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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#104-e meeting, the following agreements have been achieved on HARQ-ACK enhancements for Rel-17 URLLC.
For SPS HARQ-ACK deferral:
 (
Agreements:
Support 
deferring 
SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17
 b
ased on semi-static configuration of slot format
FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
Aim for minimal standardization efforts and UE complexity in implementation
)
 (
Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
Option 1: 
Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
Note: part of 
sps
-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral
)
 (
Agreements
: 
For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by 
k1
 in the activation DCI to the target slot/sub-slot determined by 
k1
+
 k1
def
, the UE will check the validity 
(TBD)
 of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle 
k1
def
 granularity is 1 slot/sub-slot)
FFS: if there is a limit on the minimum deferral considered the required UE processing (
k1
def
 
≥0
 
>1
)  
FFS: if there is a limit on the maximum deferral 
given in terms of
 
e.g. 
k1
def
 <=X or 
k1+k1
def
 <=X
)
[bookmark: _GoBack] (
Agreement
: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
)
 (
Agreement
: Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.
)
For PUCCH repetition:
 (
Agreements
: Support s
ub-slot based PUCCH repetition for HARQ-ACK based on 
the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
FFS whether or not there is any restriction for the applicability of s
ub-slot based PUCCH repetition for HARQ-ACK
Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
FFS: if the method to be specified in 
Cov
. 
Enh
 WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed
)
 (
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
)
For PUCCH carrier switching:
 (
Agreements
: 
For further study on
 
whether and how to support
 
PUCCH carrier switching
 
in a PUCCH group
, focus on the following three alternatives:
Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
Alt. 2B: PUCCH carrier 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
Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a 
Pcell
/
PScell
 or an 
Scell
 in a PUCCH group, can be sent on a PUCCH on
 
an 
Scell
 
also instead of
 
only on
 
Pcell
/
PScell
/PUCCH-
SCell
 
in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a 
Pcell
/
PScell
 or an 
Scell
 in a PUCCH group can only be sent on 
Pcell
/
PScell
/PUCCH-
SCell
 in the same PUCCH group.
Note: Realistic deployment scenarios including TDD configurations should be considered for the study
)
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. HARQ-ACK feedback for downlink SPS
In Rel-16 URLLC, a UE may be configured with multiple downlink SPS configurations for a serving cell, compared to at most one configuration for a cell group in NR Rel-15. In addition, a downlink SPS configuration can have a shorter periodicity down to a single slot to reduce latency, in contrast to the minimum periodicity of 10ms for NR Rel-15. 
In this section, we will provide our views and more details about SPS HARQ-ACK.
2.1.1. Avoiding SPS HARQ-ACK dropping for TDD
In RAN1#103-e meeting, the following agreement has been achieved to deal with the SPS HARQ-ACK dropping for TDD systems with focus on two options, i.e. option 1 deferring HARQ-ACK and option 2 triggering type-3 codebook.
 (
Agreements
: 
To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options
: 
Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
FFS: Details including the definition of a next (
e.g
, first) available PUCCH, CB construction / multiplexing 
Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 
)
In RAN1#104-e meeting, the option 1 deferring HARQ-ACK has been agreed to be supported, while the option 2 triggering type-3 codebook was jointly discussed in the discussion on retransmission of cancelled HARQ-ACK.
 (
Agreements:
Support 
deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
Aim for minimal standardization efforts and UE complexity in implementation
)
In the following, some details for these two options will be discussed firstly, followed by discussion on combination of them.
· Discussion on deferring HARQ-ACK until a next available PUCCH
For deferring HARQ-ACK, we will discuss the details for the following aspects:
Aspect 1: How to configure the deferral?
Aspect 2: How to determine if a 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?
· Aspect 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 necessary.
Proposal 1: The SPS HARQ-ACK deferral is configured per SPS configuration.
· Aspect 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 during RAN1#104-e meeting, but no agreement has been achieved. So far there are at least three or four alternatives, which were 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. 
Alt. 3 - Defer if there is no available symbol for an UL transmission in the initial slot/sub-slot
No change to UCI multiplexing in the initial slot
Rather conservative approach (less deferral than maybe needed) – but very reliable (i.e. missed DCI does not matter) 
)
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. Alt.2 needs some new rules introduced for performing “intra-slot” deferral, as well as newly configured resource(s) if necessary. Alt.3 may result in unnecessary SPS HARQ-ACK dropping due to that there is available symbol(s) for an UL transmission in the initial slot/sub-slot, however the target PUCCH resource to convey the SPS HARQ-ACK is not available due to collision(s).
As some companies raised, Alt.1 may be subject to DCI mis-detection issue, i.e. a missed DCI scheduling PDSCH may cause ambiguity between UE and gNB whether the SPS HARQ-ACK is deferred or not considering the multiplexing with DG HARQ-ACK corresponding to the missed DCI. We think the DCI mis-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.
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.
Besides, 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.
· Aspect 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: How to define an available PUCCH resource considering the interaction with the slot format(s)?
Q3: Is there any limitations about the deferring timing based on which to determine the PUCCH resource? If any, what are the limitations?
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.
Sub-pool 1 combined with Sub-pool 2 should be sufficient from our respective. When introducing Sub-pool 3 additionally, extra overhead and complexity will be added, which are not desirable.
[bookmark: _Hlk60850627]Proposal 3: 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 limitations 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, 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. If no DG HARQ-ACK is involved in the potential target slot/sub-slot, then only SPS-PUCCH-AN-List-r16 or n1PUCCH-AN may be used, otherwise PUCCH-ResourceSet will be used based on all HARQ-ACK required to be transmitted in the potential target slot/sub-slot, and a PUCCH resource will be chosen from a PUCCH-ResourceSet based on the PRI in the last DCI pointing to the potential target slot/sub-slot, at the same time it can be determined that the potential target slot/sub-slot is exactly the target slot/sub-slot, and no further deferral is desired.
Besides, further UCI multiplexing with other UCI types, e.g. SR and/or CSI, should be considered as well, if applicable.
Proposal 4: In a potential target slot/sub-slot, the deferral decision takes the UCI multiplexing into account, and the same logic is applied to the initial slot/sub-slot and the target slot/sub-slot.
For Q2, regarding the set of symbols occupied by an available PUCCH resource in the target slot, there are some options as follows.
· TD option 1: Based only on RRC configurations, including TDD pattern(s), SSB configuration etc. So an available PUCCH resource can be determined in a semi-static manner. Regarding the TDD pattern(s), two sub-options could be identified further as follows.
· TD option 1-1: Only semi-static UL symbol(s) can be used for an available PUCCH resource in time domain.
· [bookmark: _Hlk61863890]TD option 1-2: Both semi-static UL symbol(s) and semi-static flexible symbol(s) can be used for an available PUCCH resource in time domain.
· TD option 2: Based on both RRC configurations and L1 signalling. The L1 signalling may include DCI format 2_0 (e.g., dynamic SFI) indications and/or scheduling DCIs. The determination of an available PUCCH resource can re-use the rules defined in Rel-15/16. 
The TD option 2 may cause ambiguity between UE and gNB due to DCI miss-detection issue. In addition, it allows the UE to further defer the HARQ-ACK transmission once some or all semi-static flexible symbols occupied by the identified PUCCH resource are further updated as dynamic DL or dynamic flexible by DCI format 2_0, which makes the HARQ-ACK deferring for SPS PDSCH more complex and causes the error propagation. In contrast, there is no such ambiguity and complexity for TD option 1.
For TD option 1-1, actual transmission corresponding to the determined available PUCCH resource can be guaranteed, while large latency for HARQ-ACK feedback may be introduced depending on the configured TDD pattern(s). In addition, there can be cases that some semi-static flexible symbols are before the semi-static UL symbols used as available PUCCH resource for the deferred HARQ-ACK, and the semi-static flexible symbols are used as the PUCCH carrying the HARQ-ACK feedback for dynamically scheduled PDSCH(s). The dynamically scheduled PDSCH(s) start(s) later than the SPS PDSCH(s) for which the corresponding HARQ-ACK transmission(s) is deferred. Such case should be clarified whether it is regarded as out-of-order or not. In NR-U Rel-16, there is similar discussion and it is concluded that the out-of-order issue only considers initially assigned HARQ-ACK opportunity. This conclusion should also be applied to deferred SPS HARQ-ACK.
For TD option 1-2, there is no additional latency, but the transmission corresponding to the determined available PUCCH resource may not be guaranteed due to one or more semi-static flexible symbols are dynamically indicated as DL/flexible, resulting in further SPS HARQ-ACK dropping. However, this further SPS HARQ-ACK dropping is controlled and decided by gNB. Once it is further dropped, no more deferral should be applied.  
Proposal 5: It should be clarified that the case is NOT regarded as out-of-order where the HARQ-ACK feedback corresponding to dynamically scheduled PDSCH(s) starting later than the SPS PDSCH(s) is transmitted before the determined available PUCCH resource conveying the deferred SPS HARQ-ACK. 
In our opinion, the above TD option 1-2 is slightly preferred, due to no ambiguity, less complexity and potentially shorter latency. In addition, for the initial slot/sub-slot, similar issue was extensively discussed during RAN1#104-e meeting, and the following agreement was achieved.
 (
Agreement
: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
)
As mentioned before, it is desirable to apply the same/similar rules to the same/similar issues as much as possible. So, the TD option 1-2 is also preferred from this point of view.
Proposal 6: To determine an available PUCCH resource for conveying the deferred SPS HARQ-ACK, consider only the RRC configurations, and both semi-static UL symbol(s) and semi-static flexible symbol(s) can be used for the available PUCCH resource. 
For Q3, the slot or sub-slot where the determined PUCCH resource conveying the deferred SPS HARQ-ACK is located may be expected not to be too late, otherwise, infinite deferral may happen at least from the specification perspective, which is unreasonable. Therefore, some limitation on the maximum deferral in time domain should be introduced. 
 (
k1
 is the slot/sub-slot offset for the SPS HARQ as given by the SPS activation DCI (based on the current understanding what ‘k1’ is)
k1
def
 is the slot/sub-slot offset of the deferral (i.e. slot offset between the initial, dropped PUCCH / HARQ and the slot of the deferred PUCCH / HARQ transmission)
k1
eff
 is the effective PDSCH to HARQ-ACK feedback offset (in slots/sub-slots) for the deferred HARQ, i.e. 
k1
eff
=k1+ k1
def
 
)
Base on above definitions for SPS HARQ-ACK feedback timing as suggested by the moderator, we think the limitation introduced when required should be applied to k1eff other than k1def, because k1eff is more directly related to the latency for data transmission, as well as having a direct impact on HARQ-ACK codebook construction when type-1 codebook is configured.
Proposal 7: The limitation on the maximum deferral in time domain, when required, shall be applied to k1eff which is the effective PDSCH to HARQ-ACK feedback offset for the deferred SPS HARQ-ACK. 
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 8: 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.
· Aspect 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 identified as below.
· 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 9: 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.
· Discussion on dynamic triggering of a Type-3 CB type of re-transmission
For dynamic triggering type-3 codebook, gNB can trigger UE to report deterred SPS HARQ-ACK in a type-3 codebook as required, and 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) and the DCI format does not schedule any PDSCH reception. Then UE will report corresponding SPS HARQ-ACK bit(s) accordingly. Further discussion about retransmission of cancelled HARQ-ACK can be found in section 2.2.
[bookmark: OLE_LINK6]Proposal 10: It should be discussed to control or reduce the codebook size when a type-3 codebook is triggered to retrieve deferred SPS HARQ-ACK.
· Combination between two options
With respect to the two options discussed above to address the issue of SPS HARQ-ACK dropping for TDD systems, we think both options should be supported since they complement each other. For example, the SPS HARQ-ACK collided with TDD pattern(s) may be deferred implicitly using option 1. If no available PUCCH resource can be found in the end, it is up to gNB to decide if a type-3 codebook should be triggered to retrieve the SPS HARQ-ACK at appropriate time as required, i.e. option 2 is applied subsequently as complementary. In addition, option 2 can also be used to recover the dropped HARQ-ACK due to intra- or inter-UE prioritization as discussed in section 2.2.
Proposal 11: The two options to address the issue of SPS HARQ-ACK dropping for TDD systems can complement each other, and both should be supported.
2.1.2. SPS HARQ-ACK skipping & payload size reduction
In RAN1#103-e meeting, the following agreement has been achieved to deal with SPS HARQ-ACK skipping for skipped SPS PDSCH.
 (
Agreements
: 
For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …
)
In RAN1#103-e meeting, the following agreement has been achieved to deal with SPS HARQ-ACK payload size reduction and /or skipping for non-skipped SPS PDSCH.
 (
Agreements
: 
For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
ACK skipping (NACK-only) (Alt. 1)
FFS: Details
NACK skipping (ACK-only) (Alt. 2)
FFS: Details
HARQ bundling / compression (Alt. 3)
FFS: Details including HARQ bundling / compression window, bundling / compression technique
HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
The skipping / disabling is higher-layer configured per SPS configuration
FFS: HARQ-ACK skipping behaviour for Type 1 CB
)
In RAN1#104-e meeting, the down-selected methods to deal with SPS HARQ-ACK skipping for skipped SPS PDSCH, and those to deal with SPS HARQ-ACK payload size reduction and /or skipping for non-skipped SPS PDSCH were discussed together, as suggested by the moderator due to NACK skipping involved in both issues. So there were five methods in total for discussion as below. But in the end of RAN1#104-e meeting, there was no consensus to support any of them.
 (
‘NACK skipping’ for SPS PDSCH, based on the following operation:
A PUCCH transmission is skipped by the UE if the PUCCH is only carrying SPS PDSCH NACK(s) associated with SPS PDSCH configurations configured for NACK skipping
FFS: Additional details including e.g. RRC configuration details, potential additional restrictions, …
Note: ‘NACK skipping’ assumes inherently no identification of a skipped SPS PDSCH by the UE
Note: This does not preclude the support of additional methods to support HARQ-ACK skipping / payload size reduction for skipped or non-skipped SPS PDSCH
Dynamic indication of skipped SPS PDSCH occasions 
FFS: details including dynamic indication methods such as e.g. common/UE-specific DCI, MAC CE, specific DM-RS instead of SPS DM-RS
‘ACK skipping’ for SPS PDSCH, based on the following operation:
A PUCCH transmission is skipped by the UE if the PUCCH is only carrying SPS PDSCH ACK(s) associated with SPS PDSCH configurations configured for ‘ACK skipping’
FFS: Additional details including e.g. RRC configuration details, potential additional restrictions, …
HARQ bundling / compression 
FFS: Details including HARQ bundling / compression window, bundling / compression technique
HARQ-ACK disabling /skipping for certain SPS configurations 
The skipping / disabling is higher layer configured per SPS configuration
FFS: HARQ-ACK skipping 
behavior
 for Type 1 CB
)
For NACK skipping, we think it should mainly focus on HARQ-ACK codebooks containing the HARQ-ACK only for SPS PDSCHs to avoid ambiguity between the gNB and UE and reduce the standardization complexity.
Proposal 12: NACK skipping for SPS PDSCH should mainly focus on the case of HARQ-ACK codebooks containing only SPS HARQ-ACK.
When NACK skipping is applied, there is no need to distinguish skipped SPS PDSCH from non-skipped SPS PDSCH at UE side, thus little complexity is required for UE.
For dynamic indication of skipped SPS PDSCH occasions, obviously additional signaling overhead is introduced, which may reduce the benefit for SPS scheduling and there is no point of consuming the DL overhead to save UL overhead with additional spec efforts.
For ACK skipping, the motivation to support it can also be extended to dynamic scheduled PDSCH, thus it is not specific to SPS PDSCH. In addition, the “DTX-to-ACK” error would degrade the reliability performance, which may be undesirable for URLLC services.
For HARQ-ACK bundling, it is mainly targeted to the scenario where several SPS configurations are configured for an urgent URLLC service with jitter, and these SPS configurations should cover the jitter. HARQ-ACK bundling may be useful for feedback payload size reduction, but a simple solution is preferred, e.g., bundling among several SPS occasions configured for a packet arriving with potential jitter.
For HARQ-ACK disabling / skipping, it is mainly targeted to those services for which the PDB values are too small to allow retransmissions, so only one-shot transmissions are expected. Then the HARQ-ACK feedback may be unmeaningful, thus can be disabled or skipped.
Based on above analysis, NACK skipping should be supported. In addition, HARQ-ACK bundling and HARQ-ACK disabling / skipping can also be considered for specific scenario(s).
Proposal 13: At least support NACK skipping, which can be applied for both skipped SPS PDSCH and non-skipped SPS PDSCH without explicit identification.
Proposal 14: HARQ-ACK bundling and HARQ-ACK disabling / skipping can also be considered for specific scenario(s).
When gNB configures one or more SPS configurations for a newly initiated service, NACK skipping, as well as other supported method(s) if any, could be configured based on relevant properties and requirements of the service, that is, gNB could configure NACK skipping or related method(s) for one or a group of SPS configurations as required.
Proposal 15: NACK skipping or related method(s) can be configured for one or a group of SPS configurations.
2.2. Retransmission of cancelled HARQ-ACK
With respect to retransmission of cancelled HARQ-ACK, during RAN1#103-e meeting potential methods were discussed but there was no consensus.
For low priority HARQ-ACK, it may be dropped during intra-UE prioritization when colliding with high priority HARQ-ACK, as well as in other cases such as inter-UE uplink cancellation when the HARQ-ACK is multiplexed in the ‘cancelled’ PUSCH and SPS HARQ-ACK dropping in TDD systems. In our opinion, transmission performance of low priority HARQ-ACK should also be guaranteed as far as possible, since PDSCH performance of eMBB traffic should not be neglected. At the same time, same methods can be introduced or enhanced for recovering the dropped or cancelled low priority and high priority HARQ-ACK, resulting in no or minimum standardization efforts.
Proposal 16: Unified method(s) is supported for retransmission of cancelled HARQ-ACK for low priority and high priority.
For retransmission of cancelled HARQ-ACK, HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 can be a starting point, i.e. enhanced type-2 codebook and type-3 codebook , and it was already agreed to support them also for licensed band operation in Rel-16. From our respective, these mechanisms can deal with retransmission of cancelled HARQ-ACK sufficiently, and there is no need to introduce additional ones which will bring unnecessary complexity. 
Proposal 17: HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 are considered as a starting point, and there is no need to introduce additional ones.
For type-3 codebook, it should be clarified whether HARQ-ACK corresponding to all configured HARQ processes, irrespective of corresponding latest scheduled priorities, can be multiplexed in a same type-3 codebook. One drawback of type-3 codebook is the huge overhead, especially when a UE is configured with multiple serving cells and each with a number of HARQ processes, so further enhancements may be required to reduce or control the overhead. In section 2.1.1 a potential enhancement is provided for triggering desired SPS HARQ-ACK for one or more concerned SPS configuration(s) by a one-shot triggering DCI without scheduled PDSCH reception. A more general way is that the one-shot triggering DCI indicates a subset of configured serving cells, and/or a subset of HARQ processes for each concerned serving cell, and UE only includes corresponding HARQ-ACK bit(s) when construct the one-shot codebook, so the codebook size can be controlled flexibly as required without any unconcerned HARQ-ACK bit(s).
For enhanced type-2 codebook, it may be reused directly for dynamically scheduled PDSCH, with the understanding to be clarified that PDSCH grouping is within each priority with maximum two PDSCH groups per priority. 
Proposal 18: Type-3 codebook and/or enhanced type-2 codebook can be clarified and enhanced further as required.
Since type-3 codebook can be used for more cases, including retrieving deferred or cancelled SPS HARQ-ACK, clarifications and potential enhancements can be prioritized for it over enhanced type-2 codebook.
Proposal 19: Type-3 codebook is prioritized for clarifications and potential enhancements.
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 20: Support sub-slot based PUCCH repetition also for other UCI types, including SR and CSI.
2.4. PUCCH carrier switching for HARQ-ACK
In RAN1#103-e meeting, the following agreement has been achieved to clarify the set of serving cells considered for PUCCH carrier switching for HARQ-ACK.
 (
Agreements:
 
In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
)
In RAN1#104-e meeting, the following agreement has been achieved to list the identified alternatives for further study.
 (
Agreements
: 
For further study on
 
whether and how to support
 
PUCCH carrier switching
 
in a PUCCH group
, focus on the following three alternatives:
Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
Alt. 2B: PUCCH carrier 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
Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a 
Pcell
/
PScell
 or an 
Scell
 in a PUCCH group, can be sent on a PUCCH on
 
an 
Scell
 
also instead of
 
only on
 
Pcell
/
PScell
/PUCCH-
SCell
 
in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a 
Pcell
/
PScell
 or an 
Scell
 in a PUCCH group can only be sent on 
Pcell
/
PScell
/PUCCH-
SCell
 in the same PUCCH group.
Note: Realistic deployment scenarios including TDD configurations should be considered for the study
)
With respect to PUCCH carrier switching for HARQ-ACK, it was claimed that some benefits can be achieved by switching PUCCH carrier carrying HARQ-ACK in the scenarios, where different serving cells for a same UE are operated on TDD carriers with different TDD patterns, so that as many as possible UL opportunities can be found across these serving cells in time domain. It is noted that these serving cells should operate on different frequency bands.
From our perspective, regarding configuring a UE with CA operated on multiple inter-band TDD carriers with different TDD patterns to achieve the FDD effect e.g. having one DL to one UL mapping, there is no practical deployment scenarios. For another case when the configured carriers include at least an FDD carrier or a TDD carrier with a little bit balanced DL-UL configuration, the FDD carrier or the TDD carrier with balanced DL-UL configuration can certainly be configured as the PUCCH carrier semi-statically.
[bookmark: _Ref54383562]Observation 2: No or rare practical deployment scenarios can be identified for PUCCH carrier switching.
Even if the above scenarios, i.e. inter-band TDD cells with different TDD patterns, exist or could be found, there is another way to achieved the same benefit of latency reduction, which is illustrated in Figure 2 from [2].
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[bookmark: _Ref68113058]Figure 2. Multiplexing HARQ-ACK from an invalid PUCCH on PUSCH on SCell [2]
Based on the following agreement achieved in RAN1#104-e meeting, the way illustrated in Figure 2 is already allowed, resulting in no spec efforts.
 (
Agreement
To address collision with semi-static DL symbols and SSB, the following easy way is suggested:
Step1: Perform intra UE prioritization (including multiplexing, overriding) according to related working assumption in 102 e-meeting and produce final PUCCHs/PUSCHs.
Step 2: Final PUCCHs/PUSCHs is cancelled by semi-static DL symbols and SSB symbols.
)
Compared to PUCCH carrier switching, the way illustrated in Figure 2 has several advantages obviously:
· Flexibility. The PUSCH on SCell can be scheduled dynamically and flexibly in terms of occupied symbol(s), PRB(s) and serving cell, etc. With respect to PUCCH carrier switching, even when Alt. 1 based on dynamic indication is adopted, a lot of PUCCH resources related parameters are still configured based on semi-static RRC signaling, thus reducing the flexibility.
· Complexity. The way in Figure 2 is allowed now without any spec efforts, as mentioned before. For PUCCH carrier switching, there are a lot of questions to answer, such as UL power control, PUCCH carrier switching for other UCI types, handling of simulatanous PUCCH transmissions across different serving cells, etc, which may bring much complexity and specification effort. 
· Overhead. For the way in Figure 2, a UL grant is used to schedule the PUSCH for multiplexing the HARQ-ACK. For PUCCH carrier switching, a lot of PUCCH resources may be configured and reserved in several serving cells for potential use, resulting in much overhead in terms of resources and signalling, etc.
Based on above analysis, we can draw the following proposal.
Proposal 21: Do not support PUCCH carrier switching for HARQ-ACK for URLLC Rel-17.
3. Conclusion
In this contribution, some questions and potential solutions for identified issues on HARQ-ACK enhancements for URLLC Rel-17 have been discussed, and the proposals made are summarized as below:
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: 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 4: In a potential target slot/sub-slot, the deferral decision takes the UCI multiplexing into account, and the same logic is applied to the initial slot/sub-slot and the target slot/sub-slot.
Proposal 5: It should be clarified that the case is NOT regarded as out-of-order where the HARQ-ACK feedback corresponding to dynamically scheduled PDSCH(s) starting later than the SPS PDSCH(s) is transmitted before the determined available PUCCH resource conveying the deferred SPS HARQ-ACK. 
Proposal 6: To determine an available PUCCH resource for conveying the deferred SPS HARQ-ACK, consider only the RRC configurations, and both semi-static UL symbol(s) and semi-static flexible symbol(s) can be used for the available PUCCH resource. 
Proposal 7: The limitation on the maximum deferral in time domain, when required, shall be applied to k1eff which is the effective PDSCH to HARQ-ACK feedback offset for the deferred SPS HARQ-ACK. 
Proposal 8: 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 9: 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 10: It should be discussed to control or reduce the codebook size when a type-3 codebook is triggered to retrieve deferred SPS HARQ-ACK.
Proposal 11: The two options to address the issue of SPS HARQ-ACK dropping for TDD systems can complement each other, and both should be supported.
Proposal 12: NACK skipping for SPS PDSCH should mainly focus on the case of HARQ-ACK codebooks containing only SPS HARQ-ACK.
Proposal 13: At least support NACK skipping, which can be applied for both skipped SPS PDSCH and non-skipped SPS PDSCH without explicit identification.
Proposal 14: HARQ-ACK bundling and HARQ-ACK disabling / skipping can also be considered for specific scenario(s).
Proposal 15: NACK skipping or related method(s) can be configured for one or a group of SPS configurations.
Proposal 16: Unified method(s) is supported for retransmission of cancelled HARQ-ACK for low priority and high priority.
Proposal 17: HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 are considered as a starting point, and there is no need to introduce additional ones.
Proposal 18: Type-3 codebook and/or enhanced type-2 codebook can be clarified and enhanced further as required.
Proposal 19: Type-3 codebook is prioritized for clarifications and potential enhancements.
Observation 1: Slot based PUCCH repetition for PUCCH formats 0 and 2 has been supported in M-TRP agenda.
Proposal 20: Support sub-slot based PUCCH repetition also for other UCI types, including SR and CSI.
Observation 2: No or rare practical deployment scenarios can be identified for PUCCH carrier switching.
Proposal 21: Do not support PUCCH carrier switching for HARQ-ACK for URLLC Rel-17.
References
[1] RP-201310, Revised WID: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR, July, 2020.
[2] [bookmark: _Ref53760747][bookmark: _Ref68384690]R1-2008842, HARQ-ACK Feedback Enhancements for URLLC/IIoT, Nokia, Nokia Shanghai Bell
image1.emf
D D U U D D D

1

2 3 1 2

PUCCH for SPS HARQ-ACK

SPS PDSCH

SPS HARQ-ACK is deferred to a 

target slot/sub-slot 

D U U

3

3

Multiplexing with 

DG HARQ-ACK 

and/or SR and/or CSI

Determined by option 1

Determined by option 2

1 0 2 3 4 5 6 7 8 9

K1 Set = {1, 3, 7}; K1 for SPS HARQ-ACK = 3


Microsoft_Visio_Drawing.vsdx
D
D
U
U
D
D
D
1
2
3
1
2
PUCCH for SPS HARQ-ACK
SPS PDSCH
SPS HARQ-ACK is deferred to a target slot/sub-slot
D
U
U
3
3
Multiplexing with DG HARQ-ACK and/or SR and/or CSI
Determined by option 1
Determined by option 2
1
0
2
3
4
5
6
7
8
9
K1 Set = {1, 3, 7}; K1 for SPS HARQ-ACK = 3



image2.png
cell1
(PUCCH)

cell2

k1>

UL Grant

uL




