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Discussion
1. Introduction
In the last RAN1 meeting, following mechanisms on UE HARQ-ACK feedback enhancement were discussed [1]:

· Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 

· SPS HARQ skipping for ‘skipped’ SPS PDSCH

· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.

· Retransmission of cancelled HARQ

· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH

· Type 1 HARQ codebook based on sub-slot PUCCH config 

· PUCCH carrier switching for HARQ feedback

In this contribution, we focus on the aspects of PUCCH carrier switching and retransmission of cancelled HARQ.
2. Discussion
2.1 PUCCH carrier switching for HARQ feedback

For the scenario such as TDD CA with different UL DL configurations on different carriers, if one carrier does not have available PUCCH resource for HARQ-ACK transmission at a certain slot/sub-slot, but there is available PUCCH resource on another carrier at the corresponding time location, PUCCH carrier switching enables a faster HARQ-ACK feedback on another carrier instead of being deferred to later available PUCCH resource on the original carrier. It has the benefit of reducing the latency for IIoT/URLLC service.
A proposed alternative is using a dynamic scheduled PUSCH on another carrier to carry the HARQ-ACK initially intended to be transmitted by PUCCH on the first carrier. However, this method requires additional UL grant overhead even if there is no UL data to be transmitted. Moreover, if the HARQ-ACK does not meet the PUSCH preparation timeline, it can’t be multiplexed. Therefore, we support PUCCH carrier switching for HARQ feedback in Rel-17 URLLC.
Proposal 1: PUCCH carrier switching for HARQ feedback is supported in Rel-17 URLLC.
Three PUCCH carrier switching mechanisms were agreed to be further studied in the RAN1 #104 meeting [1]:

	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


For alternative 1 that DCI indicates the PUCCH carrier for HARQ-ACK transmission, when the carriers in a PUCCH group have different SCS and the SCS of indicated carrier is different from the SCS of the original Pcell/PScell/PUCCH-SCell, it needs to determine what is the starting slot/sub-slot for HARQ-ACK on the indicated carrier based on PDSCH to HARQ-ACK offset K1 value indicated.
· Option 1: The reference SCS of PDSCH to HARQ-ACK offset K1 is the SCS of the Pcell/PScell/PUCCH-SCell. As shown in below Figure 1, K1=4 is indicated for PDSCH transmitted in slot 1 on SCS 30KHz Pcell. When the indicated PUCCH carrier is the SCS 60KHz carrier, the HARQ-ACK feedback starts at slot 10 on the SCS 60KHz carrier. In this way, the granularity of K1 indication would not match the slot/sub-slot length of the target carrier when the SCS is different. If the target carrier SCS is larger than the SCS of the K1 reference, some starting position can’t be indicated by K1.
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Figure 1 The reference SCS of K1 is the SCS of the Pcell/PScell/PUCCH-Scell
· Option 2: The reference SCS of PDSCH to HARQ-ACK offset K1 is the SCS of the indicated target carrier. As shown in below Figure 2, K1=4 is indicated for PDSCH transmitted in slot 1 on SCS 30KHz Pcell. When the indicated PUCCH carrier is the SCS 60KHz carrier, the HARQ-ACK feedback starts at slot 7 on the SCS 60KHz carrier. In this way, for DCI format 1_0, the maximum latency of HARQ-ACK on carrier with different SCS is different. For other DCI format, RRC signal could configure different K1 sets for carrier with different SCS, but the number of K1 values in the K1 sets should be the same, thus the bit width of PDSCH to HARQ indicator is fixed and not varied depending on the indicated carrier.
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Figure 2 The reference SCS of PDSCH to HARQ-ACK offset K1 is the SCS of the indicated target carrier
For SPS PDSCH HARQ-ACK feedback, when SPS HARQ-ACK is multiplexed with dynamic scheduled PDSCH feedback in the codebook, the DCI indication of the PUCCH carrier still applies. DCI indication can’t be applied to SPS PDSCH HARQ-ACK feedback when the HARQ-ACK codebook contains only the SPS HARQ-ACK feedback. The PDSCH MAC CE indication can be utilized if there is ACK in the SPS HARQ-ACK feedback codebook. As it is discussed for SPS HARQ skipping of ‘skipped’ / ‘non-skipped’ SPS PDSCH, when all of the HARQ-ACK for these SPS PDSCH are going to be NACK, the NACK feedback is dropped if ‘NACK skipping’ is agreed to be supported. 
Proposal 2: If DCI indicating the PUCCH carrier for HARQ-ACK transmission is supported in Rel-17, 
· The reference SCS of PDSCH to HARQ-ACK offset K1 is the SCS of the indicated target carrier.

· RRC signal could configure different K1 sets for carrier with different SCS. The number of K1 values in the K1 sets should be the same.
· When the HARQ-ACK codebook only contains the SPS HARQ-ACK feedback, PDSCH MAC CE indicating the PUCCH carrier for HARQ-ACK can be considered if there is ACK in the codebook, PUCCH is dropped if all of the HARQ-ACK for these SPS PDSCH are NACK.

The alternative 2B is PUCCH carrier switching based on predefined rules. The DCI indicates K1 for the UE to determine the slot/sub-slot to feedback HARQ-ACK the same as the legacy behavior. The reference SCS for the indicated K1 could be the SCS of Pcell/PScell/PUCCH-SCell. If the determined slot/sub-slot on the original PUCCH carrier can’t be used for HARQ-ACK transmission, it is then switched to another carrier whose corresponding slot/sub-slot could accommodate the HARQ-ACK. To determine the another carrier to be switched, gNB and UE follow the same predefined ordering of CCs. This way applies to the HARQ-ACK feedback for both dynamically scheduled PDSCH and SPS PDSCH. 

Similar as discussed for SPS HARQ-ACK deferral, on the original carrier, a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as needing carrier switching. For searching of the target carrier, the carrier with PUCCH resource consisted of only semi-static UL symbols is considered with priority. If no target carrier is found, then semi-static flexible symbol can be used as the valid PUCCH resource. Thus the potential dropping due to collision with dynamically scheduled DL transmission or SFI changing could be reduced.

In case the candidate carriers for PUCCH carrier switching involve carriers with different SCS, to determine the searching order, as the carrier with larger SCS has the smaller slot/sub-slot duration, the carrier with larger SCS could be searched with priority for a possible short latency. As shown in Figure 3, K1=1 is indicated for PDSCH transmitted in slot 0 on SCS 30KHz Pcell and slot 1 is semi-static configured DL slot. The searching order of carriers to be switched is the carrier with 120KHz, 60KHz, 15KHz SCS.
· If the SCS of the target carrier is larger than the SCS of original PUCCH carrier, multiple slots/sub-slots on the target carrier would correspond to the K1 determined slot/sub-slot on the original PUCCH carrier, i.e. slots/sub-slots on the target carrier starting no earlier and ending no later than the determined slot/sub-slot on the original PUCCH carrier are the corresponding slots/sub-slots. The first slot/sub-slot among the corresponding slots/sub-slots on the target carrier containing the valid PUCCH resource is used for HARQ-ACK transmission. 
· If the SCS of the target carrier is smaller than the SCS of original PUCCH carrier, the slot/sub-slot on the target carrier overlapped with the determined slot/sub-slot on the original PUCCH carrier is defined as the corresponding slot/sub-slot. For example in Figure 3, on the carrier with 15KHz SCS, available PUCCH resource is searched in slot 0. Since multiple slots/sub-slots on the original PUCCH carrier would correspond to the same slot/sub-slot on the target carrier with a smaller SCS, it needs to consider to support multiplexing HARQ-ACKs in different slots/sub-slots on the original PUCCH carrier to be transmitted in the same slot/sub-slot on the target carrier.
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Figure 3 PUCCH carrier switching based on predefined rules
Proposal 3: If PUCCH carrier switching based on certain rules is supported in Rel-17,
· On the original carrier, a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as needing carrier switching. 

· For searching of the target carrier, firstly consider the carrier with PUCCH resource consisted of only semi-static UL symbols. If no target carrier is found, then semi-static flexible symbol can be used as the valid PUCCH resource.
· The carrier with larger SCS is ordered with priority.

· On the target carrier, available PUCCH resource is searched in the slot(s)/sub-slot(s) overlapped with the slot/sub-slot determined by K1 on the original PUCCH carrier.
For alternative 2C to configure PUCCH cell timing pattern of applicable PUCCH cells, a time unit and a period are configured by RRC. The time unit could be configured to one or several slots/sub-slots. When there are different SCS for carriers to be configured for PUCCH transmission, the reference SCS of the time unit could be the smallest SCS. For each time unit, PUCCH carrier is indicated. An example is shown in Figure 4, where the orange depicts the configured carrier in each time unit.
The DCI indicates K1 for the UE to determine the slot/sub-slot to feedback HARQ-ACK. The reference SCS for the indicated K1 could be the SCS of Pcell/PScell/PUCCH-SCell the same as current. The carrier configured for the time unit containing the slot/sub-slot determined by K1 is used as PUCCH carrier. 
· If the SCS of the PUCCH carrier is larger than SCS of Pcell/PScell/PUCCH-SCell, the first slot/sub-slot starting no earlier than the slot/sub-slot determined by K1 is determined for PUCCH transmission on the PUCCH carrier.
· If the SCS of the PUCCH carrier is smaller than SCS of Pcell/PScell/PUCCH-SCell, multiplexing HARQ-ACKs in different Pcell/PScell/PUCCH-SCell slots/sub-slots in a same slot/sub-slot on the PUCCH carrier should also be considered.
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Figure 4 PUCCH carrier switching based on RRC configured PUCCH cell timing pattern

Proposal 4: If PUCCH carrier switching based on RRC configured PUCCH cell timing pattern is supported in Rel-17,

· RRC configures a time unit and a period with the smallest SCS of the candidate PUCCH carriers as the reference SCS. The carrier configured for the time unit containing the slot/sub-slot determined by K1 is used for PUCCH transmission.
Considering the support of the three options, the DCI indication of PUCCH carrier seems requiring the least specification effort which we slightly preferred. The alternative 1A to solve the carrier switching for DCI not applicable PUCCH discussed in the last meeting[1] that 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) increases the specification effort for alternative 1 to a similar level as alternative 2B, and we think it is not a good way to be adopted in Rel-17.
2.2 Retransmission of cancelled HARQ
For retransmission of cancelled HARQ, the applicable scenarios need to be identified, which should be the base for the designed schemes selection or optimization. 
For SPS HARQ-ACK collision due to TDD specific configurations, it is under discussion to defer it until a next available PUCCH. According to the agreements reached so far for the deferral mechanism, the SPS HARQ-ACK dropping issue could not be completely solved. Since when the SPS HARQ-ACK collides with semi-static flexible symbol with dynamically scheduled DL transmission or not indicated as UL by SFI in the initial or target slot/sub-slot, or when there is no available PUCCH resource found until the maximum deferral limit is reached, the SPS HARQ-ACK would still be dropped. The dropped SPS HARQ-ACK could be trigged for retransmission as the complementary technique to the deferral mechanism.
Another considerable use case for retransmission is the cancelled low priority HARQ due to collision with high priority UCI. However, for the low priority HARQ, there is already an objective to study in Rel-17 URLLC for UL intra UE multiplexing where the low priority HARQ-ACK can be multiplexed into PUCCH or PUSCH with high priority instead of being cancelled. Thus based on the outcome of the discussion, the use case for retransmission of the cancelled HARQ as a result of intra UE prioritization may be little. 

For the high priority HARQ, it will not be cancelled due to prioritization. For dynamic scheduled high priority HARQ, since the gNB could indicate a proper K1 value and PUCCH resource, the cancelling may not happen very often.

Therefore, the main use case of cancelled HARQ retransmission identified is as a complementary technique to transmit collided SPS HARQ-ACK due to TDD specific configurations.
In the last meeting, Type 3 CB enhancements and one-shot triggering of dropped HARQ-ACK by DCI scheduling new PUCCH/PUSCH resource are the mainly discussed methods to support retransmission of canceled HARQ-ACK. 
The Type 3 CB contains HARQ-ACK for all HARQ processes and all carriers configured in the PUCCH group. A simple enhancement can be introduced to reduce the overhead, such as only include HARQ-ACK for active carriers in the PUCCH group and active SPS configurations, and this way is considered to be enough to support the use case. The enabling of the Rel-17 enhanced Type 3 CB could be configured by RRC signalling. 
The one-shot triggering of dropped HARQ-ACK option needs specification effort to decide which dropped HARQ-ACK is to be re-transmitted. Since the UE may miss DCI for SFI indicating or DL scheduling, UE and gNB may have different understanding on which HARQ-ACKs are dropped. The ambiguity of the retransmitted HARQ-ACK should also be avoided.
Based on the above consideration, we would like to support enhanced Type 3 CB for simplicity.
Proposal 5: Support enhanced Type 3 CB with reduced size. The enhanced Type 3 CB has a single size such as only include HARQ-ACK for active carriers in the PUCCH group and active SPS configurations, and is enabled by RRC.
In current specification Type 3 CB can’t be triggered by DCI format 1_2. Since DCI format 1_2 was discussed in Rel-16 URLLC to provide high PDCCH reliability, the triggering of Type 3 CB could also be supported for DCI format 1_2.
Proposal 6: Support DCI format 1_2 to trigger Type 3 HARQ-ACK CB transmission.
3. Conclusion
In this contribution, our proposals regarding PUCCH carrier switching and retransmission of cancelled HARQ are listed as follows:
Proposal 1: PUCCH carrier switching for HARQ feedback is supported in Rel-17 URLLC.

Proposal 2: If DCI indicating the PUCCH carrier for HARQ-ACK transmission is supported in Rel-17, 

· The reference SCS of PDSCH to HARQ-ACK offset K1 is the SCS of the indicated target carrier.

· RRC signal could configure different K1 sets for carrier with different SCS. The number of K1 values in the K1 sets should be the same.
· When the HARQ-ACK codebook only contains the SPS HARQ-ACK feedback, PDSCH MAC CE indicating the PUCCH carrier for HARQ-ACK can be considered if there is ACK in the codebook, PUCCH is dropped if all of the HARQ-ACK for these SPS PDSCH are NACK.

Proposal 3: If PUCCH carrier switching based on certain rules is supported in Rel-17,

· On the original carrier, a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as needing carrier switching. 

· For searching of the target carrier, firstly consider the carrier with PUCCH resource consisted of only semi-static UL symbols. If no target carrier is found, then semi-static flexible symbol can be used as the valid PUCCH resource.
· The carrier with larger SCS is ordered with priority.

· On the target carrier, available PUCCH resource is searched in the slot(s)/sub-slot(s) overlapped with the slot/sub-slot determined by K1 on the original PUCCH carrier.
Proposal 4: If PUCCH carrier switching based on RRC configured PUCCH cell timing pattern is supported in Rel-17,

· RRC configures a time unit and a period with the smallest SCS of the candidate PUCCH carriers as the reference SCS. The carrier configured for the time unit containing the slot/sub-slot determined by K1 is used for PUCCH transmission.
Proposal 5: Support enhanced Type 3 CB with reduced size. The enhanced Type 3 CB has a single size such as only include HARQ-ACK for active carriers in the PUCCH group and active SPS configurations, and is enabled by RRC.

Proposal 6: Support DCI format 1_2 to trigger Type 3 HARQ-ACK CB transmission.
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