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In RAN plenary #86, the work item on Enhanced Industrial Internet of Things (IIOT) and URLLC Support was agreed [1]. One of the main objectives of the work item is to 
“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”
  
In this contribution, the enhancement on HARQ-ACK is discussed. 
Since the beginning of this WI, a number of topics for further investigation was defined [2]. Due to the current progress in the group, at the last 3GPP RAN Plenary, the decision was not to continue further work in Rel. 17 for the topic “SPS HARQ skipping for skipped’ SPS PDSCH & SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH” [3].
Hence, the list of topics is reduced to the one below:
· Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol.
· Retransmission of cancelled HARQ
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback

During the last two 3GPP RAN 1 meetings, (#104b and #105e), a list of questions per topic was given by the moderator [4], [5]. Below Qualcomm’s answers to addressed questions and associated proposals.
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With regards to SPS PUCCH HARQ deferral, at the end of the #104bis-e meeting (the last meeting when this topic was treated), the group moderator listed a number of topics to be addressed at this current #106e meeting [4]:
Just as a list of issues that could be (at least) considered for RAN1#104bis-e:
· Configuration per SPS configuration or per PUCCH group? (not discussed this time)
· 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. 
· How to define the maximum deferral value (e.g. max. k1 in K1 set or RRC config per SPS configuration)
· Decision on & multiplexing with the ‘target slot’ 
· Decision considering the full UCI multiplexing or (deferred) SPS HARQ-only? 
· Which PUCCH resource sets to consider?
· Any other limitations to consider for the target slot determination? (see company inputs there)
· May be dependent on the decision on the handling in the initial slot
· HARQ codebook construction considering deferred SPS HARQ and initial SPS & DG HARQ
· If a target slot has been identified (based on the rules to be decided), if the SPS HARQ cannot be transmitted would the HARQ-ACK be dropped or is further deferral possible?
SPS HARQ-Ack Deferral to 1st available PUCCH per SPS Configuration or per PUCCH Group
During this last meeting this topic was discussed (#104bis-e), a number of proposals were made but not treated. One of these proposals was on the feature configuration; if SPS HARQ deferral should be configured per SPS or per PUCCH group. 
The feature “SPS PUCCH HARQ Deferral to the 1st available PUCCH” should be configured per SPS configuration. The reason is that different SPS configurations carry different types of traffic with different characteristics, e.g. periodicity, data rate, packet expiration time. SPS PUCCH HARQ deferral to the 1st available PUCCH implies that the PUCCH Resource ID (PRI) scheduled for the SPS PUCCH has to be reserved up to the maximum deferral time. Logically, in most cases the maximum deferral time would be associated with the DL packet expiration; in some cases, the maximum deferral time might be linked with the SPS periodicity. In some cases, reserving an unused uplink resource for a short period of time, e.g. when the maximum deferral time is e.g. 1 ms is desired. In some other cases though, when e.g. the packet expiration, or the SPS period is equal to 4 ms, reserving an unused resource for up to 4 msec might be undesirable. Or, in other cases, retransmitting a short DL packet is not as harmful, as retransmitting a large packet in the case of SPS HARQ colliding with DL symbols.
In case a given PUCCH group is consisted of two types of SPS HARQ bits, i.e.
· SPS HARQ-ACK bits configured to be deferred upon collision with DL or flexible symbols, and
· SPS HARQ-ACK bits not configured to be deferred upon collision with DL or flexible symbols

then, upon collision of the PUCCH group with DL symbols, then, the whole HARQ codebook in the PUCCH group is deferred. The reason is that this option does not change the HARQ codebook and both gNB and UE are aware of the HARQ CB intended for transmission. In general, the network should try to avoid grouping SPS HARQ-ACK bits configured for deferral, with other HARQ bits not configured for deferral.
The other option suggested is to configure SPS HARQ-ACK deferral per PUCCH group. This is not an appropriate solution, since a PUCCH group is formed on the basis of criteria related to uplink traffic and UE PUCCH transmission capabilities. The SPS HARQ deferral is linked to the type of traffic carried in the SPS configuration. As an example, a given PUCCH group carries traffic from two different SPS configurations:
· SPS configuration 1 with period equal to 1 ms, carrying periodic traffic expiring after 1ms and
· SPS configuration 2 with period equal to 6 ms, carrying periodic traffic expiring after 6 pm

Whilst it is readily understood that SPS HARQ-ACK deferral is very useful for SPS configuration 1, the motivation for  SPS HARQ-ACK deferral is not always justifiable; e.g. SPS re-configuration via RRC is possible, or there is plenty of time at the network to schedule a request for 1-shot transmission of cancelled HARQ; feature agreed as working assumption during the last #105e meeting ([5]). Forcing the feature of SPS HARQ-ACK deferral, although useful, is restrictive, since the scheduler needs to reserve the PUCCH resources of the PUCCH group till the whole HARQ CB is transmitted. In general, an efficient and suitable scheduling strategy would be to avoid mixing in the same PUCCH group HARQ CBs from 2 different SPS configuration with difference in the support of the “SPS HARQ-ACK deferral” feature.
Proposal 1: SPS HARQ-ACK deferral to the 1st available PUCCH should be configured per SPS configuration. If a PUCCH transmission consists of HARQ-ACK for at least one SPS configuration with deferral, the PUCCH transmission is deferred to the 1st available PUCCH.
Maximum Deferral Value
At #104bis-e, the following agreement was made with regards to the maximum deferral time: 
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)
The maximum deferral time limit can be defined as k1_def_max slots after the slot where the collision for corresponding deferral happens. It can be indicated per SPS config to differentiate different service requirements. Hence, the maximum deferral value can be a part of the SPS configuration.    
As mentioned at the previous Qualcomm contribution on the topic, the justification for introducing such a parameter is that there are some types of traffic in which DL packets expire. In this case, deferred SPS HARQ feedback intended for a DL packet expired is no longer needed. Or, the network, has sufficient DL resources and for the sake of latency, the network retransmits the DL packets for which SPS HARQ-ACK bits collide with DL symbols. This maximum deferral value can  also be linked with the SPS periodicity. E.g. in the case of IIOT applications with periodic traffic of 1m, the arrival of a new packet makes the previous packet obsolete. Along the same line of motivation, different SPS configurations should have different maximum deferral values, e.g. a given SPS configuration carrying traffic with period equal to 4 ms should have a different maximum deferral value with another SPS configuration carrying traffic with a cycle/period of 1 ms. The maximum deferral value, k1_def, should be a parameter of the SPS configuration. In the case of a given PUCCH containing:

· HARQ-ACK bits from N different SPS configurations,
· all of those N configurations support the feature of SPS HARQ-ACK deferral,
· the different SPS configurations having different maximum deferral values

then the maximum deferral value among all the configured values is used. E.g. a given PUCCH contains HARQ-ACK bits from:
- SPS configuration 1 with maximum deferral value equal to 1 ms
- SPS configuration 2 with maximum deferral value equal to 2 ms
Then, in case of SPS HARQ-ACK collision with DL symbols, then, the whole SPS HARQ-ACK CB is deferred with a maximum deferral value equal to 2ms.
Proposal 2: Maximum deferral value is configured at RRC per SPS configuration. UE will not retransmit the collided A/N bit after k1_def_max slots from the end of the slot where SPS A/N PUCCH collision happens.
· In case of a PUCCH transmission containing HARQ-ACK bits from different SPS configurations with different maximum deferral values, the maximum of those maximum deferral values is applied.
SPS HARQ Allocation on Flexible Symbol
With regards to the moderator's question on the conditions for triggering SPS HARQ deferral [4]
· Conditions for deferral from /within the initial slot 
A topic to be addressed is if the UE should apply “SPS HARQ-ACK deferral” in case SPS PUCCH HARQ is scheduled on flexible symbols. 

During the last meeting during which SPS PUCCH HARQ deferral was discussed (#104bis-e), there was an agreement on the definition of collision of PUCCH carrying SPS HARQ ACK info; the agreement was the following:
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’.
[bookmark: _Hlk68524914]The agreement specifies when the SPS HARQ-ACK collision is defined and this is observed only in the case of semi-static DL symbols, SSB and CORESET#0. However, the behaviour in case of flexible symbols is not defined. Namely, what should the UE behaviour be in case PUCCH for SPS HARQ-ACK is scheduled on a flexible symbol? The flexible symbol is used as uplink for a given time duration and then the flexible symbol is configured to be DL via SFI? In general, the approach should be that in this case in which SPS HARQ is scheduled on flexible symbols, the UE should not apply the feature of “SPS HARQ deferral to 1st available PUCCH resource”. The reason is that the behaviour of flexible symbols, i.e. whether they are downlink or uplink symbols is dictated from the DCI field Slot Format Information (SFI). SFI is contained in DCI 2_0. In case SPS PUCCH containing HARQ bits is scheduled on flexible symbols which are used as uplink symbols (at a given time duration) and there is a slot format change via SFI (DCI 2_0), which turns these specific flexible symbols from uplink to downlink and the UE is configured with the feature “SPS HARQ-ACK deferral to 1st available PUCCH”, the following problem occurs:
· UE misses SFI (DCI 2_0)
· UE still considers that the given flexible symbols are still uplink symbols 
· UE transmits SPS HARQ-ACK on flexible symbols and assumes that SPS HARQ-ACK is transmitted
· gNB expects that SPS HARQ-ACK is deferred and the UE will transmit the deferred SPS HARQ-ACK at 1st available PUCCH resource
· UE does not transmit the expected “deferred SPS HARQ-ACK” at the 1st available PUCCH 
· gNB detects the absence of “deferred SPS HARQ-ACK” transmission and retransmits the DL packet.

The problem is illustrated in Figure 1.
Hence, at the end, the gNB retransmits the DL packet as the gNB would have done according to Rel. 16. For this specific case, it would be useful to link also the allocation of SPS HARQ A/N onto flexible symbols, with the feature of “1-shot (re)transmission of cancelled HARQ”, which was agreed as a working assumption at #105e. Namely, the request for 1-shot Enhanced Type 3 CB could be an option for the network to get the HARQ-ACK bits having collided with flexible symbols which are configured to be downlink. Or, alternatively, in this case, the UE should be instructed to favour PUCCH carrier switching when SPS PUCCH is scheduled on flexible symbols. 
Proposal 3: If a PUCCH for SPS HARQ ACK info is dropped due to overlapping with DL or flexible symbol indicated by dynamic SFI, the “SPS HARQ ACK deferral to 1st available PUCCH” will not be applied to this case, i.e. no further deferral for this dropped PUCCH.



[bookmark: _Ref79105150]Figure 1: SPS PUCCH scheduled on flexible symbols and SPS configured with “SPS HARQ Deferral”. In case DCI 2_0 (SFI) is missed by the UE, the network has to retransmit the DL packet – as in Rel. 16.
Triggering of SPS HARQ-ACK Deferral In Case Of Multiplexing
During #104bis-e, in addition to the discussion for SPS HARQ deferral in case of SPS PUCCH being scheduled on flexible symbols, a lot of discussion was devoted on the conditions for triggering SPS deferral. Several aspects were covered, such as the cases of:

- SPS HARQ being multiplexed together with HARQ bits corresponding to dedicated grant (DG) PDSCH,
- SPS HARQ being multiplexed together with one or multiple CSI reports.

These topics are addressed in this sub-section here.

With regards to SPS HARQ being multiplexed with DG HARQ and the joint HARQ CB colliding with DL symbols, it is estimated that such a scenario is not very probable. Or, when this happens this a result of low efficiency scheduling not considering the slot format of the current or next slot. Namely, in order for this scenario to happen, there is a need for the scheduler to allocate DG PDSCH to a given UE with SPS already configured. The scheduler knowing the SPS PUCCH A/N configuration decides for various reasons to multiplex the new HARQ bits corresponding to DG PDSCH with the already existing SPS HARQ bits. This DG PDSCH scheduling takes place k1 (or PDSCH-to-HARQ-timing) symbols prior to the instant of SPS HARQ transmission. This PDSCH processing time at the UE is specified in Tables 5.3-1 and 5.3-2 of 38.214 [6]. There it can be seen that in most of the cases HARQ can be transmitted either at the same slot or at latest at the next slot after PDSCH transmission. Especially, for the challenging URLLC/IIOT scenarios ([12][13][14]), usually the traffic can be transmitted within PDSCH of 2 or 7 symbols mini-slots. Moreover, very likely most of “URLLC/IIOT devices” are of PDSCH processing capability 2, which in the case of PDSCH mini-slot transmission, implies that the PUCCH containing HARQ bits is at the same slot. Hence, in case a scheduler allocates DG PUCCH, in the DCI, i.e. RPI for the same or next slot which will collide with DL symbols should be treated as an error case at the UE.

Proposal 4: Multiplexing of DG UCI with SPS PUCCH HARQ-ACK in a PUCCH PRI which then collides with semi-static DL symbols, SSB, or CORESET#0 is handled as error case by the UE. 
As for the case of SPS HARQ being multiplexed with CSI report(s), there might be indeed cases in which this type of multiplexing is possible on the initial slot and the resulting PUCCH resource (from multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList) is not valid. Again, as in the case of multiplexing SPS HARQ with DG HARQ, efficient and careful scheduling should result in no such a case; however, due to the different timings involved in the CSI report preparation time compared to the PDSCH preparation time, then, the scenario discussed during #104bis [4] can occur. In this case, only SPS HARQ is deferred and CSI is dropped. For the selection of the appropriate PUCCH resource in the target slot, the UE chooses one PUCCH resource from the ones in either multi-CSI-PUCCH-ResourceList or in pucch-CSI-ResourceList or in SPS-PUCCH-AN-List which corresponds to the amount of HARQ bits deferred. 

Proposal 5: When the colliding PUCCH contains both SPS HARQ and CSI, only SPS HARQ-ACK is deferred to the 1st available PUCCH and CSI is dropped.

Target Slot for SPS HARQ-ACK Deferral
[bookmark: _Hlk68596479]During #104bis-e another topic of discussion related to the option of the UE using another PUCCH resource from another PUCCH resource in case the PUCCH resource used for SPS HARQ is colliding with DL symbols. In alignment with proposal 4 above, a well-designed scheduler may allocate HARQ bits for DG PDSCH onto another resource on the same slot in which SPS HARQ was initially planned to be transmitted. This new PUCCH resource might be able to accommodate both HARQ bits for the DG PDSCH and SPS HARQ bits. This “intra-slot” deferral is beneficial for the system since latency in increased only by few symbols. In case the UE cannot decode the DCI, there is no additional problem in this specific case, in comparison to the existing problem of “missing DCI”; the UE misses the DCI and is not able to multiplex SPS HARQ bits with the new HARQ bits corresponding to DG PDSCH. The UE then defers SPS HARQ bits at the first available PUCCH as specified. The network upon lack of reception at the specified new PUCCH resource, realizes that DCI was missed, and it retransmits the DG PDSCH.
Proposal 6: Upon “SPS PUCCH HARQ deferral to 1st available PUCCH resource” consider intra-slot deferral before inter-slot deferral.
After the determination of the target slot, if the selected PUCCH carrying deferred A/N bits overlaps with DL transmission scheduled by DCI or DL/flexible symbol indicated by dynamic SFI, whether to transmit the PUCCH will follow the R15/16 rule for configured PUCCH, i.e. no PUCCH transmission in those cases. This is an indication to the UE that the network prioritizes DL packet transmission at this instant.
Proposal 7: If the selected PUCCH carrying deferred A/N bits overlaps with DL transmission-scheduled by DCI in the target slot or DL/flexible symbol indicated by DCI format 2_0, UE drops the deferred A/N bits without their further deferral.
As illustrated in Figure 2, the 1st available PUCCH may be located in the same target slot for A/N bits of multiple collided PUCCHs. To avoid separate transmissions with larger latency, A/N bits from multiple collided PUCCHs should be allowed to be deferred to the same new PUCCH. In addition, to simplify the rule for A/N codebook (CB) construction, the new CB in the new PUCCH can be constructed as the concatenation of individual CBs originally from those collided PUCCHs based on their order in time.
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[bookmark: _Ref79105251]Figure 2: A/N bits from multiple collided PUCCHs can be deferred to the same new PUCCH.
Proposal 8: Support that A/N bits from multiple collided PUCCHs CAN be deferred to the same new PUCCH.
· [bookmark: _Hlk68525841]The new CB in the new PUCCH is the concatenation of individual CBs originally from those collided PUCCHs based on their order in time.

Another possible scenario is that the selected PUCCH for all collided A/N bits cannot fit in a candidate target slot. In this case, whether UE should transmit a part of collided A/N bits needs to be clarified. To avoid UE complexity for searching the maximum allowed payload, we prefer at least when there is no existing UCI bit in a candidate target slot, UE does not transmit any collided A/N bit if that slot cannot accommodate the PUCCH selected for all collided A/N bits, and UE will continue to check next candidate slot for transmitting all collided A/N bits. 
[bookmark: _Hlk68596502]Proposal 9: At least when there is no existing non-deferred UCI bit in a candidate target slot, and if that slot cannot accommodate the PUCCH selected for all collided A/N bits.
· UE does not transmit any collided A/N bit in that slot. UE will continue to check next candidate slot for transmitting all collided A/N bits.
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[bookmark: _Ref79105496]Figure 3: Both deferred and existing A/N bits can be transmitted on the same PUCCH.
In a more involved scenario, a candidate slot may already have existing non-deferred UCI bits for transmission. As illustrated in Figure 3, existing A/N bit for SPS config #3 is configured to be transmitted in the 10th slot, which is also a candidate target slot for deferred A/N bits for SPS config #1 & #2. To reduce number of transmissions as well as latency, we support the existing and deferred A/N bits can be transmitted in the same PUCCH, where the new CB can be the concatenation of the CB constructed for existing A/N bits and the individual CB(s) originally from collided PUCCH(s). 
Proposal 10: In presence of existing non-deferred A/N bit(s) in the target slot, support that both collided and existing A/N bit(s) CAN be transmitted in the same PUCCH.
· The new CB in the PUCCH is the concatenation of the CB for existing A/N bit(s) and the individual CB(s) originally from collided PUCCH(s).

In presence of existing A/N bits in a candidate slot, the slot may not accommodate the PUCCH selected for both existing and collided A/N bits, e.g. the 10th slot in Fig Y, which may not accommodate both existing A/N bits for SPS config #3 and deferred A/N bits for SPS config #1 & #2. In this case, UE behaviour needs to be clarified on whether to transmit the existing A/N bits or the deferred A/N bits, which may be closer to the deferral deadline. To simplify the deferral rule, we prefer that UE will not transmit any A/N bit in that slot, simply treat existing A/N bits as collided A/N bits as well, and continue to check next candidate slot for transmitting all collided A/N bits provided their expiration deadlines are not reached. This clarification may only be needed when the existing A/N bits are only for SPS, since if the existing A/N bits are for dynamic grant, gNB may choose an appropriate PRI for selecting a PUCCH to accommodate both existing and collided A/N bits.
[bookmark: _Hlk68596536]Proposal 11: In presence of existing non-deferred A/N bit(s) for SPS in a candidate target slot, if that slot cannot accommodate the PUCCH selected to carry both existing and collided A/N bits.
· UE does not transmit any A/N bit in that slot. UE will treat all existing and collided A/N bits as collided A/N bits and continue to check next candidate slot for transmitting all collided A/N bits that are not expired.

There are a few remaining issues left from RAN1 #104e, including whether to support deferral of only a part of A/N bits in a collided PUCCH. On this issue, we may not favour such optimization to reduce UE complexity for searching the maximum payload that can be accommodated in the slot where the collision happens.

Proposal 12: On whether to allow partial deferral
· Not support deferral of only part of A/N bits in collided PUCCH.

On whether the deferred A/N bits and the existing A/N bits for dynamic grant can be always multiplexed on the same PUCCH, we prefer they can be multiplexed on the PUCCH indicated by the PRI. In this case, additional timeline constraint may not be needed, since UE should have sufficient time to construct the codebook including both existing and deferred A/N bits after receiving the DCI for the dynamic grant. 
Proposal 13: If deferred SPS A/N and DG A/N are in the same target slot, support multiplex both SPS and DG A/N on the same PUCCH indicated by PRI as in R15/16.
[bookmark: _Ref79149040]Joint Configuration of SPS HARQ-ACK Deferral, PUCCH Carrier Switching and 1-shot Enhanced Type 3 CB
Despite the proposals, above, it can be seen for the proposals 4, 7, 9 and 11 that in some cases the deferred HARQ bits may be dropped (Proposal 4), or delayed (Proposals 7, 9, 11). 
It can be argued that with good planning and appropriate setting of k1 values in the set, as well as the option of shuffling PRI in the frequency and space domain for the different k1 values, the risk of collision between i) deferred SPS PUCCH A/N and ii) PUSCH and/or PUCCH for other UEs can be reduced. However, this task is very complicated, if collision with PUCCH or PUSCH resources for other UEs should be avoided. The task seems impossible considering that the SPS configuration takes place at RRC level and very likely several ms before an eventual – non predicted – slot format change. In order for the “deferral to the 1st available PUCCH resource” to be effective and in order for the system to guarantee, that indeed the UE will find a “first available PUCCH resource” after deferral, the scheduler needs to reserve the initial PUCCH resource for a given amount of slots, theoretically up to the time instant defined by k1_def_max. This reservation of uplink resources might not be possible in a heavily loaded uplink cell. In order to guarantee, that the network gets the colliding HARQ bits and it does not need to retransmit SPS PDSCH (as in Release 16), other mechanisms have to be put in place.
Observation 1: Deferring SPS PUCCH A/N to “1st available PUCCH resource” does not always guarantee that the 1st available PUCCH resource is indeed available. This is a valid argument in cases of multiple SPS HARQ deferrals; presence of other HARQ bits, either for DG traffic or for non-deferred HARQ bits. In order to avoid collisions with other PUCCHs or PUSCHs for other UEs, which might lead to HARQ bits dropping or to further deferral, other mechanism controlled by the network are needed.
One such mechanism is the request for “1-shot HARQ feedback transmission for cancelled HARQ” as agreed at the last #105e meeting [5]. 
Working Assumption: At least for HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

As described in [7], the case of SPS HARQ colliding with DL symbols is one of the “cancelled HARQ” cases. Therefore, the solutions of the working assumption can be applied in this case of SPS HARQ collision with DL symbols.
The working assumption contains two options. The first one of them is the ‘Enhanced’ HARQ Codebook Type 3 message with which the UE reports a number N of HARQ processes. Although the details of the ‘Enhanced Type 3 HARQ CB’ have to be defined, it is known, that the HARQ codebook will be constructed with HARQ processes as basis. The size N of the codebook will be configured at RRC.
In case this solution is applied in the case of SPS HARQ colliding with DL symbols, this number #N of HARQ bits corresponds to the first N SPS occurrences occurring after a defined time instant t0, which can correspond to the start of a given UL sub-slot or UL slot. All SPS HARQ bits – deferred and not deferred ones-are reported. Alternatively, the network might request HARQ bits for indicated HARQ Processes IDs. 
In addition, the gNB with the DCI requesting this “modified CB 3 Type HARQ” indicates the PUCCH format and resource to be used. An example illustrating the proposal can be seen in Figure 4. In this example, it can be seen that there are 2 different SPS configurations for a given UE. Upon slot format change, SPS PUCCH A/N for SPS 1 is affected since it collides now with a DL symbol. (SPS PUCCH A/N for SPS 2 is not affected). gNB transmits a DCI requesting the transmission of the first 2 HARQ bits corresponding to the first 2 SPS occasions after the indicated time instant t0, which is also included in the DCI. In addition, DCI includes the PUCCH format and PUCCH resource for the “modified CB Type 3”. 


[bookmark: _Ref79109243]Figure 4: Example illustrating the use of a “1-shot HARQ feedback”, i.e. Enhanced HARQ Codebook Type 3 message for all HARQ Processes of the first N SPS occurrences after a time instant t0.
Alternatively, in the example of Figure 4, the “Enhanced Type 3 CB” configuration, e.g. 2 SPS HARQ bits and time instant t0 – time instant of 1st (earliest) SPS deferral. (There is no ambiguity in the time instant t0, since this time t0 is indicated by RRC, so both the gNB and UE are well aware of it). In this case, the DCI contains only 1 extra bit for this request. 
CB Size and starting position of the reporting as well can be updated via RRC. In urgent cases, the “1-shot HARQ feedback for cancelled HARQ” Enhanced Type 3 CB configuration can be overwritten by the configuration described in a DCI.
The benefits of the proposal are the following:
1. overloading of the first available PUCCH (independent of the “first available PUCCH” interpretation), i.e. collision risk of deferred SPS PUCCH A/N with other PUCCHs or PUSCHs is avoided; gNB schedules in a manner that deferred SPS HARQ feedback for different UEs is staggered in time and this one-shot feedback does not collide with other PUCCH or PUSCH from other UEs,
2. planning the time, frequency resources for the transmission of deferred SPS PUCCH A/N is much easier (compared to the pre-planning), since upon deferred SPS PUCCH A/Ns, the scheduler is aware of which HARQ bits need to be transmitted,
3. transmission of consecutive deferred SPS HARQ A/Ns from the same UE is straightforward,
4. gNB being aware of the DL packet expiration time, might make efficient use of UL resources by eventually not requesting the transmission of deferred SPS HARQ A/N for DL packets having already expired,
5. no need for standardization work with regards to multiplexing with other SPS HARQ A/N, since gNB can request separate explicit transmission of deferred SPS HARQ A/N. 
Moreover, the fact that the gNB has the choice to decide when to transmit the DCI requesting the modified codebook type 3 for deferred SPS, the transmission of this DCI does not have any effect on the monitoring of other DCI for the UE. In addition, since scenarios with SPS are the focus here, UEs are in most cases not expected to monitor many DCI types very often.
In addition, since UEs are requested to report HARQ feedback for all #N SPS occurrences – independently of them being deferred or not, or independently of them being ACK or NACK-after a certain time instant t0, there is no ambiguity on what should be reported. Compared to the conventional Rel. 16 HARQ Codebook Type 3 message, the benefit is that only SPS HARQ feedback is transmitted and hence L1 signalling overhead is reduced, e.g. the gNB might request the retransmission of only 1 SPS PUCCH A/N, if only one SPS PUCCH is deferred. 
One shot transmission of deferred SPS PUCCH A/Ns requires some L1 signalling overhead due to DCI and modified CB Type 3 transmission; however, the gain in DL resources is higher than this overhead. The reason is that gNB does not need to retransmit DL packets for which deferred HARQ bits are dropped – as is the case in some scenarios of deferral to 1st available PUCCH resource.
The issue of reliability is negligible, i.e. in case the DCI 1_1 requesting 1-shot HARQ feedback is not decoded by the UE, prompt detection of missed DCI 1_1 results in immediate retransmission of this DCI 1_1. Namely, the network might issue a second request for “modified CB Type 3 HARQ feedback” in case the network does not receive HARQ feedback from addressed UEs. However, the chances of missed DCI in an URLLC/IIOT setup are extremely low.
Another concern raised from companies for the 1-shot HARQ feedback was that in some cases SPS HARQ deferral might happen often and therefore DCI should be transmitted often. There has been significant work on the URLLC/IIOT performance since Rel. 16 and still performance evaluations continue, e.g. [12], [14]; in none of this studies the topic of SPS HARQ deferral was mentioned as important. In a well planned radio access network, SPS HARQ deferrals should not happen. If they happen, then, this should happen rarely and many UEs will be affected.
Observation 2: In a well planned radio access network, SPS PUCCH HARQ deferrals should not happen; if they happen, this is going to be an unusual case and several UEs in the cell will be affected.
In addition, SPS HARQ feedback may be cancelled via the DCI 2_4 transmitting a Cancellation Indicator (CI) to a given UE. The modified HARQ Codebook Type 3 feedback can be used in this case as well by simply indicating explicitly the use of this feedback, i.e. whether the modified codebook type 3 HARQ is a response to a request for deferred SPS PUCCH A/N feedback (i.e. SPS HARQ bits only) or whether this is a response to a cancelled HARQ of any type.
For these reasons above, “1-shot HARQ feedback for cancelled HARQ”, namely the “Enhanced Type 3 CB” should also be considered as a feature to be applied when SPS HARQ occurs. 
Another useful feature which can be used in the case of SPS HARQ collision with DL is the PUCCH carrier switching, which as agreed as feature during the last #105e meeting [5]. 
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

Actually, this feature can be used to prevent SPS HARQ collision with DL symbols. In addition, upon SPS HARQ collision with DL symbols, the network might request to transmit deferred SPS HARQ on other active PUCCH CCs than the CC initially used for SPS HARQ transmission. This feature can be activated when there are more than one active PUCCH CCs.
These additional two feature agreed at the previous #105e meeting can be enabled as alternative solutions or even jointly with the feature of deferral to 1st available PUCCH resource. How, this group of solutions could function together needs to be investigated.
Proposal 14: For SPS HARQ collision with DL symbols, RAN 1 to study whether and how to support either:
· “SPS PUCCH HARQ deferral to 1st available PUCCH resource”, or
· “PUCCH Carrier Switch” (in case of more than 1 PUCCH CCs), or
· “1-shot Enhanced Type 3 CB HARQ”, or
· Joint configuration of any of the above, whenever applicable.

An example on how the procedure would work, can be seen below.
Procedure (joint “Defer to 1st available PUCCH resource” and “1 shot feedback request for cancelled HARQ”):
Step 1: SPS HARQ deferral, time instant t0.
Step 2: UE starts timer, “timer_1shot HARQ feedback for cancelled HARQ”, defining the period over which the UE monitors for DCI with which the network requests 1-shot HARQ feedback, timer starts at time instant, t1 and timer ends at time instant t3.
Step 3: UE tries to transmit all deferred HARQ bits at the 1st available PUCCH resource.
Step 3a: UE finds 1st available PUCCH resource before time instant t3 and timer “timer_1shot HARQ feedback for cancelled HARQ” stops. End.
Step 3b: UE receives DCI with request for 1-shot feedback before time instant t3. Go to step 4.
Step 3c: timer “timer 1-shot” expires at instant t3 without UE having found 1st available PUCCH resource (UE follows rules described in proposal 3-12) and without having received any DCI from the gNB requesting 1-shot feedback. Got to step 5.
Step 4: UE follows indication in DCI and transmits only HARQ bits requested. End.
Step 5: UE tries to transmit deferred bits in 1st available PUCCH (without expecting any DCI, provided k1_def_max, maximum deferral not yet reached, hence t0 + k1_def_max > t3).
Step 6: Stop trying to find 1st available PUCCH when maximum deferral time is reached (time instant t0 + k1_def_max). 
This example above can be extrapolated in all cases of joint configuration of the above 3 solutions. In the case one of the features activated is the PUCCH carrier switching, the UE is instructed via DCI to make use of the “PUCCH-carrier switching” feature and try to defer the SPS HARQ on another PUCCH CC.
Proposal 15: Upon joint configuration of any combination of “SPS PUCCH HARQ deferral to 1st available PUCCH resource”, “PUCCH carrier switching” and “1-shot Enhanced Type 3 CB HARQ”, execution of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” starts immediately after the SPS PUCCH HARQ deferral triggering and it stops:
· When appropriate PUCCH resource for the transmission of deferred HARQ is found, or
· When a request for “1-shot Enhanced Type 3 CB” is received, or
· When a “PUCCH-carrier switch command” is received in DCI (in case of more than 1 PUCCH CCs)
· When the maximum value of “k1_def” is reached
Retransmission of cancelled HARQ-ACK 
Cancelled HARQ bits in URLLC Scenarios
In the previous meetings, mainly two scenarios of cancelled HARQ bits were explicitly addressed ([9], [10], [11]). In the online discussion the frequency of these scenarios and hence the need to introduce a solution for cancelled HARQ bits has been mentioned ([2]). In the previous contribution [7], these two scenarios were presented in detail and their probability of happening is also presented. They are presented here as well. In addition, the working assumption made at the last #105e meeting, proposes solution which can be applicable to both of the cases below and the case of SPS HARQ-ACK colliding with DL symbols. The reason is that in all of these 3 scenarios (the 2 scenarios described here at the next paragraphs and the scenario of SPS PUCCH HARQ collision with DL), a given HARQ Codebook is delayed and has to be transmitted at a later stage. The scenario of SPS PUCCH HARQ colliding with DL symbols was described in detail in Section 2, the other two scenarios are presented here. The reason is that the suggested solutions aim to be covering all of the 3 scenarios at which HARQ cannot be transmitted at the scheduled time instant and HARQ has to be delayed to a later slot.
[bookmark: _Ref71560932]Scenario 1: Cancelled PUSCH – HARQ transmitted via PUSCH
This scenario was explicitly described in [11]. It is the scenario in which there is both DL and UL traffic to a certain UE. In some occasions, when, the K1 and and K2 values are set properly, then, HARQ feedback bits (and eventually other UCI content) can be multiplexed with PUSCH upon uplink data transmission. One example of HARQ bits being transmitted via PUSCH can be seen in Figure 5. In case the UE receives a Cancellation Indication (CI) via DCI 2_4, e.g. there is other higher priority traffic to be transmitted from another (third) UE, then, both PUSCH and HARQ bits are cancelled. The network can reschedule PUSCH, eventually, but there is no procedure specified for the (co-)cancelled HARQ bits in Rel. 16. Namely, if the network wants to get these HARQ bits from the UE, there is only one method: retransmitting the PDSCH to which HARQ feedback bits correspond. As in the case of SPS PUCCH HARQ bits colliding with DL symbols, in this case as well, unnecessary retransmissions of PDSCH in an URLLC system, which has to be efficient in terms of resource usage, is highly undesirable.


[bookmark: _Ref79143452]Figure 5: Example of HARQ bits being transmitted together with uplink data via PUSCH. In case of Cancellation Indication (CI) reception at the UE, both PUSCH and HARQ bits are cancelled. 
[bookmark: _Ref71580922]Scenario 2: LP HARQ bits cancelled Due to HP PUCCH
The second scenario of HARQ bits cancellation was explicitly cited and described in [9] and [10]. In this scenario low priority (LP) PUCCH is dropped/cancelled due to other high priority (HP) PUCCH for the same UE. The UE having to respect the Rel. 16 intra-UE multiplexing rules, the UE drops/cancels the LP PUCCH. Figure 6 shows an example of LP HARQ bits being cancelled due to HP PUCCH transmission. In this specific example, multiplexing the new/later HP PUCCH with the earlier/formerl LP PUCCH in a common PUCCH resource is not possible. In addition, in this same example, K1 values of the earlier (LP) PUCCH and of the later (HP PUCCH) are set so that UE processing time is respected.


[bookmark: _Ref79143648]Figure 6: Example of LP HARQ bits (LP PUCCH) dropped/cancelled due to HP PUCCH, according to Rel. 16 intra-UE multiplexing rules.
It is noted here that in the scenario discussed here, that all of the traffic of the example in Figure 6 is directed to the same UE. 
Other scenarios of cancelled HARQ might eventually appear in the future.
On the importance and likelihood of Scenarios of Cancelled HARQ
With regards to the likelihood of the scenarios presented above, some comments are added below.
As a starting point, the scenario of HARQ bits piggybacked onto PUSCH. Especially in most IIOT services both DL and UL traffic is considered, as it can be seen in the traffic scenarios described in [12], [13], [14] and [15]. As it can be seen in the traffic descriptions, it appears also that in most of the traffic cases, the survival time is in the order of 1 or 2 ms, with few exceptions. As an example, in case of IIOT Motion Control scenario as described in Table A.2.2.1-1 of [12] and simulated as described in [13] and [15], the survival time is equal to 1 ms. Below the table for convenience. The service under discussion here is underlined and in italic below.
[bookmark: _Ref71561455]Table 1: Service performance requirements for motion control (Table A.2.2.1-1 of 22.104)
	Use case #
	Characteristic parameter
	Influence quantity

	
	Communication service availability: target value [%]
	Communication service reliability: mean time between failures
	End-to-end latency: maximum
	Service bitrate: user experienced data rate
	Message size [byte]
	Transfer interval: lower bound
	Transfer interval: upper bound
	Survival time
	UE speed
	# of UEs
	Service area (note)

	1
	99.999 to 99.999 99
	~ 10 years

	< transfer interval value
	–
	50
	500 μs – 500 ns
	500 μs + 500 ns
	500 μs
	≤ 72 km/h
	≤ 20
	50 m x 10 m x 10 m

	2
	99.999 9 to 99.999 999
	~ 10 years
	< transfer interval value
	–
	40
	1 ms – 500 ns
	1 ms + 500 ns
	1 ms
	≤ 72 km/h
	≤ 50
	50 m x 10 m x 10 m

	3
	99.999 9 to 99.999 999
	~ 10 years
	< transfer interval value
	–
	20

	2 ms – 500 ns
	2 ms + 500 ns
	2 ms
	≤ 72 km/h
	≤ 100
	50 m x 10 m x 10 m

	NOTE:	Length x width x height.



In case the SCS is equal to 15 kHz, then, 1 ms corresponds to a single 14-symbols slot. The requirement for service ability is 99.999 % and considering that retransmissions are not feasible, then a slot formal with both DL and UL symbols can be configured. Table 11.1.1-1 of [16] specifies multiple different slot formats with both DL and UL symbols. If any of these formats is used and there is both UL and DL IIOT motion control traffic, both PDSCH and PUSCH have to be transmitted in the same 1-ms slot. Assuming UE PDSCH processing capability 2, PUCCH can be transmitted 3 symbols after the end of PDSCH. In this setup and considering that SPS PDSCH and CG PUSCH have to be transmitted at every ms, then, it can be readily deduced that the UE multiplexes HARQ feedback bits onto PUSCH. Considering that mixed traffic scenarios are currently under investigation, i.e. XR multiplexed with IIOT or multiplexing of different IIOT traffic types, then, it is quite probable that in some situations, higher priority traffic either for the same UE or for another 3rd UE has to be transmitted on the few uplink symbols in the slot. In this case, PUSCH carrying HARQ feedback bits has to be cancelled. Hence, the scenario 1 of 3.1.1 is a quite probable one. 
 As an example, in the URLLC/IIOT performance assessment performed in the context of 5G-ACIA cooperation, participating companies agreed to assess the performance of the service described above – service of Table 1 above (underlined and in italic). Performance is assessed for both FR1 and FR2 ([15]). The slot format that the majority of companies used for these evaluations is the slot format #45 of table 11.1.1-1 of 38.213, i.e. 6 DL symbols, 2 flexible symbols and 6 UL symbols. Namely, this is the slot format used from Huawei, ITRI, Nokia, Qualcomm, ZTE (Vivo used a very similar slot format with 7 DL and 7 UL symbols per slot). In addition, all participating companies in the evaluation used 2 symbols mini-slot configuration for both DL and UL transmission, i.e. 2 DL symbols for SPS PDSCH and 2 UL symbols for CG PUSCH. Figure 7 shows the typical operation in this slot format #45. It can be seen that the straightforward option is to multiplex PUSCH and HARQ bits at the beginning of UL symbols and upon consideration of the PDSCH to HARQ timing (K1) value which is equal to 4.5, i.e. 5 symbols in case of SCS equal to 30 kHz. The reason for this choice of DL and UL timing instants for SPS PDSCH and for CG PUSCH is that the service requires latencies lower than 1 ms. In case, other higher priority traffic arrives for other UEs, the network sends a CI via DCI 2_4 and the combined PUSCH and the piggybacked HARQ bits are dropped.


[bookmark: _Ref79144972]Figure 7: Example of slot format used during 5G ACIA performance evaluations for FR 1 and SCS equal to 30 kHz.
In addition, in the simulations the system under heavy loading is tested and even if 1 ms corresponds to 2 slots, since a single 14 symbols slot is equal to 500 µsec, even, in this case, the straightforward option would be to transmit DL and UL traffic as tightly in time as possible. Moreover, due to the latency requirement of other packets from other UEs, the second slot has to be scheduled to these other UEs whose traffic arrives at a time instant around the beginning of this second slot of the 1 ms cycle.
Observation 3: The scenario of cancelling PUSCH and piggybacked HARQ bits is a strong case in URLLC scenarios.
With regards to the second scenario of cancelling LP PUCCH due to HP PUCCH, scenario described in § 3.1.2, this is also a scenario which theoretically can happen. It is also a case which can be easily avoided as well. Namely, the 2nd DCI 1_1 in the example of Figure 6 could have easily granted sufficient PUCCH resources in the indicated PRI for both the HP PUCCH and for the LP PUCCH. Especially considering that very likely either the HP PUCCH, or the LP PUCCH, or both HP and LP PUCCH carry only few HARQ bits. In addition the PDSCH-to-HARQ timings in this example above were made up so as to indicate the case. It is very unlikely that in service requiring ultra-low latency, so long PDSCH-to-HARQ timing are configured. Without any intention of minimizing the importance of the scenario of § 3.1.2, after a closer look, this scenario can theoretically occur, but with extremely low likelihood. The most efficient way forward for the work in the group (considering the overall progress of the work in the group) would be to have this scenario in mind, but this should not be the driver scenario for the work on cancelled HARQ bits.
Observation 4: The scenario of the UE internally dropping/cancelling LP PUCCH due to own HP PUCCH although theoretically possible should not be the driver for the work for cancelled/dropped HARQ bits in URLLC.
Comparability with scenario of SPS PUCCH HARQ collision with TDD symbols
As mentioned at the beginning, the scenario of collision of SPS HARQ-ACK with DL symbols has several similarities with the scenario of cancelled HARQ bits. In addition, the use of enhanced type 3 CB is proposed for both cases. Therefore, it is fair to make a discussion and making the analogy with the scenarios having motivated the introduction of a solution for the collision of SPS PUCCH HARQ with DL symbols. 
The cases having been mainly used to show the problem of SPS HARQ-ACK colliding with DL symbols was shown in figures and described in [17], [18], [19], [20] and in other companies contributions. The figures therein although useful in describing the problem of SPS PUCCH HARQ collision with DL symbols, do not make at all any reference to any of the known URLLC/IIOT traffic scenarios and use cases of 3GPP TS 22.104 ([12]). Despite numerous questions, there has not been a reply in which of the traffic scenarios of 22.104 and with which SCS assumptions the cases described in [17], [18], [19], [20] will occur. 
As an example, Ericsson, Nokia, ZTE use different slot configurations for their 5G ACIA performance evaluations than the ones described in [18], [19], [20]. That being said, the group should continue the work on specifying solutions for SPS HARQ-ACK collisions with DL symbols for eventual future URLLC/IIOT scenarios. 
Observation 5: The work in specifying solutions for the scenario of SPS PUCCH HARQ bits colliding with DL symbols was initiated without any direct reference to any URLLC/IIOT scenario among the ones of TS 22.104.
For the scenario of § 3.1.1, there are strong indications that at a heavy loaded system carrying the traffic simulated in [13] and [15] and other types of IIOT or XR traffic, there is high likelihood of PUSCH being multiplexed with HARQ bits and the combined channel being cancelled due to other higher priority uplink traffic from another UE; such a scenario is highly possible with any SCS assumption and with the reasonable slot format configurations of 38.213. Therefore, the group is requested to specify solutions for canceled HARQ within URLLC.
[bookmark: _Ref71646747]What type of solution: automatic retransmission of cancelled HARQ bits or network-controlled procedure? 
Assuming that the group is working towards specifying a solution for the retransmission of cancelled HARQ (with focus on scenario of § 3.1.1), the question to be answered is if the solution specified by the group should be based on the principle of 
· automatic (re)transmission of cancelled HARQ bits
· network indication of the uplink channel to be used for the transmission of cancelled HARQ bits

A solution of automatic retransmission would lie on the assumption that the UE (re)transmits of cancelled PUSCH and of piggybacked bits in the same resources as the ones originally used for PUSCH and HARQ bits. One such proposal has been made at [11] and will be discussed later. The solution being simple sometimes might result in delays, e.g. in case of multiple CIs resulting in multiple (re)transmission occasions of the canceled HARQ. In other cases, the network might not want to have the cancelled PUSCH or the cancelled HARQ bits due to expiration of other uplink or downlink packets.
In general, a solution based on automatic retransmission of cancelled would be something like retransmission of canceled PUSCH and HARQ bits on the initially indicated uplink resources in the scenario of § 3.1.1. Equivalently, automatic retransmission of cancelled LP PUCCH in the scenario of § 3.1.2 at a later uplink slot or subslot. Hence, the solution of UE automatically retransmitting the cancelled HARQ bits on initially scheduled resources would look like the solution of deferring colliding SPS HARQ bits to the first available PUCCH resource. In all of these 3 cases though the “automatic (re)transmission” of either colliding with DL symbols, or cancelled or dropped HARQ bits can guarantee that the UE indeed sends the delayed HARQ bits only upon uplink resources reservation by the scheduler for a given period of time; i.e. up to the maximum deferral time defined by k1_def_max.
Hence, such a solution would have the same drawbacks as the solution of deferral to the 1st available PUCCH resource. Namely:
· reduced scheduling flexibility
· collisions
· interaction/multiplexing with new HARQ bits
· significant specification effort

As also mentioned above, in order for the solution of automatic retransmission to work, there is a need for the scheduler to reserve uplink resources for a given period of time, so as uplink collisions of the retransmitted cancelled HARQ bits with other uplink transmissions from other UEs is avoided. In case the scheduler takes such an approach, then the system might be stalling in cases of heavy load. This is exactly the problem of the solution of deferral of colliding HARQ bits to 1st available PUCCH resource; problem mentioned by 11 companies in the last RAN 1 #104bis-e meeting ([11], [21], [22],[23],[24], [25], [26], [27], [28], [29], [30]) (issue mentioned in the above contributions as “load balancing”). In these contributions, 10 out of 11 companies suggest the use of a kind of network-controlled mechanism, similar to the one of Type 3 CB transmission for SPS  HARQ bits colliding with DL symbols; solution proposed as an additional solution to the deferral to the 1st available PUCCH. After the working assumption specified in #105e, the options of the working assumption for HARQ-ACK re-transmission can be applied in all 3 scenarios. 
Another issue difficult to handle upon automatic retransmission of cancelled HARQ bits is the multiplexing/interaction with new HARQ bits. (As this is another heavily debated issue in the work for SPS HARQ-ACK deferral to 1st available PUCCH).
Moreover, from the experience of the standardization effort of the “deferral to the 1st available PUCCH resource”, it can be deduced that the introduction of autonomous solutions for all of the case is not as simple, as it initially seems. These solutions are suited for very benign scenarios of example low load in the system, no new UCI content is added to the delayed one and so on. 
Therefore, the proposal is not to count only on solution of autonomous HARQ re-transmission for cancelled HARQ bits. A network-controlled mechanism as the one agreed in #105e is necessary as a complement to e.g. “SPS HARQ deferral”. In the following, we describe the details of the network-controlled mechanism for HARQ-ACK retransmission, we suggest solutions for autonomous retransmission of cancelled and dropped HARQ and we present a framework for joint configuration of network-controlled mechanism and of autonomous retransmissions. Having both types of procedure in place can guarantee that the UE indeed (re)transmits the “delayed HARQ”.
Enhanced Type 3 HARQ-ACK CB for HARQ-ACK (re)transmission
During the last #105e meeting, the following working assumption was agreed.
Working Assumption: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities”
With regards to the first option, the proposal feature of an Enhanced Type 3 CB was extensively discussed in the past as a solution for SPS HARQ collisions with DL, or for cancelled and/or dropped HARQ. According to the working assumption, the CB will be constructed with HARQ Processes as basis (similarly to Rel. 16 Type 3 HARQ CB). The network can either indicate a starting and ending HARQ Process ID in the form of “the contents of all N HARQ process IDs starting from time instant, t0”, where N is the Enhanced Type 3 CB size and t0 is a time instant indicated in the DCI. It can be for example, K slots prior to the current slot of reception of this DCI. Alternatively, the network can indicate within the DCI issuing the request the exact HARQ Process IDs it wants.
Proposal 16: “1-shot enhanced Type 3 CB”, is constructed with HARQ processes as basis and its contents are:
· Either: all requested HARQ process IDs within a pre-determined time duration, td, with a starting point in time t0, e.g. t0: X sub(slots) prior to DCI, or
· All requested HARQ Process IDs indicated in the DCI
An example for the use of Enhanced Type 3 CB for the case of SPS HARQ collision with DL symbols was given in Figure 4 in Section 1. Another example of the use of Enhanced Type 3 CB in the scenario of HARQ being multiplexed with PUSCH and the PUSCH being cancelled with cancellation indication (CI) (via DCI 2_4) can be seen in Figure 8.


[bookmark: _Ref79149222]Figure 8: Example of transmission of cancelled HARQ bits via Enhanced Type 3 CB.

In this example of Figure 8, the network can request explicit feedback for cancelled SPS HARQ feedback by issuing a request for this Enhanced Type 3 HARQ Codebook. The network indicates the HARQ process IDs for which HARQ feedback is requested. In the example, in which PUSCH is cancelled and PUSCH is multiplexed with some HARQ feedback bits. In this case, the network can request feedback for ALL HARQ Processes starting from the time instant indicated by the DCI issuing the request for modified Type 3 CB up to the CB size. In this example, DCI 1_1 is issued and this is the proposal as explained later. Similarly to the Rel. 16 CB, the feature is activated at RRC level. If the feature is activated, there is 1 separate bit in the DCI of the type “Release 17 OneShotFeedback” and it is set to 1 every time the gNB requests this type of feedback; hence the triggering method relies on the setting of this bit. The Rel. 17 OneShot Feedback CB size is configured by RRC (Option 1). In this example HARQ bits associated with dedicated grant (DG) PDSCH transmission were shown. Alternatively, the network indicates a time duration, td, and a starting poing, e.g. slot number #X and the UE reports all of the HARQ processes within this time window (Option 2). In the example Figure 8, the network requests the HARQ process IDs which were cancelled together with PUSCH previously. 
So as not to confuse the UE with multiple concurrent requests for “1-shot feedback in the form of Enhanced Type 3 CB”, it is proposed that within a given time window, only 1 request for “1-shot feedback in the form of Enhanced Type 3 CB”. Similarly, on the UE side, the UE can handle and transmit only 1 request at a given time window.
Proposal 17: Only one Enhanced Type 3 CB size should be supported/requested within a given time duration.
One-shot Triggering of HARQ-ACK (re)transmission
With regards to the second option of the working assumption, a number of design details have to be specified. In terms of HARQ CB type to be used, for this solution, the same HARQ CB Type as the one initially used is simply retransmitted. 
The other design element is whether one or more than “cancelled” HARQ codebooks can be retransmitted. During the last #105e meeting [5], it was mentioned that the transmission of multiple cancelled HARQ CBs in a one-shot feedback would require a kind of HARQ CB ID, or something similar, e.g. PUCCH occasion ID. Namely, the solution would be quite similar to the Enhanced Type 2 HARQ CB. In a well-planned system though, having multiple cancelled HARQ CBs within a short time window should be avoided; as such the likelihood of this case is considered low.   
In addition, the problem with the missing DCI scheduling the LP PDSCH and LP PUCCH was desribed in detail at the previous contribution on this topic [7]. In case, the UE has missed the DCI related to the LP PUCCH and the network requests the transmission of the LP HARQ CB dropped, then, the UE needs to know the size of the CB to be reported, in case the UE does not have this CB. Hence, there is a need for an extra field in the DCI requesting the transmission of cancelled HARQ with the HARQ CB size of the requested cancelled HARQ CB. In case of multiple cancelled HARQ CBs, the DCI overhead would have been prohibitive. Therefore, it is suggested that the network uses this “One-Shot Triggering of HARQ-ACK (re)transmission” for a single “cancelled HARQ CB” within a given time period. Moreover, in the case of URLLC/IIOT DL packets expire after few msec in most of cases and a delayed transmission of “cancelled HARQ” CBs might not be necessary.
In case the network requests a single “cancelled HARQ CB” within a given time window, e.g. the earliest cancelled HARQ, or the latest cancelled HARQ CB, still there might be an ambiguity on which “cancelled HARQ CB” is requested in the case the UE has missed this requested cancelled HARQ CB. In addition, in case the UE does not have this requested “cancelled HARQ CB”, there is a need to have an agreement on the amount of HARQ bits to be transmitted with this HARQ CB. 
Figure 9 describes the case in which there is ambiguity at the gNB upon request of the single “earliest cancelled HARQ CB” within a given time window. It can be seen in the figure that the network schedules a LP PDSCH and its corresponding LP PUCCH via DCI 1_2 at time instant t1. The UE misses this LP DCI 1_2. At the next time instant, e.g. t2, the network schedules HP PDSCH and its associated HP PUCCH to the same UE. The HP PUCCH overlaps with the LP PUCCH and the UE not being able to multiplex HP PUCCH and LP PUCCH (due to lack of resources), the interpretation at the network is that the UE drops internally the LP PUCCH and transmits only the HP PUCCH. At time instant t3, the UE transmits the HP PUCCH and no further action is taken at the UE, since this is the only HARQ CB available at this time instant. The network receives the HP PUCCH and assumes that the UE has internally dropped the LP HARQ CB. The same procedure is repeated few slots later, but the LP DCI scheduling the LP PDSCH and the LP PUCCH is now correctly received. When the network at a later instant, requests the transmission of the “earliest cancelled HARQ CB” within the specified time window, the network gets another HARQ CB than the one expected. The network very likely will not even be able to decode the transmitted cancelled HARQ CB. (For the sake of clarity, CB IDs and PRI IDs are added, even if they are not present at Rel. 16).


[bookmark: _Ref79161286]Figure 9: Mismatch upon request of a single “cancelled HARQ CB” within a given time window (example).
In order to avoid this ambiguity, one solution would be to add a type of “CB ID” and the associated size of the requested “cancelled HARQ CB” at the DCI issuing the request for “a one-shot HARQ-ACK (re)transmission. However, this solution will increase significantly the DCI overhead.  
Another solution to avoid this overhead, one solution would be that the network requests feedback from the UE if the UE indeed dropped a LP HARQ CB. In this case, the problem described above and illustrated in Figure 9 is prevented.


[bookmark: _Ref79161670]Figure 10: Request for “UE Indication of cancelled HARQ” (example).
Figure 10 shows an example in which the network requests from the UE an indication on whether the UE has “cancelled HARQ CBs”. In this case, there is no ambiguity at the network and upon issuing a request for a single “cancelled HARQ CB” within a given time window, the network is aware of the HARQ CB expected and of its size.
Proposal 18: For the “one-shot triggering of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (second option of the working assumption):
· support the transmission of only a single “cancelled HARQ-ACK CB” within a given time window
· support gNB request for “UE Indication of Cancelled HARQ CB” in DCI 1_1 or DCI 1_2 with an extra bit.
· support the indication of the UE of “cancelled HARQ” in UCI, only upon gNB request; “UE indication of cancelled HARQ” bit set to 1 upon existence of at least 1 “cancelled HARQ CB”.
Automatic (re)Transmission of cancelled HARQ bits Together with (Re)Transmission of Cancelled PUSCH
As also mentioned above, in §3.2, automatic solutions of retransmission of cancelled HARQ bits should be supported if the solution is simple, robust, it does not require extra signalling overhead and it does not affect the whole system performance. One such case of automatic transmission on a reserved uplink resource is the “SPS HARQ Deferral to the 1st available PUCCH Resource”. The network reserves the SPS PUCCH A/N resource ID for up to the latest time instant when the colliding with DL SPS HARQ can be transmitted. 
One other case, in which automatic retransmission of cancelled HARQ bits is simple and robust is the one described with the scenario 1 above in §3.1.1. 
In the case of uplink cancellation indication (CI) transmission, the network can request the transmission of the cancelled HARQ feedback-which is multiplexed with the cancelled PUSCH. Namely, as discussed above, HARQ bits can be cancelled via DCI 2_4 (Cancellation Indication), only if HARQ is multiplexed within a PUSCH and the PUSCH is cancelled via DCI 2_4. The case can be seen in Figure 5. It can be seen that there is both downlink and uplink traffic and at a given time instant, PUSCH is multiplexed with the HARQ bits.
In case, the network, requests the (re)transmission of the cancelled PUSCH, with exact same NDI and HARQ Process IDs (for HARQ), as the allocation used for the initially cancelled PUSCH and multiplexed HARQ bits, then, the UE can multiplex the cancelled HARQ bits to the (re)transmitted PUSCH. The starting slot (or sub-slot) and the RPBs as well as the other UL allocation parameters indicated can be different between different UL allocations. This behaviour might be defined upon RRC connection configuration. If this behaviour is enabled, then the UE upon a DCI granting UL resources for PUSCH and provided that resources are sufficient now in this new UL allocation, then, the UE automatically multiplexes cancelled HARQ bits to the PUSCH. The solution can be seen in Figure 11. In case the UCI cancelled contains CSI reports and SR, those (CSI reports and SR) are not automatically multiplexed to the retransmitted PUSCH.
This is another straightforwad method of automatic retransmission of delayed HARQ bits and it is an extension of the “SPS HARQ Deferral” in this case of PUSCH + HARQ cancelled via CI. 
Proposal 19: Support automatic transmission of a single cancelled HARQ ACK info at retransmission of PUSCH cancelled by DCI 2_4.
Provided that DCI 0_x indicates same NDI and HARQ Process ID for both cancelled and retransmitted PUSCH.
In case canceled UCI contains CSI, SR and HARQ payload, only HARQ payload is automatically transmitted.
No support for new UCI multiplexed in the retransmitted PUSCH.
Since this automatic (re)transmission of cancelled HARQ bits together with PUSCH should be simple, in case of multiple CIs, the cancelled HARQ can be automatically (re)transmitted together with the separately retransmitted PUSCHs. Hence, no support for partial automatic transmission of canceled HARQ bits via PUSCH, i.e. if 2 CIs with 2 sets of HARQ bits are canceled, UE transmits automatically only 1 set of canceled HARQ bits with one PUSCH and the UE drops the second set of cancelled HARQ bits.
Proposal 20: Do not support partial automatic (re)transmission of cancelled HARQ bits.


[bookmark: _Ref79162493]Figure 11: Example of automatic transmission of cancelled HARQ together with the (re)transmission of cancelled PUSCH.
Automatic (re)transmission of a single dropped LP HARQ CB
In alignment with what was proposed for the other two scenarios of “cancelled HARQ”, the same procedure of “automatic (re)transmission can be applied in the case of a single LP HARQ CB being dropped due to internal UE multiplexing. 


[bookmark: _Ref79163971]Figure 12: Automatic (re)transmission of a single dropped LP HARQ CB on the same PUCCH resource.
The procedure is similar to 
· SPS HARQ deferral to the 1st available PUCCH upon collision with DL or flexible symbols
· Automatic HARQ (re)transmission upon PUSCH + HARQ cancellation (via CI)

In both of the above scenarios, HARQ cannot be transmitted and it is delayed up to the instant when there is available PUCCH resource. The same principle is applied here in the third scenario of “cancelled HARQ”: LP HARQ CB being dropped due to intra-UE multiplexing. In the case of a single LP HARQ CB being dropped and in case there are no new HARQ bits, the UE can try to transmit automatically the dropped LP HARQ CB on the same PUCCH Resource ID that was initially scheduled to the UE. The same PUCCH format is also applied. This solution can work if the network has reserved this uplink resource for the deferred transmission of this LP HARQ CB; it is identical approach to the one used in the case of SPS HARQ deferral. An example can be seen in Figure 12. 
Proposal 21: Support automatic (re)transmission of 1 single dropped LP HARQ-ACK CB. Automatic (re)transmission at the same PRI as the one for the initial PUCCH allocation; PRI allocation valid for up to N slots.
Joint Configuration of “One-Short HARQ (re)transmission”, Automatic HARQ (re)Transmission and of PUCCH Carrier Switching
As also described in §3.2, automatic retransmission of cancelled HARQ bits is desirable whenever this is possible and it does not result in worse system performance. In some cases though flexibility is required, e.g. the cancelled HARQ bits are no longer needed at the network, since the DL packet for which HARQ were intended, has now expired. Or, there are multiple CIs and the network wants the cancelled HARQ bits within a time limit and hence the network can not wait for the consecutive PUSCH (re)transmissions (which were separately cancelled). Therefore, it is useful to have both solutions of enhanced Type 3 CB and of automatic (re)transmission of cancelled HARQ bits configured. Or, in the case of dropped LP HARQ, the UE can try to automatically retransmit the dropped LP PUCCH on the initially scheduled PUCCH resource, or the UE can get a request from the network for a “one-shot HARQ (re)transmission” of the last dropped HARQ CB. The same approach can be followed for the case of PUSCH and HARQ being cancelled via CI. The UE might automatically retransmit the “co-cancelled” HARQ bits together with the cancelled PUSCH, or the UE can get a request from the network for a “one-shot HARQ (re)transmission” according to the working assumption of #105e. 
Similarly, to the case of SPS HARQ collision with DL or flexible symbols, the feature of PUCCH carrier switching could be of use in these two other scenarios of “cancelled HARQ”. Along the same line of §2.6, it would be of value to study the option of configuring jointly:
· One-shot HARQ (re)transmission
· Automatic (re)transmission of cancelled/dropped HARQ 
· PUCCH carrier switching

Or any of their combination.
Proposal 22: RAN 1 to study joint configuration of 
· automatic (re)transmission of cancelled/dropped HARQ-Ack,
· “1-shot Enhanced Type 3 HARQ feedback”,
· PUCCH carrier switching (in case of more than 1 PUCCH CCs) 
Or of any combination of the above.
In case more than one features are activated per scenario, then, the interaction and procedure to be followed is similar to the one described in §2.6. E.g. in case of LP HARQ being dropped due to intra-UE multiplexing, the UE tries to transmit the dropped LP HARQ CB on the initially allocated PUCCH resource until the UE receives an instruction, either to transmit the dropped LP HARQ CB in the form of “one-shot HARQ feedback” (in the form of Type 3 HARQ CB for example), or if the UE receives an instruction from the network to apply PUCCH carrier switching for the transmission of the dropped LP HARQ CB. Similar approach can be followed in the case of PUSCH and HARQ being cancelled via CI.
Proposal 23: Upon joint configuration of: 
· “automatic (re)transmission of cancelled/dropped HARQ-Ack”
· “1-shot HARQ (re)transmission”
· “PUCCH carrier switching”
Or of any combination of the above, execution of “automatic (re)transmission of dropped or cancelled HARQ-ACK” starts immediately after HARQ-ACK dropping or cancellation and it stops:
i) when appropriate PUCCH resource for the transmission of the single dropped LP HARQ-ACK is found, or
ii) upon reception of PUSCH allocation (DCI 0_x) with same NDI and HARQ ID(s) as the allocation of the initially cancelled PUSCH via DCI 2_4 , or
iii) when a request for “1-shot HARQ (re)transmisison” is received, or
iv) when a “PUCCH-Carrier Switch Command” is received in DCI (in case of more than 1 PUCCH CCs)
v) when the validity of the PUCCH Resource for the single dropped LP HARQ CB expires.
PUCCH carrier switching for HARQ feedback
In RAN1 105e, the following agreement was agreed to support PUCCH carrier switch, with some FFS to be solved. 
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
In this section, we discuss the remaining open issues for PUCCH carrier switch 
[bookmark: _Hlk71105253]PUCCH carrier switch cross CCs with different numerologies
For PUCCH carrier switch cross CCs with different numerologies, there are two cases to consider. Case 1 is PUCCH carrier switch by DCI cross CCs with different numerologies. This case is already solved with the agreement make in RAN1 105e as following. 
 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.
Case 2 is PUCCH carrier switch via semi-statically configured time pattern cross CCs with different numerologies. To make case 2 work, two reference numerologies need to be defined to interpret K1 and the time pattern. 
· Reference numerology A to interpret the K1 value. 
· Reference numerology B to interpret the PUCCH carrier switch time pattern 
The UE procedure to determine target CC index and the slot on the target CC to transmit PUCCH can be described in the following three steps. 
· Step 1: Based on reference numerology A, a UE interprets K1 and determine a reference slot to transmit PUCCH. 
· Step 2: The UE then interpret the time pattern based on reference numerology B and figures out the target CC to transmit the PUCCH in the reference slot. If the reference numerology B is larger than larger than reference numerology A, one reference slot could correspond to multiple slots in the time patter. In this case, a rule is needed to pick one slot (e.g., the earliest one) to determine the target CC index. 
· Step 3: UE transmit PUCCH following the configured SPS PUCCH resource on the target CC in the actual slot corresponding to the reference slot. If the target CC numerology is smaller or same as the reference numerology, only one actual slot is corresponding to the reference slot without any ambiguity. If the target CC numerology is larger than the reference numerology A which determines the target slot, multiple slots on the target CC are corresponding to the reference slot. In this case, a rule is needed to pick one actual slot (e.g., the earliest one) to transmit PUCCH on the target slot.
To simplify step 2, we could choose a same numerology for reference numerology A and B, which could be the numerology of PCC, in order to simply follow Rel-15. With this simplification, the three steps to handle mixed numerology can be illustrated in the following figure. 
[image: ]
Fig 13: Semi-static configuration based PUCCH carrier switch cross CCs with mixed numerologies 
Based on the above discussion, the following is proposed. 
Proposal 24: For semi-static configured PUCCH carrier switch, use Pcell or PScell as the reference CC to interpret the K1 value and determine a reference slot for PUCCH transmission, then use Pcell or PScell as reference CC to interpret the carrier switch time pattern to determine the target cell for PUCCH transmission. If the target cell numerology is larger than Pcell or PScell, the earliest actual slot on the target cell which falls into the reference slot is used to transmit the PUCCH.   
[bookmark: _Hlk71105335]Power control for PUCCH carrier switch
[bookmark: _Hlk53920445]Rel-15/16 power control procedure can only support PUCCH transmission on Pcell or PScell. In order to support PUCCH transmission switch between Pcell/PScell and Scell(s), power control procedure definitely needs certain enhancement. 
For open loop power control, different cells may need different P0 setting point, due to different deployment, different traffic model, different adjacent band interference, etc. Therefore, it is natural to allow gNB configure different P0 for different Cells. 
Proposal 25: In PUCCH power control, support separate P0 configuration for each of the cells with PUCCH carrier switch enabled. 
For closed loop power control, with accumulative power control commands, there are two options to do power control accumulation. Option 1 accumulates power control commands jointly cross different cells. Option 2 accumulates power control commands only within a same cell and does not accumulate cross cell. Since PUCCH carrier switch is typically deployed for interband CA, different CCs normally see very different channel fading. It makes more sense to adopt option 2 to do closed loop power control independently on per CC basis. 
[bookmark: _Hlk78967149] Proposal 26: In PUCCH power control, support accumulating closed loop power control commands only within the same target cell by reusing Rel-15 procedure. Don’t support accumulating power control commands across cells. 
[bookmark: _Hlk78904736][bookmark: _Hlk71109064]PUCCH spatial relation update with PUCCH carrier switch
In Rel-15/16, PUCCH spatial relation is configured and updated by MAC-CE, only for UL BWP on Pcell or PScell. With PUCCH carrier switch, PUCCH can be transmitted on Scell. Apparently, the mechanism for PUCCH spatial relation needs to be extended to Scell. One natural extension is to expand MAC-CE structure to indicate the mapping between PUCCH spatial relations and PUCCH resources independently on each cell. To reduce MAC-CE overhead, some restriction of the mapping could be introduced such as forcing a same mapping applies to a few cells. 
Proposal 27: Support to use MAC-CE to signal PUCCH spatial relation on Scell(s) with PUCCH carrier switch. FFS details of such MAC-CE signalling including how to reduce the MAC-CE overhead.  
Interaction between PUCCH carrier switch and other features
PUCCH carrier switch is a new UL feature introduced in Rel-17. This new feature needs to interact with other legacy UL features which were already supported in Rel-15/16/17, when they are enabled together. In the following, we list a few other UL legacy features which are closed related to PUCCH carrier switch and we suggest RAN1 to study whether and how to support joint operation of PUCCH carrier switch with those legacy features. 
1. Joint operation of PUCCH carrier switch, parallel PUCCH/PUSCH transmission, and intra-UE multiplexing
2. Joint operation of PUCCH carrier switch with PUCCH repetition
3. Joint operation of PUCCH carrier switch with SPS A/N deferral

For joint operation 1, the parallel PUCCH/PUSCH transmission and intra-UE multiplexing are two key features for Rel-17 URLLC. Together with PUCCH carrier switch, the joint operation of the three features can greatly improve the flexibility, latency, and reliability of URLLC in UL CA scenarios. It is desired to support joint operation 1. For joint operations 2 and 3, it can reduce the latency for PUCCH repetition and SPS A/N feedback. Therefore, they seem good to have too. However, impact to specification and UE implementation complexity is another factor RAN1 need to consider before deciding supporting the above joint operations. 

Proposal 28: RAN1 to study then decide whether and how to support the following joint operations.
· Joint operation of PUCCH carrier switch, parallel PUCCH/PUSCH transmission, and intra-UE multiplexing.
· Joint operation of PUCCH carrier switch with PUCCH repetition.
· Joint operation of PUCCH carrier switch with SPS A/N deferral.
Sub-slot based Type-1 HARQ-ACK codebook generation
In NR Rel-16, sub-slot based HARQ-ACK reporting is supported only for Type-2 HARQ-ACK codebook. Type-1 HARQ-ACK codebook construction for sub-slot based HARQ-ACK reporting was also discussed. However, it was not supported in NR Rel-16 due to lack of time.  In RAN1 104bis, the following agreements were made.

Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 

As can be seen from the above agreement, the main remaining issue for the Type-1 HARQ-ACK codebook construction is to determine how to perform PDSCH TDRA grouping/pruning. In particular, the following two options are extensively discussed in the previous RAN1 meetings. 
· Option 1: TDRA grouping per DL slot
· Option 2: TDRA grouping per (UL) subslot

For Option 1, the UE shall first determine a set of DL slots that overlap with the UL subslots (i.e., the feedback window) that the UE needs to perform HARQ-ACK feedback for. Then, for each of the DL slots, the UE shall determine a set of TDRAs and then perform the TDRA pruning based on the Rel-15 method. Note that, in this Option, the UE shall separately determine a set of DL slots based on the set of UL subslots, and then perform the TDRA pruning based on DL slots. 

For Option 2, on the other hand, the construction is rather simple. For each UL subslot, the UE shall determine a set of TDRA candidates whose ending symbol overlaps with the UL subslot. Then the UE reuse the Rel-15 approach to further prune the set of TDRA candidates to generate a set of HARQ-ACK bit for the corresponding UL subslot. This option largely reuses the same mechanism for Type-1 HARQ-ACK CB construction as in the slot-based case, and hence can be easily implemented in the current pesudo code in TS 38.213. 
In our view, there’re several issues with Option 1.
Issue 1: complexity
In the 213 pesudo code for Type-1 HARQ-ACK CB generation, the out-most loop is “while k<C(K1)”, which is performed per UL sub-slot. For each UL subslot, the UE shall determine a set of TDRA candidates that are associated with the UL subslot, based on the PDSCH ending OFDM symbol. If we follow Option 2, then UE only needs to perform TDRA pruning based on the list of determined TDRA candidates. However, for Option 1, UE needs to further determine one or more DL slots, and then perform TDRA pruning based on the DL slots. The main problem is that, UL subslots might be partially overlapping with the one or more DL slots. And in order to conserve Type-1 HARQ-ACK payload size, UE can not report HARQ-ACK bits for every DL slots that the UL subslot overlap with (Otherwise, there will be a lot of redundant bits in the Type-1 HARQ-ACK CB, as reported in R1-2005673). 
Instead, there needs to be a mechanism, which is performed across UL subslots, in order to keep track of which DL slots needs to be considered for type-1 HARQ-ACK CB generation for a given subslot, and which DL slots needs to be deferred to next UL subslot. Note that, such an association has memory across UL subslots. Thus, some mechanisms (e.g., intermediate variables) which keeps track of the association between UL subslots and DL slots are necessary. 
Issue 2: CB size 
Option 1 (i.e., per-slot based TDRA grouping) may also generate extra-redundancies compared to Option 2. Consider the following example. The PUCCH cell is configured with 15 KHz SCS, subslot duration = 2 symbols, and with the set of slot timing offsets K1={2,3,4}. And a DL serving cell is configured with 30 KHz SCS. Suppose that, at UL subslot , the UE needs to send HARQ-ACK feedback to the gNB. For Option 1, it will check the DL slots that overlaps with the UL subslots ,  This yields the DL slot 0 and DL slot 1. For each of the DL slots, the UE shall generate 3 bits HARQ-ACK, since there’re at most 3 non-overlapping PDSCH occasions defined in a DL slot. This yields 6 HARQ-ACK bits in total. 
However, for Option 2, the UE will determine 1 bits, 2 bits, and 1 bit for UL subslots , , respectively. Altogether, this yields 4 bits, which is smaller than the 6 bits required in Option 1. 
It is not difficult to construct other examples in which Option 1 yields larger Type-1 HARQ-ACK payload size than Option 2. 
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Fig 14: Semi-static configuration based PUCCH carrier switch cross CCs with mixed numerologies 
Based on the above discussion, we propose the following. 
Proposal 29: For sub-slot based Type-1 HARQ-ACK codebook construction in NR Rel-17, support TDRA grouping and pruning based on UL sub-slots. 
· More specifically, for each UL sub-slot , UE determines a set of TDRA candidates that ends in the UL sub-slot, and perform TDRA pruning based on the Rel-15 approach. 
Conclusions
In summary, we make the following observations for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Observation 1: Deferring SPS PUCCH A/N to “1st available PUCCH resource” does not always guarantee that the 1st available PUCCH resource is indeed available. This is a valid argument in cases of multiple SPS HARQ deferrals; presence of other HARQ bits, either for DG traffic or for non-deferred HARQ bits. In order to avoid collisions with other PUCCHs or PUSCHs for other UEs, which might lead to HARQ bits dropping or to further deferral, other mechanism controlled by the network are needed.
Observation 2: In a well planned radio access network, SPS PUCCH HARQ deferrals should not happen; if they happen, this is going to be an unusual case and several UEs in the cell will be affected.
Observation 3: The scenario of cancelling PUSCH and piggybacked HARQ bits is a strong case in URLLC scenarios.
Observation 4: The scenario of the UE internally dropping/cancelling LP PUCCH due to own HP PUCCH although theoretically possible should not be the driver for the work for cancelled/dropped HARQ bits in URLLC.
Observation 5: The work in specifying solutions for the scenario of SPS PUCCH HARQ bits colliding with DL symbols was initiated without any direct reference to any URLLC/IIOT scenario among the ones of TS 22.104.
In summary, we make the following proposals for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Proposal 1: SPS HARQ-ACK deferral to the 1st available PUCCH should be configured per SPS configuration. If a PUCCH transmission consists of HARQ-ACK for at least one SPS configuration with deferral, the PUCCH transmission is deferred to the 1st available PUCCH.
Proposal 2: Maximum deferral value is configured at RRC per SPS configuration. UE will not retransmit the collided A/N bit after k1_def_max slots from the end of the slot where SPS A/N PUCCH collision happens.
· In case of a PUCCH transmission containing HARQ-ACK bits from different SPS configurations with different maximum deferral values, the maximum of those maximum deferral values is applied.

Proposal 3: If a PUCCH for SPS HARQ ACK info is dropped due to overlapping with DL or flexible symbol indicated by dynamic SFI, the “SPS HARQ ACK deferral to 1st available PUCCH” will not be applied to this case, i.e. no further deferral for this dropped PUCCH.
Proposal 4: Multiplexing of DG UCI with SPS PUCCH HARQ-ACK in a PUCCH PRI which then collides with semi-static DL symbols, SSB, or CORESET#0 is handled as error case by the UE.
Proposal 5: When the colliding PUCCH contains both SPS HARQ and CSI, only SPS HARQ-ACK is deferred to the 1st available PUCCH and CSI is dropped.

Proposal 6: Upon “SPS PUCCH HARQ deferral to 1st available PUCCH resource” consider intra-slot deferral before inter-slot deferral.
Proposal 7: If the selected PUCCH carrying deferred A/N bits overlaps with DL transmission-scheduled by DCI in the target slot or DL/flexible symbol indicated by DCI format 2_0, UE drops the deferred A/N bits without their further deferral.
Proposal 8: Support that A/N bits from multiple collided PUCCHs CAN be deferred to the same new PUCCH.
The new CB in the new PUCCH is the concatenation of individual CBs originally from those collided PUCCHs based on their order in time.
Proposal 9: At least when there is no existing non-deferred UCI bit in a candidate target slot, and if that slot cannot accommodate the PUCCH selected for all collided A/N bits.
· UE does not transmit any collided A/N bit in that slot. UE will continue to check next candidate slot for transmitting all collided A/N bits.

Proposal 10: In presence of existing non-deferred A/N bit(s) in the target slot, support that both collided and existing A/N bit(s) CAN be transmitted in the same PUCCH.
· The new CB in the PUCCH is the concatenation of the CB for existing A/N bit(s) and the individual CB(s) originally from collided PUCCH(s).

Proposal 11: In presence of existing non-deferred A/N bit(s) for SPS in a candidate target slot, if that slot cannot accommodate the PUCCH selected to carry both existing and collided A/N bits.
· UE does not transmit any A/N bit in that slot. UE will treat all existing and collided A/N bits as collided A/N bits and continue to check next candidate slot for transmitting all collided A/N bits that are not expired.

Proposal 12: On whether to allow partial deferral
· Not support deferral of only part of A/N bits in collided PUCCH.

Proposal 13: If deferred SPS A/N and DG A/N are in the same target slot, support multiplex both SPS and DG A/N on the same PUCCH indicated by PRI as in R15/16.
Proposal 14: For SPS HARQ collision with DL symbols, RAN 1 to study whether and how to support either:
· “SPS PUCCH HARQ deferral to 1st available PUCCH resource”, or
· “PUCCH Carrier Switch” (in case of more than 1 PUCCH CCs), or
· “1-shot Enhanced Type 3 CB HARQ”, or
· Joint configuration of any of the above, whenever applicable.

Proposal 15: Upon joint configuration of any combination of “SPS PUCCH HARQ deferral to 1st available PUCCH resource”, “PUCCH carrier switching” and “1-shot Enhanced Type 3 CB HARQ”, execution of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” starts immediately after the SPS PUCCH HARQ deferral triggering and it stops:
· When appropriate PUCCH resource for the transmission of deferred HARQ is found, or
· When a request for “1-shot Enhanced Type 3 CB” is received, or
· When a “PUCCH-carrier switch command” is received in DCI (in case of more than 1 PUCCH CCs)
· When the maximum value of “k1_def” is reached
Proposal 16: “1-shot enhanced Type 3 CB”, is constructed with HARQ processes as basis and its contents are:
· Either: all requested HARQ process IDs within a pre-determined time duration, td, with a starting point in time t0, e.g. t0: X sub(slots) prior to DCI, or
· All requested HARQ Process IDs indicated in the DCI
Proposal 17: Only one Enhanced Type 3 CB size should be supported/requested within a given time duration.
Proposal 18: For the “one-shot triggering of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (second option of the working assumption):
· support the transmission of only a single “cancelled HARQ-ACK CB” within a given time window
· support gNB request for “UE Indication of Cancelled HARQ CB” in DCI 1_1 or DCI 1_2 with an extra bit.
· support the indication of the UE of “cancelled HARQ” in UCI, only upon gNB request; “UE indication of cancelled HARQ” bit set to 1 upon existence of at least 1 “cancelled HARQ CB”.
Proposal 19: Support automatic transmission of a single cancelled HARQ ACK info at retransmission of PUSCH cancelled by DCI 2_4.
Provided that DCI 0_x indicates same NDI and HARQ Process ID for both cancelled and retransmitted PUSCH.
In case canceled UCI contains CSI, SR and HARQ payload, only HARQ payload is automatically transmitted.
No support for new UCI multiplexed in the retransmitted PUSCH.
Proposal 20: Do not support partial automatic (re)transmission of cancelled HARQ bits.
Proposal 21: Support automatic (re)transmission of 1 single dropped LP HARQ-ACK CB. Automatic (re)transmission at the same PRI as the one for the initial PUCCH allocation; PRI allocation valid for up to N slots.
Proposal 22: RAN 1 to study joint configuration of 
· automatic (re)transmission of cancelled/dropped HARQ-Ack,
· “1-shot Enhanced Type 3 HARQ feedback”,
· PUCCH carrier switching (in case of more than 1 PUCCH CCs) 
Or of any combination of the above.
Proposal 23: Upon joint configuration of: 
· “automatic (re)transmission of cancelled/dropped HARQ-Ack”
· “1-shot HARQ (re)transmission”
· “PUCCH carrier switching”
Or of any combination of the above, execution of “automatic (re)transmission of dropped or cancelled HARQ-ACK” starts immediately after HARQ-ACK dropping or cancellation and it stops:
i) when appropriate PUCCH resource for the transmission of the single dropped LP HARQ-ACK is found, or
ii) upon reception of PUSCH allocation (DCI 0_x) with same NDI and HARQ ID(s) as the allocation of the initially cancelled PUSCH via DCI 2_4 , or
iii) when a request for “1-shot HARQ (re)transmisison” is received, or
iv) when a “PUCCH-Carrier Switch Command” is received in DCI (in case of more than 1 PUCCH CCs)
v) when the validity of the PUCCH Resource for the single dropped LP HARQ CB expires.
Proposal 24: For semi-static configured PUCCH carrier switch, use Pcell or PScell as the reference CC to interpret the K1 value and determine a reference slot for PUCCH transmission, then use Pcell or PScell as reference CC to interpret the carrier switch time pattern to determine the target cell for PUCCH transmission. If the target cell numerology is larger than Pcell or PScell, the earliest actual slot on the target cell which falls into the reference slot is used to transmit the PUCCH.    
Proposal 25: In PUCCH power control, support separate P0 configuration for each of the cells with PUCCH carrier switch enabled. 
Proposal 26: In PUCCH power control, support accumulating closed loop power control commands only within the same target cell by reusing Rel-15 procedure. Don’t support accumulating power control commands across cells.  
Proposal 27: Support to use MAC-CE to signal PUCCH spatial relation on Scell(s) with PUCCH carrier switch. FFS details of such MAC-CE signalling including how to reduce the MAC-CE overhead.  
Proposal 28: RAN1 to study then decide whether and how to support the following joint operations.
· Joint operation of PUCCH carrier switch, parallel PUCCH/PUSCH transmission, and intra-UE multiplexing.
· Joint operation of PUCCH carrier switch with PUCCH repetition.
· Joint operation of PUCCH carrier switch with SPS A/N deferral.

Proposal 29: For sub-slot based Type-1 HARQ-ACK codebook construction in NR Rel-17, support TDRA grouping and pruning based on UL sub-slots. 
· More specifically, for each UL sub-slot , UE determines a set of TDRA candidates that ends in the UL sub-slot, and perform TDRA pruning based on the Rel-15 approach.
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Automatic (re)Tx of Single Dropped LP PUCCH on same PUCCH 

Resource - Example
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