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Introduction
In the previous meeting, representative use case(s) were prioritized to evaluate the available performance of URLLC in Rel.15 and necessary enhancements for URLLC. Further simulation assumptions were approved through email discussion after the meeting [1][2]. In addition, possible L1 enhancements for Rel-16 URLLC were discussed in the aspects of PDCCH, UCI, PUSCH, scheduling/HARQ/CSI processing timeline, and etc.
[bookmark: _Toc522861262]In this contribution, we will discuss the potential Layer 1 enhancements for URLLC to achieve the requirements of Rel.16 URLLC [3].
Discussion
2.1 PDCCH enhancements
In the previous meeting, there are the following agreements about PDCCH enhancements:
Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered
For PDCCH reliability improvements, compact DCI and PDCCH repetition were discussed.
For compact DCI, since the DCI format 0_0 and DCI format 1_0 serves fallback states and has less bit fields than non-fallback states. It is proposed to have DCI format 0_0 and DCI format 1_0 as starting point to design the compact DCI. As for the contents of compact DCI, there is some balance between the DCI scheduling flexibility and the performance gain of compact DCI. The more amount of reduced bits, the more coding gain could be obtained while the scheduling flexibility is much restricted. The bit fields of “frequency domain resource assignment”, “time domain resource assignment”, “modulation and coding scheme”, and “HARQ process number” were considered for bit reduction. This can also be the starting point for design of compact DCI.
Proposal 1: Have DCI format 0_0 and DCI format 1_0 as starting point to design the compact DCI. DCI contents reduction can start with “frequency domain resource assignment”, “time domain resource assignment”, “modulation and coding scheme”,  and “HARQ process number”.
With PDCCH repetition, the reliability of PDCCH could be improved with diversity channel condition or soft combination. Similar performance as PDCCH repetition can be expected with higher aggregation level. However, higher aggregation level may cause PDCCH blocking because large amount of resources within a CORESET are used by one PDCCH. Furthermore, diversity gain is less possible with higher aggregation level than with PDCCH repetition since the channel conditions corresponds to one CORESET may be very similar. Therefore, PDCCH repetition is more preferred than higher PDCCH aggregation level for the reliability of PDCCH improvements. 
Proposal 2: PDCCH repetition is preferred than higher PDCCH aggregation level. 
From the latency perspective, PDCCH repetition through frequency domain is beneficial than through time domain. However, the frequency diversity gain is questionable with different CORSETs in the same PDCCH monitoring occasion in a serving cell. Consequently, PDCCH repetition in different serving cells could be considered.
When PDCCH repetition is through different PDCCH monitoring occasion, the bit fields relate to the timing relationship would meet some trouble. For example, the interpretation of “Time domain resource assignment”, “Downlink assignment index”, “PDSCH-to-HARQ feedback timing indicator” and etc. in the DCI corresponds to the location where the PDCCH is transmitted. The value of these bit fields in each PDCCH repetition which locates on different PDCCH monitoring occasions may be different. This makes the multiple PDCCHs soft combination difficult. If the contents of PDCCH from different PDCCH monitoring occasions are always the same, more specification work is needed. For example, it is helpful to introduce mechanisms to enable the UE identify which PDCCH is the initial one and which PDCCH is the repeated one(s). Otherwise, PDCCH repetition in the time domain has to be restricted to a relatively small range to keep the same contents in order to get the soft combination gain. Since whether soft combination over time is allowed may impact the design of PDCCH repetition much, it is proposed to decide this rule as early as possible after PDCCH repetition is decided.
Proposal 3: After PDCCH repetition is decided, to decide whether soft combination with PDCCH repetition over time is allowed as early as possible.
In general, with new compact DCI introduced, the UE complexity of blind detection would be increased. If PDCCH repetition with soft combination over time is supported, additional blind detection efforts are also needed. It is reasonable that URLLC UEs which enjoys high reliability service has improved capability of blind detection. Even if the UE blind detection capability is not improved, the UE blind detection could be well controlled by higher layer configuration. For example, the number of PDDCH candidate per AL, the number of DCI formats that the UE should monitor in each search space are all under control with configurable RRC parameters. With proper configuration, the total UE blind detection capability can be not restricted to a reasonable range. Then it is unnecessary to care possible increased blind detection much when discuss compact DCI and PDCCH repetition.
Proposal 4: It is unnecessary to care possible increased blind detection much when discuss compact DCI and PDCCH repetition.
2.2	UCI enhancements
The following agreements about UCI enhancements were reached in the previous meeting:
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK Tx within a slot
· Other enablers are not precluded
To support low latency data service, UE could be constantly scheduled more than 2 PUCCH within a slot since HARQ-ACK feedback is needed to keep pipeline processing. From the latency requirements perspective, PUCCH format 0 and PUCCH format 2 could be the starting point to save time for the corresponding data process. This is quite similar as the sTTI design in Rel.15 LTE where multiple sPUCCH were to be supported within the time of a subframe. In LTE, UL sTTI pattern for 2-OS sTTI is defined as [3,2,2,2,2,3] in a subframe. With this predefined sTTI pattern, the indication of timing between sPDSCH and HARQ-ACK is based on the granularity of sTTI. This mechanism can be reused for timing indication of more than two PUCCH for HARQ-ACK within a slot. A time pattern of mini-slot can be defined as the granularity of timing indication. As an example, in the following Figure 1, the time pattern of mini-slot shown as sSlot#0~7 can be defined as [2 2 2 1 2 2 2 1] symbols in a slot. 


[bookmark: _Ref525849010]Figure 1 time pattern of mini-slot in a slot
It is reasonable that the PDSCH corresponding to one of the PUCCH for HARQ-ACK is also with short duration to satisfy the low latency requirement. Then time pattern of mini-slot for DL transmission could also be considered. With the predefined DL/UL mini-slot pattern, the timing indication between sPDSCH and HARQ-ACK can be based on the granularity mini-slot. The PUCCH resource configuration and determination, UE procedure for reporting HARQ-ACK or multiple UCIs based on slot level could mostly be reused with reducing the time granularity to sSlot level. Considering less specification efforts needed, it is proposed to predefine time pattern within a slot for HARQ-ACK timing indication. The pattern of [2 2 2 1 2 2 2 1] symbols can be considered.
Proposal 5: Predefine mini-slot pattern within a slot for HARQ-ACK timing indication. Consider the pattern of [2 2 2 1 2 2 2 1] symbols within a slot.
In Rel.15, simultaneous PUCCH and PUSCH transmission has not be supported. In addition, a UE may transmit at most two PUCCHs on a serving cell within a slot and a UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. These mechanisms may impact the URLLC service supporting especially from the latency point of view. The followings are some examples:
· If there is burst positive UL URLLC scheduling requirement during HARQ-ACK and or CSI transmission intervals, the UE has to delay the SR to the next configured SR occasion. The SR delay may finally lead to large latency of UL URLLC service. To satisfy the latency requirements, positive SR transmission during other UCI transmission intervals should be considered. 
· PUCCH repetition specified in Rel.15 can be used to improve the performance of UCI transmission. According to the current mechanism, when PUCCH repetition overlaps with PUSCH, the UE drops PUSCH and only transmits PUCCH. This also impacts the latency of UL URLLC service if the dropped PUSCH corresponds to URLLC data. As a result, simultaneous PUCCH and PUSCH transmission or UCI multiplexing enhancements should be considered in Rel.16 for URLLC supporting.
Proposal 6: Consider positive SR transmission during other UCI transmission intervals.
Proposal 7: Simultaneous PUCCH and PUSCH transmission should be considered in Rel.16 for URLLC supporting.
2.3	PUSCH enhancements
The current slot-based PUSCH repetition and retransmission could not satisfy the latency requirements of URLLC. Then PUSCH repetition with mini-slot level is considered to handle the trouble of latency while keep the reliability advantage of repetition. The proposed mechanisms in the last meeting such as repetition pattern, mini-slot level frequency hopping, support repetition crossing slot boundary, indication of the number of repetitions, and multi-TRP based repetition could all be studied.
Proposal 8: Study repetition pattern, mini-slot level frequency hopping, support repetition crossing slot boundary, indication of the number of repetitions, and multi-TRP based repetition for PUSCH repletion with mini-slot level.
2.4	Enhancements to scheduling/HARQ/CSI processing timeline
In the current specification:
“The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j”
“For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i.” 
“If the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.”
To reduce the latency of PDSCH/PUSCH service, out-of-order PDSCH/PUSCH scheduling and HARQ-ACK report for PDSCH should be supported. 
Proposal 9: Support out-of-order PDSCH/PUSCH scheduling and HARQ-ACK report for PDSCH.
Conclusion
In this contribution, we discussed Layer 1 enhancements to achieve the requirements of Rel.16 URLLC [3]. The following proposals are reached:
Proposal 1: Have DCI format 0_0 and DCI format 1_0 as starting point to design the compact DCI. DCI contents reduction can start with “frequency domain resource assignment”, “time domain resource assignment”, “modulation and coding scheme”,  and “HARQ process number”.
Proposal 2: PDCCH repetition is preferred than higher PDCCH aggregation level. 
Proposal 3: After PDCCH repetition is decided, to decide whether soft combination with PDCCH repetition over time is allowed as early as possible.
Proposal 4: It is unnecessary to care possible increased blind detection much when discuss compact DCI and PDCCH repetition.
Proposal 5: Predefine mini-slot pattern within a slot for HARQ-ACK timing indication. Consider the pattern of [2 2 2 1 2 2 2 1] symbols within a slot.
Proposal 6: Consider positive SR transmission during other UCI transmission intervals.
Proposal 7: Simultaneous PUCCH and PUSCH transmission should be considered in Rel.16 for URLLC supporting.
Proposal 8: Study repetition pattern, mini-slot level frequency hopping, support repetition crossing slot boundary, indication of the number of repetitions, and multi-TRP based repetition for PUSCH repletion with mini-slot level.
Proposal 9: Support out-of-order PDSCH/PUSCH scheduling and HARQ-ACK report for PDSCH.
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