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Introduction
A work item on physical layer enhancements for NR URLLC has been approved in RAN#83 with the following objective for PUSCH [1];
	· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots


In this contribution, we discuss the various options for NR PUSCH repetition schemes for dynamic and configured grants. We analyse the necessity and the possible advantages of NR PUSCH repetition schemes in terms of reducing the alignment delay and offering frequency diversity. Our analysis shows that mini-slot repetition could be beneficial to enable more frequency hops in a slot, however, multi-segment repetition is more suitable scheme for reducing the alignment delay. Thus, given that reducing the alignment delay is critical for meeting the latency requirements, multi-segment repetition should be supported for PUSCH scheduled with dynamic grant. On the other hand, mini-slot repetition should be supported for configured grant.
Discussion
During eURLLC SI in Rel-16, enhancement for NR PUSCH have been studied. Specifically, for PUSCH repetitions there were two main options discussed [2];
Mini-slot level repetition: the time domain resource assignment field in the DCI indicates the resource for the first repetition. The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols. Each repetition occupies contiguous symbols.
Multi-segment transmission: the time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. For the transmission within one slot for multi-segment transmission, if there are more than one UL period within a slot, where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE, one repetition is within one UL period and each repetition occupies contiguous symbols. Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behaviour.
There were two main objectives behind adopting the repetition schemes for PUSCH;
· Diversity gains: with mini-slot based repetitions it is possible to provide more frequency diversity compared to intra-slot (FH), i.e. more than one frequency hop per slot.
· Alignment delay reduction: in NR Rel-15, PUSCH is not allowed to cross the slot boundary, which creates scheduling delays when the gNB wants to schedule an UL grant that crosses the slot boundary. 
Mini-slot repetition aim to achieve diversity (in frequency, precoder, TRP) within a slot. NR Rel-15 supports intra-slot frequency hopping which provides two frequency hops in a slot, and with mini-slot repetitions more than two frequency hops could be achieved. Mini-slot repetition lacks the flexibility to reduce the alignment delay without considerable increase in the signalling overhead to adapt the number of repetitions.
On the other hand, the main objective of multi-segment transmission is to reduce the alignment delay. In our view, reducing the alignment delay is more important in terms of meeting the URLLC requirements compared to gaining more diversity by using mini-slot repetition. As shown in our paper [3] on the latency analysis, not allowing the PUSCH to cross the slot boundary represents a bottleneck for the transmission incurred latency.
Observation 1: Reducing the alignment delay is more critical for meeting the URLLC requirements compared to gaining more diversity.
In RAN1#96, there were proposals to merge the two schemes, mini-slot and multi-segment repetition, which resulted in several flavours of schemes that were referred to as Option-4, Option-5 and Option-6 [2].
Option-4 aims to combine the mini-slot and multi-segment repetition schemes, where the UE can be configured with mini-slot repetitions and if one repetition goes across the slot boundary, this repetition will be segmented into two segments. Option-5 aims to combine the mini-slot and multi-segment repetition schemes by creating a switching criterion. The UE can be configured with mini-slot repetition and if the total allocation goes across the slot boundary, the UE switches to the multi-segment repetition scheme. On the other hand, in Option-6, the TDRA field in the DCI indicates an entry in the higher layer configured table, where the number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from each entry in the table.
Repetition for PUSCH scheduled by dynamic grant
In the following, we will share some analysis on the possible frequency hops within Rel-15, and compare it to the considered repetition options.
The number of possible frequency hops depends on the length of the PUSCH transmission. With long time domain allocation PUSCH (within a slot or across slots), multiple frequency hops could be configured. While for short PUSCH allocations, limited or no frequency hopping is possible. Thus, it is essential to select a repetition scheme based on the typical PUSCH lengths for URLLC services. Given the latency restrictions in URLLC, PUSCH transmission cannot span long period of time. For 30 KHz, the minimum processing time is 5.5 OS at the UE and 4.5 (=N1) at the gNB. Adding PDCCH of 1 OS (at least), this would leave about 16 OS for the PUSCH transmission within the 1ms budget as shown in Figure 1.
· If the 16 OS are mainly within one slot (1st or 2nd slot), and assuming multi-segment repetition is supported, intra-slot and inter-slot frequency hopping can give 3 frequency hops.
· If the 16 OS are equally distributed over two-slots, and assuming multi-segment repetition is supported, intra-slot and inter-slot frequency hopping can give 4 frequency hops.
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[bookmark: _Ref4595651]Figure 1: Maximum PUSCH size within 1ms latency budget.
The possible time domain allocation length for PUSCH would significantly smaller if the gNB want to have HARQ retransmission opportunity. 
Observation 2: With the typical latency requirement and UE/gNB processing times, the possible time domain allocation length for PUSCH is small (e.g. 16 OS for 30KHz with 1ms latency).
Observation 3: With multi-segment repetition scheme, using intra-slot and inter-slot frequency hopping can give up to 4 frequency hops.
To achieve more than two hops in a slot, the repetition length must be equal or smaller than 4 OS (L ≤ 4) in order to accommodate at least three repetitions a slot. This could achieve further frequency diversity for narrowband transmissions [4]. However, if the total allocation goes across the slot boundary, up to 4 frequency hops are possible by using intra and inter-slot FH. Thus, adopting mini-slot repetition scheme for the case when total allocation goes across the slot boundary cannot offer further frequency diversity and can lead to extra DMRS overhead when segmenting a repetition. For repetitions with L ≤ 3, segmenting a repetition results in a segment with 1 OS, which is clearly not desired from performance perspective. Assuming the total allocation is 16 OS, to achieve more frequency hops (compared to multi-segment repetition with intra-slot and inter-slot frequency hopping), the repetition length should be 4 OS (L=4) and K = 4. Based on the start of the allocation, one of the repetitions will be segmented with Option-4. Table 1, shows the occurrences when a repetition is segmented based on Option-4. As it is clear from the results, in most of the cases a repetition will be segmented, and in many cases the segmentation results in a repetition with 1 OS.


[bookmark: _Ref521335702]Table 1: Occurrence of mini-slot repetition segmentation. 
	Scenario
	Occurrence 

	Segmented repetition 
	10 out of 13 times (~77%)

	Segmented repetition with 1 OS
	6 out of 13 times (~46%)

	Assumptions: K=4, L=4, allocation starts @ symbols 1-13


Observation 4: To achieve further frequency diversity gain by using mini-slot repetition compared to Rel-15 intra-slot frequency hopping, the repetition length must be equal or smaller than 4 OS (L ≤ 4).
Observation 5: Adopting mini-slot repetition scheme for the case when total allocation goes across the slot boundary cannot offer further frequency diversity.
Observation 6: Segmenting a mini-slot repetition, as proposed by Option-4, results extra DMRS overhead that could degrade the transmission reliability.
Proposal 1: For PUSCH scheduled by dynamic grant, mini-slot repetition is not supported when the total allocation goes across the slot boundary.
Proposal 2: For PUSCH scheduled by dynamic grant, support Option-2 repetition scheme.
[bookmark: _GoBack]In RAN1#96bis meeting, it was agreed that the number of repetitions can be dynamically or semi-statically indicated to the UE. In many cases, it is sufficient to indicate the number of repetitions in a semi-static manner, which is beneficial in keeping the DCI payload small. This is aligned with the current efforts to introduce compact DCI by reducing any unnecessary bits. Currently, in Option-6, the repetitions always indicated dynamically, and the network wouldn’t be able to configure the UE with repetition in a semi-static manner.
Proposal 3: For Option-6, support semi-static indication of the number of repetitions.
Repetition for configured-grant
For configured-grant, the repetition can serve two main purposes;
· Enhancing the reliability of the transmission
· Reduce the UE miss-detection by allowing more DMRSs for the same UL transmission.
During the URLLC SI phase, the miss-detection issue has been evaluated by several companies, and there was clear that using mini-slot repetition can help in reducing the miss-detection rate.
Proposal 4: For configured-grant, support mini-slot repetition scheme (Option-1).
Conclusion
In this contribution, we discussed the repetition schemes for NR PUSCH and we have the following observations and proposals:
Observation 1: Reducing the alignment delay is more critical for meeting the URLLC requirements compared to gaining more diversity.
Observation 2: With the typical latency requirement and UE/gNB processing times, the possible time domain allocation length for PUSCH is small (e.g. 16 OS for 30KHz with 1ms latency).
Observation 3: With multi-segment repetition scheme, using intra-slot and inter-slot frequency hopping can give up to 4 frequency hops.
Observation 4: To achieve further frequency diversity gain by using mini-slot repetition compared to Rel-15 intra-slot frequency hopping, the repetition length must be equal or smaller than 4 OS (L ≤ 4).
Observation 5: Adopting mini-slot repetition scheme for the case when total allocation goes across the slot boundary cannot offer further frequency diversity.
Observation 6: Segmenting a mini-slot repetition, as proposed by Option-4, results extra DMRS overhead that could degrade the transmission reliability.
Proposal 1: For PUSCH scheduled by dynamic grant, mini-slot repetition is not supported when the total allocation goes across the slot boundary.
Proposal 2: For PUSCH scheduled by dynamic grant, support Option-2 repetition scheme.
Proposal 3: For Option-6, support semi-static indication of the number of repetitions.
Proposal 4: For configured-grant, support mini-slot repetition scheme (Option-1).
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