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1. Introduction
At the RAN #80 meeting, the SI on Physical Layer Enhancements for NR URLLC was approved [1]. Following is one objective related to the configured grant transmission:
	“Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)”



In this contribution, we discuss the enhancements to the UL transmission with configured grant for URLLC.
2. Multiple configurations supported on one carrier
In Rel.15 NR specification, only one configuration for configured grant (grant free) can be configured for one carrier. The transmission duration of the K repetitions is always less than or equal to the configured periodicity P. When the configured RV sequence for grant free transmission is {0, 2, 3, 1}, the initial transmission of a TB shall start at the first transmission occasion of the K repetitions. Since it ensures the K repetitions, the latency requirement cannot be met if UE misses the initial transmission chance. When the configured RV sequence is {0, 3, 0, 3} or {0, 0, 0, 0}, the initial transmission of a TB can start at any of the transmission occasions of the K repetitions that are associated with RV=0, this can reduce the latency while scarifying the reliability due to less RV variations. 
As reviewed above, current grant free mechanism prioritizes either reliability or latency by the configurability of RV sequence. When targeting both reliability and latency simultaneously, enhancements are necessary. It is noted that in LTE HRLLC WI, similar issue was discussed and a solution was specified. As shown in Fig.1, LTE allows multiple SPS configurations to be activated on the same serving cell. While keeping the reliability by ensuring K repetitions, more SPS initial transmission occasions are available. 
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Fig. 1. LTE UL SPS repetition with two SPS configurations

The adopted scheme in LTE can be the baseline for NR enhancements to UL grant free repetitions. 
Proposal 1: 
· Study multiple configured grant configurations on a serving cell. 
· The initial transmission of a TB shall start at the first transmission occasion of the K transmissions. 
· The initial transmission of a TB for different configured grant configurations is on different TTIs.
· Different HARQ process IDs are used for different configured grant configurations.
· The UE shall not transmit PUSCH simultaneously using different configured grant configurations on a serving cell.
3. Mini-slot repetitions 
In Rel.15 URLLC, two solutions to realize lower coding rate are specified: (1) new MCS table for lower coding rate and (2) PDSCH/PUSCH repetitions across slots (also called as slot-aggregation). For the same transport block size, as long as the code rate is sufficiently low, lower MCS and repetition offers similar performance gain. 
However, repetitions offer some more benefits, compared to new MCS table for lower coding rate, as shown below;
· Lower processing time for gNB receiver
· For repetition, gNB can start receiver processing from the end of the first repetition across repetitions whenever possible, while for the new MCS table, gNB cannot start receiver processing until the end of overall PUSCH transmission. 
· Precoder/QCL-cycling across repetitions for multi-TRPs/panels scenario (Fig. 2)
· It is possible for the UE to transmit PUSCH repetitions in a way that different repetition uses different beams/precoders/spatial Tx filters. The received repetitions at multiple TRPs can be combined/selected. Then, spatial diversity gain is achievable. 
Further, by enabling PUSCH repetitions within a slot, the benefit of lower latency is achievable. So, we consider that PUSCH repetitions within a slot (or shorter repetitions compared to Rel.15 repetitions) is necessary for Rel.16 URLLC. Also, PUSCH repetitions should be enabled over multiple-TRPs.
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Fig. 2	PUSCH repetitions with multiple TRPs.
Proposal 2:
· Study mini-slot repetitions as the promising candidates for URLLC enhancements and capture the benefits and advantages of them in the TR.
· PUSCH repetitions shorter than one repetition per slot (e.g., repetitions within a slot).
· PUSCH repetitions with multiple-TRPs.
· Enabling different QCLs/precoders/beams across repetitions.

For PUSCH repetitions within one slot, frequency hopping for the repetitions should be further discussed. There are two options: 
Option 1: the hopping is performed over each repetition.
Option 2: the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot.
To achieve efficient resource management and frequency hopping gain, option 2 is preferred.
[bookmark: OLE_LINK5]Furthermore, to avoid one repetition cross slot boundary, additional issue on the time-domain resources for the remaining repetitions needs to be addressed in case the remaining resource/symbols within one slot is not enough for one repetition. As shown in Figure 2, we see following options:   
· Option 1: postpone the remaining repetitions to the next slot to avoid cross slot-boundary. 
· Option 1-1: the starting symbol is the same symbol as in previous slot.
· Option 1-2: the starting symbol is the earliest available UL symbol.
· Option 2: skip the current repetition to avoid crossing the slot boundary.
· Option 2-1: resource is allocated to the skipped repetition and the next repetition starts at the UL symbol after the symbol allocated to the skipped repetition in the next slot.
· Option 2-2: resource is Not allocated to the skipped repetition and the next repetition starts at the earliest available UL symbol in the next slot.
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Option 1: postpone the remaining repetitions to the next slot
[image: ]
Option 2: skip the current repetition to avoid crossing the slot boundary
Figure 2: Mini-slot repetitions 
As shown in above, option 1-2 can achieve the better performance from the latency and reliability perspective. While option 2-1 is also simple, by replacing the slot-level granularity with symbol-level granularity for the resource allocation description. 
Proposal 3:
· Study further detailed options of PUSCH repetition.
· Frequency-hopping
· E.g., the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot
· Time-domain allocation taking into account slot boundary
· the resources for repetition are in consecutive available UL or flexible symbols within one slot; if one repetition is about to cross the slot boundary, it is postponed to the earliest available symbol for PUSCH transmission in the next slot
4. Explicit HARQ-ACK feedback
Current NR spec. does not support explicit HARQ-ACK feedback for grant free transmission. When the uplink traffic is relatively frequent, the UE receives an implicit positive HARQ-ACK feedback for the previous uplink data transmission when it is scheduled with a new uplink data transmission using the same PUSCH HARQ process. When the UE is scheduled with the re-transmission for the same TB, it implies a negative HARQ-ACK feedback for the previous uplink data transmission. 
However, when the uplink traffic is relatively infrequent, the UE may not receive any implicit positive HARQ-ACK feedback for a successfully decoded uplink data, since there is no immediate next new uplink data transmission. Then the UE will wait until the configuredGrantTimer expires; if no re-transmission is scheduled, UE considers the uplink transmission is acknowledged as ACK. 
The benefits of introducing the explicit positive HARQ feedback is to early terminate the repetitions or avoid gNB miss-detect the transmission. However, different from MTC case, URLLC traffic has strict latency requirement. Therefore, it is not possible to allow UE to perform repetitions exceeding the delay budget. Regarding gNB miss-detection, based on the UE feedback, the probability of miss-detection for a given repetition number is controlled to be very low. Therefore, it seems no strong motivation to support the explicit HARQ-ACK feedback. 
If such benefits are essential and it is agreed to support the explicit acknowledgement, the relation with the legacy HARQ feedback i.e., configuredGrantTimer needs to be discussed. In addition, for explicit acknowledgement, it is not preferred to introduce a new physical channel like PHICH channel in LTE, considering the overhead, specification efforts, and backward compatibility. Still the PDCCH can be a good candidate to carry the acknowledgement information. 
Observation 1:
· Unless strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is not supported.
· UL grant scrambled by C-RNTI or new-RNTI scheduling the new TB transmission of the same HARQ process can indicate “ACK” 
· UL grant scrambled by CS-RNTI scheduling the same TB initially transmitted without grant can indicate “NACK”
· Above UL grant scheduling the new transmission or retransmission can be used during and after the K repetition
· If strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is realized by a PDCCH.
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5. Conclusion
In this contribution, we discussed the enhancements to the UL transmission with configured grant for URLLC. Following is the summary: 
Proposal 1: 
· Study multiple configured grant configurations on a serving cell. 
· The initial transmission of a TB shall start at the first transmission occasion of the K transmissions. 
· The initial transmission of a TB for different configured grant configurations is on different TTIs.
· Different HARQ process IDs are used for different configured grant configurations.
· The UE shall not transmit PUSCH simultaneously using different configured grant configurations on a serving cell.
Proposal 2:
· Study mini-slot repetitions as the promising candidates for URLLC enhancements and capture the benefits and advantages of them in the TR.
· PUSCH repetitions shorter than one repetition per slot (e.g., repetitions within a slot).
· PUSCH repetitions with multiple-TRPs.
· Enabling different QCLs/precoders/beams across repetitions.
Proposal 3:
· Study further detailed options of PUSCH repetition.
· Frequency-hopping
· E.g., the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot
· Time-domain allocation taking into account slot boundary
· the resources for repetition are in consecutive available UL or flexible symbols within one slot; if one repetition is about to cross the slot boundary, it is postponed to the earliest available symbol for PUSCH transmission in the next slot
Observation 1:
· Unless strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is not supported.
· UL grant scrambled by C-RNTI or new-RNTI scheduling the new TB transmission of the same HARQ process can indicate “ACK” 
· UL grant scrambled by CS-RNTI scheduling the same TB initially transmitted without grant can indicate “NACK”
· Above UL grant scheduling the new transmission or retransmission can be used during and after the K repetition
· If strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is realized by a PDCCH.
References
[1] RP-181477, ‘New SID on Physical Layer Enhancements for NR URLLC,’ Huawei, HiSilicon, Nokia, Nokia Shanghai Bell  

- 4/5 -
image2.emf
A channel/signal

Combined

/Selected

Each repetition is send to each TRP

Time

Freq


image3.png
+ Repetition number: K=4

+ Symbol length for PUSCH with mapping type B is 4

Slotn

Slot boundary

Slot n+1

Symbol [ T4 2
index

1310

1

13

Opt.1-1





image4.png
Slotn Slot boundary Slot n+1

Symbol [ T4 T2 [3 [4 [5 |6 |7 [8 |9 J1o]11]12]13]0 [1 [2 ]3[4 [5 [6 |7
index

Opt.1-2




image5.png
Slot n Slot boundary Slot n+1

Symbo|0123456789101112130123455
index

=1 =2 skip
Opt.2-1
. Slotn Slot boundary Slot n+1

Symbol [0 T4 T2 |3 [4 [5 [6 [7 [8 [9 [1o]11][12]13]0 [1 [2 ]3[4 [5 [s |7
index

Opt.2-2




image1.png
SPS periodicity P

©)TTI

n

n+1

n+2

n+3

n+4

n+5

n+6

n+7

SPS configuration #1

(s)TTI

n+1

n+2

n+3

n+4

n+5

n+6

n+7

SPS configuration #2

W‘indow of K transmissions

>





