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1. Introduction
In RAN#80 plenary meeting, a new SID on physical layer enhancements for NR URLLC [1] was approved for Rel-16. Some of the objectives of the new SID are listed below.
Establishing the baseline performance achievable with Release 15 URLLC considering the prioritized URLLC use cases identified in the justification section. Besides the baseline Release 15 URLLC performance, the study will investigate the necessary improvement for the prioritized URLLC use cases in the justification section and how to meet the requirements for those use cases in Release 16 with higher requirements, such as:
· Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)
· Relevant development in other work and study items to be taken into account.

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)

The study of PUSCH Enhancements focuses on mini-slot level hopping & retransmission/repetition enhancements considering the new requirements, e.g., higher reliability (up to 1E-6 level) and shorter latency (in the order of 0.5 to 1 ms). Since mini-slot retransmission has already supported in R15, it should also be supported in R16. In this contribution, we provide our considerations on mini-slot repetition.
2. Discussion 
One of the main benefits of slot-level repetition, which has been supported in R15, is to enable the reliability of URLLC traffic in case of large SCS. In R16, more stringent requirements, higher reliability (up to 1E-6 level) and shorter latency (in the order of 0.5 to 1 ms), are proposed for the URLLC traffic. Slot-level repetition cannot help increase the reliability in some scenarios, for instance, the SCS of PUSCH is 15kHz or 30kHz and the latency boundary is 0.5ms. In such scenarios, even if slot-level repetition is configured, it will not help increase the reliability of the URLLC traffic within the required latency.
Observation 1: Slot-level repetition may not help increase the reliability of the URLLC traffic within the required latency in case of small PUSCH SCS.
Furthermore, due to the limitation of the UE processing capabilities and DL/UL configuration, mini-slot retransmission may not be able to take place within the the required latency in the scenarios described above. As a result, only one PUSCH instance can be scheduled. Current PUSCH scheduling mechanism may not fully exploit the time domain resources due to the limitation of the UE processing capabilities and DL/UL configuration. 


Figure 1. An example of a slot consisting of 2 DL/UL switching points
There is an example of a slot format shown in figure 1. With this slot format, a PUSCH can take at most 1 flexible and 4 UL symbols, due to the limitation of the UE processing capabilities, retransmission cannot take place within the slot. 50% of the time domain resource cannot be used for the URLLC traffic. On the contrary, with mini-slot repetition, the first five non-DL symbols can be used for the initial transmission and the last five symbols can be used for the repetition. 
Observation 2: Non-contiguous mini-slot repetition is beneficial for the time domain resource utilization from the UE’s perspective. 
Table 1. MCS index table 2 for PUSCH with transform precoding and 64QAM [2]
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x 1024

	Spectral
efficiency

	0
	q
	60/q
	0.0586

	1
	q
	80/q
	0.0781

	2
	q
	100/q
	0.0977

	3
	q
	128/q
	0.1250

	4
	q
	156/q
	0.1523

	5
	q
	198/q
	0.1934

	6
	2
	120 
	 0.2344

	7
	2
	157 
	 0.3066

	8
	2
	193
	 0.3770

	9
	2
	251
	 0.4902

	10
	2
	308
	 0.6016

	11
	2
	379
	 0.7402

	12
	2
	449
	 0.8770

	13
	2
	526
	 1.0273

	14
	2
	602
	 1.1758

	15
	2
	679
	1.3262

	16
	4
	378
	 1.4766

	17
	4
	434
	 1.6953

	18
	4
	490
	 1.9141

	19
	4
	553
	 2.1602

	20
	4
	616
	 2.4063

	21
	4
	658
	2.5703

	22
	4
	699
	 2.7305

	23
	4
	772
	 3.0156

	24
	6
	567
	 3.3223

	25
	6
	616
	 3.6094

	26
	6
	666
	 3.9023

	27
	6
	772
	 4.5234

	28
	q
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK21][bookmark: OLE_LINK22]In R15, a new MCS table is designed to meet the reliability of the URLLC traffic as shown in Table 1 [2]. However, the spectral efficiency gap between adjacent MCS indexes is quite large. For example, the spectral efficiency of the first MCS is 0.0586 and the spectral efficiency of the second MCS is 0.0781 which is 33.3% higher than the first one. For one PUSCH instance transmission, if the second MCS can barely satisfy the reliability requirements, the only choice is the first MCS which will greatly decrease the spectral efficiency. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]With mini-slot repetition, multiple choices can be provided. For example, the MCS of index 3 repeats 2 times can result in the effective spectral efficiency of 0.0625. The MCS of index 5 repeats 3 times can result in the effective spectral efficiency of 0.0644. The MCS of index 7 repeats 4 times can result in the effective spectral efficiency of 0.0767. Mini-slot repetition can provides more spectral efficiency choices. Under the condition that the reliability is satisfied, choosing appropriate MCS and number of repetitions can help increase the spectral efficiency. For example, if the spectral efficiency under 0.07 satisfies the reliability requirements, the effective spectral efficiency of 0.0644 can be chosen instead of 0.0586 with the support of mini-slot repetition.
Observation 3: Mini-slot repetition is beneficial for the scheduling flexibility and the spectral efficiency. 
Based on the above analysis we have the following proposal,
Proposal 1: Mini-slot repetition within a slot should be supported for PUSCH.
3. Conclusion
In this contribution, we provide our considerations on mini-slot repetition and the following conclusions are proposed,
Observation 1: Slot-level repetition may not help increase the reliability of the URLLC traffic within the required latency in case of small PUSCH SCS.
Observation 2: Non-contiguous mini-slot repetition is beneficial for the time domain resource utilization from the UE’s perspective.  
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Observation 3: Mini-slot repetition is beneficial for the scheduling flexibility and the spectral efficiency. 
Proposal 1: Mini-slot repetition within a slot should be supported for PUSCH.
References
[1] RP-181477, “New SID on Physical Layer Enhancements for NR URLLC”, La Jolla, US, June 11–14, 2018.
[2] R1-1812093, “CR to 38.214 capturing the RAN1#94bis meeting agreements”, Chengdu, China, Oct. 8 – 12, 2018.


1/3
image1.emf
D D F U U U U D D F U U U U

One slot


oleObject1.bin
D


D


F


U


U


U


U


D


D


F


U


U


U


U


One slot



