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1. Introduction
In RAN1-NR-AH#1 and RAN1#88 meetings, following agreements were made regarding NR-PUCCH design [1]:
	Agreements:
· For PUCCH in short-duration,
· At least following is supported for PUCCH in 1-symbol duration:
· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.
· FFS actual structure and waveform.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least semi-static configuration for the following is supported.
· A PUCCH resource of a given UE within a slot.
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.
· For a slot having short UL-part (i.e., DL-centric slot):
· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.
· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:
· Whether/how a UL data in the long UL-part can be extended until the end of the slots.
· Whether/how a UL data can be scheduled on the short-duration.
Agreements:
· Time interval between SR resources configured for a UE can be smaller than a slot
Agreements:
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot


In this contribution, we provide our views on consideration points of NR-PUCCH design for URLLC. Especially, we focus on UCI enhancements, and collision issues between eMBB and URLLC UL transmissions. 

2. PUCCH design for URLLC
Regarding the agreements for NR UL transmission, two types of PUCCH transmissions are supported; one is short-duration PUCCH, and the other is long-duration PUCCH. In the perspective of latency requirements of URLLC, it can be considered that short-duration PUCCH could be a baseline for URLLC PUCCH. When large SCS is used for URLLC, it can be further considered to support long-duration PUCCH for URLLC. To meet the latency requirements of URLLC, it is necessary to reduce time interval between PUCCH resources configured for a UE can be smaller than a slot. For SR transmission, it is already agreed to support it. In case of HARQ-ACK transmission, it would be beneficial in terms of latency to support that PUCCH for URLLC can be transmitted in every mini-slot. In case of FDD, it seems straightforward to configure PUCCH resource in every mini-slot. However, in case of TDD, it is necessary to carefully investigate how to configure slot structure (e.g., downlink and uplink portions) to achieve low latency and reasonable spectral efficiency or user throughput. For example, if slot structure with same downlink and uplink portion (e.g., 6:2:6 OS for downlink:GP:uplink) is used, it may offer the benefit from the latency perspective. However, this would lead overall downlink portion to 50% regardless of actual traffic which can lead inefficient performance. One approach to mitigate this issue is to dynamically change the slot type depending on URLLC UL traffic. Another approach is to consider having UL mini-slot during downlink-port of a slot where downlink transmission considers UL mini-slot portion as reserved resource. This issue becomes more critical to support semi-static URLLC UL resources such as SR resources or grant-free resources. If the configured resources are used for semi-static UL resource, overall performance may be degraded particularly when downlink is heavier. Similar mechanisms can be also applied for mini-slot level PUSCH transmission. 
Proposal 1: PUCCH resources can be configured in every mini-slot at least for FDD cases. In case of TDD, it is necessary to further study how to configure slot structure type considering DL/UL traffic condition and latency requirements. 

3. Scheduling request for eMBB and URLLC
Considering UE having both eMBB and URLLC data to be transmitted, it can be considered that the case where gNB schedules only UL grant for eMBB UL data, but not UL grant for URLLC. Since eMBB and URLLC would have different service requirements (e.g. latency) and scheduling unit, even though UE receives UL grant for eMBB UL transmission, UE can still request UL grant for URLLC UL transmission. In case, it can be considered that multiple SR configurations are introduced for UL transmission with different service requirements (e.g. latency) and/or scheduling units. Depending on service type of the received SR, gNB can schedule UL grant for either eMBB or URLLC UL transmission. In addition, BSR could be separately configured for different service requirements and/or scheduling unit as well. 
Proposal 2: SR and/or BSR can be configured for each service requirements (e.g. latency) and/or scheduling units.

4. CSI feedback for slot/mini-slot
When different scheduling units are supported, CSI measurement framework needs to be clarified. Overall, we can consider the following approaches. 
(1) CSI feedback operates independently for URLLC/eMBB, and CSI-RS transmission would occur independently
(2) CSI feedback operates jointly for URLLC/eMBB and CSI-RS transmission would be shared
When independent CSI is assumed, independent BLER target of CSI measurement can be also considered. Second approach may be usable when URLLC and eMBB shares the same numerology. However, it is necessary to investigate whether or not this approach can work properly URLLC uses different numerology compared to eMBB. 
Proposal 3: It is necessary to study whether or not CSI measurement and feedback is separately configured for each service requirements and/or scheduling unit. 

5. Collision handling between eMBB and URLLC for UL
When PUCCH resources can be configured in every mini-slot, it is necessary to investigate how to multiplex PUCCH transmission for URLLC and eMBB UL transmissions. Since URLLC traffic will arrive very rarely in general, it would be inefficient in terms of resource usage that PUCCH resources are always reserved regardless of the actual transmission of URLLC. The detailed mechanism for dynamic resource sharing between eMBB and URLLC for UL is shown in our companion contribution [2]. 
Proposal 4: It is necessary to investigate whether or how resources reserved for URLLC PUCCH transmission can be used for eMBB UL transmissions. 
For a certain UE, it can be considered that the case where both eMBB and URLLC data traffic could be served in the same time. Depending on the resource allocation between eMBB and URLLC and the capability of simultaneous transmission of eMBB and URLLC UL transmissions, it would be needed to define how to handle the collision cases. For instance, when UE needs to drop on-going eMBB UL transmission to start URLLC UL transmission, at least UCI for eMBB transmission can be piggybacked on URLLC UL transmission. Even if simultaneous transmission of eMBB and URLLC transmissions is supported for a certain UE, it is necessary to define UL power control. For example, UE needs to transmit URLLC UL transmission while eMBB UL transmission is already on-going. At that time, it will be needed to define whether or not the UL transmit power of on-going eMBB UL transmission can be changed, or whether or not to introduce guaranteed power for potential transmission of URLLC. 
Proposal 5: It is necessary to investigate whether or how to support simultaneous transmission of eMBB and URLLC UL transmissions for a UE. 
· If the simultaneous transmission is not supported or configured, it is needed to investigate whether or how to transmit UCI of UL transmission to be dropped or punctured by another UL transmission. 
· If the simultaneous transmission is supported, it is necessary to investigate how to perform UL power control considering the case where UL transmission starts while another UL transmission is on-going. 

6. Conclusion
In this contribution, we discuss URLLC-specific aspects on NR-PUCCH design. Our proposals are as follows:
Proposal 1: PUCCH resources can be configured in every mini-slot at least for FDD cases. In case of TDD, it is necessary to further study how to configure slot structure type considering DL/UL traffic condition and latency requirements. 
Proposal 2: SR and/or BSR can be configured for each service requirements (e.g. latency) and/or scheduling units.
Proposal 3: It is necessary to study whether or not CSI measurement and feedback is separately configured for each service requirements and/or scheduling unit. 
Proposal 4: It is necessary to investigate whether or how resources reserved for URLLC PUCCH transmission can be used for eMBB UL transmissions. 
Proposal 5: It is necessary to investigate whether or how to support simultaneous transmission of eMBB and URLLC UL transmissions for a UE. 
· If the simultaneous transmission is not supported or configured, it is needed to investigate whether or how to transmit UCI of UL transmission to be dropped or punctured by another UL transmission. 
· If the simultaneous transmission is supported, it is necessary to investigate how to perform UL power control considering the case where UL transmission starts while another UL transmission is on-going. 
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