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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#102 e-Meeting, the following agreements have been achieved on HARQ-ACK enhancements for Rel-17 URLLC.
 (
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, we will discuss enhancements for SPS HARQ-ACK and retransmission of cancelled HARQ-ACK .
2. Discussion
2.1. HARQ-ACK feedback for downlink SPS
In Rel-16 URLLC, a UE may be configured with multiple downlink SPS configurations for a serving cell, compared to at most one configuration for a cell group in NR Rel-15. In addition, a downlink SPS configuration can have a shorter periodicity down to a single slot to reduce latency, in contrast to minimum periodicity of 10ms for NR Rel-15. 
During this section, we will provide our views and more details about SPS HARQ-ACK.
2.1.1. Avoiding SPS HARQ-ACK dropping for TDD
For Rel-16 URLLC, when UE is configured with one or more downlink SPS configurations with short periodicities, since a single HARQ-ACK feedback timing value is indicated in the activation DCI for each configuration, there may be quite frequent collisions between PUCCH resources for the SPS HARQ-ACK transmissions and the slot formats indicated by semi-static TDD configuration or dynamic SFI indication especially for the DL-heavy case, which is illustrated in Figure 1. 


[bookmark: _Ref54009546]Figure 1 Dropped SPS HARQ-ACK due to collision
During RAN1#102 e-Meeting, it has been agreed that Rel-17 enhancements is supported to avoid above PUCCH collision for TDD. Here we mainly discuss potential solutions for it.
A solution that defers HARQ-ACK until the first available PUCCH resource was proposed by many companies. To be specific, the transmission occasion for an actual HARQ-ACK transmission is postponed implicitly by UE to the next available uplink resource after the collision based on the semi-static TDD configuration and/or dynamic SFI. The main concern for this solution is unbalanced HARQ-ACK payload among PUCCH resources, that is, all HARQ-ACK bits will be mapped to the first available PUCCH resource after several consecutive downlink slots where collision(s) happens. So the first available PUCCH resource will tend to be overloaded, while subsequent PUCCH resource(s) may have smaller number of HARQ-ACK bit(s) mapped on it.
In [2], another solution is proposed, where gNB indicates a set of K1 values, each K1 value of which is for one SPS transmission in a time window configured by RRC. An example is given in Figure 2, where the slot configuration has a periodicity of ‘DDDDDDDSUU’ and the periodicity of SPS is one slot. 
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[bookmark: _Ref54378138]Figure 2 HARQ-ACK timing indication for SPS by indicating a set of K1 values
Compared to the solution that defers HARQ-ACK until the first available PUCCH resource, this solution can have more flexibility to adapt to TDD configuration, in order to avoid imbalanced HARQ-ACK feedback. Meanwhile, it has some potential drawbacks that, the configuration overhead may be large especially for long TDD slot configuration periods, e.g. 10 or 20 milliseconds, and in case of changes to the semi-static TDD configuration or changes to the resource allocation of the SPS PDSCH (e.g. different slot/symbol offset via re-activation DCI), higher-layer reconfiguration of the set of K1 values may be required to better match the TDD slot format or the updated timing of the SPS PDSCH allocation, as pointed out in [3].
In [3], the proposed solution defines a set of K1 values, e.g. K1 = {k1_a, k1_b, k1_c} applicable to all SPS PDSCH per SPS configuration or across multiple SPS configurations. For each SPS PDSCH, the UE checks each K1 value in K1 set (e.g. in the order from left to right), and the first K1 value that results in a valid uplink PUCCH resource is selected. Some example K1 configurations are illustrated in Figure 3 from contribution [3].


[bookmark: _Ref54378359]Figure 3 Example K1 configurations for different UL/DL TDD slot formats
In Figure 3 we can see some K1 set may result in rather unbalanced uplink resource occupation, such as Figure 3 (b) or achieve some balance as shown in Figure 3 (c). If uplink payload balance is mainly targeted, for 7DL:3UL TDD pattern in Figure 3 (c), an alternative K1 set = {6,7,4,3} may be configured, which is illustrated in Figure 4, resulting in more balanced uplink resource occupation.


[bookmark: _Ref54378422]Figure 4 Alternative K1 configuration for 7DL:3UL TDD pattern
At the same time, we can see that the blue feedback timing, when indicated together with the red one in Figure 4, will cause out-of-order issue. So for some TDD patterns, it may be difficult or complicated to find a proper K1 configuration that enable almost balanced uplink resource occupation and avoid potential out-of-order issue at the same time. 
Observation 1: The solution configuring an ordered candidate K1 set may cause potential out-of-order issue. 
In our opinion, to be more flexible compared to RRC configuration, gNB can dynamically indicate one or more transmission opportunities for the postponed HARQ-ACK to UE when such collisions are detected. The dynamic indication can be based on either UE specific DCI or group common DCI, and gNB has the flexibility to determine when and where to retrieve the desired SPS HARQ-ACK when necessary, as well as to achieve HARQ-ACK load balance.
Besides, HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 can also be reused or enhanced for this issue. For example, each SPS configuration can be configured or indicated to correspond to PDSCH group 0 or 1, and enhanced dynamic codebook is used to trigger retransmission of required SPS HARQ-ACK bit(s), where the time domain scope for triggered SPS HARQ-ACK bit(s) may be determined by NFI indication for corresponding PDSCH group. In addition, one-shot feedback codebook can also be considered to be enhanced for HARQ-ACK load balancing. A feasible way is that gNB indicates concerned SPS configuration(s), or even concerned occasion(s) or HARQ process(es) for one or multiple SPS configurations in a DCI format triggering one-shot feedback codebook, where the indication may reuse or reinterpret unused field(s) or bit(s) when the DCI format does not schedule any PDSCH reception. Then UE will report corresponding SPS HARQ-ACK bit(s) accordingly. Further discussion about retransmission of cancelled HARQ-ACK can be found in section 2.2.
Proposal 1: Consider the following options to avoid SPS HARQ-ACK dropping for TDD:
· Option 1: gNB dynamically indicates one or more transmission opportunities for collided HARQ-ACK bit(s).
· Option 2: Either or both enhanced dynamic codebook and one-shot feedback codebook are reused or enhanced for retrieving HARQ-ACK bit(s).
2.1.2. SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH
There are mainly four cases as below, in which a HARQ-ACK codebook may contain HARQ-ACK bit(s) corresponding to skipped SPS PDSCH(s):
Case 1: Type-1 codebook
The codebook size is semi-statically determined and only depends on RRC configuration parameters. If HARQ-ACK bit(s) corresponding to skipped SPS PDSCH(s) in a Type-1 codebook shall be skipped, since skipped SPS PDSCH(s) may correspond to any candidate PDSCH reception(s), the codebook construction will become very complicated, and the codebook size will become variable, where the benefit for semi-static codebook is lost totally, and mapping between HARQ-ACK bits and candidate PDSCH receptions may become ambiguous.
Case 2: Type-2 codebook
For Type-2 codebook, HARQ-ACK bit(s) corresponding to SPS PDSCH(s) will be appended to HARQ-ACK bit(s) corresponding to dynamically scheduled PDSCH(s). When HARQ-ACK bit(s) corresponding to skipped SPS PDCH(s) is skipped, the total codebook size will be decreased at the same time.
Case 3: HARQ-ACK only for SPS PDSCH(s), including both skipped and non-skipped SPS PDSCH(s)
If only HARQ-ACK bit(s) corresponding to skipped SPS PDSCH(s) is skipped, then UE does not need to report HARQ-ACK bit(s) for skipped SPS PDSCH(s), but HARQ-ACK bit(s) for the non-skipped SPS PDSCH(s) still needs to be reported. The operation and gain is similar to Case 2. Case 3 can be further narrowed down to Case 3’  as below.
Case 3’: HARQ-ACK only for SPS PDSCH(s), all corresponding to NACKs
In this sub-case, UE can skip the whole HARQ-ACK feedback.
Case 4: HARQ-ACK only for SPS PDSCH(s), including only skipped SPS PDSCH(s)
In this case, UE can skip the whole HARQ-ACK feedback.
From the four cases mentioned above, at least Case 4 should be supported. For Case 2 and Case 3, HARQ-ACK codebook payload size reduction can be achieved, thus resulting in less resource overhead, as well as lower power and interference in uplink. For Case 3’, there is no need for UE to differentiate skipped SPS PDSCH(s) from non-skipped SPS PDSCH(s), thus may resulting in simpler UE implementation. For Case 1 it is complicated to consider SPS HARQ-ACK skipping.
Proposal 2: On SPS HARQ-ACK skipping for skipped SPS PDSCH, at least Case 3 and Case 4 in which the HARQ-ACK codebook only contains HARQ-ACK for SPS PDSCH can be supported.
For the skipped SPS PDSCH, it is beneficial for UE to identify if a SPS PDSCH is skipped or not, and DM-RS detection could be an option. In [4] we simulated the detection performance of DM-RS detection for CG PUSCH for URLLC use case, and it can be observed that the detection performance based on 1-symbol or 2-symbol DM-RS is sufficiently reliable for URLLC CG PUSCH. It can be inferred that SPS PDSCH will have similar detection performance. Besides, the detection performance can be improved further by enhancing DM-RS configuration or design, such as longer DM-RS sequence or more DM-RS symbols.
Proposal 3: It is beneficial for UE to identify if a SPS PDSCH is skipped or not, and DM-RS detection could be an option.
2.1.3. SPS HARQ-ACK payload size reduction and/or skipping for ‘non-skipped’ SPS PDSCH
During RAN1#102 e-Meeting following solutions have been proposed:
(1) ACK skipping 
If a HARQ-ACK codebook contains only ACK for SPS PDSCH(s), it will be skipped, i.e. not transmitted actually.
(2) NACK skipping
If a HARQ-ACK codebook contains only NACK for SPS PDSCH(s), it will be skipped, i.e. not transmitted actually.
(3) HARQ-ACK bundling
When multiple SPS configurations are configured to support one service with jitter, only one HARQ-ACK for multiple SPS PDSCH occasions within a common period will be reported, where each SPS PDSCH occasion within the common period corresponds to a SPS configuration of the multiple SPS configurations. It results from the fact that typically only one of the multiple SPS PDSCH occasions within a common period has actual transmission, and the multiple SPS configurations generally have a same periodicity, based on which the common period is derived. 
(4) HARQ-ACK disabling
HARQ-ACK feedback for one or multiple SPS configurations can be disabled by gNB, thus no HARQ-ACK for the SPS configuration(s) will be reported actually.
We think each solution above will fit for different scenarios. For example, when all or most of SPS PDSCH occasions will not be skipped for a given SPS configuration, then for URLLC service, since most of the HARQ-ACK feedback should be ACK to meet the overall BLER target, i.e. 1e-5, adopting ACK skipping will be reasonable and beneficial in terms of uplink interference and UE power consumption. In contrast, when a large proportion or even most of SPS PDSCH occasions may be skipped for a given SPS configuration, then HARQ-ACKs correspond to these occasions must be NACKs, so NACK skipping could be adopted to reduce uplink overhead and interference. Similarly, HARQ-ACK bundling may be beneficial in terms of payload size reduction when multiple SPS configurations are configured for a service with jitter, and HARQ-ACK disabling could be used when the PDB is too stringent to allow retransmission opportunities, where only one-shot transmission is permitted.
Proposal 4: Different solutions for SPS HARQ-ACK payload size reduction and/or skipping may be beneficial for respective scenarios.
Based on above analysis, when gNB configures one or more SPS configurations for a new initiated service, one favorable solution from aforementioned ones could be selected based on relevant properties and requirements of the service, that is, gNB could configure a preferred solution for one or a group of SPS configurations which fit the service best.
Proposal 5: gNB could configure a preferred solution for one or a group of SPS configurations corresponding to a service based on relevant properties and requirements of the service.
2.2. Retransmission of cancelled HARQ-ACK
With respect to retransmission of cancelled HARQ-ACK, during RAN1#102 e-Meeting there was no consensus about the scenarios and respective necessity, i.e., whether low priority HARQ-ACK and/or high priority HARQ-ACK should be considered for retransmission.
For low priority HARQ-ACK, it may be dropped during intra-UE prioritization when colliding with high priority HARQ-ACK, as well as in other cases such as inter-UE uplink cancellation and SPS HARQ-ACK dropping in TDD system. For the case about dropping during intra-UE prioritization, so far there is another AI aiming at enhancing HARQ-ACK multiplexing between low and high priorities, and the probability of low priority HARQ-ACK dropping may be reduced, but it could still happen that part or all of low priority HARQ-ACK being dropped. In our opinion, transmission performance of low priority HARQ-ACK should also be considered as far as possible, since PDSCH performance of eMBB traffic should not be neglected. At the same time, same mechanisms can be introduced or enhanced for low priority and high priority HARQ-ACK without obvious differentiation, resulting in no or minimum standardization efforts.
For high priority HARQ-ACK, it is expected that gNB should not deliberately cancel high priority HARQ-ACK, but it may still happen in some cases such as inter-UE uplink cancellation and SPS HARQ-ACK dropping in TDD system. If it is desired to enhance transmission performance for high priority HARQ-ACK further, unified solutions is preferred between low priority and high priority HARQ-ACK.
Proposal 6: Unified solution(s) is supported for retransmission of cancelled HARQ-ACK for low priority and high priority.
For retransmission of cancelled HARQ-ACK, HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 can be a starting point, i.e. enhanced dynamic codebook and one-shot feedback codebook. 
For enhanced dynamic codebook, it may be reused directly for dynamically scheduled PDSCH, with the understanding to be clarified that PDSCH grouping is within each priority with maximum two PDSCH groups per priority. When turning to SPS PDSCH, some enhancements may be required since retransmission of SPS HARQ-ACK is not supported by enhanced dynamic codebook at present, and a potential solution has been provided in section 2.1.1, i.e. grouping SPS configuration(s) and determining retransmission scope by respective NFI indication.
[bookmark: _GoBack]For one-shot feedback codebook, it should be clarified whether HARQ-ACK corresponding to all configured HARQ processes, irrespective of corresponding latest scheduled priorities, can be multiplexed in a same one-shot feedback codebook. One drawback of one-shot feedback codebook is the huge overhead, especially when a UE is configured with multiple serving cells and each with a number of HARQ processes, so further enhancements may be required to reduce or control the overhead. In section 2.1.1 a potential enhancement is provided for triggering desired SPS HARQ-ACK for one or more concerned SPS configuration(s) by a one-shot triggering DCI without scheduled PDSCH reception. A more general way is that the one-shot triggering DCI indicates a subset of configured serving cells, and/or a subset of HARQ processes for each concerned serving cell, and UE only includes corresponding HARQ-ACK bit(s) when construct the one-shot codebook, so the codebook size can be controlled flexibly as required without any unconcerned HARQ-ACK bit(s).
Proposal 7: HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 are considered as a starting point, and can be clarified and enhanced further as required.
3. Conclusion
In this contribution, some questions and potential solutions for identified issues on HARQ-ACK enhancements for URLLC Rel-17 have been discussed, and the proposals made are summarized as below:
Observation 1: The solution configuring an ordered candidate K1 set may cause potential out-of-order issue. 
Proposal 1: Consider the following options to avoid SPS HARQ-ACK dropping for TDD:
· Option 1: gNB dynamically indicates one or more transmission opportunities for collided HARQ-ACK bit(s).
· Option 2: Either or both enhanced dynamic codebook and one-shot feedback codebook are reused or enhanced for retrieving HARQ-ACK bit(s).
Proposal 2: On SPS HARQ-ACK skipping for skipped SPS PDSCH, at least Case 3 and Case 4 in which the HARQ-ACK codebook only contains HARQ-ACK for SPS PDSCH can be supported.
Proposal 3: It is beneficial for UE to identify if a SPS PDSCH is skipped or not, and DM-RS detection could be an option.
Proposal 4: Different solutions for SPS HARQ-ACK payload size reduction and/or skipping may be beneficial for respective scenarios.
Proposal 5: gNB could configure a preferred solution for one or a group of SPS configurations corresponding to a service based on relevant properties and requirements of the service.
Proposal 6: Unified solution(s) is supported for retransmission of cancelled HARQ-ACK for low priority and high priority.
Proposal 7: HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 are considered as a starting point, and can be clarified and enhanced further as required.
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