition within one slot is to reduce the frame alignment time. However, the necessity to support mini-slot repetition for grant-based transmission is questionable. There are two essential issues: 
· Whether the lowest spectral efficiency can be achieved based on Rel-15 MCS table, and

· Whether 1e-6 BLER target can be achieved by Rel-15 MCS table

Table 1 summarizes the use cases studied in Re-16 URLLC. If the latency requirement is larger, e.g., >1ms, slot-based repetition for PUSCH is sufficient to support it. For example, all the symbols in a slot can be used to improve the reliability within the time budget. The challenge is for the cases with short latency requirement (e.g., <1ms), if the reliability target can be achieve with Rel-15 MCS tables (without repetition). 
Table 1 Summary for each use cases for evaluation
	
	Use case
	TBS
	BLER
	Latency

	Case #1
	Factory automation
	32bytes
	1.00E-06
	<1m

	Case #2-1
	Rel-15 enabled use case 
	32 bytes
	1.00E-05
	<1ms

	Case #2-2
	
	200 bytes
	1.00E-05
	<1m or <4m

	Case #2-3
	Rel-15 enabled use case
	4096bytes/

10k bytes
	1.00E-03
	<7ms

	Case #3-1
	Transport Industry
	5220 byte
	1.00E-04
	<3ms

	Case #3-2
	Transport Industry
	1370byte
	1.00E-04
	<3ms

	Case #4-1
	Power distribution
	100 bytes
	1.00E-06
	<2~3ms

	Case #4-2
	Power distribution
	250bytes
	1.00E-05
	<6~7ms


Some evaluation results are provided for Case #1 Factory automation and Case #2-2 Rel-15 enabled use case, which has latency requirement <1ms.

Figure 1 shows the BLER performance for Case #1 Factory automation. 30PRBs with 30kHz subcarrier spacing are used to transmit 32 bytes with one slot (i.e. 14 symbols), where the code rate is similar to MCS =0 in Rel-15 MCS table with low code rate. The required SINR to achieve 10-6 BLER is about -4.7dB. From the SLS evaluation result provided in [2], the Q value for Factory automation is about – 2.4dB.  This means, slot-based PUSCH transmission (without repetition) with Rel-15 MCS table can achieve 10-6 BLER requirement. The actual PUSCH transmission time is 0.5ms.  Since there is 2.3 dB margin, the transmission time can be further reduced, for example, by allocating less symbols and more PRBs.  With some other enhancements, e.g., new timeline, it is possible to achieve the latency requirement of 1ms when the reliability is 10-6 BLER for Factory automation.  
For Case #2-1 Rel-15 enabled use case with same TBS but lower reliability requirement, i.e., 10-5 BLER, it shall be easier for slot-based PUSCH transmission with Rel-15 MCS table to meet the requirement. Another challenge used case is Case #2-2 Rel-15 enabled use case, which has larger TBS (e.g., 200 bytes), and targets to 10-5 BLER within 1ms. Figure 2 shows the BLER performance for Case #2-2 Rel-15 enabled use case. In the simulation, 88PRBs with 30kHz subcarrier spacing are used to transmit 200 bytes with one slot (i.e.. 14 symbols) . The code rate is similar to MCS =3 Rel-15 MCS table with low code rate. The required SINR to achieve 10-5 BLER is about -6.51 dB. From the SLS evaluation result provided in [2], the Q value for Case #2-2, Rel-15 enabled use case in urban macro, is about -3.86 dB.  This means, slot-based PUSCH transmission without repetition can achieve 10-5 BLER requirement for TBS = 200 bytes. The actual PUSCH transmission time is 0.5ms (i.e. 14 symbols). Similarly, since there is 2.65 dB margin, the transmission time can be further reduced. However, for this use case, 88 out of 100 PRBs for 40MHz system bandwidth with 30kHz subcarrier spacing.  It is not possible to use mini-slot repetition with in one slot with the same code rate. If the code rate in each mini-slot repetition is higher, the performance may not be better than slot-based PUSCH transmission. 
Observation #1: Slot-based PUSCH transmission (without repetition) with Rel-15 MCS table can achieve 10-6 BLER with required Q value for factory automation.
Observation #2: Slot-based PUSCH transmission (without repetition) with Rel-15 MCS table can achieve 10-5 BLER with required Q value for Re-15 enabled use case with 200 bytes TBS.
Observation #3: For other use cases, there is no much different between slot-based repetition and mini-slot repetition, which will across more than one slot.
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Figure 1 PUSCH performance for Factory automation with slot-based transmission: 14 symbols
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Figure 2 PUSCH performance for Rel-15 enabled use case with slot-based transmission: 14 symbols
Although for idea situation, the requirements can be met without mini-slot repetition within one slot, in realistic mini-slot repetition within one slot is expected to have some benefits, for example, in TDD system. In Rel-15, PUSCH can only transmit on the slot if semi-static DL/UL assignment configuration of the slot has no direction confliction with scheduled PUSCH assigned symbols. As long as there is one symbol collided with the direction based on semi-static DL/UL assignment configuration, the PUSCH transmission in that slot is cancelled. That is, gNB shall not schedule as so. If mini-slot repetition is supported, for the slot may have DL symbols, it seems to be easy to schedule a UL transmission. However, since gNB can configure a proper DL/UL configuration and can dynamic change the direction (i.e., by UL grant), it may not be an issue for slot-based repetition. On the other hand, new collision handling method can be further study for URLLC, e.g., only cancel symbols instead of cancel the whole slot. 
Observation #4: For grant-based PUSCH transmission, with a proper UL/DL configuration, direction confliction may not be an issue. 
Observation #5: With other collision handling method, e.g., cancel symbols other than cancel the whole slot, more scheduling flexibility is provided for gNB to meet URLLC requirement. 
On the other hand, as discussed in [1], there are some benefits for PUSCH with configured grant to reduce the time for frame alignment.  Therefore, we suggest that the study on mini-slot repetition within one slot focuses on UL grant free first and then discuss if mini-slot repetition also needs to apply for grant-based PUSCH transmission or not. 
Proposal: The study on PUSCH repetitions within a slot focuses on configured grant. 
3 Conclusions
In this contribution, PUSCH mini-slot repetitions within a slot was discussed and following observations were made:

Observation #1: Slot-based PUSCH transmission (without repetition) with Rel-15 MCS table can achieve 10-6 BLER with required Q value for factory automation.

Observation #2: Slot-based PUSCH transmission (without repetition) with Rel-15 MCS table can achieve 10-5 BLER with required Q value for Re-15 enabled use case with 200 bytes TBS.
Observation #3: For other use cases, there is no much different between slot-based repetition and mini-slot repetition, which will across more than one slot.
Observation #4: For grant-based PUSCH transmission, with a proper UL/DL configuration, direction confliction may not be an issue. 
Observation #5: With other collision handling method, e.g., cancel symbols other than cancel the whole slot, more scheduling flexibility is provided for gNB to meet URLLC requirement. 

Based on the observations, we proposed:
Proposal: The study on PUSCH repetitions within a slot focuses on configured grant. 
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Appendix
Table 2 Simulation assumption
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-C (delay spread: 100ns) as in 38.901 for factory automation
TDL-C(delay spread: 100ns) as in 38.901 for Rel-15 enabled use case

	UE speed
	3 km/h 

	BS antenna configuration
	4 Rx antenna ports  

	UE antenna configuration
	1 Tx

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	MCS
	MCS =0  for factory automation
MCS =3 for Rel-15 enabled use case

	OFDM symbol number
	14

	Q value (i.e. SINR range) 
	-2.4dB for Factory automation [2]

-3.86dB For Rel-15 enabled use cases


Agreements:


One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
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