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1	Introduction
In the RAN#83 plenary meeting, the new work item Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) was approved [1]. The objective of this work item is to specify enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD. The objectives follow the recommendations of the study item on physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC), which are described in section 9.2 in TR 38.824. 
Part of this work item relates to PUSCH improvements:
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]

as well as DCI improvements:
· Specification of PDCCH enhancements [RAN1]
DCI format(s) with configurable sizes for some fields

In this contribution, we provide our views for increasing reliability by increasing the number of repetitions.

[bookmark: _Ref178064866]2	Discussion
In this section, we discuss the benefits of increased number of repetitions, and how to configure this.
2.1	Improving reliability for TDD
In Rel-15, the maximum possible value for repetition factor (repK) is 8. This may limit the reliability of TDD transmission when TDD pattern is semi-statically configured and the UL-DL pattern cannot be changed dynamically. The issue has been illustrated in Figure 1, as an example. Slot#1-8 are scheduled for configured grant with repK=8, and UL-DL pattern is set as “UDDDUDDD”. Due to conflict with the DL transmissions, only 2 UL transmissions is possible. 
[image: ]
[bookmark: _Ref536782997]Figure 1: The impact of UL-DL pattern on reliability
[bookmark: _Toc1183476][bookmark: _Toc5153991]UL-DL pattern may impact the reliability of UL CG transmission.

For the above situation, increasing the maximum possible repK value can improve reliability. As shown in Figure 1, the new repK value as 16 can increase possible UL transmissions from 2 to 4.
[bookmark: _Toc1183489][bookmark: _Toc5153996]For configured grants, increase maximum possible repetition factor to 16.

Similarly to configured grants, UL transmission with dynamic scheduling supports aggregation with up to 8 consecutive slots. For the UL-DL pattern in Figure 1, is will also here support only two UL slots. Increasing the pusch-AggregationFactor to also support 16 aggregated slots will improve the reliability. 
[bookmark: _Toc5153997]For dynamic scheduling, increase maximum possible UL slot aggregation factor to 16.
In the same way as for UL, the number of repeated slots can be increased to 16 also for DL. Although not typically motivated by UL-heavy patterns, increasing to 16 slots will still provide better robustness, and can be done with limited standardization effort.
[bookmark: _Toc5153998]Increase maximum number of repeated DL slots to 16, both for SPS and dynamic scheduling.
2.2	DCI-based configuration of number of repetitions
As discussed in [2], the number of repetitions could be sent in DCI in order to have faster adaptation and scheduling. As increasing the DCI size reduces robustness, the encoding should be such that overhead is minimized. As described in [2], the number of repetitions can be specified in the TDRA table, or an alternate way is to have a bitfield with value specifying within a subset of available repetition numbers.
[bookmark: _Toc5153992]Indicating number of repetitions in DCI can efficiently be done using e.g. TDRA tables or with a short DCI bit field indexing a subset of number of repetitions.
To create the subset in which the DCI bitfield indexes, the values can be specified over RRC configurations. E.g, the RRC configuration can specify which number of repetitions are possible to use, and then the length of the DCI bitfield will be given as ceil(log2(length_of_set)).
Another option is to let the RRC configure the maximum number of repetitions, e.g. to be 1, 4 or 16:
· If maxNrofRep = 1, nrofRep field in DCI has size 0. That is, this field is omitted in DCI. No repetition applied.
· If maxNrofRep = 4, DCI has 1 bit nrofRep to indicate the actual number of repetition. Two choices of nrofRep are: 2, 4.
· If maxNrofRep = 16, DCI has 1 bit nrofRep to indicate the actual number of repetition. Two choices of nrofRep are: 8, 16.

[bookmark: _Toc5153999]A set of available number of repetitions can be configured by RRC.

Conclusion
In the previous sections we made the following observations: 
Observation 1	UL-DL pattern may impact the reliability of UL CG transmission.
Observation 2	Indicating number of repetitions in DCI can efficiently be done using e.g. TDRA tables or with a short DCI bit field indexing a subset of number of repetitions.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For configured grants, increase maximum possible repetition factor to 16.
Proposal 2	For dynamic scheduling, increase maximum possible UL slot aggregation factor to 16.
Proposal 3	Increase maximum number of repeated DL slots to 16, both for SPS and dynamic scheduling.
Proposal 4	A set of available number of repetitions can be configured by RRC.
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