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In RAN1 94, some agreements on physical layer enhancement for NR URLLC were achieved in the following:
Agreements: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
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, we shall focus on UCI enhancements for URLLC.
Discussion
1.1 More than one PUCCH for HARQ-ACK within a slot
In Rel-15, HARQ-ACK bits corresponding to different PDSCHs are multiplexed in one PUCCH in one slot. Such mechanism cannot satisfy the latency requirements of URLLC. It was agreed to study further how to support more than one PUCCH for HARQ-ACK transmission within a slot. The following options should be considered:
· Option 1: Slot-level HARQ feedback timing with different starting symbols of PUCCH.
For option 1, Rel-15 HARQ-ACK feedback mechanism can be reused with slight modifications. However, considering up to 16 PUCCH resources can be configured in one PUCCH resource set, the scheduling flexibility may be limited by the configuration of time-domain PUCCH resource.
· Option 2: Symbol-level or half-slot-level HARQ feedback timing.
For option 2, multiple PUCCHs can be distinguished based on HARQ feedback timing. The following issues should be considered to support finer HARQ feedback timing indication:
1) Issue 0: Determination of HARQ timing
In Rel-15, HARQ timing is determined based on the slot-level, i.e. the PDSCH transmitted in slot n and corresponding HARQ-ACK is transmitted in slot n+k, where k is provided by the PDSCH-to-HARQ-timing-indicator field in DCI. When symbol-level or half-slot-level HARQ feedback timing is supported, how to use the indicated K1 should be defined:
· Method A: Sub-slot is defined, then the PDSCH transmitted in sub-slot m and corresponding HARQ-ACK is transmitted in sub-slot m+ K1
· Method B: Without sub-slot definition, the starting point of HARQ-timing is the last symbol of PDSCH. 


Figure 1. Determination of HARQ timing
2) Issue 1: HARQ timing set
· Case A: If common DCI are used by URLLC and eMBB, a common HARQ timing set is configured for DCI format 1_1 to support both URLLC and eMBB. DCI format 1_0 may be not applicable for URLLC, since only slot-level HARQ feedback timing is supported.

Table 1. The set of timing values 
	PDSCH-to-HARQ_feedback timing indicator
	


	000
	2 symbols or 1 sub-slot

	001
	4 symbols or 2 sub-slots

	010
	8 symbols or 3 sub-slots

	011
	12 symbols or 4 sub-slots

	100
	1 slot

	101
	2 slots

	110
	3 slots

	111
	4 slots



· Case B: If dedicated DCI is used for URLLC, separated HARQ timing sets can be configured for URLLC and eMBB.
3) Issue 2: PUCCH time recourse allocation
In Rel-15 NR, PUCCH resource is determined based the last DCI, and one PUCCH resource includes the following time-domain parameters:
· A first symbol for the PUCCH transmission provided by higher layer parameter startingSymbolIndex
· A number of symbols for a PUCCH transmission provided by higher layer parameter nrofSymbols 
To support more than one PUCCH for HARQ-ACK can be transmitted within a slot and symbol-level or half-slot-level HARQ timing values are configured, how to determine the time resource allocation for PUCCH should be further considered.
· The duration of PUCCH
· Alternative a: PUCCH can cross the sub-slot. This alternative can provide some flexibility to gNB to support different uplink coverage requirements decoupling the latency requirement. However, complicated transmission mechanisms will exist for this alternative, i.e. UL channel collision, HARQ-ACK codebook determination, etc.
· Alternative b: PUCCH cannot cross the sub-slot.
· The first symbol of PUCCH
· Alternative 1: The first symbol of one PUCCH is the symbol index in one slot, i.e. startingSymbolIndex. The UE does not expect the first symbol of one PUCCH is before the symbol determined based on K1, as shown in Figure 2.


Figure 2. Alternative 1 for the first symbol of PUCCH
· Alternative 2: The first symbol of one PUCCH is the timing offset relative to the symbol determined based on K1. The UE does not expect the first symbol of the PUCCH belongs to the next K1 occasion, as shown in Figure 3.


Figure 3. Alternative 2 for the first symbol of PUCCH
4) Issue 3: Semi-static HARQ-ACK codebook
In Rel-15 NR, semi-static HARQ-ACK codebook is determined based on the set of slot timing values and PDSCH-TimeDomainResourceAllocationList. For one slot, a unique semi-static HARQ-ACK codebook is determined. When multiple PUCCHs for HARQ-ACK are transmitted with the unique semi-static HARQ-ACK codebook in one slot, the transmission efficiency of UCI will be very low, since a large number of redundant padding bits will be transmitted. Therefore, semi-static HARQ-ACK codebook should be determined per PUCCH or sub-slot. 
5) Issue 4: How to handle the overlapping of multiple UL channels including PUCCH(s).
Once more than one PUCCH for HARQ-ACK can be transmitted within a slot, the collisions of UL channels will increase. The mechanism defined to solve the partial overlapping of UL channels in Rel-15 cannot satisfy the requirements for URLLC. Therefore, enhancements to solve the collision between multiple UL channels should be supported.
· Method 1: Simultaneous transmissions of PUCCH and PUSCH
· Method 2: PUCCH/PUSCH for eMBB can be stopped by URLLC.
· Method 3: HARQ timing for eMBB can be overridden by the later DL grant(s). The main problem of this method is how to determine the later indication is used to override the previous timing or schedule a new separated PUCCH. One example is the later grant with continuous C-DAI is used to reset the HARQ timing, as shown in Figure 4. 


Figure 4. HARQ timing is overridden by later DL grant(s)

Observation 1: Slot-level HARQ feedback timing with different starting symbols of PUCCH can support more than one PUCCH for HARQ-ACK transmission in one slot.
Observation 2: If common DCI are used by URLLC and eMBB, 
· A common HARQ timing set is configured for DCI format 1_1 to support both URLLC and eMBB. 
· DCI format 1_0 may be not applicable for URLLC, since only slot-level HARQ feedback timing is supported.
Observation 3: If a unique semi-static HARQ-ACK codebook is determined per slot, the transmission efficiency of UCI will be very low, since a large number of redundant padding bits will be transmitted.

Proposal 1: If symbol-level or half-slot HARQ timing is supported, 
· The starting poring for HARQ timing should be defined.
· PUCCH time recourse allocation should be enhanced.
Proposal 2: Semi-static HARQ-ACK codebook should be determined per PUCCH or sub-slot.
Proposal 3: Enhancements to solve the collision between multiple UL channels should be supported.
1.2 Separate HARQ-ACK transmission for URLLC
More than one PUCCH for HARQ within one slot can improve the latency of HARQ feedback. However, if HARQ-ACK bits corresponding to URLLC and eMBB are multiplexed in one channel, all HARQ-ACK bits shall satisfy the reliability requirement for URLLC. Then, low efficiency of PUCCH transmission can be expected. To take into account both the reliability of URLLC and system efficiency, HARQ-ACK bits corresponding to URLLC and eMBB should be separately transmitted as much as possible. 
1) Issue I: How to distinguish the scheduled PDSCH is used to transmit URLLC or eMBB. 
L1 singling to indicate the URLLC or eMBB transmission should be supported in Rel-16 [1]. Both explicit and implicit indication can be supported, and the following implicit indication methods can be considered:
· Option 1: New DCI format is defined for URLLC scheduling.
· Option 2: DCI with new MCS RNTI is used to schedule URLLC transmission.
· Option 3: Specific field value in DCI.
· Option 3-1: A dedicated bit field used to indicate URLLC or eMBB scheduling.
· Option 3-2: HARQ timing indication field. DCI with symbol-level or half-slot-level HARQ feedback timing is used to schedule URLLC transmission. One example is shown in Figure 5, and Table 1 is used as the configured HARQ timing set. In slot n+3, two PUCCHs are allocated by DCIs. One PUCCH is used to transmit the ACK/NACK bits with slot-level HARQ timing, and another one is used to transmit the ACK/NACK bits with symbol-level or half-slot-level HARQ timing.


Figure 5. HARQ timing is used to distinguish the URLLC PDSCH or eMBB PDSCH
2) Issue II: Semi-static HARQ-ACK codebook
As discussed in section 2.1, semi-static HARQ-ACK codebook should be determined per PUCCH or sub-slot. Furthermore, if some HARQ timing values and the time-domain resources in the allocated table will not be used for URLLC transmission, such values can be excluded for determining semi-static HARQ-ACK codebook for URLLC.
Proposal 4: HARQ-ACK bits corresponding to URLLC and eMBB should be separately transmitted.
· L1 singling to indicate the URLLC or eMBB transmission should be supported in Rel-16.
· Semi-static HARQ-ACK codebook should be further enhanced for URLLC.

1.3 UCI on PUSCH
1) Issue A:  eMBB UCI collides with URLLC PUSCH
Generally, the TBS and physical resources allocated for URLLC are limited. On the other hand, the overhead of eMBB UCI will be large, and the reliability of eMBB UCI is lower than URLLC PUSCH. When eMBB UCI collides with URLLC PUSCH, the following methods should be considered to take account of both reliability and efficiency:
· Alt. I: Simultaneous transmissions of PUCCH and PUSCH
· Alt. II: Beta offset smaller than 1.0. This method is mainly used to improve the transmission efficiency, when the requirement of eMBB UCI is lower than URLLC PUSCH. The coding rate of UCI can be higher than PUSCH. Furthermore, if beta offset is indicated as 0.0, UCI cannot be multiplexed in PUSCH.
· Alt. III: eMBB PUCCH can be canceled/stopped by URLLC.
Proposal 5: Enhancements to solve the collision of eMBB UCI and URLLC PUSCH.

2) Issue B: URLLC HARQ-ACK on PUSCH
In NR Rel-15, there are many restrictions on scheduling, i.e. after a UL grant scheduling PUSCH in slot n, a DL grant, corresponding HARQ-ACK transmission on slot n, cannot be scheduled. Such restrictions are due to not only UE processing capability but also HARQ-ACK feedback scheme in Rel-15. However, to satisfy the latency requirement of URLLC, the limitations on scheduling and HARQ-ACK feedback in NR Rel-15 should be released [2]. To support enhanced scheduling/HARQ processing timeline, how to support HARQ-ACK multiplexing on PUSCH is one problem. The following options can be further studied:
· Alt. 1: Simultaneous transmissions of PUCCH and PUSCH
· Alt. 2: PUCCH scheduled by later DCI can cancel/stop the PUSCH scheduled by previous DCI
· Alt. 3: If UE can distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to URLLC should puncture the PUSCH. Separate eMBB and URLLC HARQ-ACK codebook mapping is supported.
· Alt. 4: If UE cannot distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to PDSCH(s) after the UL grant should puncture the PUSCH.
Proposal 6: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
1.4 CSI
In Rel-15 NR, the minimum periodicity of P-CSI is 4 slots, and aperiodic CSI can be triggered only by UL grant. If such mechanisms are still used by Rel-16 URLLC, the reliability requirement for URLLC may not be satisfied, since the scheduling of PDSCH cannot be adapted based on the fast channel change. Therefore, in Rel-16 fast aperiodic CSI reporting triggered by DL grant can be considered. Furthermore, PUCCH indicated by DL grant used to trigger A-CSI should be used to transmit A-CSI, otherwise no resource allocation for A-CSI transmission. When A-CSI is triggered by a DL grant, how to obtain the A-CSI reporting should be considered:
· Method I: Based on CSI-RS
· Method II: Based on DMRS
· Method III: Based on DL-SCH data
· Method IV: Whether based on DMRS and/or DL-SCH data is up to UE implementation. 
In order to reduce the CSI processing timing and improve the reliability of CSI reporting, enhanced CSI reporting mode with less information, i.e. CQI only reporting, should be supported for URLLC.
Proposal 7: Aperiodic CSI reporting triggered by DL grant can be considered.
Conclusions
In this contribution, we show our views on UCI enhancements for URLLC with following observations and proposals:
Observation 1: Slot-level HARQ feedback timing with different starting symbols of PUCCH can support more than one PUCCH for HARQ-ACK transmission in one slot.
Observation 2: If common DCI are used by URLLC and eMBB, 
· A common HARQ timing set is configured for DCI format 1_1 to support both URLLC and eMBB. 
· DCI format 1_0 may be not applicable for URLLC, since only slot-level HARQ feedback timing is supported.
Observation 3: If a unique semi-static HARQ-ACK codebook is determined per slot, the transmission efficiency of UCI will be very low, since a large number of redundant padding bits will be transmitted.

Proposal 1: If symbol-level or half-slot HARQ timing is supported, 
· The starting poring for HARQ timing should be defined.
· PUCCH time recourse allocation should be enhanced.
Proposal 2: Semi-static HARQ-ACK codebook should be determined per PUCCH or sub-slot.
Proposal 3: Enhancements to solve the collision between multiple UL channels should be supported.
Proposal 4: HARQ-ACK bits corresponding to URLLC and eMBB should be separately transmitted.
· L1 singling to indicate the URLLC or eMBB transmission should be supported in Rel-16.
· Semi-static HARQ-ACK codebook should be further enhanced for URLLC.
Proposal 5: Enhancements to solve the collision of eMBB UCI and URLLC PUSCH.
Proposal 6: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
Proposal 7: Aperiodic CSI reporting triggered by DL grant can be considered.
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