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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
According to the latest WID on enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR approved in RAN#88[1], the following objectives are specified:
The detailed objectives of the Work Item are:
1. 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 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 
Although the HARQ-ACK feedback for SPS PDSCH was clearly acknowledged and heavily discussed in Release 16, the HARQ-ACK feedback enhancements still need to be considered. Since the shorter SPS periodicities or multiple SPS configurations cause heavy HARQ-ACK overload. In addition, HARQ-ACK feedback for DL SPS will be frequently dropped in a TDD case, especially with DL heavy configurations. In this contribution, discussions on HARQ-ACK feedback for SPS PDSCH with shorter SPS periodicities and HARQ-ACK feedback enhancements for TDD scenario are provided.

2 Discussion
HARQ-ACK overload reduction for DL SPS
In Rel-16, multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE is supported for two use cases. One use case is to support different traffic types, since separate signaling for DL SPS configurations with independently configured transmission parameters is beneficial. Another use case is to support TSC message periodicities with non-integer multiple of NR-supported CG/SPS periodicities. In this case, multiple SPS configurations can share the same set of configurations, and reduce signaling overhead. The following has been agreed in RAN 1 #97, that 8 SPS configurations for a given BWP of a serving cell are supported:
Agreement:
· Regarding Q1 in the LS in R1-1905940:
· Although RAN1 has not completely analysed the potential impact of supporting up to 16 SPS configurations for a given BWP of a serving cell, RAN1 has the understanding that 8 SPS configurations for a given BWP of a serving cell is sufficient in Rel-16
However, based on the above description, if multiple SPS configurations for a given BWP of a serving cell are activated simultaneously, the corresponding HARQ-ACK feedback signaling overhead will also increase. In order to better improve the efficiency of HARQ-ACK feedback, HARQ-ACK feedback signaling overhead needs to be further improved.
In Release 15, one SPS resource is contained in one set of occasions for candidate PDSCH receptions at most. In Release 16, 3GPP has reached a consensus in 3GPP RAN1#97 [2] that shorter periodicities for DL SPS are supported as the agreement shown below:
Agreement
Regarding Q2 in LS from RAN2, the following is captured:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK86][bookmark: OLE_LINK87]RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, it is feasible to support periodicity down to 1 slot for all SCSs and single SPS configuration with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs
However, shorter SPS periodicities lead to complicated HARQ-ACK feedback situations. Enabling more than one PUCCH for HARQ-ACK transmission within a slot is beneficial as it may enable fast HARQ-ACK feedback to reduce the latency. It is concluded that more than one PUCCH for HARQ-ACK transmission within a slot should be supported in Rel-16. Since the URLLC data traffic has more stringent requirements on latency and reliability, the HARQ-ACK feedback for shorter SPS periodicity could improve the performance on latency. However, frequent HARQ-ACK feedback could cause large signaling overhead. 
Observation 1: HARQ-ACK feedback overhead will be increased due to multiple SPS configurations or shorter periodicity.
In Release 15, UE determines the PUCCH resource for each SPS PDSCH according to the slot-level HARQ-ACK timing, and one PUCCH only includes HARQ-ACK of one SPS PDSCH of a serving cell. However, with the support of shorter periodicities for DL SPS and sub-slot based HARQ-ACK feedback in Release 16, there’s a trade-off between latency requirement and PUCCH overhead. If HARQ-ACK feedback of each SPS PDSCH is transmitted in each PUCCH respectively, this could bring huge latency advantage, but at the same time, separate transmission in PUCCH also leads large PUCCH overhead. Therefore, a feasible solution is needed to balance the latency and PUCCH resource overhead.
Proposal 1: Study solutions for reducing HARQ-ACK feedback overhead corresponding to SPS DL with shorter periodicity.
Heavy HARQ-ACK overhead for SPS is observed and needs enhancements due to the introduction of shorter SPS periodicity and multiple SPS configurations. Solutions to reduce the HARQ-ACK feedback overhead should be studied. For the different purposes of HARQ-ACK feedback, the solutions could be different. For transmissions with very low latency requirements, the timely feedback of one HARQ-ACK for each individual PDSCH reception is necessary, since the HARQ-ACK retransmission may increase the latency. For another kind of HARQ-ACK feedback that may only be used for monitoring or other purposes, this kind of feedback is not expected to give feedback immediately, and the HARQ-ACK feedback may be bundled into one bit to reduce the PUCCH control signaling overhead. Therefore, feedback skipping solutions should be studied.
For URLLC traffic data with a very tight latency budget, it doesn’t allow for retransmission, the PUCCH control signaling overhead can be reduced by a UE only transmitting a NACK or an ACK. 
Proposal 2: Study HARQ-ACK skipping mechanism for shorter SPS periodicity or multiple SPS configurations.

HARQ-ACK enhancements for TDD case
In Release 15, if the UE is configured with SPS PDSCH, and the SPS PDSCH is received in slot n. The UE transmits PUCCH with HARQ-ACK feedback for the SPS PDSCH in slot n+ K1, where K1 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 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format. If there is no available UL resource in slot n+K1 due to conflict TDD configuration, UE cancels the PUCCH transmission carrying the HARQ-ACK feedback for the SPS PDSCH received in slot n. However, in Release 16, shorter SPS periodicity is supported to reduce latency. For each SPS PDSCH, the value of timing indicator indicated by the activated DCI or higher layer is the same. The shorter periodicity of SPS PDSCH would lead to frequent collisions between the resource for HARQ-ACK transmission and slot format indicated by semi-static or dynamic TDD configuration, especially for the downlink heavy case. If the mechanism for Release 15 is reused, there will be a bad performance for SPS PDSCH, since the HARQ-ACK feedback will be dropped if the collision happens.
As specified in the following Figure 1, we assume that the HARQ-ACK feedback timing indicator K1= 3 (in the unit of a slot), and part of the TDD slot configuration as shown in Figure 1. The first three slots are downlink slots, the slots in the middle are all uplink slots (UL#1, UL#2), the last slot is downlink slot DL#4. As the example shown in Figure 1, if the timing indicator K1=3, which means the HARQ-ACK response for the SPS PDSCH transmitted in DL#1 should be transmitted in UL#1. And the rest can be done in the same manner. In this example, only SPS PDSCH transmitted in DL#1 and DL#2 could transmit HARQ-ACK feedback successfully in UL#1 and UL#2, respectively. For SPS PDSCH transmitted in DL#3, the HARQ-ACK feedback in DL#3 should be dropped if subject to the rules in Release 15. Therefore, solutions for this problem should be specified, especially for DL heavy scenarios.
[image: ]
Figure1 HARQ-ACK feedback (for SPS PDSCH) in TDD case
[bookmark: _GoBack]Proposal 3: Further study solutions when HARQ-ACK feedback corresponding to SPS PDSCH collides with non-uplink symbols.
If the SPS periodicity is no less than 10ms, the HARQ-ACK feedback for SPS PDSCH in TDD case is never an issue, since the network can always make sure the slot for HARQ-ACK feedback is an uplink slot by the implementation. However, the problem will be complicated for shorter SPS periodicity cases, and it is very difficult to guarantee the HARQ-ACK feedback always transmits in an uplink slot. To minimize the performance degradation in TDD case, UE behavior for handling the collision and determining the HARQ-ACK feedback needs to be enhanced. It is obvious that the current HARQ-ACK timing mechanism is no longer feasible. A new HARQ-ACK timing mechanism should be studied, and for instance, this problem could be solved by indicating multiple k1 for the HARQ-ACK feedback corresponding to the DL SPS. 
On the other hand, if the UE is configured with SPS PDSCH, and the SPS PDSCH is received in slot n, then the UE transmits PUCCH with HARQ-ACK for the SPS PDSCH in slot n + K1 where slot n + K1 is not an uplink slot, the HARQ-ACK feedback could be transmitted in the next available uplink slot, and the detail solutions should be further studied.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal 4: To solve the collisions in TDD case, the following alternative solutions should be further studied:
· Option1: New HARQ-ACK feedback timing mechanism;
· Option2: Solutions to postpone the HARQ-ACK feedback for SPS PDSCH; 

3 Conclusions
The following proposals have been made in this document.
Observation 1: HARQ-ACK feedback overhead will be increased due to multiple SPS configurations or shorter periodicity.
Proposal 1: Study solutions for reducing HARQ-ACK feedback overhead corresponding to SPS DL with shorter periodicity.
Proposal 2: Study HARQ-ACK skipping mechanism for shorter SPS periodicity or multiple SPS configurations.
Proposal 3: Further study solutions when HARQ-ACK feedback corresponding to SPS PDSCH collides with non-uplink symbols.
Proposal 4: To solve the collisions in TDD case, the following alternative solutions should be further studied:
· Option1: New HARQ-ACK feedback timing mechanism;
· Option2: Solutions to postpone the HARQ-ACK feedback for SPS PDSCH; 
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