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[bookmark: _Ref521334010]Introduction
At the RAN1#104bis-e meeting, several HARQ-ACK feedback enhancements were discussed and the following agreements were reached [1].
	Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)
Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def
Conclusion: 
No support for dynamic indication of skipped SPS PDSCH occasions in Rel-17 as part of this WI.
Agreement: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 
Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.
Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition 
Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 


In this contribution, we give our considerations for HARQ-ACK retransmission and PUCCH carrier switching for URLLC.
Discussion
Retransmission of cancelled HARQ
For retransmission of cancelled HARQ, enhanced Type-3 codebook and one-shot triggering of dropped HARQ-ACK were extensively discussed in last meeting [2].
Type-3 codebook was introduced in NR-U to support HARQ-ACK retransmission. It can be reused for ret transmission of HARQ-ACK feedback of SPS PDSCH in case the TDD collision happens. Furthermore, to reduce the codebook size, it can be considered that only HARQ-ACKs for the HARQ processes of SPS PDSCHs are included in the codebook. Further enhancements by dynamically changing the enhanced Type-3 codebook size are not preferred considering the unclear benefit and the specification efforts.
It is sufficient to distinguish Type-3 codebook and enhanced Type-3 codebook through RRC only. To be more specific, a RRC parameter can be introduced to configure whether HARQ-ACK for all HARQ processes or for only HARQ processes of SPS PDSCHs are included in the Type-3 codebook. 
For the construction of enhanced Type-3 codebook, considering that the HARQ processes are shared between different priorities, the codebook construction should be independent of the indicated PHY priority. The PHY priority indicated in triggering DCI is used to determine the priority of the PUCCH resource used for the enhance Type-3 codebook.
In addition, the current Type-3 codebook can only be triggered by DCI format 1_1. We support the enhancement to enable triggering Type-3 codebook by DCI format 1_2, that is, an additional DCI field can be added in DCI format 1_2 to trigger Type-3 codebook.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: Enhanced Type-3 codebook which includes HARQ-ACKs for HARQ processes of SPS PDSCHs only is supported.
Proposal 2: Type-3 codebook and enhanced Type-3 codebook are distinguished by RRC configuration only.
Proposal 3: The PHY priority indicated in triggering DCI is used to determine the priority of the PUCCH resource used for the enhance Type-3 codebook and the enhanced Type-3 codebook is constructed independently from the PHY priority indication.
Proposal 4: An additional DCI field can be added in DCI format 1_2 to trigger (enhanced) Type-3 codebook.
For one-shot triggering of dropped HARQ-ACK, UE needs to identify which ‘dropped HARQ-ACK’ should be re-transmitted. To ensure the same understanding on the retransmitted HARQ-ACK between gNB and UE, the offset between the slot for triggering DCI and slot for dropped HARQ-ACK can be indicated by the triggering DCI, then UE knows which dropped HARQ-ACK should be retransmitted. As an example shown in Figure 1, HARQ-ACK in slot n was dropped due to overlapping with a high priority channel, then a DCI in slot n+1 indicating the dropped HARQ-ACK in slot n is retransmitted in slot n+3 by indicating that the offset between the slot for triggering DCI and slot for dropped HARQ-ACK is 1.


[bookmark: _Ref71362346]Figure 1 Offset between the slot for triggering DCI and slot for dropped HARQ-ACK is indicated by triggering DCI
Proposal 5: If one-shot triggering of dropped HARQ-ACK is supported, the offset between the slot for triggering DCI and slot for dropped HARQ-ACK can be indicated by the triggering DCI to identify which ‘dropped HARQ-ACK’ should be re-transmitted.
PUCCH carrier switching
For PUCCH carrier switching, the following four alternatives were discussed for further study in previous meetings:
· Alt. 1- PUCCH carrier switching is based dynamic indication in DCI
· Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)
· Alt. 2B - PUCCH cell switching is based on certain (semi-static) rules 
· Alt. 2C - PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
Alternative 1 is the most flexible option to allow gNB to dynamically determine the PUCCH carrier. The numerology and slot/sub-slot configuration can be determined based on the configuration of the indicated PUCCH carrier, and all current schemes of PUCCH resource determination can be reused, which is simple and has less impact to specification. The drawback is the DCI overhead and only PUCCH with dynamic HARQ-ACK can support dynamic switching; the semi-static PUCCH resources cannot be switched to the other carriers by this option.
Alternative 1A is an enhanced option based on Alt.1, for semi-static PUCCH resources, it can be switched to other cells based on certain (semi-static) rules (as for Alt. 2B), and it has same features as Alt.1 and Alt.2B.
For alternative 2B, a unified solution can be considered for dynamic PUCCH resource and semi-static PUCCH. A possible way is to perform PUCCH carrier switching when the PUCCH resource on PCell/PSCell/PUCCH-SCell is unavailable, but it is complicated since the detailed rules to perform PUCCH carrier switching should be defined, including when PUCCH carrier switching is performed, the target carrier for PUCCH carrier switching and the mapping of PUCCH resource from PCell to SCell etc. In case the numerology is different between the switching carriers, the switching rule may be more complicated. In addition, the PUCCH carrier switching is performed automatically so that gNB cannot stop the PUCCH carrier switching for a UE in case of collision with other UEs. The benefit is that neither DCI overhead nor RRC overhead would be increased.
For alternative 2C, it seems simple but actually not for the case of different SCS configurations between PUCCH carriers. The mapping of PUCCH resource from PCell to a SCell for PUCCH transmission is needed. Since UE should first determine in which slot/sub-slot on PCell the PUCCH is transmitted, then determine whether PUCCH should be switched to a SCell. For dynamic PUCCH resource with HARQ-ACK, UE should understanding the DCI based on the configuration for PCell, and then map to a certain PUCCH resource on SCell in case of different SCS, it is a little complicated especially considering the case that if the switching pattern is symbol based. In addition, RRC overhead is needed for this option.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]An issue for these options is that there may be overlapping between the PUCCH on switched cell and PUCCH on original cell. As shown in Figure 2, assuming CC1 is PCell and CC2 is Scell, if PUCCH-1 is switched to CC2, and then it overlaps with a PUCCH-2 on CC1, how to deal with this overlapping should be considered. For Alt.1/1A, the switched PUCCH resource is indicated by DCI, hence this can be avoided by gNB. For Alt.2C, it can also be avoided by configuring a switching pattern based on the slot boundary which is aligned between carriers which could transmit PUCCH, then all the PUCCH resources in a slot should be switched together. For Alt. 2B, it is not clear how to avoid this overlapping; it seems additional rules for overlapping between PUCCH on different carriers should be considered.


[bookmark: _Ref71365670]Figure 2 Overlapping between the PUCCH on switched cell and PUCCH on original cell
In addition, for Alt.2B/2C, the operation order of PUCCH carrier switching and UL multiplexing should be considered considering that different orders may have different results, which requires more discussions.
Comparing the four alternatives, each has corresponding merits and demerits. We slightly prefer Alt.1, which is the simplest scheme with least specification efforts. With this option, the SPS HARQ-ACK can be multiplex with dynamic HARQ-ACK in the same slot if dynamic HARQ-ACK is indicated to be transmitted on the switched cell and the other configured PUCCH resources can be dropped if it is in the same slot with the switched dynamic HARQ-ACK. For the case of different numerologies, the slot of the smallest SCS can be used as the reference. As shown in Figure 3, the SPS HARQ-ACK in slot n of CC1 can be multiplexed with dynamic HARQ-ACK in slot 2n of CC2 since they are considered to be in the same slot based on the SCS of CC1.


[bookmark: _Ref71374237]Figure 3 SPS HARQ-ACK in CC1 is multiplexed with dynamic HARQ-ACK in CC2

[bookmark: _GoBack]Proposal 6: PUCCH carrier switching based on dynamic indication in DCI is supported.
· The transmission carrier of dynamic HARQ-ACK is indicated by DCI corresponding to the dynamic HARQ-ACK;
· SPS HARQ-ACK can be multiplexed with dynamic HARQ-ACK in the same slot if dynamic HARQ-ACK is indicated to be transmitted on the switched cell and the other configured PUCCH resources can be dropped if they are in the same slot with the switched dynamic HARQ-ACK; 
· For the case of different numerologies, the slot based the smallest SCS can be used as the reference slot.
Conclusion
In this contribution, we discuss some considerations for HARQ-ACK feedback enhancements and give the following proposals.
Proposal 1: Enhanced Type-3 codebook which includes HARQ-ACKs for HARQ processes of SPS PDSCHs only is supported.
Proposal 2: Type-3 codebook and enhanced Type-3 codebook are distinguished by RRC configuration only.
Proposal 3: The PHY priority indicated in triggering DCI is used to determine the priority of the PUCCH resource used for the enhance Type-3 codebook and the enhanced Type-3 codebook is constructed independently from the PHY priority indication.
Proposal 4: An additional DCI field can be added in DCI format 1_2 to trigger (enhanced) Type-3 codebook.
Proposal 5: If one-shot triggering of dropped HARQ-ACK is supported, the offset between the slot for triggering DCI and slot for dropped HARQ-ACK can be indicated by the triggering DCI to identify which ‘dropped HARQ-ACK’ should be re-transmitted.
Proposal 6: PUCCH carrier switching based on dynamic indication in DCI is supported.
· The transmission carrier of dynamic HARQ-ACK is indicated by DCI corresponding to the dynamic HARQ-ACK;
· SPS HARQ-ACK can be multiplexed with dynamic HARQ-ACK in the same slot if dynamic HARQ-ACK is indicated to be transmitted on the switched cell and the other configured PUCCH resources can be dropped if they are in the same slot with the switched dynamic HARQ-ACK; 
· For the case of different numerologies, the slot based the smallest SCS can be used as the reference slot.
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