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Introduction
As per the guideline provided by RAN-P #80, it is agreed to investigate the eURLLC L1 improvements to enable the important use cases such as factory automation, AR/VR, etc. One of the topics of interest is UCI enhancement and includes the following areas:
· UCI enhancements: Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements.

Regarding this topic, RAN1 reached the following agreements in meeting #94:

Agreements: 
· 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

Agreements:
· Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches are not precluded

In this contribution paper, we discuss the following topics:
· Enabling multiple HARQ-ACK reporting per slot for eURLLC
· Enhanced CSI reporting for eURLLC
Multiple HARQ-ACK Reporting per Slot for eURLLC
In Rel. 15 NR, a UE can be expected to transmit two PUCCH per slot; however, only one PUCCH instance is used for reporting the HARQ-ACK bits associated with the DL data transmission. The benefits of allowing for multiple HARQ-ACK reporting per slot in reducing the URLLC latency was discussed in detail in [1]. In this section, we discuss one possible way to enable this feature.
To enable multiple HARQ-ACK reporting per slot, one important question that arises is that how a UE should determine the HARQ-ACK codebook size per PUCCH resource. To answer this question, it is important to look at the NR Rel. 15 codebook size determination scheme. Specifically, in Rel. 15, the K1 parameter, i.e., the time gap between the last symbol of PDSCH until the first symbol of PUCCH, is defined in a unit of slot. Hence, the HARQ-ACK bits of each of the PDSCHs in the past K1,max slots can potentially be mapped to the PUCCH resource in slot n, where K1,max is the maximum K1 configured by a higher layer signalling. The HARQ-ACK bits for each report are accumulated over some of the preceding slots. Now assuming multiple HARQ-ACK reporting per slot is allowed, the granularity of the following two parameters should be revisited: (1) the window size used to determine the possible allocations with HARQ-ACK mapping to a given PUCCH resource, and (2) the K1 granularity. 
To accomplish this task, first, depending on the number of HARQ-ACK reporting per slot that a UE can support, the UL slot should be split into multiple sub-slots. For example, if a UE can support up to four HARQ-ACK reporting per slot, each UL slot can be split into four sub-slots; each sub-slot contains a PUCCH resource for HAR-ACK reporting. Then, the K1 parameter for URLLC can be indicated in units of sub-slots. As an example, K1 = 3 means that HARQ-ACK for a PDSCH is sent over a PUCCH resource in three sub-slot later. This operation is shown in Figure 1 below.


Figure 1: An illustration of handling multiple HARQ-ACK reporting per slot with sub-slot K1 granularity.

In Figure 1, the UL slot is partitioned into four sub-slots. As shown, partitions need not have the same length. Similar to Rel. 15 NR, PDSCH can be scheduled at any location and with any length; but, to maintain the timeline, the last symbol of PDSCH determines which sub-slot it belong to. Then, K1, defined in units of sub-slots, indicates where the HARQ-ACK bits should be mapped to. As an example, the last symbol, of PDSCH0 is within the boundaries of sub-slot 0; hence, for PDSCH0, K1 = 0 means that its HARQ-ACK bit must be reported back on the PUCCH resource within sub-slot 0. The last symbol of PDSCH1 is located within the boundaries of sub-slot1; hence, K1 = 2 means that its HARQ-ACK should be sent on a PUCCH resource inside subslot3. 
Similar to Rel. 15 NR, each UE will be configured with a K1,max, where K1,max is now in units of sub-slots. To determine the HARQ codebook size, at each sub-slot, the UE considers a window of size K1,max in the past, and counts all the PDSCHs with a K1 value pointing to a PUCCH resource in that sub-slot.  
Proposal 1: For eURLLC, to enable multiple HARQ-ACK reporting per slot, each UL slot can be partitioned into a number of sub-slots. The K1 value is then defined with a sub-slot granularity.
Proposal 2: For eURLLC, to determine the HARQ-ACK codebook size at each sub-slot, the UE considers a window of size K1,max sub-slots in the past, and counts all the PDSCHs with a K1 value pointing to a PUCCH resource in that sub-slot.  
Enhanced CSI Reporting for eURLLC
In Rel. 15, the aperiodic CSI can only be triggered via an UL grant. This approach may have two drawbacks for eURLLC applications: First, relying on an UL grant for A-CSI triggering could be costly especially when DL and UL transmissions are not concurrent. To guarantee the target BLER for DL eURLLC in a resource efficient manner, at least for the re-transmissions, the gNB should have access to updated CSI. If at the time of DL transmission, an UL data is not available, one UL DCI is needed only to trigger the CSI reporting without an actual need for uplink data transmission. Given that, in general, many resources are needed for meeting the requirements of URLLC, spending some resources only for CSI triggering is inefficient. 
An alternative approach to access up-to-date CSI is to configure periodic CSI reports. However, a periodic CSI reporting for eURLLC could be inefficient since: (1) if the reporting periodicity is large, the reported CSI is stale, and (2) if CSI reporting periodicity is small, many resources are used for CSI reporting, while the DL traffic might be sporadic. Hence, it is desirable to trigger CSI reporting in a different way.
One way to accomplish this goal is trigger the CSI reporting explicitly via a DL grant. More specifically, an information field for A-CSI reporting can be accommodated in the eURLLC DCI format. The second approach is to trigger the CSI reporting implicitly. As an example, only when data is not successfully decoded, the UE should report CSI. Under both approaches, not only the link-adaptation for the subsequent transmission can be done more accurately, but more importantly, the resource efficiency can be enhanced. This is because the resources for the first transmission does not need to be allocated conservatively. The gNB can always rely on the fresh CSI reported by the UE to balance the resources needed for the re-transmission. 
Observation 1: Providing the gNB with accurate CSI for re-transmission not only enhances the re-transmission performance, but more importantly, enhances network resource efficiency.
Proposal 3: In Rel. 16 eURLLC, CSI reporting can either explicitly be triggered by the DL DCI or implicitly based on the outcome of the data decoding.
The CSI computation based on explicit reporting triggering can be performed by relying either on the transmission of CSI-RS or based on the data/control DMRS. Under the implicit CSI reporting triggering, the CSI computation can be performed by relying on the data/control DMRS. It should be noted that the benefit of using DL DMRS for CSI computation is twofold: First, no CSI-RS is needed; hence, RS overhead can be reduced. Second, the CSI computation timeline can be reduced since the SINR input to the decoder is used for CSI computation. 
Proposal 4: In Rel. 16 eURLLC, CSI computation can be performed by relying on the DL control/data DMRS.
Conclusion
Proposal 1: For eURLLC, to enable multiple HARQ-ACK reporting per slot, each UL slot can be partitioned into a number of sub-slots. The K1 value is then defined with a sub-slot granularity.
Proposal 2: For eURLLC, to determine the HARQ-ACK codebook size at each sub-slot, the UE considers a window of size K1,max sub-slots in the past, and counts all the PDSCHs with a K1 value pointing to a PUCCH resource in that sub-slot.  
Observation 1: Providing the gNB with accurate CSI for re-transmission not only enhances the re-transmission performance, but more importantly, enhances network resource efficiency.
Proposal 3: In Rel. 16 eURLLC, CSI reporting can either explicitly be triggered by the DL DCI or implicitly based on the outcome of the data decoding.
Proposal 4: In Rel. 16 eURLLC, CSI computation can be performed by relying on the DL control/data DMRS.
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