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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
During RAN1#104-e meeting[1], agreements of UE feedback enhancements for HARQ-ACK are achieved as follows:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Agreements(RAN1 #104-e)  
· [bookmark: _Hlk62406356]Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation

[bookmark: _Hlk62747561]Agreements(RAN1 #104-e)  
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral
Agreements(RAN1 #104-e)  
Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.
Agreements(RAN1 #104-e)  
For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity (TBD) of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X

Agreements(RAN1 #104-e)  
For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Based on the above agreements, we present some further analyses on UE feedback enhancements for HARQ-ACK.

2 Discussion
SPS HARQ-ACK dropping for TDD
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 corresponding 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 the 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.
In RAN1#103-e meeting [2], the following agreement has been achieved to deal with above issue.
Agreements: 
To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 


Regarding the above two options, there are many details that need to be clarified. Detailed discussions are provided in this subsection.
1 [bookmark: OLE_LINK47][bookmark: OLE_LINK48]
2.1 
SPS HARQ-ACK deferral
Regarding the configurations for SPS HARQ-ACK deferral, the following agreement is achieved in RAN1#104-e: 
	Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral


[bookmark: OLE_LINK17]For option1, the joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group is more simple and straightforward, but accordingly, it lacks flexibility. It is not necessary to defer HARQ-ACK feedback for all SPS configurations. For different traffic types with different latency requirements, it may configure a specific SPS configuration with different periodicities. Therefore, for SPS HARQ-ACK with different priorities or SPS configurations with different periods, the operation could be different, the conflict HARQ-ACK feedback can be deferred or dropped. It is feasible to configure the SPS HARQ-ACK deferral per SPS configuration, since it allows differentiation among SPS configurations of different priority levels.
Proposal 1: The SPS HARQ-ACK deferral should be configured per SPS configuration.
Furthermore, we prefer to support a fixed judgment approach to decide which PUCCH to transmit the postponed HARQ-ACK feedback. For example, the first instance in time of a scheduled PUCCH that does not collide with any invalid or downlink symbols after the conflict occurs is selected to transmit the deferred HARQ-ACK feedback. PUCCH resources scheduled for SPS PDSCH, dynamic PDSCH, and/or newly configured PUCCH resource for deferred HARQ-ACK specifically should be considered, which means the selected PUCCH resource for deferred HARQ-ACK transmission should not be restricted to the PUCCH resource for SPS only. And if the deferred HARQ-ACK feedback cannot be multiplexed on this PUCCH, the transmission of the deferred HARQ-ACK is dropped. Besides, to guarantee the latency requirement, intra-slot deferral should be considered. That is to say, if the PUCCH resource for SPS HARQ-ACK transmission is not available, other PUCCH resources, as mentioned above, could be considered in the initial slot. Only if the intra-slot deferral cannot be achieved, and then inter-slot deferral should be considered. 
Proposal 2: The PUCCH which carries the deferred HARQ-ACK feedback should be the first instance of PUCCH which does not collide with any invalid or downlink symbols and this PUCCH resource should not be restricted to the PUCCH for SPS only.
Proposal 3: Only if the intra-slot deferral cannot be achieved, and then inter-slot deferral should be considered.
One agreement has been achieved in RAN1#104-e, for SPS HARQ-ACK deferral, to determine valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’. Besides, whether to consider semi-statically configured flexible symbols for PUCCH availability has not been concluded yet. In release 16, the flexible symbols can be turned into UL or DL symbols if indicated by SFI. On the basis of this, flexible symbols which are not overwritten by dynamic SFI/dynamic DCI as flexible/DL symbols, could be regarded as available symbols for deferred HARQ-ACK transmission. Therefore, to increase the reliability of deferred HARQ-ACK transmission and the flexibility of the system, the flexible symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated and if the UE does not detect DCI2-0 (SFI), can be used as available PUCCH resource to transmit the deferred HARQ-ACK feedback. 
Proposal 4: To determine an available PUCCH resource for conveying the deferred SPS HARQ-ACK, semi-static flexible symbol(s) could be used for transmitting the deferred HARQ-ACK feedbacks.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]On the other hand, some restrictions are needed for the deferred HARQ-ACK feedback to make sure that the selected PUCCH is not overloaded and to guarantee the latency of the postponed HARQ-ACK feedback. First of all, deferring the transmission of HARQ-ACK increases the transmission load pressure of the subsequent available PUCCH and imbalanced HARQ-ACK feedback. Therefore, a limitation of the total number of deferred HARQ-ACK feedback is needed. 
Proposal 5: The total number of deferred HARQ-ACK bits needs to be limited
As summarized in FL summary [3], the following definitions are defined:
· k1 is the slot/sub-slot offset for the SPS HARQ as given by the SPS activation DCI (based on the current understanding what ‘k1’ is)
· k1def  is the slot/sub-slot offset of the deferral (i.e. slot offset between the initial, dropped PUCCH / HARQ and the slot of the deferred PUCCH / HARQ transmission)
· k1eff is the effective PDSCH to HARQ-ACK feedback offset (in slots/sub-slots) for the deferred HARQ, i.e. k1eff=k1+ k1def 
Considering the HARQ-ACK feedback also requires a certain real-time performance and cannot allow an indefinite delay. Limitation on the maximum deferral in the time domain is required. The deferral limitation should be given in the total PDSCH to HARQ-ACK delay/offset, i.e., k1eff=k1+ k1def ≤ k1def,max. In the existing mechanism, we already have the configured K1 set, which indicates the offset for PDSCH to HARQ-ACK in the time domain. There is no need to introduce a new parameter for k1def to limit the maximum value of the HARQ-ACK deferral. For k1def,max, it is feasible to reuse the maximum value in the configured K1 set.
Proposal 6: The deferral limitation should be given in the total PDSCH to HARQ-ACK delay/offset, i.e. k1eff=k1+ k1def ≤ k1def,max., and the k1def,max. should be the maximum k1 value of the configured K1 set.
Furthermore, if the determination of the available k1eff is determined by UE, it may lead to misalignment between the base station and the UE. In order to minimize the specification impact, we propose that the value of k1eff should be limited to one of the existing k1 values in the configured K1 set. This solution is simpler and more straightforward, limiting the k1eff value to a certain range of values, the deferring operation won’t be ambiguous.
For example, as specified in Figure1, we assume the TDD slot format is ‘DDDDDUUU,’ and the gNB indicates a K1 set as k1={3,4,5}. k1=3 is used for HARQ-ACK feedback for non-conflicting transmissions. Once collision happens, k1=4 and k1=5 are used as candidate values for deferred HARQ-ACK transmission. As shown in Figure 1, for the SPS PDSCH transmission on slot DL #1, when k1=3, the HARQ-ACK feedback should be transmitted at slot DL#4, which conflicts with the downlink slot. For this case, UE should select one proper k1 value from the K1 set and determine if there’s available PUCCH resource for deferred HARQ-ACK transmission. For SPS PDSCH transmission in slot DL#1, when k1=5, it corresponds to an uplink slot UL#1 to transmit the HARQ-ACK feedback. If there exists available PUCCH resource, then the deferred HARQ-ACK feedback could be transmitted on this PUCCH at slot UL#1.
[image: ]
Figure1 k1 indication for HARQ-ACK feedback in TDD case
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34]Proposal 7: The value of k1eff should be limited to one of the existing k1 values in the configured K1 set
Retransmissions of cancelled HARQ
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]For dynamic triggering of a one-shot / Type-3 CB type of re-transmission, there are indeed some scenarios where a conflicting HARQ-ACK cannot be transmitted successfully, such as when an available PUCCH cannot be found to carry the deferred HARQ-ACK feedback within the specified time window or when the deferred HARQ-ACK feedback conflicts with another transmission and determined to be dropped. For such scenarios, it is necessary to retransmit these conflicting HARQ-ACKs. Many companies have proposed to use one-shot/Type-3 HARQ-ACK codebook to send such HARQ-ACK feedback. However, for the Type-3 HARQ-ACK codebook in Rel-16, it contains all the downlink HARQ processes, which would lead to a lot of unnecessary signaling overhead. In this case, enhancement for the Type-3 HARQ-ACK codebook to reduce the codebook size is needed. To reduce the redundant HARQ-ACK feedback, only transmitting the dropped HARQ-ACK processes or SPS HARQ processes should be considered.
Observation 1: Reuse Type-3 HARQ-ACK codebook in Rel-16 to retransmit the dropped SPS HARQ-ACK feedback would lead to redundancy overhead.
Proposal 8: The enhancement for reducing the Type-3 HARQ-ACK codebook size should be studied, e.g., only transmitting the dropped HARQ-ACK processes or SPS HARQ processes.
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. 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. Furthermore, in Release 16, 3GPP has reached a consensus in 3GPP RAN1#97 that shorter periodicities for DL SPS are supported. 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 a large signaling overhead. 
Massive 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 studies on SPS HARQ payload size reduction (non-skipped SPS PDSCH), we already have the following options:
· Alt1: ACK skipping(NACK-only)
· Alt2: NACK skipping(ACK-only)
· Alt3: HARQ bundling/compression
· Alt4: HARQ-ACK disabling/skipping for certain SPS configurations
For Alt1, ACK skipping is useful for the services requiring high reliability, which does not allow for too many retransmissions. That is to say, high-reliability services lead to a low probability of NACK feedback. In this case, ACK skipping brings more benefits.
For Alt2, multiple SPS configurations or shorter periodicities for DL SPS would generate unnecessary NACK feedback. In this case, NACK skipping would lead to more benefits. Considering the above two cases, ACK skipping and/or NACK skipping should be supported. 
Proposal 9： ACK skipping and/or NACK skipping mechanism for shorter SPS periodicity or multiple SPS configurations should be supported.
[bookmark: _GoBack]For Alt3, HARQ bundling/compression is an effective solution for SPS HARQ payload size reduction, especially for handling the traffic jitter. For this scenario, the gNB may allocate several consecutive resources for one service, and UE may allocate several bits for HARQ-ACK feedback; this definitely brings unnecessary signaling overhead. Therefore, HARQ-ACK bundling or compression should be supported. Considering the transmission reliability and less specification impact, it is feasible to use logical ‘OR’ to bundle SPS HARQ-ACK of N bits into a single bit. In this case, a time window or bundling bit size needs to be specified. This time window or bundling bit size can be configured by RRC or DCI, which needs further study. 
For Alt4, HARQ-ACK disabling/skipping for certain SPS configurations, it brings benefit for the scenarios that there is no time budget to retransmission or HARQ-ACK feedback is not necessary. However, the reduction of codebook size still needs further study, especially for Type-1 HARQ-ACK codebook.
[bookmark: OLE_LINK49]Proposal 10： HARQ bundling/compression should be supported for HARQ-ACK payload reduction and N-bits SPS HARQ-ACK should be bundled into one single bit using logical ‘OR’.
3 Conclusions
The following proposals have been made in this document.
Proposal 1: The SPS HARQ-ACK deferral should be configured per SPS configuration.
Proposal 2: The PUCCH which carries the deferred HARQ-ACK feedback should be the first instance of PUCCH which does not collide with any invalid or downlink symbols and this PUCCH resource should not be restricted to the PUCCH for SPS only.
Proposal 3: Only if the intra-slot deferral cannot be achieved, and then inter-slot deferral should be 
considered.
Proposal 4: To determine an available PUCCH resource for conveying the deferred SPS HARQ-ACK, semi-static flexible symbol(s) could be used for transmitting the deferred HARQ-ACK feedbacks.
Proposal 5: The total number of deferred HARQ-ACK bits needs to be limited
Proposal 6: The deferral limitation should be given in the total PDSCH to HARQ-ACK delay/offset, i.e. k1eff=k1+ k1def ≤ k1def,max., and the k1def,max. should be the maximum k1 value of the configured K1 set.
Proposal 7: The value of k1eff should be limited to one of the existing k1 values in the configured K1 set
Observation 1: Reuse Type-3 HARQ-ACK codebook in Rel-16 to retransmit the dropped SPS HARQ-ACK feedback would lead to redundancy overhead.
Proposal 8: The enhancement for reducing the Type-3 HARQ-ACK codebook size should be studied, e.g., only transmitting the dropped HARQ-ACK processes or SPS HARQ processes.
Proposal 9： ACK skipping and/or NACK skipping mechanism for shorter SPS periodicity or multiple SPS configurations should be supported.
Proposal 10： HARQ bundling/compression should be supported for HARQ-ACK payload reduction and N-bits SPS HARQ-ACK should be bundled into one single bit using logical ‘OR’.
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