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1. Introduction 
In RAN#88e meeting [1], revised WID for enhanced Industrial Internet of Things (IoT) and URLLC support is approved and the objectives of the Work Item includes study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering UE feedback enhancements for HARQ-ACK and CSI. In this contribution, we discuss the potential enhancements for HARQ-ACK feedback.
2. UE feedback enhancements for HARQ-ACK
1.1. HARQ-ACK feedback enhancements for SPS

In NR Release 15, DL SPS is mainly used for VoIP traffic, so the minimum periodicity of SPS is 10ms. For eURLLC in Release 16, DL SPS is enhanced to support DL IIoT traffic. Therefore, shorter periodicity down to 1 slot is supported for DL SPS to further reduce the latency. 

In NR, the HARQ timing of DL SPS is configured by RRC signaling with a value set and a specific value is selected by the activation DCI with PDSCH-to-HARQ-timing indicator field. Therefore, for every SPS PDSCH occasion, the HARQ-ACK timing would be same. If the configured HARQ-ACK resource for SPS PDSCH is not available, i.e. the resource is configured by semi-static UL/DL configuration as downlink resource or indicated by SFI as downlink or flexible resource, UE will cancel the HARQ-ACK transmission of the SPS PDSCH. 

From the above analysis we can conclude that with shorter SPS periodicity down to 1 slot, the collision between SPS HARQ-ACK resource and semi-static UL/DL configuration as well as dynamic SFI would happen frequently especially for DL heavy TDD frame structure. Take figure 1 as an example, 2.5ms periodicity with DDDDU is configured by semi-static DL/UL configuration and SPS periodicity is 1 slot, K1 = 1 is indicated in the activation DCI, that is, if R15 mechanism is reused, the HARQ-ACK for SPS PDSCH in slot #1#2#3 would be nowhere to feedback due to collision with semi-static configuration. In this way, the performance of DL SPS would be decreased since many PDSCHs needs to be retransmitted. Therefore, to avoid the unnecessary retransmissions and further increase spectral efficiency, HARQ-ACK feedback enhancements for SPS should be supported in R17.
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Figure 1: example of HARQ-ACK for DL SPS
In RAN1 #98bis meeting, the collision issue between SPS HARQ-ACK and semi-static TDD configuration has been identified and several solutions has been proposed for further investigation, i.e. Deferring HARQ-ACK until the first available valid PUCCH resource, indicating K1 value for each SPS transmission in a time window configured by RRC and so on. From our perspective, indicating multiple K1 values is not cost effective since either the RRC signaling overhead or the payload size of DCI would be increased. So it is slightly preferred to defer SPS HARQ-ACK to the first available PUCCH resource if collision happens. 

Proposal 1: Support defer HARQ-ACK for SPS PDSCH to the first available valid PUCCH resource in case it collides with downlink resources configured by TDD-UL-DL-ConfigCommon/Dedicated or downlink/SFI resources indicated by SFI.

1.2. PUCCH reliability enhancements

In Release 15 WI, specific CQI/MCS table with 1e-5 target BLER for URLLC is designed and consequently, a minimum of 30/1024=0.029 code rate can be achieved for data channel of URLLC. However, the minimum code rate of PUCCH can only reach 0.08 which is much higher than the minimum code rate of PUSCH/PDSCH. Moreover, according to TS 38.213, when UE determines the number of PRBs used for HARQ-ACK transmission with PUCCH format 2 or PUCCH format 3, UE first determines a minimum number of PRBs which is smaller than or equal to the configured number of PRBs and checks if the minimum number of PRBs is enough to accommodate the HARQ-ACK payload size with configured maxCodeRate. And if so, UE would use the minimum number of PRBs, instead the configured PRBs, to transmit PUCCH with HARQ-ACK information. This means even if the PUCCH resource is configured with more PRBs and can achieve lower code rate, UE will still chose to transmit the PUCCH with configured maxCodeRate, that is, minimum 0.08. This is not align with the design principle that UCI requires higher reliability than data for the same priority traffic. Therefore, the reliability of PUCCH needs to be enhanced, specifically, 
· Some entries with lower code rate (i.e. 0.03 0.05…) can be added to the table of maxCodeRate, which will result in slight increase of RRC signalling overhead;

· Similar with the design of CQI/MCS table, another way is to define two tables of PUCCH maxCodeRate for different PHY priority. The PUCCH maxCodeRate table for PHY priority 1 can be generated by adding some entries with lower code rate and removing entries with higher code rate, which is more friendly to RRC signalling overhead;

· Alternatively, a beta offset can be added to maxCodeRate when determining the minimum number of PRBs for PUCCH resource for PUCCH format 2 or PUCCH format 3, or some adjustment should be applied to the determined minimum number of PRBs
Table 1: Code rate 
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	0
	0.08

	1
	0.15

	2
	0.25

	3
	0.35

	4
	0.45

	5
	0.60

	6
	0.80

	7
	Reserved


Proposal 2: Support PUCCH reliability enhancements in R17 and the following options can be further investigated:
a) Option 1: Add some low-code rate entities to the table of maxCodeRate;
b) Option 2: Define two tables of PUCCH maxCodeRate for different PHY priority. The PUCCH maxCodeRate table for PHY priority 1 can be generated by adding some entries with lower code rate and removing entries with higher code rate
c) a beta offset can be added to maxCodeRate when determining the minimum number of PRBs for PUCCH resource for PUCCH format 2 or PUCCH format 3, or some adjustment is applied to the determined minimum number of PRBs.
1.3. HARQ-ACK skipping for SPS
As discussed in section 2.1, in R16, DL SPS is enhanced to support IIoT traffic, however, the periodicity of some IIoT traffic is not aligned with configured SPS periodicity, i.e. 0.833ms for smart grid. The periodicity misalignment between SPS configuration and IIoT traffic can be resolved by over-provision of SPS resources, i.e. use multiple active SPS configurations or use single active SPS configuration with shorter periodicity. There would be some empty SPS PDSCH occasions with either solutions mentioned above and SPS skipping is not supported in R16 which means that UE needs to decode PDSCH and feedback HARQ-ACK even for the empty PDSCH occasions. This is not friendly to UE power consumption and may impact PUCCH reliability due to relatively large HARQ-ACK overhead. Therefore, it is preferred to support HARQ-ACK skipping for empty SPS PDSCH occasion. 
Proposal 3: Support HARQ-ACK skipping for SPS PDSCH if gNB does not transmit the PDSCH.
3. Conclusions

Based on the above discussions, the proposals are as follows:

Proposal 1: Support defer HARQ-ACK for SPS PDSCH to the first available valid PUCCH resource in case it collides with downlink resources configured by TDD-UL-DL-ConfigCommon/Dedicated or downlink/SFI resources indicated by SFI.

Proposal 2: Support PUCCH reliability enhancements in R17 and the following options can be further investigated:

a) Option 1: Add some low-code rate entities to the table of maxCodeRate;

b) Option 2: Define two tables of PUCCH maxCodeRate for different PHY priority. The PUCCH maxCodeRate table for PHY priority 1 can be generated by adding some entries with lower code rate and removing entries with higher code rate
c) a beta offset can be added to maxCodeRate when determining the minimum number of PRBs for PUCCH resource for PUCCH format 2 or PUCCH format 3, or some adjustment is applied to the determined minimum number of PRBs.

Proposal 3: Support HARQ-ACK skipping for SPS PDSCH if gNB does not transmit the PDSCH.
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