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This contribution provides our views on the remaining issues of HARQ-ACK feedback enhancements in Rel-17, including SPS HARQ-ACK deferral, PUCCH carrier switching, and retransmission of cancelled HARQ-ACK. In addition, some views on RRC parameters are also provided.
Remaining issues for HARQ-ACK enhancements
In the RAN1#107-e meeting, great progress was made. Some remaining issues for HARQ enhancements include: 
· Joint operation between the features of HARQ enhancements
· Joint operation of some HARQ enhancement features with Rel-17 intra-UE multiplexing
· Miscellaneous remaining issues/clarifications for one-shot retransmission (DCI design, scheduling restrictions, DCI missing handling, etc.) and PUCCH carrier switching. 
For joint operations, the current progress can be briefly summarized according to the discussions from the FL summary [1] and as shown below. 
Table 1 – Support of the joint operations of Rel-17 URLLC features
	
	SPS Deferral
	Enh. Type 3 CB
	One-Shot Re-tx
	Dynamic Cell Switching
	Semi-Static Cell Switching
	PUCCH Repetition
	Intra-UE Multiplexing

	SPS Deferral
	-
	√
	TBD
	TBD
	√
	TBD
	TBD

	Enh. Type 3 CB
	-
	-
	×
	√
	√
	TBD
	TBD

	One-Shot Re-tx
	-
	-
	-
	×
	√
	TBD
	TBD

	Dynamic Cell Switching
	-
	-
	-
	-
	×
	TBD
	TBD

	Semi-Static Cell Switching
	-
	-
	-
	-
	
	TBD 
	TBD

	PUCCH repetition
	-
	-
	-
	-
	-
	-
	√

	Intra-UE Multiplexing
	-
	-
	-
	-
	-
	-
	-


Note: √  means supported; × means not supported;  TBD/TBD means no conclusion/agreement.
Joint operation between PUCCH repetition and intra-UE multiplexing is already captured in Clause 9 of the spec CR 38.213 [2] by simply dropping the LP HARQ-ACK, thus the two features can be simultaneously configured without further spec impact. The joint operations marked as ‘TBD’ are straightforward to support with non-significant spec impact as briefly analyzed below.
For joint operation between PUCCH carrier switching (including dynamic carrier switching and semi-static carrier switching) and intra-UE multiplexing, the UE can separately determine the PUCCH on the target PUCCH cell and perform inter-priority multiplexing afterwards. The joint operation is simple and straightforward even though there is no explicit agreement yet.
For joint operation between PUCCH repetition and dynamic cell switching, it is also straightforward to be supported where all repetitions are transmitted on the target PUCCH cell.
For joint operation between PUCCH repetition and retransmission of cancelled HARQ-ACK (including Type 3 CB/enhanced Type 3 CB and one-shot retransmission), it is straightforward to be supported with minor spec impact.
Proposal 1: The following joint operations can be supported with non-significant spec impact:
· Joint operation between dynamic PUCCH carrier switching and intra-UE multiplexing
· Joint operation between semi-static PUCCH carrier switching and intra-UE multiplexing
· Joint operation between dynamic PUCCH carrier switching and PUCCH repetition
· Joint operation between PUCCH repetition and Type 3 CB / enhanced Type 3 CB
· Joint operation between PUCCH repetition and one-shot retransmission
Whether/how to support the joint operation cases marked as ‘TBD’ will be discussed in later sections.
2.1 Remaining issues for SPS HARQ-ACK deferral
In the RAN1#107-e meeting, a great progress was made for the deferral of dropped SPS HARQ-ACK and the agreements shown below were achieved [3]. Some remaining issues are discussed in the following focusing on the joint operation with other topics.
	Agreement: The maximum SPS HARQ-ACK deferral value in terms of k1+k1def per SPS configuration is RRC configured from a value range of {1…32}.

Conclusion: For SPS HARQ-ACK deferral, if a UE is not configured with Rel-17 intra-UE multiplexing but configured with Rel-16 PHY prioritization, the UE first performs Rel-16 UCI multiplexing and PHY prioritization in both initial slot and target slot and if a LP SPS HARQ-ACK PUCCH is deprioritized, the LP SPS HARQ-ACK is not deferred.
· Note: If the SPS HARQ-ACK is deprioritized in any slot, no further deferral.

Agreement: Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:
For the target slot determination of SPS HARQ-ACK deferral,
· Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
· Note: In step 1, k is increased on PCell/PScell/PUCCH-Scell. “The next PUCCH slot” represents the slot on the PUCCH cell based on PUCCH cell pattern, which is mapped from the PCell/PScell/PUCCH-Scell slot with increased K1.
· Note: The maximum deferral limitation checking is based on the effective k + kdef value based on the granularity of PCell / PScell/PUSCCH-Scell

Agreement: The earlier RAN1 agreements on the valid symbol definition in the initial and target PUCCH slot for SPS HARQ-ACK deferral are further clarified as: 
· For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial and target PUCCH slot/sub-slot a collision with semi-static DL symbols, SSB and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is regarded as ‘invalid’ or ‘no symbols for UL 

Agreement: Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral.
· In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot and that PUCCH slot is not considered as a potential target slot for SPS HARQ-ACK deferral anymore.


Joint operation between SPS deferral and PUCCH repetition
For joint operation between SPS deferral and PUCCH repetition, two alternatives had been provided during the previous discussions and are given in the FL summary as shown below. 
	Mod2 Proposal 2.2.4: Support the simultaneous configuration of SPS HARQ deferral and PUCCH repetition and further down-select from Alt. 1 or Alt. 3:  
· Alt. 1: 
· If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 PUCCH repetition rule without considering the rules of SPS HARQ deferral.
· In case the PUCCH indicated in the initial slot does not have a PUCCH repetition factor larger than 1, the SPS HARQ-ACK deferral rules for the initial slot apply. If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any further after the first PUCCH repetition.
· Alt. 3:
· If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure without taking a potential PUCCH repetition in the initial slot into account. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any further after the first PUCCH repetition.


Among Alt.1 and Alt.3, Alt.3 is slightly preferred as it is a unified solution for both the initial slot and the target slot on which the SPS deferral is applied before repetition checking. However, RAN1 has spent lots of time on an over-optimization of the joint operation. The situation and the potential solutions have become more and more complicated. Considering that the Rel-16 PUCCH repetition can well support postponing of UCI and thereby almost fully covers the benefits of SPS deferral, the extra advantages for joint operation between PUCCH repetition and SPS HARQ-ACK deferral are very marginal. Therefore, we are making the following proposal:
Proposal 2: Simultaneous configuration of SPS HARQ-ACK deferral and PUCCH repetition is not supported.
Joint operation between SPS deferral and dynamic PUCCH carrier switching
The joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching is simple to combine. Specifically, as shown below, RAN1 made a conclusion in the last meeting that the SPS HARQ-ACK on PCell due to collision with DL will be exempted from the restriction of gNB scheduling HARQ-ACK on SCell. That is because there is no actual SPS HARQ-ACK transmitted in an intermediate slot during the deferring procedure on PCell before the target slot. Therefore, the SPS HARQ-ACK can be kept deferring on PCell in parallel, and the Rel-16 UCI multiplexing procedure performed for the deferred SPS HARQ-ACK before determining the target slot is confined within PCell. 
	Conclusion	
For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH PUCCH cell.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell.


For example, as shown in Figure 1, PUCCH#1 collides with DL symbols in slot#1 on PCell and SPS HARQ-ACK carried on PUCCH#1 will be deferred on PCell. In slot#1 and slot#3 on SCell, the gNB can schedule PUCCH#2 and PUCCH#3, respectively, with DG HARQ-ACK, because there is no actual SPS HARQ-ACK transmitted in slot#1 and slot#3 on PCell. 
In slot#4 on PCell, a first valid PUCCH may be determined for the deferred SPS HARQ-ACK. In order not to violate the previous conclusion, the gNB can only schedule the DG HARQ-ACK in slot#4 on PCell (if any). The slot#4 carrying the DG PUCCH, i.e, PUCCH#4, will be the target PUCCH slot for deferred SPS HARQ-ACK.
[image: ]
[bookmark: _Ref92187834]Figure 1 - Example of joint operation of dynamic carrier switching and SPS HARQ-ACK deferral
Proposal 3: Support simultaneous configuration of SPS HARQ-ACK deferral and dynamic PUCCH cell switching. 
· For a slot before the target slot during the SPS HARQ-ACK deferring procedure on PCell, the UE can be scheduled to transmit DG HARQ-ACK on SCell.
If companies think the above described procedure is complex, we are also fine with not supporting joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching. In any case, the gNB scheduling HARQ-ACK on SCell should not be restricted due to a ‘virtual’ collision with SPS HARQ-ACK during deferral, since such deferral may last for multiple contiguous slots, during which the PUCCH scheduling on SCell would be forbidden otherwise. 
Joint operation between SPS deferral and intra-UE multiplexing
For joint operation between SPS HARQ-ACK deferral and intra-UE multiplexing, the following proposal was provided and discussed during the email discussion [1]:
	Proposal 2.3.2: Support simultaneous configuration of Rel-17 intra-UE multiplexing of different priorities and SPS HARQ-ACK deferral
· If after the Rel-17 multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN, 
· which is not valid in the initial slot, the SPS HARQ-ACK configured for deferral is deferred; and
· which is valid in a next PUCCH slot, the next PUCCH slot is determined as target PUCCH slot. 
· For the target slot determination, LP SPS HARQ-ACK is considered as LP HARQ-ACK payload and HP SPS HARQ-ACK for deferral is treated as HP HARQ-ACK playload for the target slot determination using the Rel-17 intra-UE multiplexing framework. 


In our understanding, the deferring time unit for HP SPS HARQ-ACK and LP HARQ-ACK may be different due to different slot/sub-slot configurations. Then, the target PUCCH slot for SPS HARQ-ACKs with different priorities can be separately determined without considering the potential multiplexing with the other deferring SPS HARQ-ACK of a different priority. 
After determining their separate target PUCCH slot(s), if the HP target SPS PUCCH and LP target SPS PUCCH are overlapped, they will be multiplexed according to the Rel-17 intra-UE multiplexing rule. If the resulting SPS PUCCH with hybrid priorities is not valid, both of the HP/LP SPS HARQ-ACKs are dropped without further deferring.
Proposal 4: Support simultaneous configuration of Rel-17 intra-UE multiplexing of different priorities and SPS HARQ-ACK deferral
· The target slot/sub-slot for the LP SPS HARQ-ACK and HP SPS HARQ-ACK are separately determined based on separate time units.
· If after the inter-priority multiplexing operation, and if the UE would be transmitting the SPS HARQ-ACK of hybrid priorities on SPS PUCCH, and the SPS PUCCH is not valid in the initial/next PUCCH slot, the hybrid SPS HARQ-ACK is dropped.
2.2 PUCCH carrier switching for HARQ-ACK feedback
In the RAN1#107-e meeting, great progress was made for PUCCH carrier switching and the following agreements were achieved [3]. 
	Agreement: Support simultaneous configuration of one-shot HARQ-ACK re-transmission and semi-static PUCCH cell switching:
· the ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of a PUCCH slot of the respective PHY priority of PCell /PSCell / PUCCH SCell

Agreement: Support simultaneous configuration of enhanced Type 3 CB triggering and PUCCH cell switching. 

Conclusion: For PUCCH cell switching DCI field size alignment is done by:
· For dynamic PUCCH cell switching, the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 and 1_2 is determined by the largest K1 set among the K1 sets of all candidate PUCCH cells for PUCCH cell switching based on dynamic indication
· i.e., a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same
· Note: for semi-static PUCCH cell switching only the K1 set of PCell is needed
· For semi-static and dynamic PUCCH cell switching, the bit width of the PRI field in DCI format 1_2 is determined by the largest value of numberOfBitsForPUCCH-ResourceIndicatorDCI-1-2 of all PUCCH cells 
· i.e., a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same
· FFS: If similar handling is applied for ChannelAccess-CPext DCI field (0 or 2 bit)

Agreement: For PUCCH cell switching and a PUCCH transmission on the alternative PUCCH cell, the alternative PUCCH cell is used to derive the downlink pathloss estimate PLb,f,c(qd), i.e., replace in the main bullet of the PLb,f,c(qd) determination in Sec. 7.2.1 of 38.213 the ‘primary cell’ with ‘cell for PUCCH transmission’ 

Agreement: For PUCCH cell switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e., multiple target PUCCH cell slots overlapping with a single PCell slot),  adopt Alt 1, i.e., the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.
 
Agreement: The time-domain pattern for semi-static PUCCH cell switching is separately configurable for the primary and secondary PUCCH cell group.

Agreement: The time-domain pattern for semi-static PUCCH cell switching is based on the reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon and is common to every configured UL BWP (of PCell / SPCell / PUCCH SCell).

Agreement: For PUCCH cell switching based on semi-static operation, adopt Alt. 4, i.e., the UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.
 
Agreement: For semi-static PUCCH cell switching, if the alternative PUCCH cell (i.e. PUCCH sCell) is deactivated or the alternative PUCCH Cell is dormant, the UE does not apply time-domain pattern and the UCI is to be transmitted on PCell / SPCell / PUCCH SCell.
 
Conclusion: There is no consensus to support simultaneous configuration of semi-static PUCCH cell switching and dynamic PUCCH cell switching in Rel-17.

Conclusion: For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH PUCCH cell.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell.


2.2.1 PUCCH carrier switching based on dynamic indication
Applicable cell and K1 set for later SPS HARQ-ACKs without PDCCH
One remaining issue is the applicable cell and K1 set for the later SPS HARQ-ACKs other than the HARQ-ACK for the first activated SPS PDSCH. In previous meetings, the following agreements were made.
	Agreement: In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI

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.


According to the above agreements, the HARQ-ACK for the first activated SPS PDSCH will be transmitted on the dynamically indicated cell and the K1 set of the indicated cell will be applied for determining the PUCCH slot. For the later SPS HARQ-ACKs, however, there is no explicit conclusion on which cell it will be transmitted, i.e., still be kept on the indicated SCell or fall back to PCell. In our understanding, the transmission of later SPS HARQ-ACKs should fall back to the PCell, since they can no longer benefit from the flexible cell indication. As a further remaining issue, as the later SPS HARQ-ACKs fall back to the PCell, whether/how to interpret the original K1 indicator for the SCell indicated by the activation DCI to obtain the K1 value for the later SPS HARQ-ACKs on PCell should be discussed. 
Assuming the K1 indicator in the activation DCI is ‘000’ (i.e. 1st k1 value) which indicates SCell as shown in Figure 2, the HARQ-ACK of the 1st activated SPS PDSCH is transmitted in slot#2 on SCell using k1=1 as the 1st k1 value in the SCell K1 set. For the later SPS HARQ-ACKs (shown as the 2nd and 3rd SPS HARQ-ACKs in Figure 2 below) which will fall back on PCell, it should be determined which K1 set and which k1 value to use since the K1 set for PCell may be different from the K1 set for SCell.
One alternative is to determine a new k1 value from PCell’s K1 set according to the original K1 indicator indicated by the activation DCI. E.g.,  the later SPS HARQ-ACKs will be transmitted in slot#6 and slot#9 on PCell using k1=2 as the 1st k1 value from PCell’s K1 set. In this sense, the k1=2 for later SPS HARQ-ACKs does not necessarily need to be included in the SCell K1 set, and the configuration of the two K1 sets are more flexible. 
The other alternative is to reuse the k1 value (i.e. k1=1) for the 1st activated SPS HARQ-ACK to PCell. Then PUCCH#2 and PUCCH#3 would be transmitted on slot#5 and slot#7, respectively, on PCell. In this sense, it needs to be restricted that the gNB has to configure the PCell K1 set to also include k1=1, so that the legacy Type 1 CB procedure can be reused if there is any DG HARQ-ACK of Type 1 CB scheduled also on PUCCH#2/#3. 
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[bookmark: _Ref92704561]Figure 2 - k1 value for later SPS HARQ-ACKs on PCell
We are therefore making the following proposal:
Proposal 5: For dynamic PUCCH carrier switching, if the HARQ-ACK for the first activated SPS PDSCH is indicated on the SCell, the later SPS HARQ-ACKs should fall back to PCell.
Proposal 6: For dynamic PUCCH carrier switching, if the HARQ-ACK for the first activated SPS PDSCH is indicated on the SCell, adopt one of the following options to determine the k1 value for the later SPS HARQ-ACKs on PCell:
· Option 1: UE determines a k1 value from PCell’s K1 set according to the K1 indicator field in the activation DCI
· Option 2: UE applies the same k1 value for the first activated SPS PDSCH to the later SPS HARQ-ACKs on PCell, and the k1 value should be also included in the configured K1 set for PCell
Text Proposal for dynamic carrier switching
In RAN#1 106bis-e and RAN#1 107-e the following agreement and conclusion were achieved, but yet not captured in the spec CR of 38.213 [2].
	Agreement: UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot.
Conclusion: For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH PUCCH cell.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell.


There is a statement in Clause 10.1 intending to generalize all the error/contradictory cases indicated by DCI that the inconsistent DCI would be discarded. However, it can hardly connect this simple sentence to the sophisticated situation where a DCI schedules a HARQ-ACK on SCell to collide with another UCI on PCell, especially considering it includes an exempt case that the to-be-dropped UCI is not counted into this scheduling restriction. Therefore, it is clearer to explicitly express the above agreement in the spec.
Therefore, the text proposal is given as follows.
Proposal 7: RAN1 should adopt the following TP to capture the agreement on the not expected overlapping between dynamically indicated PUCCH slot on SCell and another UCI on PCell: 
	------------------ Text Proposal for 38.213 Clause 9.A ------------------
9.A	  PUCCH Cell Switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
…
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field, as described in [5, TS 38.212], that indicates whether the PUCCH transmission with the HARQ-ACK information by the UE is on the Pcell or on the PUCCH-sSCell.
The UE does not expect to be indicated by a DCI with the PUCCH cell indicator field to transmit HARQ-ACK information on a slot for the active UL BWP of the PUCCH-sSCell to overlap with a slot including another UCI on the active UL BWP of the PCell, unless the UCI on the active UL BWP of the PCell overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, or indicated for a SS/PBCH block by ssb-PositionsInBurst, or belonging to a CORESET associated with a Type0-PDCCH CSS set, and is cancelled according to clause 11.1.
…


2.2.2 PUCCH carrier switching based on semi-static PUCCH pattern
Joint operation between semi-static PUCCH cell switching and PUCCH repetition
For joint operation between semi-static PUCCH cell switching and PUCCH repetition, the following proposal was raised during the email discussion [1]:
	Mod2 Proposal 6.2.12: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped


Transmitting PUCCH repetition over different target PUCCH cells following the semi-static PUCCH pattern provides benefits of latency and diversity, but may be complicated as per the understanding of some companies. In our view, PUCCH repetition is essential for coverage and it is not reasonable to drop any repetition just due to an invalid PUCCH slot due to the semi-static PUCCH pattern. Therefore, a compromised solution can be considered, that is to transmit all PUCCH repetitions on the same PUCCH cell with the first PUCCH repetition, and any PUCCH repetition can be postponed as in Rel-16 if the PUCCH slot according to the semi-static PUCCH pattern is invalid. This retains the coverage benefits without increasing the complexity very much. 
Proposal 8: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported.
· A PUCCH is postponed as in Rel-16 on the PUCCH cell of the first PUCCH repetition if the PUCCH slot is mapped to a different PUCCH cell according to the semi-static PUCCH pattern. 
Target PUCCH slot mapping for partially overlapped cases
As shown in the following agreement, the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission for the case that the PCell slot is longer than the target PUCCH cell slot/sub-slot. 
	Agreement: For PUCCH cell switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e., multiple target PUCCH cell slots overlapping with a single PCell slot),  adopt Alt 1, i.e., the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.


However, if PCell and PUCCH cell have different sub-slot configurations, the first target PUCCH slot/sub-slot on SCell may lie astride the slot/sub-slot boundary and span more than one PCell slot/sub-slots. For example, as shown in Figure 3, PCell is configured with 30 kHz SCS and 7OS sub-slot length and SCell is configured with the same SCS but with 2OS sub-slot length, or PCell is configured as 30 kHz SCS and 14OS slot length but SCell is configured with 15 kHz SCS and 2OS sub-slot length. Therefore, sub-slot#3 of the SCell which is the first target PUCCH slot overlapping with the PCell slot/sub-slot would crosses the boundary of PCell slot/sub-slot and would be identified as the target PUCCH slot according to the above agreement. 
[image: ]
[bookmark: _Ref92210496]Figure 3 - SCell sub-slot spans across PCell slots
However, mapping the UCI to the partially overlapped sub-slot#3 may result in an earlier starting point of the PUCCH and thereby impact the processing timeline. Instead, the target PUCCH slot should be the first SCell sub-slot that fully overlaps with the PCell slot/sub-slot, i.e., sub-slot#4 of SCell in Figure 4. It should be noted that the above SCS and sub-slot length combinations are typical configurations, and the gNB should not be restricted to avoid such configurations.
Proposal 9: For PUCCH cell switching based on semi-static operation, for the case the PCell slot/sub-slot to be longer than the target PUCCH cell sub-slot and the earliest target PUCCH cell sub-slot is partially overlapping with the PCell slot/sub-slot, the first target PUCCH slot fully overlapping with the PCell slot is used for UCI transmission.
[image: ]
[bookmark: _Ref92212515]Figure 4 - Determining SCell target sub-slot for partially overlap case
2.3 Retransmission of cancelled HARQ-ACKs
In the RAN1 #107-e meeting [3], the agreements in below have been achieved. In the following, we discuss the remaining issues on the retransmission of cancelled HARQ-ACKs.
	Enhanced type 3 HARQ-ACK codebook:
Agreement: The list enhanced Type 3 HARQ-ACK codebooks is configured per PUCCH cell group (i.e., separately configurable for primary and secondary PUCCH cell group).
Agreement: Support simultaneous configuration of enhanced Type 3 CB triggering and PUCCH cell switching.
Agreement: Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral.
· In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot and that PUCCH slot is not considered as a potential target slot for SPS HARQ-ACK deferral anymore.
Agreement: One enhanced Type 3 HARQ-ACK codebook is RRC configured either as:
1. a subset of CC, i.e., all HARQ processes of the subset of CCs are part of the codebook, OR
	pdsch-HARQ-ACK-enhType3perCC
	Configure the one enhanced Type 3 HARQ-ACK codebook using per CC configuration
	(1..maxNrofServingCells) of Integer (0,1)


1. a subset of configured HARQ processes per CC, i.e., different subsets of HARQ processes can be configured for each CC.
	pdsch-HARQ-ACK-enhType3perHARQ
	Configure the one enhanced Type 3 HARQ-ACK codebook using a per HARQ process and CC configuration
	(1..maxNrofServingCells) of Bit String (Size (16))


Agreement: If more than one (M>1) enhanced Type 3 HARQ-ACK codebook is configured and the triggering DCI with the ‘one-shot HARQ-ACK request’ set to ‘1’,
· If the FDRA field is not valid, i.e. all “1s” or all “0s” as per Rel-16, then PDSCH is not scheduled:
. If a new field with N=ceiling(log2 (M)) bits is configured in the triggering DCI, the UE uses this new field to indicate one of M configured e-Type 3 HARQ-ACK CBs
. If the new field is not configured in the triggering DCI, the UE uses the MCS field to indicate one of M configured e-Type 3 HARQ-ACK CBs
· If the FDRA field is valid, then a PDSCH is scheduled
. If a new field with N=ceiling(log2 (M)) bits is configured in the triggering DCI, the UE uses this new field to indicate one of M configured e-Type 3 HARQ-ACK CBs
. If the new field is not configured in the triggering DCI, the UE selects the 1st indexed e-Type 3 HARQ-ACK CB in the M configured e-Type 3 HARQ-ACK CBs

One-shot HARQ-ACK retransmission:
Agreement: The one-shot HARQ re-transmission on PUCCH is configured per PUCCH cell group (i.e., separately configurable for primary and secondary PUCCH cell group).
Agreement: For one-shot HARQ re-transmission on PUCCH, the ‘HARQ re-tx offset’ is determined as Alt. 1: n = m - HARQ_retx_offset
Conclusion: There is no consensus to support the simultaneous configuration of one-shot HARQ-ACK re-transmission and dynamic PUCCH cell switching in Rel-17. 
Agreement: Support simultaneous configuration of one-shot HARQ-ACK re-transmission and semi-static PUCCH cell switching:
· the ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of a PUCCH slot of the respective PHY priority of PCell /PSCell / PUCCH SCell
Agreement: Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the HARQ slot offset. 
· FFS: if the ‘one-shot HARQ-ACK request’ field can be reused
· FFS: which unsed DCI field in the DCI is used for HARQ slot offset indication
· FFS: The indication of whether the PDSCH is not scheduled will reuse Rel-16 type-3 HARQ ACK CB UE behavior
Conclusion: There is no consensus to support the simultaneous configuration of the Rel-16 Type 3 HARQ-ACK CB and Rel-17 one-shot re-tx HARQ triggering for a UE in Rel-17. 
Conclusion: There is no consensus to support the simultaneous configuration of the Rel-17 Enhanced Type 3 HARQ-ACK CB and Rel-17 one-shot HARQ re-tx triggering for a UE in Rel-17. 
Agreement: For one-shot triggering of HARQ re-transmission, introduce a new 1-bit DCI field in DCI format 1_1 and in DCI format 1_2 (if DCI format 1_2 is configured with one-shot triggering of HARQ-ACK re-transmission).
Working Assumption: For one-shot triggering of HARQ re-transmission, in addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
· The support for the triggering before the initial PUCCH transmission slot is subject to separate UE capability indication
Agreement: For one-shot HARQ-ACK re-transmission, the value range for HARQ re-tx offset is fixed in the specification.


2.3.1 Enhanced Type 3 HARQ-ACK codebook
Joint operation between intra-UE multiplexing and enhanced Type 3 CB
It seems straightforward to simultaneously configure both features without much spec impact. The joint operation of intra-UE multiplexing and enhanced Type 3 CB has been discussed in the last meeting as shown below. 
	Proposal 3.3.4: Update the earlier RAN1 agreement with the following changes in red:
Agreement: For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB with the same priority index as the enhanced Type 3 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook


In our understanding, the HARQ-ACK CBs for HP and LP can be separately generated within one slot, so the above limitation applies only for the Type 1/2 CB and enhanced Type 3 CB of the same priority, i.e., the HARQ processes of the scheduled Type 1/2 CB does not necessarily need to be included by the enhanced Type 3 CB of a different priority if they are in the same PUCCH slot. This is helpful to relax the gNB scheduling restriction.
In addition, the LP Type 3 CB/enhanced Type 3 CB should not overlap with a HP HARQ-ACK with respect to the ambiguity issue resulting from LP DCI missing, which is analyzed in our companion contribution [4].
Proposal 10: Support simultaneous configuration of intra-UE multiplexing and Type 3 CB/enhanced Type 3 CB.
· UE does not expect the overlapping between LP HARQ-ACK subject to Type 3 CB/enhanced Type 3 CB and HP HARQ-ACK.
2.3.2 One-shot triggering for HARQ-ACK re-transmission
Slot offset range for one-shot triggering DCI
In the last meeting, the value range of slot offset for one-shot retransmission was discussed, as shown below.
	NEW Proposal 3.8.X: For one-shot HARQ-ACK re-transmission,
· The MCS field (of transport block 1) is used to indicate the HARQ re-tx offset. 
· Alt. 1 using a fully configurable table / set: 
· Support a configurable set / table of HARQ re-tx offset values with a size of up to 32 entries
· The individual offset values in the set / table can be configured from the set of {-16 … 32} 
· Alt. 2 only starting index is configurable
· Support an RRC configurable earliest triggering point X from the set {-16 to 1}
· The value range for the HARQ re-tx offset is given by {X,…,X+31}
· Alt. 3: non configurable at all / fixed in the specifications
· The value range for HARQ re-tx offset is fixed in the specification to {-8,…23}

Question 10.1: For one-shot HARQ-ACK re-transmission, the MINIMUM supported value (for the early triggering) for the HARQ re-tx offset is:
· Alt. 1: -31 or -32 (choose 31 or 32 to potentially use the bits efficiently)
· Alt. 2: -15 or -16
· Alt. 3: -7 or -8
· Alt. 4: -4

Question 10.2: For one-shot HARQ-ACK re-transmission, the MAXIMUM supported value for the HARQ re-tx offset is:
· Alt. 1: 24
· Alt. 2: 32
· Alt. 3: 48
· Alt. 4: 64


Considering the cross working group issues need to be completed in this meeting, it is of high priority to finish the slot-offset range for one-shot retransmission. The maximum value indicates the earliest UL slot/sub-slot that can be reached backward by the triggering DCI. We think the value of 32 is suitable. The reason behind is similar to the agreed maximum SPS deferral value where a max value of 32 is necessary to cover most of the DL-UL distance values under the TDD with 2OS sub-slot configuration.
For the DCI field to be reused for indicating the slot offset, the combination of some existing fields should be considered, as the 5 bits MCS field alone is not enough to indicate more than 32 values. An example is Rel-16 dormancy indication where a combination of MCS, NDI, RV, etc., fields are reused. For the slot offset, a total of 6 bits of the combined MCS field and the NDI field can be reused, so that the slot offset range can be from -31~32. In this way, it would be more flexible for indicating the one-shot retransmission. 
Proposal 11: The combination of the MCS field and the NDI field can be reused for indicating the slot offset of the one-shot HARQ-ACK retransmission.
Proposal 12: Support the value range of the slot-offset of the one-shot HARQ-ACK retransmission from -31 to 32.
Joint operation between SPS HARQ deferral and one-shot retransmission
The joint operation between SPS HARQ deferral and one-shot retransmission was discussed in last meeting, with the proposal shown as below.
	Mod3 Proposal 3.3.9: Support the simultaneous configuration of one-shot triggering of HARQ re-transmission and SPS deferral 
· The HARQ-ACK CB including deferred SPS HARQ-ACK bits (if any) of the PUCCH slot indicated by the HARQ_offset will be retransmitted in the new retransmission PUCCH triggered by one-shot triggering DCI
· And use Alt. 1, i.e., 
· The PUCCH slot with a one-shot triggered HARQ-ACK CB is regarded as a target PUCCH slot for SPS HARQ-ACK deferral with same PHY priority as the PHY priority of the triggered one-shot HARQ-ACK re-transmission.
· The deferred SPS HARQ-ACK in a target slot is appened to the re-transmitted HARQ-ACK CB following the operation of one-shot HARQ-ACK re-transmission. 


It is straightforward to support that the original HARQ-ACK CB including the deferral SPS HARQ should be scheduled for one-shot HARQ-ACK re-transmission. On the other hand, if the one-shot re-transmitted HARQ-ACK collides with the deferred SPS HARQ-ACK, this deferral HARQ should be appended to the one-shot HARQ-ACK CB similar with the principle of appending of deferred SPS HARQ-ACK to the Type 1/2 CB. Considering the one-shot HARQ-ACK CB may generally not include a large set of HARQ processes as Type 3 CB/enhanced Type 3 CB, it does not make sense to suppose the deferred SPS HARQ-ACK is always part of the one-shot HARQ-ACK CB.
Proposal 13: Support joint operation between SPS HARQ deferral and one-shot retransmission. 
· The PUCCH slot with a one-shot triggered HARQ-ACK CB is regarded as a target PUCCH slot for SPS HARQ-ACK deferral.
· The deferred SPS HARQ-ACK in a target slot is appended to the retransmitted HARQ-ACK CB.
Identification of the HARQ-ACK that can be triggered for re-transmission
The discussions of the previous meetings focused mainly on the indication mechanism of for the original PUCCH, but what types of the HARQ-ACK on the original PUCCH can be triggered for retransmission has not been analyzed deeply. 
One related issue on this point is which types of HARQ-ACK CB can be taken as the original HARQ-ACK CB for re-transmission.
· For HARQ-ACK of Type 1/2 CB, it is straightforward to allow triggering their retransmission by a one-shot triggering DCI as already agreed. 
· For SPS HARQ-ACK standalone or combined with Type 1/2 CB, it should also be allowed for triggering a retransmission. 
· For the HARQ-ACK already triggered by a one-shot retransmission DCI on the new PUCCH#1, it is not desired to trigger another retransmission by taking PUCCH#1 as the original PUCCH, i.e., the UE expects the HARQ-ACK CB to be triggered for one-shot retransmission at most once. Regarding the retransmitted HARQ-ACK CB can be multiplexed with a new Type 1/2 CB, allowing duplicated retransmission may lead to a long concatenation of more than one HARQ-ACK CBs, which makes the resulting HARQ-ACK vulnerable as the payload size ambiguity for any of these HARQ-ACK CBs will lead to discrepancy.
Proposal 14: UE expects a HARQ-ACK CB to be scheduled as the one-shot retransmission at most once.
Then, it should be discussed what kinds of original PUCCH and dropping/cancellation situations should be regarded as invalid for re-transmission.
1) Intermediate slot for SPS HARQ-ACK deferral. If the SPS HARQ-ACK deferral jointly operates with one-shot retransmission, as the UE would generate the SPS HARQ-ACK CB for each slot during the deferring procedure, it needs to clarify the PUCCH in which slot should be valid to be taken as the original PUCCH for one-shot retransmission. One option is the one-shot retransmission only takes the target slot including the deferred SPS HARQ-ACK as the one-shot original slot. Another option is the one-shot retransmission takes any slot during the deferral procedure as the one-shot original slot. As the HARQ-ACK on the intermediate candidate slot before the target slot is actually not dropped and will keep deferring, it makes no strong sense to schedule the HARQ-ACK retransmission for such intermediate slots. To this end, the first option should be considered. An example is shown in Figure 5, where the UE does not expect to receive a DCI#2 indicating the original SPS HARQ-ACK on an intermediate DL slot with a ‘virtual’ PUCCH#0.
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[bookmark: _Ref92363364]Figure 5 – Invalid intermediate slot of SPS HARQ-ACK deferral for one-shot retransmission
2) HARQ-ACK dropped due to staggered overlapping of PUCCH repetition. For the PUCCH repetition case, since there would be two HARQ-ACK CBs of the same priority colliding in one original slot, where as a result the earlier HARQ-ACK CB is transmitted while the later HARQ-ACK CB is dropped, the UE cannot identify which HARQ-ACK CB is scheduled for retransmission if it receives a retransmission triggering DCI indicating that original slot. In this case, the dropped HARQ-ACK should not be taken as the original HARQ-ACK.
Proposal 15: If the SPS HARQ-ACK deferral jointly operates with one-shot retransmission, UE expects to be scheduled for one-shot retransmission of the original SPS HARQ-ACK enabled with deferring by only taking the target slot as the one-shot original slot.
Proposal 16: HARQ-ACK dropped due to staggered overlapping of PUCCH repetition should not be taken as the original HARQ-ACK for one-shot re-transmission.
Ambiguity issue due to DCI missing
DCI missing could happen on the one-shot triggering DCI. The missing issue on this triggering DCI could have severe impact on payload size when both one-shot retransmission HARQ-ACK and an initial HARQ-ACK of Type 1/2 CB collide in one slot. If the UE misses the one-shot triggering DCI, it would not have any information about the retransmitted HARQ-ACK CB, and only the initial HARQ-ACK CB is transmitted. But the gNB still detects and decodes the HARQ-ACK information by assuming it is a combined HARQ-ACK CB. Such discrepancy of the HARQ-ACK payload size will lead to decoding failure. To avoid the ambiguity issue due to missing the one-shot triggering DCI, the triggering DCI should be the last DCI among the DCIs scheduling HARQ-ACKs pointing to the same PUCCH slot, i.e., if UE receives one-shot triggering DCI scheduling the retransmission HARQ-ACK CB on a slot, the UE does not expect to receive a later DCI scheduling other HARQ-ACKs of Type 1/2 CB to transmit on the same slot. Thus the gNB can perform the blind detection on PUCCH DMRS (e.g., between PUCCH#1 and PUCCH#2 as shown in Figure 6) to identify the DCI missing case.
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[bookmark: _Ref92363421]Figure 6 - Different HARQ-ACK CB sizes in case of triggering DCI missing
Proposal 17: If UE receives one-shot triggering DCI scheduling the retransmission HARQ-ACK CB on a slot, UE does not expect to receive a later DCI scheduling other HARQ-ACKs of Type 1/2 CB to be transmitted on the same slot.
Another issue that should be considered is that the DCI scheduling the initial HARQ-ACK may be miss-detected by the UE, and the UE receives a later DCI triggering the one-shot HARQ-ACK retransmission for the HARQ-ACK associated with the miss-detected DCI. For example, as the Figure 7 shown below, gNB sends DCI#0 for a PDSCH transmission and indicates the UE to feedback HARQ-ACK#0, but UE miss-detects DCI#0, as a result of which UE would not transmit HARQ-ACK at PUCCH#0. If this PUCCH#0 is triggered by a later DCI#2 for one-shot retransmission, UE would not know whether and how to transmit the HARQ-ACK at the new PUCCH due to lack of its CB size. This ambiguity issue may lead to mismatched understanding of the UCI payload size on the new PUCCH, and harm the reception of the initial HARQ-ACK or other UCIs on the new PUCCH to be multiplexed with the retransmitted HARQ-ACK CB. 
To help the UE to identify the accurate CB size of the retransmitted HARQ-ACK, a DAI indicator can be introduced at the one-shot triggering DCI. As an alternative, the UE can ignore the one-shot triggering DCI and does not transmit the new PUCCH in case of invalid original PUCCH. If it is supposed to be multiplexed with another Type 1/2 HARQ-ACK CB, the UE will determine the PUCCH based on other scheduling DCIs, and the gNB can perform blind detection to identify whether UE discards the one-shot triggering DCI, which is similar to the case of UE missing one-shot triggering DCI as depicted in Figure 6 above.
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[bookmark: _Ref92363453]Figure 7 - Ambiguity of retransmitted CB size in case of original DCI missing
Proposal 18: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE should ignore the one-shot triggering DCI for new PUCCH determination if it schedules an original PUCCH on which the UE did not generate valid HARQ-ACK CB.
Joint operation between intra-UE multiplexing and one-shot HARQ-ACK re-transmission
In the last meeting, the joint operation between intra-UE multiplexing and one-shot retransmission has been raised. And the proposal below is recommended.
	Proposal 3.2.9: Support simultaneous configuration of one-shot HARQ-ACK re-transmission and Rel-17 intra-UE multiplexing: 
· If both one-shot triggering for HARQ-ACK retransmission and Rel-17 intra-UE multiplexing is configured, a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot HARQ-ACK re-transmission (i.e., independent of the PHY priority indication in the triggering DCI).


Basically we think the two features can be both configured and operate separately without much mutual impact. But as we discussed in our companion contribution [4], the gNB should avoid the overlapping between LP one-shot triggering HARQ-ACK retransmission and HP HARQ-ACK due to the ambiguity issue of LP DCI missing.
Proposal 19: Support simultaneous configuration between intra-UE multiplexing and one-shot HARQ-ACK retransmission.
· UE does not expect the overlapping between LP HARQ-ACK subject to one-shot retransmission and HP HARQ-ACK.
RRC parameters
In this section some discussions about the RRC parameters are provided.
3.1 Separate configuration of the new codebook indicator field for DCI 1_2
The following agreement was made in the last meeting.
	Agreement: If more than one (M>1) enhanced Type 3 HARQ-ACK codebook is configured and the triggering DCI with the ‘one-shot HARQ-ACK request’ set to ‘1’,
· If the FDRA field is not valid, i.e. all “1s” or all “0s” as per Rel-16, then PDSCH is not scheduled:
. If a new field with N=ceiling(log2 (M)) bits is configured in the triggering DCI, the UE uses this new field to indicate one of M configured e-Type 3 HARQ-ACK CBs
. If the new field is not configured in the triggering DCI, the UE uses the MCS field to indicate one of M configured e-Type 3 HARQ-ACK CBs
· If the FDRA field is valid, then a PDSCH is scheduled
. If a new field with N=ceiling(log2 (M)) bits is configured in the triggering DCI, the UE uses this new field to indicate one of M configured e-Type 3 HARQ-ACK CBs
. If the new field is not configured in the triggering DCI, the UE selects the 1st indexed e-Type 3 HARQ-ACK CB in the M configured e-Type 3 HARQ-ACK CBs


Considering DCI format 1_2 is more sensitive for the additional overhead than DCI format 1_1, a new parameter should be added for separately configuring this new field in DCI format 1_2 which can be like  ‘pdsch-HARQ-ACK-enhType3DCIfieldDCI-1-2’ as what we suggested to add in the email discussion after the last meeting.
Proposal 20: Add a new RRC parameter ‘pdsch-HARQ-ACK-enhType3DCIfieldDCI-1-2’, which is to configure the new DCI field indicating one of configured enhanced Type 3 HARQ-ACK CBs separately for DCI format 1_2.
3.2 Mirroring parameters for the secondary PUCCH group
For secondary cell group, parameters ‘pucch-sSCellDyn-secondaryPUCCHgroup’ (Row 32) and ‘UCI-MuxWithDifferentPriority-secondaryPUCCHgroup’ (Row 51 of an intermediate version) were discussed for enabling dynamic carrier switching and inter-priority multiplexing, respectively.
In our understanding, there is no agreement yet on separately enabling dynamic carrier switching or enabling inter-priority multiplexing for primarily cell group and secondary cell group. Considering there have been loads of RRC parameters introduced just for separately configuring features for the secondary PUCCH group, we should try to avoid further introducing such mirroring parameters to save the spec effort. The ‘pucch-sSCellDyn’ and ‘UCI-MuxWithDifferentPriority’ can simply be applied for both PUCCH groups.
Proposal 21: There is no need to further introduce mirroring RRC parameters for separately configuring the features for the secondary PUCCH group.
Conclusions
According to the discussion, following proposals are provided:
Proposal 1: The following joint operations can be supported with non-significant spec impact:
· Joint operation between dynamic PUCCH carrier switching and intra-UE multiplexing
· Joint operation between semi-static PUCCH carrier switching and intra-UE multiplexing
· Joint operation between dynamic PUCCH carrier switching and PUCCH repetition
· Joint operation between PUCCH repetition and Type 3 CB / enhanced Type 3 CB
· Joint operation between PUCCH repetition and one-shot retransmission
Proposal 2: Simultaneous configuration of SPS HARQ-ACK deferral and PUCCH repetition is not supported.
[bookmark: _GoBack]Proposal 3: Support simultaneous configuration of SPS HARQ-ACK deferral and dynamic PUCCH cell switching. 
· For a slot before the target slot during the SPS HARQ-ACK deferring procedure on PCell, the UE can be scheduled to transmit DG HARQ-ACK on SCell.
Proposal 4: Support simultaneous configuration of Rel-17 intra-UE multiplexing of different priorities and SPS HARQ-ACK deferral
· The target slot/sub-slot for the LP SPS HARQ-ACK and HP SPS HARQ-ACK are separately determined based on separate time units.
· If after the inter-priority multiplexing operation, and if the UE would be transmitting the SPS HARQ-ACK of hybrid priorities on SPS PUCCH, and the SPS PUCCH is not valid in the initial/next PUCCH slot, the hybrid SPS HARQ-ACK is dropped.
Proposal 5: For dynamic PUCCH carrier switching, if the HARQ-ACK for the first activated SPS PDSCH is indicated on the SCell, the later SPS HARQ-ACKs should fall back to PCell.
Proposal 6: For dynamic PUCCH carrier switching, if the HARQ-ACK for the first activated SPS PDSCH is indicated on the SCell, adopt one of the following options to determine the k1 value for the later SPS HARQ-ACKs on PCell:
· Option 1: UE determines a k1 value from PCell’s K1 set according to the K1 indicator field in the activation DCI
· Option 2: UE applies the same k1 value for the first activated SPS PDSCH to the later SPS HARQ-ACKs on PCell, and the k1 value should be also included in the configured K1 set for PCell
Proposal 7: RAN1 should adopt the following TP to capture the agreement on the not expected overlapping between dynamically indicated PUCCH slot on SCell and another UCI on PCell: 
	------------------ Text Proposal for 38.213 Clause 9.A ------------------
9.A	  PUCCH Cell Switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
…
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field, as described in [5, TS 38.212], that indicates whether the PUCCH transmission with the HARQ-ACK information by the UE is on the Pcell or on the PUCCH-sSCell.
The UE does not expect to be indicated by a DCI with the PUCCH cell indicator field to transmit HARQ-ACK information on a slot for the active UL BWP of the PUCCH-sSCell to overlap with a slot including another UCI on the active UL BWP of the PCell, unless the UCI on the active UL BWP of the PCell overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, or indicated for a SS/PBCH block by ssb-PositionsInBurst, or belonging to a CORESET associated with a Type0-PDCCH CSS set, and is cancelled according to clause 11.1.
…


Proposal 8: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported.
· A PUCCH is postponed as in Rel-16 on the PUCCH cell of the first PUCCH repetition if the PUCCH slot is mapped to a different PUCCH cell according to the semi-static PUCCH pattern. 
Proposal 9: For PUCCH cell switching based on semi-static operation, for the case the PCell slot/sub-slot to be longer than the target PUCCH cell sub-slot and the earliest target PUCCH cell sub-slot is partially overlapping with the PCell slot/sub-slot, the first target PUCCH slot fully overlapping with the PCell slot is used for UCI transmission.
Proposal 10: Support simultaneous configuration of intra-UE multiplexing and Type 3 CB/enhanced Type 3 CB.
· UE does not expect the overlapping between LP HARQ-ACK subject to Type 3 CB/enhanced Type 3 CB and HP HARQ-ACK.
Proposal 11: The combination of the MCS field and the NDI field can be reused for indicating the slot offset of the one-shot HARQ-ACK retransmission.
Proposal 12: Support the value range of the slot-offset of the one-shot HARQ-ACK retransmission from -31 to 32.
Proposal 13: Support joint operation between SPS HARQ deferral and one-shot retransmission. 
· The PUCCH slot with a one-shot triggered HARQ-ACK CB is regarded as a target PUCCH slot for SPS HARQ-ACK deferral.
· The deferred SPS HARQ-ACK in a target slot is appended to the retransmitted HARQ-ACK CB.
Proposal 14: UE expects a HARQ-ACK CB to be scheduled as the one-shot retransmission at most once.
Proposal 15: If the SPS HARQ-ACK deferral jointly operates with one-shot retransmission, UE expects to be scheduled for one-shot retransmission of the original SPS HARQ-ACK enabled with deferring by only taking the target slot as the one-shot original slot.
Proposal 16: HARQ-ACK dropped due to staggered overlapping of PUCCH repetition should not be taken as the original HARQ-ACK for one-shot re-transmission.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 17: If UE receives one-shot triggering DCI scheduling the retransmission HARQ-ACK CB on a slot, UE does not expect to receive a later DCI scheduling other HARQ-ACKs of Type 1/2 CB to be transmitted on the same slot.
Proposal 18: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE should ignore the one-shot triggering DCI for new PUCCH determination if it schedules an original PUCCH on which the UE did not generate valid HARQ-ACK CB.
Proposal 19: Support simultaneous configuration between intra-UE multiplexing and one-shot HARQ-ACK retransmission.
· UE does not expect the overlapping between LP HARQ-ACK subject to one-shot retransmission and HP HARQ-ACK.
Proposal 20: Add a new RRC parameter ‘pdsch-HARQ-ACK-enhType3DCIfieldDCI-1-2’, which is to configure the new DCI field indicating one of configured enhanced Type 3 HARQ-ACK CBs separately for DCI format 1_2.
Proposal 21: There is no need to further introduce mirroring RRC parameters for separately configuring the features for the secondary PUCCH group.
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