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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#103-e we agreed the following:
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 

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.
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, …

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:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB


This contribution discusses some considerations on HARQ-ACK enhancements for URLLC.
2. Discussions

2.1 SPS HARQ-ACK Dropping in TDD
The options agreed in RAN1#103e for retransmission of dropped SPS HARQ-ACK are:
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission

In Option 1, the dropped SPS HARQ-ACKs are transmitted in a first available PUCCH, which does not require a DCI to trigger for PUCCH resource.  The first available PUCCH can be a PUCCH carrying HARQ-ACKs for other SPS’s or for DG-PDSCH(s) that are not dropped. 
Proposal 1: The first available PUCCH to carry retransmission of dropped SPS HARQ-ACK can be a PUCCH carrying HARQ-ACK for other SPS’s or DG-PDSCHs.

It is noted that the dropped SPS HARQ-ACKs may accumulate, thereby impacting the reliability of the first available PUCCH [1].  An example is shown in Figure 1, where SPS#1 and SPS#2 are activated with K1 values of 1 and 2 slots respectively.  The HARQ-ACKs for the first instances of SPS#1 (Slot n) and SPS#2 (Slot n+1), that are carried by PUCCH P#1 and P#2 respectively, are dropped.  These dropped SPS HARQ-ACKs are to be transmitted in the first available PUCCH, which is P#3 in this example.  However, P#3 is already scheduled to carry HARQ-ACKs for the second instances of SPS#1 (Slot n+4) and SPS#2 (Slot n+3), i.e. P#3 would need to carry twice the number of SPS HARQ-ACKs since the dropped HARQ-ACKs in P#1 and P#2 are accumulated into P#3.
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[bookmark: _Ref54189123]Figure 1: Accumulation of dropped SPS HARQ-ACK

Observation 1: The first available PUCCH may be overloaded due to accumulation of dropped SPS HARQ-ACKs.

One way to ensure the reliability of the first available PUCCH so that it is not overloaded with dropped SPS HARQ-ACKs that would impact its reliability is to impose a limit on the number of dropped SPS HARQ-ACK NHARQ that can be multiplexed into it, where the value NHARQ can be RRC configured.  These NHARQ SPS HARQ-ACKs can come from the latest SPS with dropped HARQ-ACKs prior to the first available PUCCH.  An example is shown in Figure 2, where the HARQ-ACK for SPS#1 in Slot n, SPS#3 in Slot n and SPS#2 in Slot n+1 are dropped due to collision with DL and invalid symbols.  Here, NHARQ = 2 and so the first available PUCCH P#4, which is associated with SPS#3 in Slot n+4, is allowed to carry 2 HARQ-ACKs that are dropped in addition to the HARQ-ACK for SPS#3 in Slot n+4 (labelled as A3-2).  The selection of dropped HARQ-ACK is according to the arrival of the SPS instances where the latest SPS instances are selected and in this example the latest two SPS instances that have dropped HARQ-ACKs are SPS#3 in Slot n and SPS#2 in Slot n+1, where their corresponding HARQ-ACKs are labelled as A3-1 and A2-1 respectively.  Hence P#4 carries HARQ-ACK {A2-1, A3-1, A3-2}. 
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[bookmark: _Ref54191393]Figure 2: 1st available PUCCH multiplexes at most NHARQ=2 dropped SPS HARQ-ACKs

Proposal 2: Up to NHARQ SPS HARQ-ACKs that are dropped due to collision with DL symbols or invalid symbols in TDD can be retransmitted by multiplexing into the first available PUCCH resource.  Value of NHARQ is FFS.

Option 2 uses the mechanism in Type-3 CB for retransmission of dropped SPS HARQ-ACKs.  Since Type-3 CB requires a DCI trigger, it would consume PDCCH resources.  This PDCCH resource would also need to be reliable for URLLC.  This may cause PDCCH blocking if dropping of SPS HARQ-ACK is very frequent.  If PDCCH resource is loaded, the gNB may not be able to send a DCI to trigger for the Type-3 CB and this may lead to delay.  Furthermore, one of the benefits of SPS is the reduction in PDCCH usage and requiring a DCI to trigger for SPS HARQ-ACK retransmission would reduce such benefit.
Observation 2: Using DCI to trigger for Type-3 CB for retransmission of dropped SPS HARQ-ACK may lead to PDCCH blocking and latency in providing the HARQ-ACK retransmission.
 
One way to avoid PDCCH blocking and latency in HARQ-ACK retransmission is to bypass the need for a DCI to trigger for Type-3 CB.  Here, when NDrop SPS HARQ-ACKs are dropped, it would automatically trigger for PUCCH resources to carry Type-3 CB without the need of a DCI.
Proposal 3: Consider triggering for PUCCH to carry Type-3 CB for the dropped SPS HARQ-ACK retransmission without using DCI but instead the Type-3 CB is triggered when NDrop SPS HARQ-ACKs are dropped.

2.2 SPS HARQ skipping for ‘skipped’ SPS PDSCH
In Rel-16 SPS, an empty SPS, i.e. a ‘skipped’ SPS PDSCH, requires the UE to feedback a NACK. Due to the need to over configure the number of SPS required to support certain traffic such as TSN where the periodicity is not directly configurable in RRC, it is argued that for such traffic, there will be a lot of ‘skipped’ SPS PDSCH.  Consequently, there will be a lot of NACK being fed back which will waste PUCCH resource.  Hence it was proposed by some companies [2] that NACK is not transmitted for ‘skipped’ SPS PDSCH to reduce PUCCH payload size.  
It would be beneficial for the UE to avoid the need to perform PDSCH detection if the UE knows beforehand that an SPS PDSCH is skipped.  One way is to introduce an RRC configuration to indicate which SPS are skipped but this will reduce the flexibility for the gNB to use the SPS.  An alternative is to dynamically indicate a ‘skipped’ SPS using MAC CE in a transmitted SPS PDSCH(s) [3].  For example, an SPS PDSCH can indicate dynamically which SPS’s are skipped.  To improve reliability using MAC CE, the indication can be repeated in multiple PDSCHs within a predefined window.
Proposal 4: If SPS HARQ skipping is supported, consider using MAC CE in a transmitted SPS PDSCH to indicate dynamically which SPSs are skipped.

2.3 [bookmark: _Hlk54258088]SPS HARQ payload size reduction and/or skipping for ‘non-skipped’ SPS PDSCH
The following alternatives were considered for the reduction of SPS HARQ payload size in RAN1#103e:
· Alt-1: ACK skipping (NACK-only) (Alt. 1)
· Alt-2: NACK skipping (ACK-only) (Alt. 2)
· Alt-3: HARQ bundling / compression (Alt. 3)
· Alt-4: HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
Alt-1, Alt-2 and Alt-4 suggest not to transmit ACK and/or NACK.  Retransmission of PDSCH is useful for increased reliability with efficient use of resource especially for very low BLER targets.  For example, a very low BLER of 10-6 can be achieved by allowing 2 transmissions, each of higher BLER, so that the combined BLER meets the target.  Here it is expected that the 1st transmission has a high chance of being received and the gNB needs only to allocate additional resources for a small number of retransmissions, which is a more efficient use of resource compared to using a lot of resource to ensure the very low BLER target in a single initial transmission.  Turning off HARQ-ACK or skipping ‘ACK’ or ‘NACK’ would have consequences to the overall operation of HARQ-ACK functionality and thereby affects the efficiency of the resource usage.  That is, trying to save payload for HARQ-ACK may result in worse use of resources elsewhere.  Furthermore, the savings in payload size is unlikely going to be high considering especially if a PUCCH needs to be transmitted anyway.  Hence, we do not see strong benefit to support this feature.
On Alt-3, one of the suggested bundling methods is to use an “OR” operator on the HARQ-ACK for a group of M SPS’s [4].  The rationale here is that this group of SPS’s is configured to handle jitter and so likely only 1 out of M SPS’s in the group would contain a valid PDSCH and the rest of the (M-1) SPSs are empty. This proposed method restricts the gNB to use only 1 out of M SPSs and if the gNB wants to use more than 1 of these SPSs, then the gNB would not be able to know how many PDSCHs are actually ACKed and would therefore be unable to issue PDSCH retransmission.
Observation 3: If the HARQ-ACK for a group of SPS’s are bundled using an “OR” operator then the gNB would not be able to determine when there is more than one ACKed PDSCH if the gNB sends more than 1 PDSCH to the UE and would be unable to issue a PDSCH retransmission.

One alternative is to report the number of ACKs in the group of SPSs, i.e. the total number of ACKs (i.e. successfully decoded PDSCHs) in a group of SPSs.  PUCCH Format 0 can be used for this purpose since PUCCH Format 0 has 8 defined cyclic shifts which can indicate 0 to 7 number of ACKs, which is sufficient.  If all 8 SPSs are configured for that group, then the cyclic shift representing 0 ACKs can also be used to represent 8 ACKs since it is unlikely that the UE will get all 8 NACKs when the gNB sends 8 PDSCHs.  
Proposal 5: If reduction of SPS HARQ-ACK overhead is required, use HARQ bundling where the UE feeds back the number of ACKs observed in a defined group of SPS’s.  
· [bookmark: _GoBack]PUCCH Format 0 with 8 cyclic shifts can be used to indicate up to 7 ACKs.
 
2.4 Sub-slot PUCCH repetitions
Sub-slot PUCCH repetitions is proposed by some companies [2] to improve reliability of PUCCH carrying HARQ-ACK.  In Rel-16, sub-slot PUCCH is not allowed to cross a sub-slot boundary since it would collide with another sub-slot PUCCH thereby complicating intra-UE collision management.  The same argument applies for sub-slot PUCCH repetitions.
Observation 4: Sub-slot PUCCH repetitions would lead to intra-UE PUCCH collision where PUCCH repetitions in a sub-slot collide with another PUCCH in another sub-slot.

Consider the scenario in Figure 3, where DCI#1 schedules sub-slot based PUCCH P#1 with 4× repetitions, starting at time t7 (sub-slot m+5), to carry HARQ-ACK for PDSCH#1.  P#1 repetitions ends at time t13 in sub-slot m+8.  At time t7 (sub-slot m+5), DCI#2 schedules sub-slot based PUCCH P#2 at time t12 (sub-slot m+8) to carry HARQ-ACK for PDSCH#2.  Here P#2 collides with the 4th (i.e. last) repetition of P#1.  In Rel-16, we introduced L1 priority to manage PUCCH collisions however, in this case we have the following to consider:
· If P#1 and P#2 are High L1 priority, the UCIs are to be multiplexed but here this is not feasible since 1st P#1 repetition has already started.
· If P#1 is High L1 priority but P#2 is Low L1 priority, then using the Rel-16 rule, P#2 is dropped.  However, in this case, P#1 already had 3 repetitions which with highly likelihood would have already been received at the gNB whilst P#2 has never had a chance to transmit by this stage.  Dropping P#2 is not efficient as it may result in PDSCH#2 being retransmitted regardless of whether it is decoded or not.
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[bookmark: _Ref54252784]Figure 3: Collision with PUCCH repetitions

Observation 5: The 2 levels L1 priority introduced in Rel-16 for UL intra-UE prioritization is not sufficient to handle inter sub-slot PUCCH repetitive collisions.

For PUCCH with repetitions, the 1st repetition is important for latency purposes and also has a high probability of being received at the gNB.  Subsequent repetitions are to improve reliability and hence would have lower importance compared to the 1st repetition.  Hence, one way to handle the scenario described in Figure 3 is to assign a lower priority for subsequent repetitions.  For example, each subsequent repetition has lower priority compared to the previous repetition of the same PUCCH.
Observation 6: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.
Proposal 6: If sub-slot PUCCH repetition is introduced, consider reducing the priority of a repetition according to the number of repetitions that have already been transmitted.

2.5 Retransmission of cancelled HARQ
A HARQ-ACK carried by a PUCCH or PUSCH can be cancelled due to intra-UE or inter-UE prioritization.  A few companies proposed to allow the cancelled HARQ-ACK to be retransmitted [2].  We see benefit for this feature as cancelled HARQ-ACKs may lead to unnecessary retransmissions of PDSCHs.  There were some discussions on whether this feature is for Low L1 priority only or also for High L1 Priority.  Since Low L1 priority HARQ-ACK is more likely to be cancelled, this feature is more suitable for Low L1 priority HARQ-ACKs.  However, the mechanism introduced should be also be applicable for cancelled High L1 priority HARQ-ACKs.
Proposal 7: Consider retransmission of cancelled Low L1 priority and High L1 priority HARQ-ACKs.

Most companies proposed to use NR-U based HARQ-ACK codebooks, e.g. e-Type 2 and Type 3, for this issue, since they were introduced to handle retransmission of cancelled HARQ-ACKs due to LBT.  This can be used as the starting point for handling of retransmission of cancelled HARQ-ACKs for URLLC in a licensed band.  However, in URLLC, the UE can be configured with two HARQ-ACK codebooks and hence we need to consider whether a Low L1 priority HARQ-ACK in one codebook can be retransmitted in a High L1 priority codebook and vice versa.  We also need to consider whether we can have a mixture of NR-U based codebooks with non-NR-U codebooks, e.g. a HARQ-ACK from a Type2 codebook being retransmitted in a PUCCH associated with an e-Type 2 or Type 3 codebook.
Proposal 8: Consider using e-Type 2 and/or Type 3 HARQ-ACK codebooks as a starting point in designing the mechanism to handle retransmission of cancelled HARQ-ACKs.
Proposal 9: Consider handling of retransmissions of cancelled HARQ-ACK with one L1 priority and/or codebook type in another HARQ-ACK codebook of different L1 priority and/or different codebook type.

3. Conclusion
In this contribution, we discuss some aspects of HARQ-ACK enhancements for URLLC.  We observe the following: 
Observation 1: The first available PUCCH may be overloaded due to accumulation of dropped SPS HARQ-ACKs.
Observation 2: Using DCI to trigger for Type-3 CB for retransmission of dropped SPS HARQ-ACK may lead to PDCCH blocking and latency in providing the HARQ-ACK retransmission.
Observation 3: If the HARQ-ACK for a group of SPS’s are bundled using an “OR” operator then the gNB would not be able to determine when there is more than one ACKed PDSCH if the gNB sends more than 1 PDSCH to the UE and would be unable to issue a PDSCH retransmission.
Observation 4: Sub-slot PUCCH repetitions would lead to intra-UE PUCCH collision where PUCCH repetitions in a sub-slot collide with another PUCCH in another sub-slot.
Observation 5: The 2 levels L1 priority introduced in Rel-16 for UL intra-UE prioritization is not sufficient to handle inter sub-slot PUCCH repetitive collisions.
Observation 6: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.

We therefore propose the following:
Proposal 1: The first available PUCCH to carry retransmission of dropped SPS HARQ-ACK can be a PUCCH carrying HARQ-ACK for other SPS’s or DG-PDSCHs.
Proposal 2: Up to NHARQ SPS HARQ-ACKs that are dropped due to collision with DL symbols or invalid symbols in TDD can be retransmitted by multiplexing into the first available PUCCH resource.  Value of NHARQ is FFS.
Proposal 3: Consider triggering for PUCCH to carry Type-3 CB for the dropped SPS HARQ-ACK retransmission without using DCI but instead the Type-3 CB is triggered when NDrop SPS HARQ-ACKs are dropped.
Proposal 4: If SPS HARQ skipping is supported, consider using MAC CE in a transmitted SPS PDSCH to indicate dynamically which SPSs are skipped.
Proposal 5: If reduction of SPS HARQ-ACK overhead is required, use HARQ bundling where the UE feeds back the number of ACKs observed in a defined group of SPS’s.  
· PUCCH Format 0 with 8 cyclic shifts can be used to indicate up to 7 ACKs.

Proposal 6: If sub-slot PUCCH repetition is introduced, consider reducing the priority of a repetition according to the number of repetitions that have already been transmitted.
Proposal 7: Consider retransmission of cancelled Low L1 priority and High L1 priority HARQ-ACKs.
Proposal 8: Consider using e-Type 2 and/or Type 3 HARQ-ACK codebooks as a starting point in designing the mechanism to handle retransmission of cancelled HARQ-ACKs.
Proposal 9: Consider handling of retransmissions of cancelled HARQ-ACK with one L1 priority and/or codebook type in another HARQ-ACK codebook of different L1 priority and/or different codebook type.

4. References
[1] R1-2005431, “Discussion on HARQ-ACK enhancements for eURLLC,” ZTE, RAN1#102e
[2] R1-2009789, “Moderator summary on Rel-17 HARQ-ACK feedback enhancements for NR Rel-17 URLLC/IIoT (AI 8.3.1.1) – end of meeting,” Moderator (Nokia), RAN1#103e
[3] R1-2008355, “Considerations in HARQ-ACK enhancements for URLLC,” Sony, RAN1#103e
[4] R1-2008984, “Discussion on prioritized UE HARQ feedback enhancements for URLLC/IIoT,” Intel, RAN1#103e

image1.png
[ poscH O pucch [ uLsymbol B Invalid Symbol

Slot n+5

Slot n+2 Slot n+3 Slot n+4





image2.png
[ ppscH [ puccH [J uLSymbol & Invalid Symbol
A1 Asy, Ag}

Slot n+2 Slot n+3 Slot n+4 Slot n+5

k=2
-SLsl A

t t 2 Time





image3.png
[ pbDccH [ PDscH [0 PuccH
Slotn Slot n+1 Slot n+2 Slot n+3 Slot n+4
uL
m m+1 m+2 m+3 m+4 m+5 m+6 m+7 8 m+9
DL
ot [ ot t 3 6t t to it s tie

Time




