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Introduction
In the RAN#80 meeting, Rel-16 NR eURLLC L1 study item [1] approved that includes following objectives for enhancements on PUSCH: 
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
Accordingly, on the corresponding discussion in the RAN1#95 meeting, the following was agreed [2]:
	Agreements:
Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots


In this contribution, we show our views on potential PUSCH enhancements for Rel-16 eURLLC.
[bookmark: OLE_LINK1]Discussions
Enhancement of PUSCH repetition scheme
In the last RAN1 meeting, to satisfy higher latency and/or reliability requirement in Rel-16, 3 options to enhance Rel-15 repetition were proposed and it was agreed that at least one of them was supported for one TB [2].
· Option 1: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots (i.e. mini-slot level repetition)
· Option 2: One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations (e.g. 2 (or more) segmented transmission)
· Option 3: N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant. (i.e. multi-UL grant repetition)

The motivation to enhance Rel-15 PUSCH repetition is to resolve its main drawback that the slot-level time resource is fixed for each repetition. The drawback of Rel-15 PUSCH repetition arise the latency issue and make Rel-15 PUSCH repetition not be suitable for eURLLC usecase especially with 1ms stringent latency as like factory automation.
In Fig.1, N2=5.5 symbols for 30KHz (PUSCH timing capability 2) is assumed to be used for factory automation use case. DL symbols for PDCCH reception is assumed to be 3 symbols. As shown in Fig.1(a), excluding the symbols for grant reception and PUSCH preparation time N2, there are remaining few symbols for UE to transmit PUSCH in same slot. Given the eURLLC packet data requiring lower code rate, the remaining few symbols may not be suitable to be configured for UE to transmit the eURLLC packet data. In an ideal assumption, there are 14 available symbols for UE to transmit PUSCH in next slot and the PUSCH transmission can satisfy with the 1ms latency requirement. Furthermore, abrupt data emergency like Fig.1(b), few time domain resource may not achieve the low data rate for eURLLC data. In addition, it was agreed that a PUSCH was not allowed to cross slot boundary at least for grant-based PUSCH. Network may configure the resource in next slot for UE to transmit the PUSCH which may case slot-level latency especially depending on the arrival timing of UL grant. On the other hand, network can also configure the numerous resource in frequency domain for a UE to eliminate the time domain resource as like Fig.1(c). However, taking the resource utilization among UEs into account, the solution via excessively enlarging the resource in frequency domain seems not be suit for deployment. 
Current Rel-15 PUSCH repetition as shown in Fig.1(d) can repeat TB on PUSCH in time domain to lower the code rate and acquire the reliability gain. Given the drawback of the Rel-15 PUSCH repetition and the abrupt arrival of UL grant, even the twice repetition may not fulfill the 1ms stringent latency requirement.
As mentioned the slot-level latency issue will make Rel-15 PUSCH transmission not satisfy the eURLLC stringent 1ms latency required by use case as like factory automation. To resolve this slot-level latency issue, all above options in last meeting can reduce the latency by using repetition crossing slot boundary as shown in Fig.1(e). Therefore, for the use case of ultra-low latency such as <1ms with small packet size (e.g. factory automation), all options are available if reliability requirement is satisfied. In other words, PUSCH enhancement for eURLLC mainly aims the use case of factory automation with stringent 1ms latency requirement as a target which is summarized in Table 1. Hence selection among above options for PUSCH enhancement should be taken the factory automation use case into account.


Figure 1. PUSCH transmission for 1ms latency requirement
Table 1. Summary of PUSCH enhancement for use case
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	UL Data packet size
	PUSCH enhancement

	Power distribution
	99.9999
	2-3 ms
	100 bytes
	May necessary

	
	99.999
	6-7 ms
	250 bytes
	Not necessary

	Factory automation
	99.9999
	1 ms
	32 bytes
	Necessary

	Rel-15 enabled use case (e.g. AR/VR)
	99.999
	1ms
	32
	Necessary

	
	
	1 ms and 4 ms
	200 bytes
	Necessary

	
	99.9
	7ms
	10 K
	May not necessary

	Transport Industry
	99.999
	3ms
	5220 bytes
	May not necessary

	Transport Industry
	99.999
	7ms
	1370 bytes
	May not necessary






If the PUSCH enhancement in Rel-16 URLLC is required only in the above case, one of the options which has minimum specification impact should be applied. Required signaling to support back-to-back transmission such as Fig.1(e) is as following:
Required signaling for option 1: starting symbol, duration, number of mini-slot based repetitions (if more than 2 repetitions are supported)
Required signaling for option 2: starting symbol, duration, number of repetitions (if >2 repetitions are supported)
Required signaling for option 3: {starting symbol, duration}* number of grants
In option 2, if the starting symbol and the duration of PUSCH in 2nd slot is implicitly determined by the starting symbol and the duration of PUSCH in 1st slot, it may be easily introduced.
Observation 1:
· Back-to-back transmission crossing slot boundary can handle an abrupt data arrival and fulfil the latency requirement.
· Option 2 with 2 repetitions via implicit RA rule can be used to support only back-to-back transmission crossing slot boundary and may have minimum specification impact
In addition to the back-to-back transmission, if further PUSCH enhancement is required in other cases (e.g. slot aggregations > 2), each option has their different pros and cons.
Option 1
In option 1, all repetitions are transmitted consecutively (excluding the case that some symbols are not available) with same PUSCH duration. Although scheduling flexibility may be lower than other options, signaling can be realized by the similar parameters to Rel-15 repetition (i.e. starting symbol, duration, the number of repetitions). 
Main benefit of option 1 is that multiple PUSCH repetitions can be realized with fewer slots than Rel-15 URLLC. Although it is not clear whether multiple PUSCH transmissions within a slot have better performance than one-shot transmission within a slot [3][4] due to the different eURLLC use cases, reliability gain can be obtained by using QCL/precoder cycling and/or by frequency diversity inter-PUSCH hopping within a slot [5]. Therefore, in some specific scenario such as multi-TRP, option 1 may be useful.
[image: ]To support mini-slot based repetition, it may have DMRS overhead issue. Although DMRS sharing for multiple PUSCH repetitions within a slot was proposed, it can be supported only for same QCL/precoder and for without inter-PUSCH hopping. Therefore, to obtain the reliability gain, each PUSCH repetition requires DMRS. 
Figure 2. Supportable allocation by option 1
Moreover, another benefit of option 1 comparing to other two options is that, in some case as shown in Fig2(c) like slot format include two DL/UL switching or symbols for SSB block and CORESET0 transmission, in which will also interrupt a consecutive available UL transmission within a slot, mini-slot has more transmission opportunity and can achieve lower latency. Be specific, option 1 of mini-slot repetition can obtain the latency gain in this kind of resource condition as more than 1 available resource within 1 slot. However, this kind of scenario may not be typical.
Option 2
In addition to the option 2 with 2 repetitions to support back-to-back transmission, option 2 with repetition number >2 can be applied to the slightly stringent latency as like power distribution with 2-3ms latency for reliability/robustness enhancement purpose. Comparing to the Rel-15 slot repetition, option 2 supports different starting symbols and different durations to avoid the direction. Therefore, option 2 with repetition number >2 can also reduce the latency in available resource slots more than 2.
Since each repetition of option 2 can have different starting symbols and different durations to avoid the direction confliction, scheduling flexibility is higher than option 1. However, if every starting symbol and duration need to be explicitly signaled, the overhead must be huge especially in case the repetition number is larger. Therefore, implicit resource mapping rule for the flexible scheduling should be studied for direction confliction avoidance. 
[image: ]
Figure 3. Supportable allocation by option 2 and option 3
Option 3
In option 3, same mapping rule with option 2 (i.e. Fig. 3) can be supported by multiple UL grants. Although it has the highest scheduling flexibility by dynamic indication by the grants, such large overhead should be carefully considered depending on the requirement.
[bookmark: _GoBack]Based on above discussion, assessment among these three options are compared in terms of scheduling flexibility, signaling overhead, latency performance as illustrated in Table 2. We only see the gain from the three options in limited conditions.
	
	Option 1
	Option 2
	Option 3

	Scheduling flexibility
	Low
	Medium
	high

	Signaling overhead
	Low
	depending on the implicit or explicit mapping rule
	high

	Latency performance
	Benefit in more than 1 available resource within 1 slot when compared to back-to-back transmission
	Benefit in available transmission resource with more than two slots
	Benefit in available transmission resource with more than two slots


Table 2. Assessment of 3 options







Observation 2:
· To support enhanced PUSCH transmission with repetitions>2, it should be carefully considered based on the requirement
Proposal 1:
· Enhanced PUSCH repetition scheme for Rel-16 is introduced to support back-to-back transmission via option 2 with 2 repetitions.
· Option 2 with implicit resource mapping rule is applied for back-to-back transmission within 2 slots
· Three options can be considered based on the possible requirement and resource conditions.
Dynamic repetition 
In Rel-15, the total number of repetitions (aggregation factor) is semi-statically signaled by RRC. Once the number of repetitions is configured by the RRC, UE will perform the total number of repetition in consecutive slots. If Network wants to reconfigure the repetition number due to UE’s changed condition, RRC reconfiguration is required which will cost several ms and may arise the data interruption. 
To fit Rel-16 URLLC scenario, mechanism to control total number of repetitions via dynamic manner is beneficial and should be supported. For example, if UE has enough available resource in a slot for transmission, the enough resource can ensure the eURLLC packet’s reliability. On the other hand, if UE has not enough available resource in a slot for transmission, another repetition on following available slot is required to lower the code rate for eURLLC packet. As shown in the Fig.4(a) and (b), the total resource being used for repetition transmission are basically equivalent. Dynamic repetition can adapt the flexible slot resource conditions. Either the explicit DCI indication or implicit RA rule can be considered for the dynamic repetition. Explicit DCI indication like indicating the start symbol and duration for corresponding PUSCH is simple but also cause additional DCI payload burden. Implicit RA rule can will reuse current Rel-15 time domain allocation field but for example, to reinterpret the start and length indicator to control the dynamic repetition.

Figure 4. Dynamic repetition transmission
Proposal 2:
· Mechanism to control total number of repetitions via dynamic manner is supported in Rel-16 eURLLC.
· FFS Implicit RA rule or explicit DCI indication
Power control for URLLC
In last RAN1 meeting, there were some proposals related power control parameters to prioritize URLLC traffic over other traffic. Although it is reasonable from latency perspective, the differentiation of URLLC traffic and intra-UE prioritization is RAN2 issue. Therefore, no discussion is necessary in RAN 1.
Proposal 3:
· Discussion of different power control for URLLC is not necessary in RAN1

Conclusion
In this contribution, we have the following proposals:
Observation 1:
· Back-to-back transmission crossing slot boundary can handle an abrupt data arrival and fulfil the latency requirement.
· Option 2 with 2 repetitions via implicit RA rule can be used to support only back-to-back transmission crossing slot boundary and may have minimum specification impact
Observation 2:
· To support enhanced PUSCH transmission with repetitions>2, it should be carefully considered based on the requirement
Proposal 1:
· Enhanced PUSCH repetition scheme for Rel-16 is introduced to support back-to-back transmission via option 2 with 2 repetitions.
· Option 2 with implicit resource mapping rule is applied for back-to-back transmission within 2 slots
· Three options can be considered based on the possible requirement and resource conditions. 
Proposal 2:
· Mechanism to control total number of repetitions via dynamic manner is supported in Rel-16 eURLLC.
· FFS Implicit RA rule or explicit DCI indication
Proposal 3:
· Discussion of different power control for URLLC is not necessary in RAN1
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