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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#105 e-Meeting, only topics of PUCCH carrier switching and retransmission of cancelled HARQ are handled, and the following agreements have been achieved on UE feedback enhancements for HARQ-ACK.
[bookmark: OLE_LINK16]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

Working Assumption: For at least HARQ-ACK re-transmission:
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]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

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 continue our discussion of the HARQ-ACK enhancement schemes and present our own views and opinions on important issues, not only limited to PUCCH carrier switching and HARQ-ACK re-transmission.
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, periodicity of a downlink SPS configuration can be shorten to a single slot for reducing latency, in contrast to minimum periodicity of 10ms for NR Rel-15. In last RAN1#103 e-meeting, some reduced set methods of SPS HARQ-ACK feedback have been come to an agreement. In this section, we will further discuss them and provide our views and more details.
2.1.1. Avoiding SPS HARQ-ACK dropping for TDD
As for the condition of SPS HARQ-ACK dropped for TDD to be subject to deferral, we think it needs to defer only when the SPS HARQ-ACK in the initial slot/sub-slot really don’t have valid resource and cannot be transmitted. If SPS HARQ-ACK can be multiplexed with any other UCI/dynamic HARQ-ACK, no collision will occur based on dynamic scheduling. So SPS HARQ-ACK should not be deferred in this case for reducing latency as much as possible. Another reason to consider multiplexing case is because some initial handle through reusing existing multiplexing rules can be done before deferral, which will not increase specification complexity.
Proposal 1: When multiplexing in initial slot is possible, HARQ-ACK should not be deferred.
      The maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def. While how to determine the value of k1def has not reached an agreement. A suitable k1def  value can not only provides adequate SPS HARQ occasions and opportunities,  but also limit the latency because of HARQ deferral. Besides, k1def  value should be flexible to adapt to different TDD DL_UL patterns, meeting the latency requirements of different types of services. We propose some rules to determine k1def as follows:
      Option1: k1def  would be an abolute value counted on consecutive slots, such as k1def=3, correspondingly K1effect=K1+3. In this option, the initial UL resource corresponding to K1=2 for SPS PDSCH HARQ-ACK feedback is unavailable, it should be deferred with a limit on the maximum deferral of SPS HARQ K1effect=K1+3. However, we can find that the deferral mechanism is ineffective if the next three consecutive slots are still DL or unavailable. Only by continuously expanding the value of K1def can effective resources be found, which not only increases the indication overhead of k1def  , but also requires changing the k1def  value flexibly vary with different TDD configurations.  


Figure 1: Option 1

Option2: k1def  would be a relative value counted on UL and S slots according to semi-static TDD pattern. Take k1def=3 for an example again, as figure 2 showing, this option can always guarantee three deferral opportunities for every HARQ-ACK based on initial K1 feedback slot. It is effective and save the indication overhead for k1def。



Figure 2: Option 2

      Option 3: Support two modes, option 1 for mode A, and option 2 for mode B respectively. But it is more complex and unnecessary for UE implementation and standardization.
Proposal 2: we support option 2, k1def   should be counted based on UL and S slots according to semi-static TDD pattern.
2.2. PUCCH carrier switching for HARQ feedback
In last meeting, dynamic indication based PUCCH carrier switching has been an agreement, which provides more flexibility. But it is not applicable for PUCCH without associated DCI. For PUCCH without associated DCI, we prefer alt 2B.Thus, the rule based on RRC configured PUCCH cell timing pattern need to be further defined:
Assuming there would be more than one candidate PUCCH carriers for switching, including Pcell/PScell/PUCCH-SCell and a PUCCH on a Scell in the same PUCCH group. Then, possible procedure of alt 2B could be:
Step 1:  Determine candidate carrier for PUCCH switching in order of priority
Step 2: Determine HARQ-ACK reporting timing K1’on candidate carrier based on K1 value of original carrier
Step 3:  Determine PUCCH resource search space and search order based on K1’ on candidate carrier.
Step 4:  Check whether PUCCH resource within PUCCH resource search space of candidate carrier overlaps with “invalid symbol”. If yes, repeat step1 .Otherwise, the candidate carrier is identified as the target switching carrier.
For step 1, 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. All of these active carriers in same PUCCH group can constitute a set of switching candidate carriers. It is obvious that here are same and different SCS candidate carriers need to be considered. Switching priority is introduced to determine the order of candidate carriers. First, same SCS of candidate carriers should be highest priority because parameter conversions are not necessary and it is the easiest to find HARQ-ACK reporting timing K1’, that is K1’=K1 as showing in figure 1. Regarding different SCS carriers showing in figure 2 and 3,  compared to lower SCS only corresponds to a small search space contains only few symbols in a slot,  K1’ of higher SCS corresponds to a large search space containing multiple slots, which has a greater probability of finding valid PUCCH resources. 
Proposal 3: Same SCS of PUCCH carriers within a PUCCH cell group should be highest priority, and other different SCS decrease priority from high SCS to low SCS.


Figure 3: Scell SCS= Pcell SCS


Figure 4: Scell SCS> Pcell SCS


Figure 5: Scell SCS< Pcell SCS
For step 4, when checking whether PUCCH resource on candidate carrier overlaps with “invalid symbol”. In order to simplify checking process and save checking time, two cases should be ignored, that is UL resource multiplexing and UL resource collision on candidate Scell. Because PUCCH carrier switching is only one of the alternative schemes to ensure the reliability and delay of SPS PDSCH HARQ-ACK feedback in addition to multiplexing, deferral or retransmission HARQ-ACK on Pcell carrier, overly complex scheme design is not expected. Another reason is that it is exactly multiplexing failure and collision dropping on Pcell that may cause PUCCH carrier switching, so there's no need to take into consideration twice.
Proposal 4: The case of multiplexing and collision should not be considered on the switching PUCCH carrier.
      There may be multiple SPS HARQ-ACK on Pcell need switch to another Scell PUCCH resource. In this case, in order to reduce the complexity of UE implementation, strict sequential relationships need to be defined. Out-of-order trigger PUCCH carrier switching and out-of-order HARQ feedback are not expected.
Proposal 5: Do not support out-of-order trigger and out-of-order HARQ feedback when switching PUCCH carrier. 
2.3. PUCCH repetition 
Slot-based PUCCH repetition has been supported for coverage enhancement in R15 but has been adopted for only long format PUCCH. Some companies propose to enhance the PUCCH repetition in Rel-17. And it has already agreed to support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. In R17 CE topic, dynamic repetition indication is designed in details. Not only considering sub-slot based repetitions but also DMRS bundling mechanism and frequency hopping pattern are included. There is nothing particularly different here, thus we think dynamic repetition indication can be directly applied.
Proposal 6: Dynamic repetition indication mechanism in CE PUCCH enhancement can be directly applied to sub-slot based PUCCH repetition.
As for slot-based PUCCH repetition for PUCCH formats 0 and 2. It does not seem to be an obvious benefit.
Neither is the coverage performance as good as the slot-based long format PUCCH repetition, nor is the latency as short as sub-slot based PUCCH 0 and 2. Thus, we think it is unnecessary.
Proposal 7: It is unnecessary to support slot-based PUCCH repetition for format 0 and 2.
2.4. SPS HARQ-ACK skipping & SPS HARQ payload size reduction
SPS HARQ payload size reduction (of non-skipped SPS PDSCH) and SPS HARQ-ACK skipping are joint discussed,  and there are five methods as following need to be down-selected:
NACK skipping (NACK-only) (Alt. 1)
Dynamic SPS skipping indication (Alt. 2)
ACK skipping (ACK-only) (Alt. 3)
HARQ bundling / compression (Alt. 4)
HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 5) 
For alt1 and alt 3, they should be discussed jointly for SPS HARQ-ACK skipping. And there are two cases need to be considered:
Case1:  SPS HARQ-ACK skipping for skipped SPS PDSCH
Case2:  SPS HARQ-ACK skipping for non-skipped SPS PDSCH.
We think alt 1 is suitable for case1, when SPS PDSCH resources are reserved for SPS HARQ-ACK without actual transmission, it will leads to NACK feedback to inform gNB according to the existing rules. Actually, whether a NACK feedback actually needed reported is not important because gNB has already known there is no data transmission on these resources. Thus skipping NACK in this case can save the SPS HARQ payload without causing gNB misunderstanding. In case 2, we prefer alt 3, not only because ACK skipping has more benefits for saving more overhead, but it is compatible with alt 1 NACK skipping for skipped SPS PDSCH. For example, when ACK skipping for non-skipped SPS PDSCH and NACK skipping for skipped SPS PDSCH are supported simultaneously, then only NACK for non-skipped PDSCH will be reported, gNB can clearly know which PDSCHs need retransmission.

Proposal 8: Support NACK skipping for skipped SPS PDSCH and support ACK skipping for non-skipped SPS PDSCH.

Alt 4 was originally introduced for multiple SPS configurations configured to support one service with jitter, and only one of the multiple SPS PDSCH occasions within a common period has actual transmission and will be reported. Here we propose to combine alt4 with alt1 and alt3 to achieve the most significant gain.
 For example, if M actual SPS PDSCH transmissions occur within the SPS PDSCH bundling size N, with alt 1for skipped SPS PDSCH and alt 3 for non-skipped SPS PDSCH, then only actual SPS PDSCH transmission failed need to feedback NACK. If there is only one NACK need to feedback in each bundle size, it only needs to report the index of PDSCH corresponding to this NACK, which can save the overhead from N bits to log2(M)bits.


Proposal 9 : Support using alt 4 HARQ bundling / compression combined with alt 1 and alt 3 together to achieve the most significant gain.

As for alt 2, we think it is not necessary to support dynamic indication of skipped SPS, the key point of skipping SPS HARQ-ACK feedback is to save overhead while indication increases the DCI overhead and introduces new specification impacts. It’s a bit of pyrrhic. 

Proposal 10: Dynamic indication of skipped SPS is not necessary considering a tradeoff between small gains and large standard impacts. 
3. Conclusion
In this contribution, some questions and potential solutions for identified issues on HARQ-ACK enhancements for URLLC Rel-17 have been further discussed, and the proposals made are summarized as below:
Proposal 1: When multiplexing in initial slot is possible, HARQ-ACK should not be deferred.
Proposal 2: we support option 2, k1def   should be counted based on UL and S slots according to semi-static TDD pattern.
Proposal 3: Same SCS of PUCCH carriers within a PUCCH cell group should be highest priority, and other different SCS decrease priority from high SCS to low SCS.
Proposal 4: The case of multiplexing and collision should not be considered on the switching PUCCH carrier.
Proposal 5: Do not support out-of-order trigger and out-of-order HARQ feedback when switching PUCCH carrier. 
Proposal 6: Dynamic repetition indication mechanism in CE PUCCH enhancement can be directly applied to sub-slot based PUCCH repetition.
Proposal 7: It is unnecessary to support slot-based PUCCH repetition for format 0 and 2.
Proposal 8: Support NACK skipping for skipped SPS PDSCH and support ACK skipping for non-skipped SPS PDSCH.
Proposal 9: Support using alt 4 HARQ bundling / compression combined with alt 1 and alt 3 together to achieve the most significant gain.
Proposal 10: Dynamic indication of skipped SPS is not necessary considering a tradeoff between small gains and large standard impacts. 
References
[1] [bookmark: _Ref53760747]Chairman’s notes RAN1#104b-e final, 2021,4
[2] Chairman’s notes RAN#105-e v012, 2021,5
[3] R1-2104039_[104bis-e-NR-IIOT_URLLC_enh-01]_HARQ _enh_Final_Summary_eom, Nokia, 2021,4.
image1.emf
DL DL UL DL DL DL UL DL

 

K1

def 

=3

S UL

K1=2

SPS

PDS

CH


oleObject1.bin

image2.emf
DL DL UL DL DL DL UL DL

 

K1

def 

=3

S UL

K1=2

SPS

PDS

CH


oleObject2.bin

image3.emf
PUCCH Slot 1 PUCCH Slot 2 Scell:  SCS=15KHz

Pcell:  SCS=15KHz PUCCH Slot 1 PUCCH Slot 2

K1=2

K1'=2


oleObject3.bin

image4.emf
PUCCH Slot 1 PUCCH Slot 2

slot1 slot2 slot3 slot4 slot5 slot6 slot7 slot8

Pcell:  SCS=15KHz

Scell:  SCS=60KHz

K1=2

K1start=5

K1end=8


oleObject4.bin

image5.emf
PUCCH Slot 1 PUCCH Slot 2

slot1 slot2 slot3 slot4 slot5 slot6 slot7 slot8

Scell:  SCS=15KHz

Pcell:  SCS=60KHz

K1=3

K1'=1


oleObject5.bin

