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 Introduction
In the RAN1 #94bis meeting, the following agreements on enhancements to grant-based PUSCH in URLLC were reached [1].
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
In this contribution, we mainly discuss the necessity of using mini-slot repetitions within a slot and ensuring K repetitions for grant-based PUSCH. The enhancement for uplink grant-free transmission is in our companion contribution [2].
 Mini-slot repetition within a slot
In general, K repetitions in time are used to improve the reliability of traffic transmission. It seems that one shot transmission with a long duration has similar reliability comparing with multiple short mini-slots repetition. So some companies argued that one shot transmission with a long duration makes no difference than multiple short mini-slots repetition within a slot. Here two advantages for mini-slot repetitions within a slot are identified for grant based PUSCH. 
· Different mini-slot repetitions could use different transmission beams to obtain diversity gain, which is beneficial for reliability. It is not feasible for one shot transmission. 
· [bookmark: _GoBack]In current R-15 specification, the highest target reliability of MCS table is 99.999%. However, Rel-16 use case requires higher reliability, e.g. factory automation with 99.9999% reliability. Then, either we define a new MCS table with reliability of 99.9999% or using multiple mini-slot repetitions to achieve a lower coding rate. Some companies argued that MCS0 in current MCS table could reach the 99.9999% reliability. However, we find the SNR is about -10dB for MCS0 to reach the 99.9999% reliability based on the simulation results in the Annex. But, the SINR could be -15dB based on the UL geometry curve for factory automation shown in our companion contribution [3]. That means either re-transmission or repetitions should be supported. Given the re-transmission may not be always feasible for the 1ms air latency for factory automation, supporting repetitions within one slot is one way to go. 
Based on above the analysis, we prefer to support mini-slot repetitions within a slot for UL grant-based transmission.
Proposal 1: Mini-slot repetition within one slot for grant-based PUSCH is supported in Rel-16.
 Ensuring K repetition 
For mini-slot repetitions within one slot, the K repetitions may not always be transmitted within one slot. Although for grant-based PUSCH, the repetition factor K is under the gNB’s control and the gNB can make sure the multiple repetitions not cross the slot boundary. But, there might be some cases that gNB wants to schedule more repetitions, but the available TOs are less than the number of repetition in a slot. 
An example with K=4 is shown in Figure 1, where only 3 TOs can be transmitted in slot #n. Then, an issue is whether the gNB only schedules 3 repetitions not allowing repetitions across slot boundary or it will schedule 4 repetitions allowing slot boundary crossing. We think the latter would be better in terms of reliability for ensuring K repetitions. Thus, we suggest supporting repetitions across slot boundary even for grant-based PUSCH.
If K repetitions crossing slot boundary are supported, we need define the first available UL/Flexible symbols for TO in the next slot. For instance, whether symbol #2 slot #n+1 could be used considering it may be used as a GP between DL-UL. For slot-based repetitions, the same issue on the first available symbol exits if we want to bring the remaining repetition forward, which means no need force the remaining repetitions to have the same starting symbols as the initial transmission. 


Figure 1: K repetitions across the slot boundary.
Proposal 2: Support K repetitions across the slot boundary. 
· FFS the first available symbol after crossing slot boundary.
 Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: Mini-slot repetition within one slot for grant-based PUSCH is supported in Rel-16.
Proposal 2: Support K repetitions across the slot boundary. 
· FFS the first available symbol after crossing slot boundary.
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 Annex
In Figure A-1, the label for different cases is named by ‘Modulation order - Target code Rate R x 1024’.
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Figure A-1 Link level simulation

2

oleObject1.bin
0

D


1

D


2

D


3

D


4

D


5

D


6

D


7

D


8

F


9

F


10

U


11

U


12

U


13

U


Symbol index
 


Slot boundary


TO#2


TO#3


Slot n


TO#1


RV=0


RV=2


RV=3


0

D


1

D


2

F


3

F


4

F


5

F


6

F


7

F


8

F


9

F


10

U


11

U


12

U


13

U


?


RV=1


Slot n+1


TO#4


Semi-static slot format 



image2.png
BLER

o

0.00:

0.0001

0.0000

AWGN

L

SNRdb

—8—2-30 —8—2-50 —8—2.78 —8—2- 120 —8— 2-193 —#— 2- 305 —@—2- 449 —@—2-602
84375 —8— 4430 —8— 4515 —8— & 456 —9— 5557 —@— 6655 —0— 6 772




image1.emf
0

D

1

D

2

D

3

D

4

D

5

D

6

D

7

D

8

F

9

F

10

U

11

U

12

U

13

U

Symbol index

Slot boundary

TO#2 TO#3

Slot n

TO#1

RV=0 RV=2 RV=3

0

D

1

D

2

F

3

F

4

F

5

F

6

F

7

F

8

F

9

F

10

U

11

U

12

U

13

U

?

RV=1

Slot n+1

TO#4

Semi-static slot format


