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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
During RAN1#104b-e meeting, the following agreements have been achieved on HARQ-ACK enhancements for Rel-17 URLLC.
SPS HARQ-ACK deferral:
 (
Agreements
: For SPS HARQ-ACK deferral, for the determination of valid symbols in 
the target slot/
sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
)
 (
Agreements
: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of 
k1
def  
or
 
k1
+
 k1
def
FFS: limitation given by a maximum value of 
k1
def
 or a maximum of 
k1
eff
 =
k1
+
 k1
def
F
FS how the 
limitation is determined (e.g. by K1 set(s) or RRC configured limit)
)
 (
Agreement
: 
For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of 
k1
eff
 =k1
+
 k1
def.
)
 (
Agreements
: For SPS HARQ-ACK deferral, there is no lower limit defined for 
k1
def
)
 (
Agreement
: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 
)
 (
Working assumption: 
To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
)
 (
Agreement
: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition 
)
SPS HARQ skipping & payload size reduction:
 (
Conclusion: 
No support for dynamic indication of skipped SPS PDSCH occasions in Rel-17 as part of this WI.
)
Sub-slot based Type-1 codebook:
 (
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 
)
During RAN1#105-e meeting, only retransmission of cancelled HARQ-ACK and PUCCH carrier switching for HARQ-ACK were discussed according to the agenda due to limited time, and the following agreements were achieved.
Retransmission of cancelled HARQ-ACK:
 (
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
)
PUCCH carrier switching for HARQ-ACK:
 (
Agreement
: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
Details are FFS (including applicability of dynamic and/or semi-static means)
Aim for minimum specification impact 
Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells 
and supports PUCCH carrier switching across cells with different numerologies.
FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
FFS the maximum number of PUCCH cells
FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
)
 (
Agreement
: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 
)
 (
Agreement
: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.
)
In this contribution, we will discuss some details on HARQ-ACK enhancements for Rel-17 URLLC based on the progress achieved so far.
2. Discussion
2.1. SPS HARQ-ACK deferral
For SPS HARQ-ACK deferral, the details for each of the following aspects will be discussed in order:
Aspect 1: How to configure the deferral?
Aspect 2: How to determine if the deferral shall be performed, i.e., issues about the initial slot/sub-slot?
Aspect 3: How to determine the next available PUCCH to convey the deferred HARQ-ACK, i.e., issues about the target slot/sub-slot?
Aspect 4: How to report the deferred HARQ-ACK on the next available PUCCH, i.e., issues about the codebook construction?
2.1.1. Configuration for SPS HARQ-ACK deferral
Regarding the configuration granularity for SPS HARQ-ACK deferral, there are two options agreed for down-selection:
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
Between the above two options, option 2 can bring more flexibility due to smaller configuration granularity. In fact, different SPS configurations can be used for different services, and the configured periodicities may be chosen to best match the characteristics of corresponding services. Some SPS configurations may have shorter periodicities so the collisions between corresponding HARQ-ACK feedback and semi-static DL symbols/SSB/CORESET#0 may frequently happen and it is more difficult to avoid them. Some SPS configurations may have longer periodicities and the collisions can be avoided by proper configuration. Besides, different SPS configurations may also have different delay tolerance level. So it is beneficial to configure SPS HARQ-ACK deferral per SPS configuration. In addition, option 2 can realize the effect of option 1 if configured by network.
Proposal 1: The SPS HARQ-ACK deferral is configured per SPS configuration.
2.1.2. Issues about the initial slot/sub-slot for deferral
The conditions for SPS HARQ-ACK deferral from/within the initial slot/sub-slot have been extensively discussed. Based on the progress so far, there are three alternatives, which are formulated by the moderator as below.
 (
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 (added by moderator / CATT) – “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. 
)
In our opinion, Alt.1 is preferred since legacy UCI multiplexing rules are reused as much as possible. Alt.1A may lead to unnecessary deferral and larger latency, meanwhile some changes to legacy UCI multiplexing may be introduced inevitably. Note that the original intention is to defer the SPS HARQ-ACK which is dropped, not to even defer the one that can be transmitted based on legacy UCI multiplexing mechanism. Alt.2 needs some new rules to be introduced for performing “intra-slot” deferral, as well as newly configured resource(s) if necessary. 
As some companies raised, Alt.1 may be subject to DCI miss-detection issue, i.e. a missed DCI scheduling PDSCH may cause ambiguity between UE and gNB on whether the SPS HARQ-ACK is deferred or not. We think the DCI miss-detection issue can be handled by gNB implementation, e.g., gNB can issue more than one DL scheduling DCI including the total DAI and/or using higher AL for DL scheduling DCI transmission for which the corresponding HARQ-ACK is transmitted in the initial slot/sub-slot. On the other hand, by that no PUCCH transmission being detected by the gNB, gNB can know the DCI is missed and can align with the UE behavior.   
Proposal 2: For the conditions for SPS HARQ-ACK deferral from/within the initial slot/sub-slot, support Alt.1, i.e., if SPS HARQ-ACK is multiplexed with any other UCI/dynamic PUCCH resource then it cannot be deferred.
Regarding UCI multiplexing for the SPS HARQ-ACK with other UCI types, since it is preferred to keep the legacy rules for SPS HARQ-ACK multiplexing with other UCI including SR and CSI, multi-CSI-PUCCH-ResourceList, as well as pucch-CSI-ResourceList, should be supported as candidate PUCCH resource(s) when performing SPS HARQ-ACK multiplexing with CSI.
Proposal 3: multi-CSI-PUCCH-ResourceList, as well as pucch-CSI-ResourceList, is supported as candidate PUCCH resource(s) when performing SPS HARQ-ACK multiplexing with CSI.
2.1.3. Issues about the target slot/sub-slot for deferral
The issues about the target slot/sub-slot can be discussed based on the following questions:
Q1: How to determine the PUCCH resource pool from which a PUCCH resource will be selected to convey the deferred HARQ-ACK?
Q2: So far a limit on the maximum deferral of SPS HARQ-ACK in terms of k1eff has been supported, and it has been clarified that there is no lower limit defined for k1def, is there any other limitation about the deferring timing based on which to determine the PUCCH resource? If any, what is the limitation?
For Q1, the PUCCH resource pool may consist of following one or more sub-pools.
· Sub-pool 1: PUCCH resource(s) configured in one or more PUCCH resource sets, i.e. PUCCH-ResourceSet, which are configured for UCI transmissions including HARQ-ACK information bits for DL dynamic scheduling in Rel-15/16, as well as other PUCCH resource(s) configured for SR and/or CSI, and subject to UCI multiplexing between SPS HARQ-ACK and other UCI(s) when reported in the same slot/sub-slot.
· Sub-pool 2: One to four PUCCH resources configured for HARQ-ACK transmissions including only SPS HARQ-ACK in Rel-15/16, i.e., n1PUCCH-AN or SPS-PUCCH-AN-List-r16.
· Sub-pool 3: New PUCCH resource(s), which is/are introduced specifically for conveying the deferred SPS HARQ-ACK, and may be configured as periodic resource(s).
Sub-pool 1 combined with Sub-pool 2 should be sufficient from our perspective. When introducing Sub-pool 3 additionally, extra overhead and complexity will be added, which are not desirable.
[bookmark: _Hlk60850627]Proposal 4: The PUCCH resource(s) for the deferred SPS HARQ-ACK should re-use the PUCCH resource(s) for HARQ-ACK corresponding to DL dynamic scheduling configured in one or more PUCCH resource sets and the PUCCH resource(s) configured for SR and/or CSI, subject to UCI multiplexing between SPS HARQ-ACK and other UCI(s), as well as the PUCCH resource(s) configured for SPS HARQ-ACK transmissions in Rel-15/16.
During RAN1#104-e meeting, the following agreement has been achieved regarding UCI multiplexing / PUCCH overriding rules in the target slot/sub-slot.
 (
Agreement
: Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.
)
In our opinion, same rules or operations should be applied for the initial slot/sub-slot and the target slot/sub-slot as much as possible. Since for the initial slot/sub-slot, Alt.1 is preferred, we think the same logic can also be applied to the target slot/sub-slot, i.e., if SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource then it should not be deferred further. In other words, in a potential target slot/sub-slot, the deferral decision takes the UCI multiplexing into account. Here the potential target slot/sub-slot is selected from one slot/sub-slot to the next sub/sub-slot in principle, starting from the slot/sub-slot next to the initial slot/sub-slot, as agreed in RAN1#104-e meeting. But it may be subject to some limitation for the deferral timing, which will be discussed in the following section.
To be more specific, in the potential target slot/sub-slot, if only deferred SPS HARQ-ACK is required to be transmitted, SPS-PUCCH-AN-List-r16 or n1PUCCH-AN may be considered to determine the next available PUCCH based on the deferred SPS HARQ-ACK codebook size. Otherwise, if initial SPS HARQ-ACK and/or DG HARQ-ACK is also required to be transmitted in the potential target slot/sub-slot, then the initial SPS HARQ-ACK and/or DG HARQ-ACK as well as the deferred SPS HARQ-ACK should be considered together to determine the next available PUCCH. 
Besides, further UCI multiplexing with other UCI types, e.g. SR and/or CSI, should be considered as well, if applicable.
Proposal 5: In a potential target slot/sub-slot, the deferral decision takes the UCI multiplexing into account, and the same logic applied to the initial slot/sub-slot should be applied to the target slot/sub-slot.
For Q2, regarding the limitation for k1eff, there may be some options as follows.
· Deferral option 1: k1eff should not exceed the maximum K1 configured by high layer, and no other limitation exists, i.e., any k1eff that does not exceed the maximum K1 can be applied.
· Deferral option 2: k1eff should correspond to a candidate K1 in the K1 set configured by high layer.
An example is illustrated in Figure 1, where slot/sub-slot 8 is determined as the target slot/sub-slot based on the deferral option 1, and slot/sub-slot 9 is determined as the target slot/sub-slot based on the deferral option 2.


[bookmark: _Ref68632962]Figure 1. Target slot/sub-slot determined by option 1 and option 2 respectively
Proposal 6: It should be determined if there is any limitation for k1eff applied to deferred SPS HARQ-ACK, and regarding the limitation, following options could be considered:
· Option 1: k1eff should not exceed the maximum K1 configured by high layer.
· Option 2: k1eff should correspond to a candidate K1 in the K1 set configured by high layer.
If it is not expected to bring an impact on legacy Type-1 codebook construction, e.g., no k1eff not in the high-layer configured K1 set is expected, above Option 2 is preferred, but the deferral occasion may be limited compared to Option 1. Note when at least a k1eff not in the high-layer configured K1 set is introduced by the SPS HARQ-ACK deferral, how to handle corresponding deferred SPS HARQ-ACK based on Type-1 codebook will be discussed in the following section.
2.1.4. Issues about the codebook construction
When a next available PUCCH is determined, the deferred SPS HARQ-ACK can be included in an HARQ-ACK codebook, and conveyed on the PUCCH. Regarding how to construct the HARQ-ACK codebook containing the deferred SPS HARQ-ACK, several typical codebook types or cases are analyzed as follows.
Case 1: SPS HARQ-ACK only
When constructing a HARQ-ACK codebook which contains only SPS HARQ-ACK, the pseudo-code in Rel-16 can be reused with the modification that the cycling based on DL slots is extended to include those DL slots where SPS PDSCH(s) is located for which the corresponding HARQ-ACK feedback is deferred to the slot/sub-slot where the HARQ-ACK codebook is expected to be transmitted.
Case 2: Type-1 codebook
When constructing a Type-1 HARQ-ACK codebook, a K1 set should be assumed, for each candidate K1 in which the HARQ-ACK bits corresponding to occasions for candidate PDSCH receptions or SPS PDSCH releases will be included in the HARQ-ACK codebook. The assumption on the K1 set is highly dependent on the selected option for the limitation of k1eff, which is discussed before. If there is at least a k1eff not corresponding to a candidate K1 in the K1 set configured by high layer, two options can be considered as below for constructing the Type-1 HARQ-ACK codebook.
· Codebook option 1: The assumed K1 set for constructing the Type-1 codebook is extended based on the high-layer configured K1 set to ensure that each k1eff corresponds to a candidate K1 in the assumed K1 set.
· Codebook option 2: Some additional HARQ-ACK bits are appended to the HARQ-ACK bits resulting from executing the Type-1 codebook construction pseudo-code based on the high-layer configured K1 set to accommodate the deferred SPS HARQ-ACK, where the number of appended HARQ-ACK bits could be configured by high layer.
It should be discussed which option is adopted.
Case 3: Type-2 codebook
The HARQ-ACK bits corresponding to SPS PDSCH(s) in the tail of a Type-2 codebook should include the deferred SPS HARQ-ACK, and construction of these HARQ-ACK bits can follow the description for case 1.
Proposal 7: It should be discussed how to construct the HARQ-ACK codebook containing deferred SPS HARQ-ACK, and for Type-1 codebook the codebook construction is highly dependent on the determination of k1eff for deferred SPS HARQ-ACK.
2.2. Retransmission of cancelled HARQ-ACK
With respect to retransmission of cancelled HARQ-ACK, in RAN1#105-e meeting, one working assumption was made as follows.
 (
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
)
For Type-3 codebook, the interaction with two-level priority transmission was discussed several times but no corresponding agreement has achieved yet. In our opinion, it can be supported to include priority indication in a DCI format triggering Type-3 codebook, where the priority indication is used to indicate the priority for the PUCCH transmission conveying the triggered Type-3 codebook. Regarding the construction of Type-3 codebook, for a given configured serving cell, HARQ-ACK corresponding to all configured HARQ processes, irrespective of corresponding latest scheduled or configured priority for each HARQ process, should be multiplexed in a same Type-3 codebook, to maintain the semi-static codebook size and avoid DCI miss-detection issue. 
Proposal 8: Support including priority indication in a DCI format triggering Type-3 codebook, which is used to indicate the priority for the PUCCH transmission conveying the triggered Type-3 codebook.
Proposal 9: For a given configured serving cell, HARQ-ACK corresponding to all configured HARQ processes should be multiplexed in a Type-3 codebook, irrespective of corresponding latest scheduled or configured priority for each HARQ process.
Further enhancements should be considered to reduce or control the overhead for Type 3 codebook. For example, the enhanced Type-3 codebook can only include HARQ-ACK information corresponding to a subset of configured serving cells, and/or a subset of HARQ processes for each concerned serving cell, so the codebook size can be reduced.
During last several meetings there were many discussions about whether only one codebook size or multiple codebook sizes are assumed. Since the enhanced Type-3 codebook is designed as a method for retrieve cancelled HARQ-ACK, for which the involved serving cells and/or HARQ processes may be diverse in different scenarios, only one semi-statically configured codebook size does not make sense to fit different scenarios. On the contrary, enabling multiple codebook sizes can bring more flexibility to fit different scenarios, and one of them can be selected or indicated by the network through the triggering DCI as required. So the codebook size can be controlled flexibly by the network. 
Proposal 10: For enhanced Type-3 codebook, support multiple codebook sizes.
When a UE is configured with many serving cells, a list of states can be configured for the UE, and each state corresponds to a specific subset of serving cells. The Type-3 codebook triggering DCI can indicate a subset of serving cells by indicating an index for the corresponding state in the list. On the contrary, when a UE is configured with a few serving cells, e.g. only one or two serving cells, the concerned serving cell(s) for Type-3 codebook construction can be indicated directly in the DCI by corresponding bit(s), which will lead to more flexibility. 
Similar as the Type-3 codebook construction from serving cell perspective, when turning to the concerned HARQ processes, a list of states can be configured for the UE, and each state corresponds to a specific subset of HARQ process(es) per serving cell or per multiple serving cells. Due to dynamic occupation and sharing in the pool of HARQ processes, the scheme based on a list of states may not be very suitable, as the semi-static configured states may not match the desired HARQ-ACK information exactly. So when many serving cells are configured, HARQ-ACK for all configured HARQ process for each serving cell associated to the indicated state may be contained in the Type-3 codebook. But if only a few serving cells are configured, for each concerned serving cell, a subset of HARQ processes can be indicated directly in the Type-3 codebook triggering DCI when the indicating bits are enough, resulting in very flexible control of the codebook size.
In addition, Type-3 codebook can also be used to retrieve the dropped SPS HARQ-ACK due to collisions in TDD systems, where the load balance and/or latency are under gNB’s control. To reduce the codebook size, a feasible way is that gNB indicates the concerned SPS configuration(s), serving cells or even concerned occasion(s) or HARQ process(es) for one or multiple SPS configurations in a DCI format triggering a Type-3 codebook, where the indication can reuse or reinterpret unused field(s) or bit(s)in the DCI format that does not schedule any PDSCH reception. Then, UE can report corresponding SPS HARQ-ACK bit(s) accordingly. 
Proposal 11: For enhanced Type-3 codebook, support dynamic indication or selection for the codebook size.
For enhanced Type-2 codebook, it may be reused directly for dynamically scheduled PDSCH, with the clarification that PDSCH grouping is within each priority with maximum two PDSCH groups per priority. 
Proposal 12: Support the retransmission of cancelled HARQ-ACK by Type-2 codebook with clarification that PDSCH grouping is within each priority with maximum two PDSCH groups per priority.
2.3. PUCCH repetition enhancements
With respect to PUCCH repetition for PUCCH formats 0 and 2, the following agreement has been achieved during RAN1#104-e meeting with an FFS point, i.e., whether support it or not also for slot-based PUCCH repetition.
 (
Agreements
: Support 
PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
FFS: Support for slot-based PUCCH repetition
)
As suggested by the moderator, the progress on PUCCH repetition in M-TRP agenda has been checked as follows.
In RAN1#103-e meeting, the following agreements were achieved for multi-TRP PUCCH transmission schemes.
 (
Agreement
For multi-TRP PUCCH transmission schemes.  
Support multi-TRP inter-slot repetition (Scheme 1)
One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
FFS: Number of repetitions
Further study the support (one or both) of the following schemes
Multi-TRP intra-slot beam hopping (Scheme 2)
UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
FFS: More than 2 beam hopping instances per PUCCH resource.
Multi-TRP intra-slot repetition (Scheme 3)
One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 
Agreement
For multi-TRP PUCCH transmission schemes
,
For Scheme 1, at least PUCCH format 1/3/4 can be used. 
FFS: Support of PUCCH format 0/2 for Scheme 1 
FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).
)
In RAN1#104-e meeting, the following agreement was achieved for multi-TRP PUCCH scheme 1.
 (
Agreement
For M-TRP PUCCH scheme 1,
Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)
)
In our opinion, based on above agreements achieved in M-TRP agenda so far, slot based PUCCH repetition for PUCCH formats 0 and 2 has been supported already.
Observation 1: Slot based PUCCH repetition for PUCCH formats 0 and 2 has been supported in M-TRP agenda.
So we think these agreements can be followed in Rel-17 URLLC as well, and no further discussion on it is needed.
In addition, the issue whether or not sub-slot based PUCCH repetition is supported for other UCI types, such as SR and/or CSI, has been discussed during RAN1#104-e meeting, but no consensus was reached at the end.
From our respective, the rules for slot based PUCCH repetition should be reused as much as possible for sub-slot based PUCCH repetition, to avoid unnecessary discussions and benefit more scenarios. Therefore, sub-slot based PUCCH repetition can also be supported for other UCI types, including SR and CSI, and the priority order for prioritization of PUCCH repetition collision can also be reused.
Proposal 13: Support sub-slot based PUCCH repetition also for other UCI types, including SR and CSI.
2.4. PUCCH carrier switching for HARQ-ACK
For PUCCH carrier switching, during RAN1#104b-e meeting, 4 alternatives were identified, i.e. Alt.1, Alt.1A, Alt.2B and Alt.2C, which are summarized as follows. 
 (
Alt. 1- PUCCH carrier switching is based dynamic indication in DCI
Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)
Alt. 2B - PUCCH cell switching is based on certain (semi-static) rules
 
Alt. 2C - PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
)
During RAN1#105-e meeting, the following agreement has been achieved, which means that Alt. 1 and Alt. 2C are supported, and other alternatives are excluded.
 (
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
)
As pointed out by the moderator, the operations of Alt. 1 only and Alt. 3 only should be focused on first. After more details about these operations are clear, the interaction between these two schemes, as well as the interaction with SPS HARQ-ACK deferral, can be studied.
· Alt. 1 only
For Alt. 1 only, at least following questions/issues need to be discussed.
Q1: How to indicate the target PUCCH cell in the DCI?
This question was discussed during RAN1#105-e meeting, given that a great majority of companies support to include a new DCI field for the carrier switching indication for simplicity, we are fine with this option.
Proposal 14: For PUCCH carrier switching Alt. 1, support including a new field in DL scheduling DCI to indicate the target PUCCH cell.
Q2: How to multiplex the HARQ-ACK without associated DCI (i.e. SPS HARQ-ACK) and/or HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field on the target PUCCH cell?
For this question, the target PUCCH cell may be indicated or determined by some DG HARQ-ACK corresponding to non-fallback DCI format (i.e. with the PUCCH cell indication field) when they are multiplexed into the same HARQ-ACK codebook. For example, when SPS HARQ-ACK does not overlap with DG HARQ-ACK corresponding to non-fallback DCI format, it may be transmitted on one fixed PUCCH cell e.g. PCell/PSCell/PUCCH SCell, which is discussed in Q3; Otherwise the SPS HARQ-ACK may be multiplexed with the DG HARQ-ACK, then transmitted on the target PUCCH cell indicated for the DG HARQ-ACK. As shown in Figure 2, here the overlapping can be that the slot/sub-slot on PUCCH cell 1 where the SPS HARQ-ACK would be transmitted is overlapped with the slot/sub-slot on PUCCH cell 2 where the DG HARQ-ACK is designated to be transmitted. The PUCCH cell 1 and the PUCCH cell 2 may be different and the overlapped slot/sub-slot indexes on PUCCH cell 1 and PUCCH cell 2 may also be different if these two PUCCH cells use different numerologies.


[bookmark: _Ref79094514]Figure 2. Multiplexing between DG HARQ-ACK corresponding to non-fallback DCI format and SPS HARQ-ACK, as well as that between two SPS HARQ-ACKs
Proposal 15: For PUCCH carrier switching Alt. 1, SPS HARQ-ACK may be multiplexed with DG HARQ-ACK corresponding to non-fallback DCI format due to overlapping, then transmitted on the target PUCCH cell indicated for the DG HARQ-ACK.
Q3: Which PUCCH cell is used/chosen to convey semi-static UCI(s), e.g. SPS HARQ-ACK, SR and CSI?
For SPS HARQ-ACK, it may be transmitted on the target PUCCH cell indicated by the activation/release DCI. Alternatively, it may be always transmitted on the PCell/PSCell/PUCCH SCell. When it is overlapped with DG HARQ-ACK, multiplexing may be performed as described in Q2. If different SPS HARQ-ACKs corresponding to different SPS configurations are allowed to be transmitted on different PUCCH cells, multiplexing between them due to overlapping can be performed, as illustrated in Figure 2.
For SR, a SR configuration may be associated to zero, one or more SR resource configurations, each of which is configured on a UL BWP of a respective PUCCH cell. When this SR configuration is triggered, PUCCH resource(s) of the associated SR resource configuration(s) on corresponding PUCCH cell(s) will be used.
For CSI, a CSI report configuration for periodic or semi-persistent CSI reporting on PUCCH may be configured on a PUCCH cell, and CSI reporting for the CSI report configuration will be performed on the PUCCH cell.
If in a PUCCH cell group there can be more than one PUCCH cell, SPS HARQ-ACK, SR or CSI may be configured or indicated to be transmitted on same or different PUCCH cell(s).
Proposal 16: For PUCCH carrier switching Alt. 1, SPS HARQ-ACK, SR or CSI may be configured or indicated to be transmitted on same or different PUCCH cell(s).
Q4: How to perform multiplexing/prioritization between same and/or different UCI types, if at least one UCI is transmitted on a different PUCCH cell than others? 
Generally speaking, multiplexing/prioritization mechanism(s) in Rel-15/16 can be extended so that overlapping UCIs can be multiplexed or prioritized by reusing legacy rules, where each of the overlapping UCIs may come from different PUCCH cells. For example, as long as the overlapped UCIs include the dynamic UCI, i.e., HARQ-ACK for PDSCH scheduled by a DCI, then the target PUCCH cell for UCI multiplexing is determined by the PUCCH cell on which the dynamic UCI is designated to be transmitted.
· Alt. 2C only
For Alt. 2C only, at least following questions need to be answered.
Q1: How to configure the time domain pattern? 
· Is it configured commonly for a PUCCH cell group or individually for each PUCCH cell? 
· How many active PUCCH cell(s) is/are expected at a given time? 
· What is the granularity for the time domain pattern, including choice among slot, sub-slot and symbol, and applied SCS/numerology? And should it be jointly considered/configured with TDD pattern configuration(s)? 
Regarding the time domain pattern, a simple way is to configure it commonly for a PUCCH cell group, since it is mainly used to indicate which PUCCH cell(s) is/are active during each predefined period, and the centralized configuration is generally more controllable and straightforward. To simplify the semi-static switching, only an active PUCCH cell is expected at a given time.
With respect to the applied SCS/numerology for the time domain pattern, a reference SCS/numerology can be configured, similar as that for the TDD UL/DL configuration. The UE may expect that the reference SCS/numerology  is smaller than or equal to a SCS/numerology  for any configured UL BWP for any PUCCH cell in the PUCCH cell group. Then, the configuration granularity can be a UL slot of the reference SCS/numerology.
When considering interaction with TDD UL/DL configuration, the length of the time domain pattern may be equal to, or integer multiple of the length of TDD UL/DL configuration.
Proposal 17: For PUCCH carrier switching Alt. 2C, the time domain pattern is configured commonly for a PUCCH cell group, and only an active PUCCH cell is expected at a given time.
Proposal 18: For PUCCH carrier switching Alt. 2C, support the followings:
· A reference SCS/numerology for the time domain pattern is configured by RRC.
· The reference SCS/numerology is smaller than or equal to a SCS/numerology  for any configured UL BWP for any PUCCH cell in the PUCCH cell group.
· The granularity for the time domain pattern is a UL slot determined by the reference SCS/numerology.
Q2: How to configure the K1 set? Is it configured commonly for a PUCCH cell group or individually for each PUCCH cell? What is the SCS/numerology applied for the K1 set? 
Each PUCCH cell may have respective TDD UL/DL configuration, so it may be beneficial to configure the K1 set individually for each PUCCH cell, and the SCS/numerology of the PUCCH cell is applied to the K1 set. This can also be applied to Alt. 1 naturally.
Proposal 19: For PUCCH carrier switching, support configuring the K1 set individually for each PUCCH cell, for which the SCS/numerology of the PUCCH cell is applied.
For PUCCH carrier switching Alt. 2C, there may be ambiguity at UE side about which PUCCH cell is used to report HARQ-ACK when there is no explicit indication for the target PUCCH cell in the scheduling DCI. Some examples are illustrated in Figure 3, Figure 4 and Figure 5 respectively.


[bookmark: _Ref78986315]Figure 3. Ambiguity about PUCCH cell used to report HARQ-ACK (Same K1 set, mixed numerologies)


[bookmark: _Ref78986316]Figure 4. Ambiguity about PUCCH cell used to report HARQ-ACK (Different K1 sets, same numerology)


[bookmark: _Ref78986317]Figure 5. Ambiguity about PUCCH cell used to report HARQ-ACK (Different K1 sets, mixed numerologies)
To avoid or resolve the ambiguity, an explicit indication for the target PUCCH cell may be introduced in the DL scheduling DCI. Then, the indicated target PUCCH cell is expected to be comply with the time domain pattern. But this means Alt.2C cannot work in standalone. 
Alternatively, some predefined rule(s) may be introduced to select one PUCCH cell from the multiple PUCCH cells which are active based on the K1 index indicated in the DL scheduling DCI. For example, the PUCCH cell with smallest feedback delay can be chosen to report HARQ-ACK. 
Q3: Is PUCCH carrier switching with Alt. 2C also supported for SR and/or CSI?
One of the main benefits for Alt.2C is it can support the semi-static UCI i.e., SR and/or CSI. Especially for SR, timely SR transmission is important to ensure the delay performance for UL traffic. For SR or CSI, the network can configure respective PUCCH resources on each of all or a subset of PUCCH cells in the PUCCH cell group. When a PUCCH cell becomes active based on the time domain pattern, the configured PUCCH resources on it can be activated at the same time.
Proposal 20: Support PUCCH carrier switching Alt. 2C at least for SR, as well as HARQ-ACK.
3. Conclusion
In this contribution, some questions and potential solutions for identified issues on HARQ-ACK enhancements for URLLC Rel-17 have been discussed, and the proposals and observations made are summarized as below:
Proposal 1: The SPS HARQ-ACK deferral is configured per SPS configuration.
Proposal 2: For the conditions for SPS HARQ-ACK deferral from/within the initial slot/sub-slot, support Alt.1, i.e., if SPS HARQ-ACK is multiplexed with any other UCI/dynamic PUCCH resource then it cannot be deferred.
Proposal 3: multi-CSI-PUCCH-ResourceList, as well as pucch-CSI-ResourceList, is supported as candidate PUCCH resource(s) when performing SPS HARQ-ACK multiplexing with CSI.
Proposal 4: The PUCCH resource(s) for the deferred SPS HARQ-ACK should re-use the PUCCH resource(s) for HARQ-ACK corresponding to DL dynamic scheduling configured in one or more PUCCH resource sets and the PUCCH resource(s) configured for SR and/or CSI, subject to UCI multiplexing between SPS HARQ-ACK and other UCI(s), as well as the PUCCH resource(s) configured for SPS HARQ-ACK transmissions in Rel-15/16.
Proposal 5: In a potential target slot/sub-slot, the deferral decision takes the UCI multiplexing into account, and the same logic applied to the initial slot/sub-slot should be applied to the target slot/sub-slot.
Proposal 6: It should be determined if there is any limitation for k1eff applied to deferred SPS HARQ-ACK, and regarding the limitation, following options could be considered:
· Option 1: k1eff should not exceed the maximum K1 configured by high layer.
· Option 2: k1eff should correspond to a candidate K1 in the K1 set configured by high layer.
Proposal 7: It should be discussed how to construct the HARQ-ACK codebook containing deferred SPS HARQ-ACK, and for Type-1 codebook the codebook construction is highly dependent on the determination of k1eff for deferred SPS HARQ-ACK.
Proposal 8: Support including priority indication in a DCI format triggering Type-3 codebook, which is used to indicate the priority for the PUCCH transmission conveying the triggered Type-3 codebook.
Proposal 9: For a given configured serving cell, HARQ-ACK corresponding to all configured HARQ processes should be multiplexed in a Type-3 codebook, irrespective of corresponding latest scheduled or configured priority for each HARQ process.
Proposal 10: For enhanced Type-3 codebook, support multiple codebook sizes.
Proposal 11: For enhanced Type-3 codebook, support dynamic indication or selection for the codebook size.
Proposal 12: Support the retransmission of cancelled HARQ-ACK by Type-2 codebook with clarification that PDSCH grouping is within each priority with maximum two PDSCH groups per priority.
Observation 1: Slot based PUCCH repetition for PUCCH formats 0 and 2 has been supported in M-TRP agenda.
Proposal 13: Support sub-slot based PUCCH repetition also for other UCI types, including SR and CSI.
Proposal 14: For PUCCH carrier switching Alt. 1, support including a new field in DL scheduling DCI to indicate the target PUCCH cell.
Proposal 15: For PUCCH carrier switching Alt. 1, SPS HARQ-ACK may be multiplexed with DG HARQ-ACK corresponding to non-fallback DCI format due to overlapping, then transmitted on the target PUCCH cell indicated for the DG HARQ-ACK.
Proposal 16: For PUCCH carrier switching Alt. 1, SPS HARQ-ACK, SR or CSI may be configured or indicated to be transmitted on same or different PUCCH cell(s).
Proposal 17: For PUCCH carrier switching Alt. 2C, the time domain pattern is configured commonly for a PUCCH cell group, and only an active PUCCH cell is expected at a given time.
Proposal 18: For PUCCH carrier switching Alt. 2C, support the followings:
· A reference SCS/numerology for the time domain pattern is configured by RRC.
· The reference SCS/numerology is smaller than or equal to a SCS/numerology  for any configured UL BWP for any PUCCH cell in the PUCCH cell group.
· The granularity for the time domain pattern is a UL slot determined by the reference SCS/numerology.
Proposal 19: For PUCCH carrier switching, support configuring the K1 set individually for each PUCCH cell, for which the SCS/numerology of the PUCCH cell is applied.
Proposal 20: Support PUCCH carrier switching Alt. 2C at least for SR, as well as HARQ-ACK.
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