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1. Introduction
The discussion on UE feedback enhancement mechanisms started from RAN1 #102 e-meeting, and the following schemes were identified to be further studied [1]:

· Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 

· 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

However, due to the limited time left for Rel-17 finalization, the recommendation on no further discussions on SPS HARQ-ACK skipping and size reduction was endorsed in RAN #92-e [2].
In this contribution, we provide our views on the details for some of the schemes.
2. Discussion
2.1 Avoid SPS HARQ-ACK dropping for TDD
In the RAN1# 104 meeting, deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH was agreed to be supported in Rel-17. The related agreements achieved are as follows [3][4]:
	Agreements:

· 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
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

Agreements: Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.
Agreements: 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: 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’.
Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)

Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def
Agreement: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 

Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.
Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 

· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.

Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition


Configuration of the SPS HARQ-ACK subject to deferral
Whether joint RRC configuration to enable the SPS HARQ-ACK deferral per PUCCH cell group or per SPS configuration for HARQ-ACK subject to deferral needs to be down-selected. The enabling of the SPS HARQ-ACK deferral which is jointly configured for any SPS HARQ-ACK within a PUCCH cell group is considered to be simple and sufficient. Some companies thought per SPS configuration provides more flexibility, since different SPS configurations can be used for different service type with different latency requirements and it is not necessary to defer HARQ-ACK for some SPS configurations in case DL packets expire shortly. However, the flexibility can also be achieved by the maximum deferral time setting, e.g. setting different maximum deferral time for different service type. Even the RRC enables the deferral for a SPS HARQ-ACK, whether it is actually deferred depends on if there is available PUCCH resource within the maximum deferral time.

Proposal 1: Whether the SPS HARQ-ACK is subject to deferral is jointly configured by RRC per PUCCH cell group.
Condition of SPS HARQ-ACK to be subject to deferral
The condition of SPS HARQ-ACK to be subject to deferral was discussed in meeting RAN1 #104bis-e, and the alternatives to be further discussed are [5]:
	· Conditions for deferral from /within the initial slot 

· Please check the discussion of different companies there. Loose / sloppy formulation by moderator here from RAN1#104-e:

· Alt. 1:  “If SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource then it cannot be deferred!”

· No change to the UCI multiplexing behavior in the initial slot

· Issue in case of missed DCI scheduling PDSCH… 

· Question: should multi-CSI-PUCCH-ResourceList be also added here?
· Alt. 1A “Defer SPS HARQ even if multiplexing & transmission based on PRI in initial slot would be possible”

· See CATT comments /reply to Nokia in Table in Sec. 2.4   

· Changes the UCI multiplexing in the initial slot – if SPS HARQ PUCCH resource is overlapping, it will be deferred even though it could still be multiplexed e.g. due to PRI overriding
· Increases SPS HARQ latency – but not prune to missed DCI issue
· Alt. 2 – “Consider intra-slot deferral before inter-slot deferral”

· If understood by the moderator correctly, if the SPS HARQ-ACK resource is not valid (and no multiplexing with other UCI in the slot), the UE will look for an alternative PUCCH resource from another PUCCH resource set (i.e. intra-slot deferral)
· Alternative resource may be from PUCCH_ResourceSet (e.g. Samsung) or another (e.g. newly configured) alternative set for SPS HARQ (e.g. Intel)
· Only if ‘intra-slot’ deferral is not possible; the UE considers inter-slot SPS HARQ deferral
· Missed DCI issue is less of an issue, as the alternative PUCCH resource may be valid. 


As was discussed, alternative 1 causes gNB and UE different understandings on whether SPS HARQ-ACK is deferred when UE misses the DCI scheduling the HARQ-ACK to be transmit in the dynamic PUCCH resource. Since gNB thinks the SPS HARQ-ACK would be multiplexed on the dynamic PUCCH resource, but UE’s behavior is to defer the HARQ-ACK. The other two alternatives could avoid this inter-slot/sub-slot deferral misalignment problem.
Alternative 1A would change the Rel-16 multiplexing behavior in the initial slot. Even there is DCI scheduling a HARQ-ACK to be transmitted in a dynamic PUCCH resource in the initial slot/sub-slot, the SPS HARQ-ACK can’t be multiplexed in the dynamic PUCCH resource and will be deferred as PUCCH configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid. In this case, The HARQ-ACK feedback delay would be even larger than Rel-16.
There is another alternative for inter-slot/sub-slot deferral, that is inter-slot/sub-slot deferral happens when there is no available PUCCH resource in the initial slot/sub-slot. Ambiguity on the deferred slot/sub-slot due to missed DCI can be avoided. If SPS HARQ-ACK resource is not valid in the initial slot/sub-slot but there is valid PUCCH resource from another PUCCH resource set (e.g., PUCCH-ResourceSet, multi-CSI-PUCCH-ResourceList, newly configured PUCCH, etc.), when UE misses the DCI scheduling the HARQ-ACK in the dynamic PUCCH resource or there is no multiplexing with other UCI, the SPS HARQ-ACK is dropped, or, there could be intra slot/sub-slot deferral. As for intra slot/sub-slot deferral, UE looks for an alternative PUCCH resource from another PUCCH resource set. Since gNB does not know UE misses the DCI, if the resource gNB scheduled by the DCI and the resulting resource looked for according to a rule by the UE are not the same, there may be interference in the initial slot/sub-slot as the resource looked for by the UE might be scheduled for another UE by gNB. Whether and how to support intra-slot/sub-slot deferral could be further discussed.
Proposal 2: Inter-slot/sub-slot deferral happens when there is no available PUCCH resource with valid symbols in the initial slot/sub-slot.
As UE will evaluate from one slot/sub-slot to the next sub/sub-slot to check the validity of a target slot/sub-slot, similar approach as the deferral judgement in the initial slot/sub-slot could be considered in later slot/sub-slot for further deferral, after the condition for deferral in the initial slot/sub-slot is determined.
Load balance for deferred SPS HARQ-ACK
Before a slot/sub-slot with available PUCCH, there may be multiple deferred SPS HARQ-ACK. If all the deferred SPS HARQ-ACK are to be transmitted in the first available PUCCH, it may be overloaded and reliability may not be guaranteed. As shown in the below Figure 1, if all of the SPS HARQ-ACK intended to be transmitted in the DL slots before an UL slot are deferred to the first valid PUCCH in UL slot n+4, the HARQ-ACK load is not balanced in UL slots. Thus, to determine the slot/sub-slot for next available PUCCH, HARQ-ACK load balance should also be considered. 
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Figure 1 SPS HARQ-ACK deferring to the first available PUCCH

One penitential way to solve the overloaded problem in the first variable PUCCH is to configure payload threshold for each PUCCH resource. If the number of HARQ-ACK bits carried in a PUCCH resource exceeds the payload threshold, then the PUCCH resource is not valid. However, the payload threshold is applicable for PUCCH format 0,1. For PUCCH format 2,3,4, a maximum code rate threshold is more appropriate. The required maximum code rate maps to the reliability requirement and could reflect the transmission performance under certain channel condition regardless the size of PUCCH resource. If payload threshold is still used for PUCCH format 2,3,4, different values may be needed for different PUCCH resource size. An example of SPS HARQ-ACK deferring considering load balance is shown in Figure 2.
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Figure 2 SPS HARQ-ACK deferring considering load balance

Proposal 3: When SPS HARQ-ACK is deferred to available PUCCH resource, load balance should be considered when determining the available resource.
· If the payload/ code rate on a PUCCH resource is larger than a payload/ code rate threshold, the PUCCH resource is not available.
2.2 PUCCH carrier switching for HARQ feedback

Options to support PUCCH carrier switching for HARQ feedback was discussed in RAN1 #105, and dynamic indication in DCI scheduling a PUCCH and RRC configured PUCCH cell timing pattern were agreed [6]:
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 

· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells

· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE

· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 

Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.


For dynamic indication of PUCCH carrier in DCI, if a dedicate DCI field is used, PUCCH resource indicator is used to indicate the resource of the indicated carrier. In current specification, PUCCH resource indicator bit number is determined by higher layer parameter numberOfBitsForPUCCH-ResourceIndicatorForDCI-Format1-2 for DCI format 1_2. PDSCH-to-HARQ_feedback timing indicator bit number is determined by the number of entries in the higher layer parameter for DCI format 1_1 and 1_2. Since the PUCCH resource configuration is per candidate cell and UL BWP of that specific candidate cell, it needs to be ensured the DCI size is fixed not depending on the DCI indicated PUCCH carrier. 
For configuring PUCCH cell timing pattern of applicable PUCCH cells, a time unit and a period are configured by RRC. The time unit could be configured to one or several slots/sub-slots. When there are different SCS for carriers to be configured for PUCCH transmission, the reference SCS of the time unit could be the smallest SCS. For each time unit, PUCCH carrier is indicated. An example is shown in Figure 3, where the orange depicts the configured carrier in each time unit.
The DCI indicates K1 for the UE to determine the slot/sub-slot to feedback HARQ-ACK. The reference SCS for the indicated K1 could be the SCS of Pcell/PScell/PUCCH-SCell the same as current. The carrier configured for the time unit containing the slot/sub-slot determined by K1 is used as PUCCH carrier. 
· If the SCS of the PUCCH carrier is larger than SCS of Pcell/PScell/PUCCH-SCell, the first slot/sub-slot starting no earlier than the slot/sub-slot determined by K1 is determined for PUCCH transmission on the PUCCH carrier.

· If the SCS of the PUCCH carrier is smaller than SCS of Pcell/PScell/PUCCH-SCell, multiplexing HARQ-ACKs in different Pcell/PScell/PUCCH-SCell slots/sub-slots in a same slot/sub-slot on the PUCCH carrier should also be considered.
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Figure 3 PUCCH carrier switching based on RRC configured PUCCH cell timing pattern

Proposal 4: For PUCCH carrier switching based on RRC configured PUCCH cell timing pattern, RRC configures a time unit and a period with the smallest SCS of the candidate PUCCH carriers as the reference SCS. The carrier configured for the time unit containing the slot/sub-slot determined by K1 is used for PUCCH transmission. The reference SCS for K1 is the SCS of Pcell/PScell/PUCCH-SCell.
3. Conclusion
In this contribution, our proposals regarding UE feedback enhancements for HARQ-ACK are listed as follows:
Proposal 1: Whether the SPS HARQ-ACK is subject to deferral is jointly configured by RRC per PUCCH cell group.

Proposal 2: Inter-slot/sub-slot deferral happens when there is no available PUCCH resource with valid symbols in the initial slot/sub-slot.
Proposal 3: When SPS HARQ-ACK is deferred to available PUCCH resource, load balance should be considered when determining the available resource.

· If the payload/ code rate on a PUCCH resource is larger than a payload/ code rate threshold, the PUCCH resource is not available.
Proposal 4: For PUCCH carrier switching based on RRC configured PUCCH cell timing pattern, RRC configures a time unit and a period with the smallest SCS of the candidate PUCCH carriers as the reference SCS. The carrier configured for the time unit containing the slot/sub-slot determined by K1 is used for PUCCH transmission. The reference SCS for K1 is the SCS of Pcell/PScell/PUCCH-SCell.
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