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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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, a text proposal is given for the spec.
Remaining issues for HARQ-ACK enhancements
2.1 Remaining issues on SPS HARQ-ACK deferral
In the RAN1#108-e meeting, the agreement and conclusion shown below were achieved for the deferral of the SPS HARQ-ACK [1]. 
	Agreement: For SPS HARQ-ACK deferral, a UE is not expecting to be configured with both, SPS HARQ deferral for any of the SPS configurations of a PHY priority, and PUCCH repetitions for any PUCCH resource of the same PHY priority.
Conclusion: There is no consensus in RAN1 to support joint operation of Rel-17 Intra-UE multiplexing and SPS HARQ deferral in Rel-17. 


One remaining issue for SPS HARQ-ACK deferral is the timeline behavior on updating the HARQ-ACK information/payload bits when SPS HARQ-ACK deferral collides a new expected HARQ-ACK transmission corresponding to the same HARQ ID. The following proposal was raised in previous meeting but no agreements were achieved.
	Mod Proposal 2.2.2: For SPS HARQ-ACK deferral, further clarify the timeline behavior on top of the earlier RAN1#105-e agreement with the following additions in green:
	Agreement: 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 is expected to receive PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped at the PUCCH/PUSCH that would carry the HARQ-ACK associated with the PDSCH expected to be received.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID





To achieve the same assumption of CB size between gNB and UE side, the exact time point for the UE to drop the original HARQ-ACK bit should be specified. An example is shown in Figure 1, where the UE generates the SPS HARQ-ACK for SPS PDSCH#1 at PUCCH#1, and defers it due to collision with DL. A new PDSCH#2 is then scheduled with the same HARQ ID as PDSCH#1, and its HARQ-ACK is supposed to be transmitted at PUCCH#2. The UE will 1) update the HARQ-ACK buffer according to the new PDSCH#2, and 2) drop the SPS HARQ-ACK bits for the collided PDSCH#1, but when it shall drop the SPS HARQ-ACK bit need to be discussed.
 [image: C:\Users\l00285311\AppData\Roaming\eSpace_Desktop\UserData\l00285311\imagefiles\308EE20B-00DD-4C80-BADF-2787BC71D9CC.png]
[bookmark: _Ref95490717]Figure 1 – Illustration of timeline on updating the HARQ-ACK information and payload
From gNB’s perspective, it does not care when the UE updates the HARQ ID buffer, since anyway it will ignore the HARQ-ACK for PDSCH#1 after transmitting PDSCH#2 and expect to read the accurate/updated HARQ-ACK information for PDSCH#2 as late as PUCCH#2. However, it has to be aware of the time point when the UE drops the SPS HARQ-ACK bits for PDSCH#1, since ambiguity of the total payload would occur between gNB and UE otherwise. E.g., if the gNB schedules another DG PUCCH (payload = X bis) before PUCCH#2, it does not know if the 1 bit SPS HARQ-ACK payload has been dropped or not, so it is faced with two hypotheses: X bits (UE decoded PDSCH#2) or X+1 bits (UE has not decoded PDSCH#2). Blind decoding of such two different payload sizes is not desired.
From UE’s perspective, it is not desired to introduce addition HARQ-ACK buffer, so it will update the HARQ buffer by replacing the HARQ-ACK for PDSCH#1 with HARQ-ACK for PDSCH#2. It should be noted that the spec does not specify the time point on when the UE finishes the decoding of PDSCH#2 and generates the corresponding HARQ-ACK in the HARQ buffer, and when the UE updates the HARQ buffer for that HARQ ID is implementation. However, as the UE will anyhow transmit the HARQ-ACK for PDSCH#2 at PUCCH#2 as per the scheduling, it can be guaranteed that the UE has definitely finished the HARQ buffer updating at PUCCH#2.
Based on the discussions during last meetings, there are three candidate options for this issue:
· Option 1: The deferred SPS HARQ bit(s) are dropped at the PUCCH/PUSCH (i.e., PUCCH#2 in Figure 1) that would carry the HARQ-ACK associated with the PDSCH expected to be received (i.e., PDSCH#2 in Figure 1).
· Option 2: The deferred SPS HARQ bit(s) are dropped (up to UE implementation) when the PDSCH of the same HARQ process ID is received.
· Option 3: The deferred SPS HARQ bit(s) are dropped from a PUCCH or PUSCH in the target /earliest second slot if the PUCCH or PUSCH satisfies the Rel-15 multiplexing timeline for the PDSCH.
For Option 2, the problem is that gNB does not know when the UE will drop the SPS HARQ-ACK bits if PDSCH#2 is DG PDSCH, since the decoding time of the PDSCH is subject to UE implementation as previously mentioned. Thus the payload ambiguity issue exists.
For Option 3, it imposes a new processing order of HARQ-ACK generation on UE. It should be noted that the Rel-15 timeline is specified for the gNB to perform the scheduling to warrant there is enough time for UE to generate HARQ-ACK, but the UE does not necessarily need to start processing as soon as receiving the PDSCH. E.g., the UE can perform the PDSCH decoding and HARQ-ACK generation based on a time budget reserved before PUCCH#2, instead of starting the PDSCH decoding and HARQ-ACK generation immediately after the scheduled PDSCH#2. Therefore, the UE may not have generated the new HARQ-ACK at Rel-15 timeline after PDSCH#2 following the legacy implementation order.
Therefore, Option 1 can be considered as a reasonable solution for both UE and gNB. The time point for the UE to drop the original HARQ-ACK bit can be PUCCH#2, at which time it has definitely finished generating the new HARQ-ACK as analyzed. Before that time, the UE will not drop that payload bit to avoid CB size misalignment with gNB, but can update its information up to implementation, as gNB only reads the updated HARQ information at PUCCH#2.
Based on above discussion, following proposal is provided:
Proposal 1: For SPS HARQ-ACK deferral, further clarify the timeline behavior on top of the earlier RAN1#106-e agreement with the following additions in green:
	Agreement: 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 is expected to receive PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped at the PUCCH/PUSCH that would carry the HARQ-ACK associated with the PDSCH expected to be received.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID
· Note: when the UE updates the HARQ buffer of that HARQ Process ID is implementation


2.2 Remaining issue for HARQ-ACK retransmission
In the RAN1#108-e meeting [2], the agreements in below have been achieved. The restriction on the Type 1 / Type 2 HARQ-ACK CB mapping rule in collision with Type 3 CB / enhanced Type 3 CB is applicable only for the same PHY priority, while the Type 1/2 CB and Type 3 CB/enhanced Type 3 CB from different priorities will follow the Rel-17 intra-UE multiplexing rule in Step 2. However, the agreement does not take the case of the collision of two Type 3 CBs/enhanced Type 3 CBs from different priorities into account. In the following, we discuss the remaining issue on joint operation of Type 3/enhanced Type 3 CB with intra-UE multiplexing.
	Enhanced type 3 HARQ-ACK codebook:
Agreement: The Rel-16 PHY prioritization operation and Rel-16 Type 3 with PHY priority operation & Rel-17 enhanced Type 3 HARQ-ACK CB with PHY priority operation is further clarified as: 
· For Rel-17 enhanced Type 3 HARQ-ACK CB operation, the restriction on the Type 1 / Type 2 HARQ-ACK CB mapping from the earlier agreement below is only applicable to the same PHY priority of the Type 1 / Type 2 CB as the PUCCH for the enhanced Type 3 CB re-transmission. A LP PUCCH (or PUSCH) carrying the R17 enh. Type 3 CB is dropped according to the Rel-16 PHY prioritization procedures in case of an overlapping HP channel.
	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 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. 


· For Rel-16 Type HARQ-ACK 3 HARQ-ACK CB operation, the UE creates the Rel-16 Type 3 HARQ-ACK CB for transmission on a PUCCH of the indicated priority. A LP PUCCH (or PUSCH) carrying the R16 Type 3 HARQ-ACK CB is dropped according to the Rel-16 PHY prioritization procedures in case of an overlapping HP channel.
Agreement: Support joint operation of R17 Intra-UE multiplexing and enhanced Type 3 HARQ-ACK CB in Rel-17, based on the following operational details of Alt. 1: 
· The UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB with the same priority index (i.e. in step 1) as the enhanced Type 3 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB. The UE performs Rel-17 Intra-UE multiplexing in step 2 as defined.
· For Rel-16 Type 3 CB, the UE creates the Rel-16 Type 3 CB with a PUCCH based on the indicated priority in step 1, and performs step 2 of the Rel-17 Intra-UE multiplexing of potential HARQ-ACK of different priority afterwards.


For this collision case, one possible option is to adopt the same behavior as Type 1/2 CB for Type 3/enhanced Type 3 CB. That is, if any of HP Type 3/enhanced Type 3 CB overlaps with any of LP Type 3/enhanced Type 3 CB after Step 1, UE performs Rel-17 intra-UE multiplexing in Step 2 as defined. Alternatively, considering that if HP HARQ-ACK CB is subject to Type 3 CB, it has already included all the LP HARQ-ACK information. So the LP HARQ-ACK can be dropped in this condition without any performance loss.
Proposal 2: For the joint operation between Type 3 CB/enhanced Type 3 CB with intra-UE multiplexing, if a HP HARQ-ACK CB and a LP HARQ-ACK CB would be multiplexed into the same PUCCH/PUSCH according to the procedure of Step 2.1/2.2, and each of the HARQ-ACK CBs are subject to either Type 3 CB or enhanced Type 3 CB, adopt one of the options
· Option1: UE transmits HP HARQ-ACK and drops LP HARQ-ACK in Step 2, if the HP HARQ-ACK is subject to Type 3 CB and the LP HARQ-ACK is subject to Type 3 CB/enhanced Type 3 CB. UE performs Rel-17 intra-UE multiplexing in Step 2 as defined, if the HP HARQ-ACK is subject to enhanced Type 3 CB and the LP HARQ-ACK is subject to Type 3 CB/enhanced Type 3 CB.
· Option2: UE performs Rel-17 intra-UE multiplexing in Step 2 as defined, regardless of the Type 3 CB/enhanced Type 3 CB of HP.
2.3 Remaining issues on PUCCH carrier switching
In the RAN1#108e meeting, the following agreements were achieved for PUCCH carrier switching for HARQ-ACK feedback [2]. 
	Agreement: Support joint Operation of R17 Intra-UE multiplexing and semi-static PUCCH cell switching
· The Rel-17 Intra-UE multiplexing operation of step 1 and step 2 are performed using the determined target PUCCH cell based on the semi-static time domain pattern,
· i.e., once a target cell is determined based on the time-domain pattern due, the intra-UE multiplexing procedures can be applied to resolve collision in case of overlapping PUCCH resources on the target PUCCH cell.
Conclusion: Semi-static PUCCH cell switching, i.e. the PUCCH cell determination based on the time-domain pattern, should be performed before UCI multiplexing/prioritization. 
· No RAN1 specification impact
Agreement: For PUCCH cell switching, introduce a new RRC parameter in SPS-Config to allow configuring a separate ‘n1PUCCH-AN’ (i.e. PUCCH resource ID) for PUCCH sSCell for SPS HARQ operation.
Agreement: For dynamic PUCCH cell switching and Rel-16 PHY prioritization (if any), the earlier RAN1 conclusion is updated with the following changes in red 
	Conclusion
For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI of a certain PHY priority on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK of the same or different PHY priority on the dynamically indicated alternative 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.


Conclusion: There is no consensus in RAN1 to support joint operation of Rel-17 Intra-UE multiplexing and dynamic PUCCH cell switching in Rel-17.


2.3.1 PUCCH carrier switching based on dynamic indication
Applicable cell for the first activated SPS HARQ-ACKs
In the RAN1#108-e meeting, it was discussed whether the SPS HARQ-ACK for the first activated SPS PDSCH can be flexibly indicated on the SCell. The proposal below is given in the FL summary for down-selection from 3 options.
	· Option 1 (8): For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PUCCH slot with UCI on PCell / SPCell / PUCCH-SCell slot. 
· 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 PUCCH sScell.
· Option 2 (5): For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI. 
· Option 3 (3): For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI 


Option 2 and Option 3 revert the previous agreement where the dynamic target carrier indication can be applied to the first activated SPS HARQ-ACK. This is originally based on the understanding that some DCI fields in the activation DCI, such as PRI, DAI, TPC, etc., can be applied to the first activated SPS HARQ-ACK.
	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
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases


However, in the email discussion of [108-e-NR-CRs-02], it clarified the UE behavior on how to understand the effect of the activation DCI to the first activated SPS PDSCH/HARQ-ACK. The conclusion is that the first activated SPS HARQ-ACK should be viewed the same as later SPS HARQ-ACKs for PUCCH resource determination and HARQ-ACK CB generation. To keep consistent with the newly clarified Rel-15/16 UE behavior, we suggest Option 3 should be adopted for PUCCH carrier switching, i.e., the previous agreement on applying the carrier indication to the first activated SPS HARQ-ACK should be reverted.
	The issue: should the PUCCH transmitting the HARQ-ACK in response to the first PDSCH triggered by an DL SPS activation DCI be considered as: 
1) PUCCH corresponding to an SPS-PDSCH (following the RRC SPS-Config): 1027/1028, 1656
2) PUCCH corresponding to of a dynamically granted PDSCH (ignoring the RRC SPS-Config): 1385, 2116

	Alternative 1 was agreed from Rel-16 onwards in the following CRs:
	
R1-2202898
	Clarification of the SPS PDSCH activation and HARQ-ACK transmission for the 1st SPS PDSCH
	Moderator (Nokia)
	Rel-16
	38.213
	16.8.0
	NR_L1enh_URLLC-Core
	0286
	F

	R1-2202899
	Clarification of the SPS PDSCH activation and HARQ-ACK transmission for the 1st SPS PDSCH
	Moderator (Nokia)
	Rel-17
	38.213
	17.0.0
	NR_L1enh_URLLC-Core
	0287
	A





Proposal 3: For dynamic PUCCH cell switching, the carrier indication in the activation DCI should not be applied to the first activated SPS HARQ-ACK, and the first activated SPS HARQ-ACK should also be transmitted on PCell as later SPS HARQ-ACKs, i.e., the following agreement should be reverted as:
	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
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases


Joint operation between dynamic PUCCH carrier switching and PUCCH repetition
In the RAN1#108-e meeting, the proposal below is given in the FL summary which a majority number of companies tend to support.
	[bookmark: _Hlk96456374]Proposal 6.2.3: Support joint operation of PUCCH repetition and dynamic PUCCH carrier switching in Rel-17. 
· The PUCCH cell indication in the DCI scheduling the PUCCH is applicable for all the PUCCH repetitions. 


Both PUCCH carrier switching (for latency) and PUCCH repetitions (for reliability) are valuable features for URLLC. It blends the advantages of PUCCH carrier switching and repetition, and provides more flexibility to gNB to dynamically/adaptively choose either latency gain or reliability gain. For a smart gNB, it would not cause degradation as compared to Rel-16 in any case (indicating all PUCCH with/without repetitions to transmit on PCell is equal to Rel-16).
Moreover, the combination of the two features are straightforward and there is even no additional spec impact on top of the current TS 38.213 V17.1.0 [3]. On the contrary, some spec changes may be needed if the two features are forbidden to be configured simultaneously.
	[bookmark: _Toc92093831]9	UE procedure for reporting control information
……
For unpaired spectrum operation, if a UE is provided a PUCCH-sSCell as described in clause 9.A, the UE shall apply the procedures described in this clause for both the primary cell and the PUCCH-sSCell.
……
[bookmark: _Toc92093832]9.A	PUCCH cell switching
……
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 [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-ACK information by the UE is on the Pcell or on the PUCCH-sSCell.
……
[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc92093855]9.2.6	PUCCH repetition procedure
[bookmark: _Hlk86776043]A UE can be indicated to transmit a PUCCH over  slots using a PUCCH resource, where
-	if the PUCCH resource is indicated by a DCI format and includes PUCCH-nrofSlots,  is provided by PUCCH-nrofSlots
-	otherwise,  is provided by nrofSlots
 If the UE is provided subslotLengthForPUCCH, a slot for a PUCCH transmission with repetitions over  slots includes a number of symbols indicated by subslotLengthForPUCCH.


Observation: Joint operation of PUCCH repetition and dynamic PUCCH carrier switching has been naturally supported by the current spec.
2.3.2 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 but there was no consensus:
	Proposal 6.8.1: Support joint operation of semi-static PUCCH cell switching with PUCCH repetition in Rel-17: 
· 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 is not counted towards the total number of PUCCH repetitions, i.e., the repetition is postponed as in Rel-16.


Transmitting PUCCH repetitions over different target PUCCH cells following the semi-static PUCCH pattern provides benefits for latency and frequency diversity, but it is complicated and brings some open issues. E.g. how to determine the PUCCH resource in different target PUCCH cells may need further clarification. In addition, if the later repetitions switch to the other Cell (e.g., SCell) which has a shorter slot length than the indicated Cell (e.g., PCell), the later PUCCH repetitions may suffer from a shorter PUCCH length which thereby harms the coverage. Therefore, the UE should transmit all PUCCH repetitions on the same indicated Cell.
On the other hand, PUCCH repetition is essential for coverage and it is not reasonable to drop any repetition just due to an invalid PUCCH slot caused by the semi-static PUCCH pattern. Therefore, the proposal provided above should be considered, that is, 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 4: For semi-static PUCCH cell switching, all PUCCH repetitions should be transmitted on the PUCCH cell of the first PUCCH repetition.
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions, i.e., the repetition is postponed as in Rel-16.
Target PUCCH slot mapping for partially overlapped cases
For the case that the PCell slot is longer than the target PUCCH cell slot/sub-slot, the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission as shown in the following agreement. 
	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 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 2, 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 slot of SCell overlapping with the PCell slot/sub-slot would cross the boundary of PCell slot/sub-slot and would be identified as the target PUCCH slot for UCI mapping according to the above agreement. 
[image: ]
[bookmark: _Ref92210496]Figure 2 - SCell sub-slot spans across PCell slots
Nevertheless, 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 for UCI mapping 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 3. 
[image: ]
[bookmark: _Ref92212515]Figure 3 - Determining SCell target sub-slot for partially overlap case
In the last meeting, Moderator had a concern that the cases raised in this section conflict with the agreement in below. However, it should be clarified that the intention of adopting Alt.4 in the agreement below is to avoid the case where the SCell slot length is longer than the PCell slot length so that there could be multiple PCell slots to be mapped to one SCell slot. The situation raised in this section obviously does not belong to that non-expected case, i.e., SCell slot length is shorter than PCell slot length here, and the target PUCCH slot (i.e., sub-slot#4) of SCell in Figure 3 only overlaps with one PCell slot. On the contrary, by defining the target PUCCH slot for UCI mapping as the first fully overlapping slot as shown in Figure 3 can well support more slot length combinations as raised here without violating the agreement below, so that the gNB is less restricted on configuring the PUCCH slot lengths on PCell and 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.


Proposal 5: For PUCCH cell switching based on semi-static operation, for the case the PCell slot/sub-slot to be longer than the target SCell sub-slot and the earliest sub-slot of the target SCell is partially overlapping with the PCell slot/sub-slot, the first sub-slot of the target SCell fully overlapping with the PCell slot/sub-slot is used for UCI transmission.
Text proposal for dynamic PUCCH carrier switching
In previous RAN#1 meetings, the following agreement and conclusion were achieved, but yet not captured in the TS38.213 v17.1.0 [3].
	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 of a certain PHY priority on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK of the same or different PHY priority on the dynamically indicated alternative 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 dynamically schedules a HARQ-ACK on SCell to collide with another UCI on PCell. Therefore, it is clearer to explicitly express the above agreement and conclusion in the spec to provide a guidance to gNB not to perform such error case scheduling.
Therefore, the text proposal is given as follows.
Proposal 6: RAN1 should adopt the following TP to capture the agreement/conclusion on the not expected overlapping between dynamically indicated PUCCH slot on SCell and another UCI on PCell: 
	------------------ Text Proposal for 38.213 v17.1.0 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. 
*** Unchanged text is omitted ***
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 [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a 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 a HARQ-ACK information on a first slot for the active UL BWP of the PUCCH-sSCell to overlap with a second slot on which the UE would transmit another UCI for the active UL BWP of the PCell.
*** Unchanged text is omitted ***


Conclusions
According to the discussion, following observation and proposals are provided:
[bookmark: _GoBack]Proposal 1: For SPS HARQ-ACK deferral, further clarify the timeline behavior on top of the earlier RAN1#106-e agreement with the following additions in green:
	Agreement: 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 is expected to receive PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped at the PUCCH/PUSCH that would carry the HARQ-ACK associated with the PDSCH expected to be received.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID
· Note: when the UE updates the HARQ buffer of that HARQ Process ID is implementation


Proposal 2: For the joint operation between Type 3 CB/enhanced Type 3 CB with intra-UE multiplexing, if a HP HARQ-ACK CB and a LP HARQ-ACK CB would be multiplexed into the same PUCCH/PUSCH according to the procedure of Step 2.1/2.2, and each of the HARQ-ACK CBs are subject to either Type 3 CB or enhanced Type 3 CB, adopt one of the options
· Option1: UE transmits HP HARQ-ACK and drops LP HARQ-ACK in Step 2, if the HP HARQ-ACK is subject to Type 3 CB and the LP HARQ-ACK is subject to Type 3 CB/enhanced Type 3 CB. UE performs Rel-17 intra-UE multiplexing in Step 2 as defined, if the HP HARQ-ACK is subject to enhanced Type 3 CB and the LP HARQ-ACK is subject to Type 3 CB/enhanced Type 3 CB.
· Option2: UE performs Rel-17 intra-UE multiplexing in Step 2 as defined, regardless of the Type 3 CB/enhanced Type 3 CB of HP.
Proposal 3: For dynamic PUCCH cell switching, the carrier indication in the activation DCI should not be applied to the first activated SPS HARQ-ACK, and the first activated SPS HARQ-ACK should also be transmitted on PCell as later SPS HARQ-ACKs, i.e., the following agreement should be reverted as:
	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
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases


Observation: Joint operation of PUCCH repetition and dynamic PUCCH carrier switching has been naturally supported by the current spec.
Proposal 4: For semi-static PUCCH cell switching, all PUCCH repetitions should be transmitted on the PUCCH cell of the first PUCCH repetition.
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions, i.e., the repetition is postponed as in Rel-16.
Proposal 5: For PUCCH cell switching based on semi-static operation, for the case the PCell slot/sub-slot to be longer than the target SCell sub-slot and the earliest sub-slot of the target SCell is partially overlapping with the PCell slot/sub-slot, the first sub-slot of the target SCell fully overlapping with the PCell slot/sub-slot is used for UCI transmission.
Proposal 6: RAN1 should adopt the following TP to capture the agreement/conclusion on the not expected overlapping between dynamically indicated PUCCH slot on SCell and another UCI on PCell: 
	------------------ Text Proposal for 38.213 v17.1.0 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. 
*** Unchanged text is omitted ***
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 [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a 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 a HARQ-ACK information on a first slot for the active UL BWP of the PUCCH-sSCell to overlap with a second slot on which the UE would transmit another UCI for the active UL BWP of the PCell.
*** Unchanged text is omitted ***
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