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1. Introduction
[bookmark: _Hlk4423604]In the RAN#88e meeting, the WI of enhanced IIoT and URLLC support for NR was approved [1]. For physical layer feedback enhancements for URLLC, the objective is listed as below:
· [bookmark: OLE_LINK17]Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
· Note: DMRS-based CSI feedback is not in scope of this WI 
In this contribution, the UE feedback enhancements for semi-static and dynamic HARQ-ACK codebook are discussed.
 
2. Enhancements on semi-static HARQ-ACK codebook
Support semi-static HARQ-ACK codebook for sub-slot-based HARQ-ACK feedback procedure 
For a Rel.16 URLLC UE, sub-slot based HARQ-ACK feedback is supported to reduce the latency. Regarding the HARQ-ACK codebook construction, only dynamic HARQ-ACK codebook for sub-slot-based HARQ-ACK feedback procedure is supported. While there is no conclusion on whether sub-slot based HARQ codebook construction can be applied for semi-static HARQ-ACK codebook or not. Compared with dynamic HARQ-ACK codebook, semi-static HARQ-ACK codebook can provide robustness against missed DCI transmissions, which is beneficial for high reliability URLLC services. Some companies may have the concerns on the redundancy of the semi-static HARQ-ACK codebook, which will lead to high PUCCH overhead. While considering a typical use case for a UE with both eMBB and URLLC services is that the DCI format 1_1/1_0 schedules PDSCH for eMBB only, DCI format 1_2 schedules PDSCH for URLLC only. In addition, separately configuring TDRA table and HARQ-ACK timing K1 set for DCI format 1_1 and DCI format 1_2 has been supported in Rel-16. So the redundancy of URLLC semi-static HARQ-ACK codebook can be controlled by network with suitable configuration for TDRA table, HARQ-ACK timing set K1. Therefore, semi-static HARQ-ACK codebook for sub-slot-based HARQ-ACK feedback procedure should be supported in Rel-17.
In order to further reduce the HARQ-ACK codebook size, small enhancements on semi-static HARQ-ACK codebook construction for sub-slot-based HARQ-ACK feedback procedure can be considered. One simple option for sub-slot based semi-static HARQ-ACK codebook determination is as following:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
[image: ]
Fig.1 Example for step 1 with K1={1,2,3} and 7-symbol sub-slot length
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to-UL sub-slot association. N is the number of sub-slot within a slot. E.g., the first sub-TDRA table is corresponding to the first sub-slot within a slot, the second sub-TDRA table is corresponding to the second sub-slot within a slot.           
[image: ]
Fig.2 Example for TDRA table splitting for 7-symbol sub-slot
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.  E.g., if the sub-slot for HARQ-ACK timing k=1, k=2, and k=3 in the above given example are all DL symbols, the set of PDSCH occasions M is {0, 1, 2, 3, 4}.
[bookmark: _Hlk15547977] Proposal 1:
· Semi-static HARQ-ACK codebook for sub-slot based HARQ-ACK feedback procedure should be supported.
· The sub-slot based semi-static HARQ-ACK codebook can be determined based on following three-steps:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slot within a slot.
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.

Enhancement on semi-static HARQ-ACK codebook determination for a UE configured with RepNumR16
In Rel-16, single-DCI based inter-slot TDM scheme is supported to improve PDSCH reliability for URLLC using multiple TRPs.  The single-DCI based inter-slot TDM scheme is configured for UE by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList contain RepNumR16. In addition, the pdsch-AggregationFactor in SPS-Config or PDSCH-Config will be not configured for a UE provided with RepNumR16. If the DL DCI indicates an entry in pdsch-TimeDomainAllocationList, which contains RepNumR16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)", the same SLIV is applied for all PDSCH transmission occasions in consecutive slots for a TB, as shown in the figure below. 
[image: ]
Fig.3 Example for single-DCI based inter-slot TDM scheme with RepNumR16=4
Regarding the HARQ-ACK feedback for PDSCH provided with RepNumR16, the UE will report HARQ-ACK information for a PDSCH reception from slot n-RepNumR16+1 to slot n only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot , where  is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format or provided by dl-DataToUL-ACK.  Based on current Rel-16 semi-static HARQ-ACK codebook construction rule, the HARQ-ACK position for PDSCH provided with RepNumR16 is determined based on the last PDSCH transmission occasion. However, for dynamic scheduled PDSCH with large RepNumR16 value or SPS PDSCH, if the last PDSCH transmission occasion is dropped due to the collision with UL symbols by TDD configuration, no corresponding HARQ-ACK position will be generated in the codebook. Then the UE is not able to report HARQ-ACK information for the PDSCH reception even the early several PDSCH transmission occasions are received, as shown in Fig.4, the URLLC reliability performance will be impacted. Two options can be considered for this issue as following:
· Option 1: The UE determines the maximum value of all RepNumR16 values configured in the TDRA table first, then the UE determines the semi-static HARQ-ACK codebook based on the maximum value of RepNumR16 for all entries in the TDRA table similar with slot aggregation in Rel-15.
· Option 2: The UE determines the semi-static HARQ-ACK codebook based on the dedicated value of RepNumR16 configured for the each corresponding entry in the TDRA table. 
Both two options can ensure the HARQ-ACK position in the HARQ-ACK codebook for PDSCH with RepNumR16. Option 1 is simple but it will lead to unnecessary redundancy, option 2 can provide less UCI overhead. Therefore, option 2 is preferred.
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Fig.4 Example for no HARQ-ACK position generated for SPS PDSCH with RepNumR16=4
Proposal 2:
· For a UE configured with RepNumR16 for at least one entry in the TDAR table, the UE determines the semi-static HARQ-ACK codebook based on the dedicated value of RepNumR16 configured for the each corresponding entry in the TDRA table. 
3. Enhancements on dynamic HARQ-ACK codebook
Dynamic HARQ-ACK codebook improves the transmission efficiency of HARQ-ACK feedback. The counter DAI value and the total DAI value can be used in each DCI for DL grant to reduce the number of bits in dynamic HARQ-ACK codebook feedback. The enhancement to the definition of T-DAI counters for the type 2 dynamic HARQ-ACK codebook will help to improve the reliability of the dynamic codebook required by the URLLC service. 
Considering the higher possibility of blockage for FR2 higher frequencies, a burst of four or more missed detection may occur across the slots/sub-slots due to mobility or fast fading. The transient changes in channel condition may not be mitigated by lowering the code rate. The DAI counters for the dynamic codebook can be redefined to ensure reliability for URLLC. The new definition helps to locate the errors to within a slot. The total-DAI field can be redefined for the non-carrier aggregation case in Rel-17 DCI for URLLC.
In the example below, in case of a semi-static codebook, it is assumed that there are 7 PDCCH monitoring occasions per slot, and 4 slots in total with 7 sub-slots per slot:
ACK/NACK bits = 1000100 0100010 0100100 1000000
However, if the UE fails to detect the transmissions in slot 1 and slot 2, the gNB will not be able to detect this error with the current dynamic codebook feedback, since the counter C-DAI is continuous:
ACK/NACK bits = 11 1
slot 0 (C-DAI=0; C-DAI=1)
slot 1 (C-DAI=2, C-DAI=3)
slot 2 (C-DAI=0, C-DAI=1)
slot 3 (C-DAI=2)	
To enhance the reliability of dynamic codebook, the existing T-DAI field, which is not currently present for URLLC cases, may be simply redefined:
New Definition of T-DAI: The value of the T-DAI, when configured as ‘present’, in DCI format 1_1 (or DCI format 1_2) denotes the total number of slots in which PDSCH transmission(s) associated with DCI format 1_1 (or DCI format 1_2) occur(s), up to the current slot, in increasing order of slot index. 
Let x be the maximum number of candidate PDSCH receptions (or maximum number of HARQ-ACKs) per slot. x bits feedback is always present for each value pair of C-DAI/T-DAI (for URLLC) in the dynamic codebook.
With the proposed enhancement, the following C-DAI/T-DAI settings will be applied in DCI with corresponding HARQ-ACK feedback (x=2 for this example):
ACK/NACK bits = 11 00 00 10
slot 0	(C-DAI=0, T-DAI=0; C-DAI=1, T-DAI=0)
slot 1	(C-DAI=2, T-DAI=1; C-DAI=3, T-DAI=1)
slot 2	(C-DAI=0, T-DAI=2; C-DAI=1, T-DAI=2)
slot 3	(C-DAI=2, T-DAI=3)
	URLLC DCI for DL assignment
	Rel-15/Rel-16 DCI 
	Rel-17 DCI
	Comment

	Total Downlink Assignment Index
	0 or 2
	0 or 2
	0 or 2 bits can be configured for this field. In Rel-17, 0 bit if it is codebook-less; in Rel-15/Rel-16, 0 bit if there is no CA.


Table 1: T-DAI field is redefined for URLLC  
Proposal 3: 
· The reliability of URLLC service can be improved by enhancing the definition of DAI counters for the dynamic HARQ-ACK codebook.

4. Conclusion
In this contribution, we discussed the possible enhancements for HARQ-ACK feedback for URLLC. Proposals are summarized as following: 
Proposal 1:
· Semi-static HARQ-ACK codebook for sub-slot based HARQ-ACK feedback procedure should be supported.
· The sub-slot based semi-static HARQ-ACK codebook can be determined based on following three-steps:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slot within a slot.
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.

Proposal 2:
· [bookmark: _GoBack]For a UE configured with RepNumR16 for at least one entry in the TDAR table, the UE determines the semi-static HARQ-ACK codebook based on the dedicated value of RepNumR16 configured for the each corresponding entry in the TDRA table.  

Proposal 3: 
· The reliability of URLLC service can be improved by enhancing the definition of DAI counters for the dynamic HARQ-ACK codebook.
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