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Introduction
In the RAN1#102-e meeting, the following agreements were reached [1]. 
	Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)
Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly


In this contribution, some methods are given for the topic about avoiding SPS HARQ-ACK dropping for TDD. Further, our views on some other topics to further study is provided.
HARQ-ACK feedback enhancements for SPS
1.1 Avoiding SPS HARQ-ACK dropping for TDD
In Rel-15/16, for a SPS PDSCH reception ending in slot n, the UE transmits the PUCCH in slot n+k where k is provided by the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 or, if present, in DCI format 1_1/1_2 activating the SPS PDSCH reception. If the UE detects a DCI format 1_1/1_2 that does not include a PDSCH-to-HARQ_feedback timing indicator field, k is provided by dl-DataToUL-ACK. 
However, if slot n+k is not a uplink slot, the UE will not transmit the PUCCH with HARQ-ACK. This is not an issue when the SPS periodicity is no less than 10ms. Because the network can always make sure the slot n+k is an uplink slot by implementation. However, it will be very difficult or even impossible to guarantee the slot n+k is an uplink slot when SPS periodicity is one slot. For instance, a TDD configuration with a periodicity of ‘DDDDU’, where ‘D’ means a downlink slot and ‘U’ is an uplink slot. When SPS periodicity is one slot, one fixed HARQ-ACK timing value k as Rel-15/16 is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
[bookmark: OLE_LINK2]Observation 1: For shorter SPS periodicities, one fixed HARQ-ACK timing value k is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
As discussed in Rel-16, there are several options to solve the issue.
· Option 1: Still indicate one k value. If the indicated n+k is a DL slot, it will defer to the first available PUCCH resource or an uplink slot configured by RRC.
· Option 2: Indicate a set of k values where one k value for one SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values. If more than one sets are configured, one set is chosen based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI.
Option 1 which always defer to the first valid PUCCH resource/slot for all SPS occasions will incur imbalanced HARQ-ACK feedback, which is detrimental to PUCCH reliability for URLLC. As an example in Figure 1, the HARQ-ACKs of the SPS in the first 6 DL slots (with green background) are delayed to the first UL slot because k = 2 indicates a DL slot for them. In this way, a total of 7 HARQ-ACKs are transmitted in the first UL slot, and one HARQ-ACK is transmitted in the second UL slot. As such, the transmission load of HARQ-ACK is severely imbalanced in the 2 UL slots.
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Figure 1 HARQ-ACK timing indication for SPS PDSCH with deferring to the first valid PUCCH resource/slot
On the other hand, Option 2 is more flexible and the HARQ-ACK timing value k can be configured properly according to the SPS configuration and DL & UL slot configuration. An example is given in Figure 2, where the slot configuration has a periodicity of ‘DDDDDDDSUU’ and the periodicity of SPS is one slot. Then, the network can indicate a set of k values, e.g., k = {8,7,6,5,5,4,3,2} for each SPS in one slot configuration period. This is more flexible and could avoid imbalanced HARQ-ACK feedback payload. Similar to Rel-15, if RRC configures more than one sets of k values, one of the sets is chosen based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI, Otherwise, it will use the one set configured by RRC.
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Figure 2 HARQ-ACK timing indication for SPS with indicating a set of HARQ-ACK timing values
Based on above, we prefer option 2 since it is more flexible and more beneficial for the PUCCH reliability than option 1.
Proposal 1: Indicate a set of k values where each k value for each SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values. If more than one sets are configured, one set is determined based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI.
1.2 SPS HARQ skipping for ‘skipped’ SPS PDSCH
In Rel-16, HARQ-ACK is always generated for each SPS PDSCH occasion if there is no overlaps with other DL PDSCHs, regardless whether there is actual data transmission on SPS PDSCH occasions. This is a simple and reliable method, which is similar to the semi-static HARQ-ACK codebook. However, the traffic of some URLLC use cases is non-periodic. In such case, the SPS configuration with shorter periodicities would be configured to meet the low latency requirement. However, some redundant HARQ-ACKs will be generated for the SPS PDSCH occasions without the actual transmissions.
Therefore, reducing the HARQ-ACK overhead for SPS should be considered. The existing DAI mechanism cannot be used directly because the SPS PDSCH has no corresponding PDCCH. Some methods should be introduced to identify whether a SPS occasion has actual transmission. 
· Option 1, Based on DM-RS detection at each SPS PDSCH occasion. 
This is a simple method, and its reliability depends on the UE's detection of DMRS. It is very suitable for the situation where a HARQ-ACK codebook only contains HARQ-ACK of one SPS PDSCH. However, it lacks a verification mechanism for the previous DMRS detection result. Thus, if DMRS detection occurs at one SPS occasion, it will accumulate the error to the next SPS occasion. Thus, the reliability may not be guaranteed for the situation where one HARQ-ACK codebook contains HARQ-ACKs of multiple SPS PDSCHs.
· Option 2, Counting the actual transmitted SPS PDSCH based on multiple DMRS sequences.
An enhancement can be considered for DMRS based on DMRS presence detection, such as introducing multiple DMRS sequences, and transmitting the corresponding DMRS sequence at each actual transmission SPS PDSCH occasion. This method is similar in principle to the DAI mechanism, that is, different DMRS sequences are used to correspond to different DAI values. For example, 4 DMRS sequences are introduced. For an SPS configuration, DMRS sequence with index of 0, 1, 2 and 3 is transmitted at the 1st, 2nd, 3rd and 4th  actual transmission SPS PDSCH occasion respectively, and representing DAI value of 1, 2, 3 and 4 respectively.
· Option 3, DAI is carried on the SPS PDSCH.
A HARQ-ACK codebook may contain HARQ-ACKs from multiple SPS PDSCHs, e.g., HARQ-ACKs of 4 SPS PDSCHs are contained in one HARQ-ACK codebook. In such case, similar DAI mechanism can be introduced in order to identify which SPS PDSCH is not actually transmitted. For example, a DAI could be carried on the SPS PDSCH, similar to UCI piggybacked on the PUSCH. However, this mechanism requires additional overhead and has a greater impact on the specification.
· Option 4, Counting the actual transmitted SPS PDSCH based on a new MAC CE.
A new MAC CE could be introduced to count the actual transmission SPS PDSCH occasions. A counter in MAC CE is included in each actual transmission SPS PDSCH. The principle of this method is similar to the DAI mechanism, but counting signaling is transmitted through MAC CE. It can be applicable to the case where multiple SPS configurations are configured for one UE and the HARQ-ACKs of the SPS PDSCHs from different SPS configurations is in one HARQ-ACK codebook. Obviously, this method will affect the MAC protocol.
To summarize: Option 1 is a simple method, which does not affect the existing specifications. On the other hand, it is not a reliable method, especially for one HARQ-ACK codebook corresponding to multiple SPS PDSCH. Option 2, 3 and 4 are relatively complicated, but can provide better reliability. We can further discuss what method to be used.
Proposal 2: HARQ-ACK overhead for ‘skipped’ SPS PDSCHs should be reduced.
1.3 SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH
For the SPS HARQ payload size reduction, we believe that SPS HARQ skipping for ‘skipped’ SPS PDSCH can also achieve the same target. So, if SPS HARQ skipping for ‘skipped’ SPS PDSCH is supported, SPS HARQ payload size reduction will also be supported in R17 URLLC naturally.
For the skipping for ‘non-skipped’ SPS PDSCH, it is reasonable to feed back HARQ-ACK for the ‘non-skipped’ SPS PDSCH because of the SPS PDSCH transmissions are actually transmitted. If only NACK or ACK for SPS PDSCH is fed back, gNB could not know the HARQ-ACK information corresponding to which SPS PDSCH. 
Proposal 3: Skipping for ‘non-skipped’ SPS PDSCH should not be supported. 
PUCCH repetition enhancements (at least for HARQ-ACK)
In the RAN1#102-e meeting, it was discussed sub-slot type of PUCCH repetition can improve the reliability (through repetition) [1]. Currently, in the Rel-16 maintenance there is a conclusion that sub-slot PUCCH repetition is not supported.
First of all, we agree that the reliability of sub-slot based PUCCH should be enhanced, while we note that at least two enhancement methods have been proposed: the first method is to reuse the slot-based PUCCH repetition mechanism, and the second method is to use similar PUSCH repetition type B mechanism.
The first method is simple and efficient. This method can also be used for PUCCH F0/F2 to improve reliability. Although PUCCH F1/F3/F4 can be configured to replace F0/F2 for better reliability, reuse of existing slot-based PUCCH repetition mechanisms for PUCCH F0/F2 doesn’t need much additional specification work.
The second method is not necessary. In a slot, the sub-slots are continuous, and the corresponding UL symbols are also continuous, it is natural to use the mechanism of slot based repetition. The mechanism of PUSCH repetition type B could not get more benefits than the first method and the standardization work is more complicated, especially if a PUCCH repetition is allowed to cross the sub-slot boundary.
Proposal 4: Sub-slot based PUCCH repetition enhancements is supported:
· Similar mechanism of the slot-based PUCCH repetition in Rel-15/16 can be applied to the sub-slot based PUCCH repetition, and the PUCCH format includes PUCCH F0/F2.
Transmission of the cancelled HARQ-ACK
A high priority HARQ-ACK codebook may be cancelled by the semi-static frame structure, but we believe that the probability of conflict between the high-priority HARQ-ACK codebook and the semi-static frame structure is quite small, while the probability of conflict between the high-priority HARQ-ACK codebook and the low-priority HARQ-ACK codebook is relatively large.
If the high-priority HARQ-ACK and the low-priority HARQ-ACK collide with the semi-static frame structure at the same time and multiplexing timeline is not satisfied, then the high-priority HARQ-ACK should be retransmitted first. But we prefer to leave it to the gNB implementation issue, for example, to indicate the retransmission of HARQ-ACK codebook of high or low priority.
Therefore, we believe that the standardization work for retransmission of the low-priority HARQ-ACK codebook should be considered first. Preferably, the same principle can also be reused for retransmission of high-priority HARQ-ACK codebook.
Proposal 5：The standardization work for retransmission of the low-priority HARQ-ACK codebook should be considered first.
· The similar principle could be applied for high priority HARQ-ACK retransmission if it does not require a lot of extra standardization work compared to low priority HARQ-ACK.
4.1 Transmission of low priority HARQ-ACK due to intra-UE prioritization 
In Rel-16, when a low-priority HARQ-ACK PUCCH conflicts with a high-priority PUCCH or a high-priority PUSCH, the low-priority HARQ-ACK PUCCH is canceled. If the dropped low-priority PUCCH carries many HARQ-ACK bits, all related PDSCHs have to be re-transmitted. In order to avoid this, one way is to perform intra-UE multiplexing as discussed in our companion contribution [2]. However, this will also impact the transmission with high priority. And in some cases, the multiplexing of PUCCHs with different priorities cannot be done. For example, high-priority PUCCH and low-priority PUCCH may not meet the multiplexing timeline due to the low latency requirement of the high-priority PUCCH. So, dropping or multiplexing is expected, and thus enhancement on transmission of low priority HARQ-ACK should be considered.
In some cases, after low-priority HARQ-ACK PUCCH has been cancelled, a new PUCCH or PUSCH piggybacked with HARQ-ACK can be indicated by DCI for the re-transmission of the cancelled HARQ-ACK. In some other cases, before the low-priority HARQ-ACK PUCCH is cancelled, gNB can change its transmission position through DCI in advance to avoid collision with the high-priority PUCCH/PUSCH. Details on how to determine the new resources for low-priority HARQ-ACK can be further studied. 
[bookmark: OLE_LINK3]Proposal 6: A new PUCCH or PUSCH resource for the transmission of low priority HARQ-ACK due to intra-UE prioritization should be considered. 
· Option1: A new PUCCH or PUSCH resource is indicated by DCI for retransmission of the cancelled low priority HARQ-ACK.
· Option2: A new PUCCH or PUSCH resource is indicated by DCI for transmission of low priority HARQ-ACK to be cancelled.
[bookmark: _Toc24098540]4.2 Transmission of HARQ-ACK due to inter-UE prioritization 
In Rel-16 UL inter-UE multiplexing, both low priority and high priority PUSCH can be cancelled according to uplink cancelation indication (CI) no matter whether there is HARQ-ACK piggybacked on it or not. It means HARQ-ACK, including low/high-priority HARQ-ACK piggybacked in PUSCH, could be dropped, which leads to numerous of PDSCH re-transmissions and spectral efficiency degradation. So, an effective mechanism for re-transmitting cancelled HARQ-ACK should be considered. 
As an example shown in Figure 3, the UE will determine to piggyback the HARQ-ACK on the same priority PUSCH as time domain overlapping between PUCCH and PUSCH happens. Then, at least a part of PUSCH is cancelled as indicated by UL CI. The piggybacked HARQ-ACK will be cancelled together with PUSCH.


Figure 3 An example of HARQ-ACK cancelation in the case of UL inter-UE multiplexing
Observation 2: HARQ-ACK (even high-priority HARQ-ACK) piggybacked on PUSCH will be dropped due to inter-UE multiplexing, which leads to numerous of PDSCH re-transmissions and spectral efficiency degradation. 
Proposal 7: Re-transimission of the cancelled HARQ-ACK information piggybacked on PUSCH due to inter-UE multiplexing should be considered. 
Type 1 HARQ-ACK codebook based on sub-slot for URLLC
As both Type 1 codebook based on slot and Type 2 codebook based on slot are supported by Rel-15/Rel-16, and  Type 2 codebook based on sub-slot are also supported by Rel-16, it is intuitive to support Type 1 codebook based on sub-slot in Rel-17 without much specification effort. It could be up to the gNB to select one of them, e.g., depending on the requirement of reliability or efficiency. 
· Feedback redundancy
For feedback redundancy, it can be mitigated by appropriate K1 set and SLIV set configuration for URLLC transmission. For example, it may be a general case to configure a small K1 set or a small SLIV set considering the URLLC data is often scheduled with the smallest scheduling latency. 
· High robustness
Type-1 HARQ-ACK codebook is more robust compared to Type 2 HARQ-ACK codebook. Although the DCI reliability for URLLC data transmission is higher compared to that in Rel-15, the reliability requirement of URLLC is higher also. Type 2 codebook makes the ACK/NACK feedback reliability vulnerable to the missing of another DCI (i.e., the last DCI with ACK/NACK pointed to the same sub-slot), which leads to extra risk for unsuccessful ACK/NACK feedback and hence final data transmission.
· Uses cases
For some uses cases, e.g., factory automation, the traffic load is not severely heavy and hence the uplink resource is sufficient. In such a case, the feedback redundancy is no longer a problem and the reliability can be increased by allocating more RBs for one PUCCH and reducing the effective coding rate. The latency and reliability requirements are extremely high in factory automation (e.g., 1 ms and 99.9999% for motion control in factory), and any ambiguity in Type 2 codebook is unacceptable since it would impact the latency and reliability.
· Reduce DCI overhead
Type1 codebook does not require DAI field and therefore saves the DCI overhead so as to facilitate DCI reliability. If Type 2 HARQ-ACK codebook is used, 4 bits DAI overhead is required in DL DCI and 2 bits DAI overhead is required in the UL grant, which is not aligned with spirit of DCI overhead reduction.
Proposal 8: Type 1 codebook based on sub-slot should be supported in Rel-17 URLLC.
If UL sub-slot is configured, the unit of k1 will be sub-slot, then a DL slot should be divided into the corresponding virtual DL sub-slot in order to determine the timing of k1. In the current specification, candidate PDSCH time domain resources are configured based on slot. In order to support UL sub-slot and reuse the existing type 1 HARQ-ACK codebook mechanism, some companies proposed that each candidate PDSCH is associated with a sub-slot according to the position of the end symbol of the PDSCH. In this way, the existing type 1 HARQ-ACK codebook mechanism can be reused by replacing slot with sub-slot. This is a direct approach, but it may generate additional unnecessary HARQ-ACK overhead.
For example, in Figure 4, 7-symbol sub-slots are configured, and 8 candidate PDSCHs are configured based on slot. If the PDSCH is associated with the sub-slot according to the position of the symbol at the end of the PDSCH, then {#1, #2, #3} belongs to virtual sub-slot1, {#4, #5, #6, #7, #8} belongs to virtual sub-slot2. Then, reusing the type 1 HARQ-ACK codebook construction mechanism for each sub-slot, there will be 6 SLIV groups, which are group {#1, #2} and group {#3} belong to virtual sub-slot1, group {#4}, group {#5, #8}, group {#6} and group {#7} belong to virtual sub-slot2, and a total of 6 bits HARQ-ACKs is required.
In order to avoid the additional overhead caused by the above method, one way is that, as shown in Figure 4, for a slot that contains virtual sub-slot1 and virtual sub-slot2, it can first determine that the SLIV group based on slot level (already supported in specification), which is group {#1, #2}, group {#3, #4}, group {#5, #8}, group {#6} and group {#7}. Then, each SLIV group is associated with a sub-slot according to the latest end symbol of the PDSCHs in the SLIV group.
For example, for group {#1,#2}, the end symbol of PDSCH#2 is the latest and located in virtual sub-slot1. Thus, group {#1,#2} is associated with virtual sub-slot1, and the corresponding HARQ- ACK belongs to virtual subl-slot1. For group {#3,#4}, the end symbol of PDSCH#4 is the latest and located in virtual sub-slot2. Thus, group {#3,#4} is associated with virtual sub-slot2, and the corresponding HARQ-ACK belongs to virtual subl-slot2. Similar approach is applied to later groups. With this enhanced solution, 5 bits of HARQ-ACK are generated, and the HARQ-ACK bits of each SLIV group are concatenated in accordance with the sequence of SLIV group. In this example, 1 bit is saved. The number of the group based on slot level will not exceed the number of the group based on sub-slot level.
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Figure 4 SLIV group splitting for the sub-slot-based HARQ-ACK feedback
In some cases, no SLIV group is associated with a virtual DL sub-slot, then there is no need to feed back HARQ-ACK for the virtual DL sub-slot (or 0bit HARQ-ACK is required), even if the virtual DL sub-slot is determined to generate HARQ-ACK by k1. For example, in Figure 5, 6 candidate PDSCHs are configured, and 2 UL sub-slots are configured. In such case, the virtual sub-slot1 will be an empty sub-slot, and there is no candidate PDSCH or SLIV group associated with it. In the virtual DL sub-slot1, 0 bit HARQ-ACK should be generated if the virtual DL sub-slot is determined to generate HARQ-ACK by k1.
[image: ]
Figure 5 A case for no candidate PDSCH associated in sub-slot1
Proposal 9: Determine the type1 HARQ-ACK codebook based on sub-slot with the following procedure:
· Divide candidate PDSCHs into SLIV groups in a slot level (already supported in Rel-15/16).
· Associate a SLIV group with a virtual DL sub-slot according to the latest end symbol of the PDSCHs in the SLIV group.
· Cascade the HARQ-ACK bit corresponding to each SLIV group according to the order of the SLIV group.
PUCCH carrier switching for HARQ-ACK feedback
[bookmark: _GoBack]In the RAN1#102e meeting, PUCCH carrier switching for HARQ-ACK feedback was discussed. The main use case of PUCCH carrier switching for HARQ feedback is to provide HARQ-ACK latency reduction for DG PDSCH for TDD under CA, where different serving cells may have different UL/DL patterns. An example in Figure 6 is for illustration, where the dynamic PUCCH indication on CC1 allows the HARQ-ACK to be transmitted with a smaller k1 compared to the PUCCH on the CC0 (e.g. Pcell).
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Figure 6 PUCCH carrier switching for HARQ-ACK feedback
We also believe that the dynamic PUCCH carrier switching is also beneficial to relieve intra UE or inter UE overlapping. For example, more UL slots can be provided for PUCCH scheduling from the multiple carriers in order to facilitate discrete scheduling of PUCCH.
There are also other methods provided in [1] in order to achieve earlier HARQ-ACK feedback, such as using a DG PUSCH scheduled on CC1 that overlaps the HARQ-ACK PUCCH in CC0 in the time domain, so that the HARQ-ACK in the PUCCH is transmitted through the DG PUSCH, and the PUCCH is not transmitted. However, this method is inefficient compared with dynamic PUCCH carrier switching for the following reasons:
· DCI overheard: an UL DCI needed to schedule the PUSCH.
· UL overhead: A PUSCH need to be transmitted even if there is no data to be transmitted.
· Delay: The HARQ-ACK will have to meet the PUSCH preparation timeline.
Thus, an efficient method such as dynamic PUCCH carrier switching should be supported for HARQ-ACK enhancement in Rel-17 URLLC. 
 Proposal 10: Dynamic PUCCH carrier switching should be supported in HARQ-ACK enhancement in Rel-17 URLLC.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: For shorter SPS periodicities, one fixed HARQ-ACK timing value k is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
Observation 2: HARQ-ACK (even high-priority HARQ-ACK) piggybacked on PUSCH will be dropped due to inter-UE multiplexing, which leads to numerous of PDSCH re-transmissions and spectral efficiency degradation. 
Proposal 1: Indicate a set of k values where each k value for each SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values. If more than one sets are configured, one set is determined based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI.
Proposal 2: HARQ-ACK overhead for ‘skipped’ SPS PDSCHs should be reduced.
Proposal 3: Skipping for ‘non-skipped’ SPS PDSCH should not be supported.
Proposal 4: Sub-slot based PUCCH repetition enhancements is supported:
· Similar mechanism of the slot-based PUCCH repetition in Rel-15/16 can be applied to the sub-slot based PUCCH repetition, and the PUCCH format includes PUCCH F0/F2.
Proposal 5：The standardization work for retransmission of the low-priority HARQ-ACK codebook should be considered first.
· The similar principle could be applied for high priority HARQ-ACK retransmission if it does not require a lot of extra standardization work compared to low priority HARQ-ACK.
Proposal 6: A new PUCCH or PUSCH resource for the transmission of low priority HARQ-ACK due to intra-UE prioritization should be considered. 
· Option1: A new PUCCH or PUSCH resource is indicated by DCI for retransmission of the cancelled low priority HARQ-ACK.
Option2: A new PUCCH or PUSCH resource is indicated by DCI for transmission of low priority HARQ-ACK to be cancelled.
Proposal 7: Re-transimission of the cancelled HARQ-ACK information piggybacked on PUSCH due to inter-UE multiplexing should be considered. 
Proposal 8: Type 1 codebook based on sub-slot should be supported in Rel-17 URLLC.
Proposal 9: Determine the type1 HARQ-ACK codebook based on sub-slot with the following procedure:
· Divide candidate PDSCH into SLIV groups based on slots (already supported in Rel-15/16)
· Associate a SLIV group with a virtual DL sub-slot according to the latest end symbol of the PDSCHs in the SLIV group
· Cascade the HARQ-ACK bit corresponding to each SLIV group according to the order of the SLIV group.
 Proposal 10: Dynamic PUCCH carrier switching should be supported in HARQ-ACK enhancement in Rel-17 URLLC.
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