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1. Introduction 
This contribution discusses remaining issues about retransmission of cancelled HARQ and PUCCH carrier switching for HARQ-ACK reporting in Rel-17 IIoT.
2. Retransmission of cancelled HARQ
1 
2 
3 
In the RAN1#106-e meeting, the following agreements were reached on HARQ retransmission.
	Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities
 
Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· FFS: If the HARQ-ACK codebook size or structure is dependent on the PHY priority (e.g. separate configuration of CBG/NDI usage, separate configuration of HARQ IDs / CCs per priority, SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook, …). 
 
Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB in Rel-17. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB.
· The A/N of HARQ processes is mapped to the Rel-16 Type 3 HARQ-ACK CB irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured in Rel-17 with Rel-16 Type 3 HARQ-ACK CB and PHY prioritization. 
 
Agreement 
For the PHY priority handling of the enhanced Type 3 CB(s) of smaller size, the enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority. 
 
Agreement 
Support Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size triggering using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The triggering support for DCI format 1_2 is independently (from triggering using DCI format 1_1) RRC configured to the UE. 
 
Agreement 
Support Rel-16 Type 3 HARQ-ACK CB triggering using DCI format 1_2 in Rel-17 for a UE supporting DCI format 1_2. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured with DCI format 1_2 triggering of the Rel-16 Type 3 HARQ-ACK CB. 
 
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. 
 
Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 
 
Agreement 
A single DCI triggering the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 
 
Agreement 
The Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB is done through an explicit triggering indication in the DCI through a DCI field. 
 
Agreement 
Support PHY priority handling for the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 
 
Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS
 
Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
· the HARQ processes of a subset of configured CCs, or
· a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types
 
Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot



Maximum number of configured enh. Type 3 HARQ-ACK CBs
It was agreed that there can be various ways to configure enhanced Type 3 CB. A pending issue is the maximum number of configurations that RRC can send to UE and same issue goes to the DCI indication capacity. 
The configuration is totally up to deployment scenario and services. However, a presumptive configuration is played below just to explore a reasonably maximum number.
	Code point
	Configuration
	Note

	0
	All HPN in Multiple CCs
	A robust config for retransmission

	1
	HPN subset A in one CC
	For service A

	2
	HPN subset B in one CC
	For service B

	3
	HPN subset C in one CC
	For service C

	4
	HPN subset D in one CC
	For service D

	5
	HPN subset E in one CC
	For service E

	6
	HPN subset F in one CC
	For service F

	7
	HPN subset G in one CC
	For service G



Comments:
1. Codepoint 0: an easy, robust config, can be used as baseline/backup;
2. Codepoint 1~7: To group a few HPNs that is dedicated to a specific service into a subset. When retransmission is needed, the gNB can easily control HARQ retransmission for different services.
Observation:
When totally 4 enhanced Type 3 CB configured, (i.e. X = 4,  DCI indication = 2 bits),  a robust configuration and 3 different combinations of HPNs/CCs can be supported. It should be enough for many factory automation cases. 
If more cases are needed (e.g. if severe interference discovered on some carrier so CB needs to be prepared), then X = 8 and DCI indication = 3 bits.
Proposal 1: on the maximum number of configured enhanced Type 3 HARQ CB, X = 4 or 8. 
3. PUCCH Carrier Switching 
In the RAN1#106-e meeting, despite the clarification about feature applicability on cell or carrier, the following agreements were reached on PUCCH switching.
	Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource configuration (i.e. pucch-Config / PUCCH-ConfigurationList)is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR
  
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
 
Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 


Maximum number of PUCCH cells
Regarding the maximum number of PUCCH carriers/cells, for RRC semi-static alternative, the number of PUCCH cells may not increase specification complexity at all, so there is no need to set any limitation on the number. 
For dynamic indication alternative, the number of PUCCH carriers/cells may impact a DCI field. In this case, CMCC’s deployment focuses on 2 carriers on n41 and 1 carrier on n79, there is also some SUL band to be considered. Given the fact here, it is proposed to have at least 4 PUCCH cells/carriers in Rel-17.
Proposal 2: No limitation on the number of PUCCH carriers or cells, for semi-static alternative. 
Proposal 3: The maximum number of PUCCH carriers or cells is 4, for dynamic indication alternative.
Periodicity and slot unit for semi-static alternative
It is understood that for semi-static configuration of PUCCH carriers/cells, a time pattern is applied. It can be something like this:
[image: 形状, 矩形
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The figure in each slot represents the PUCCH carrier id, i.e. ServCellIndex.  The RRC IE could be formed as something like the following, just as an illustration:
PUCCH-carrier-index ::=        SEQUENCE {
Slot0                        ServCellIndex,
Slot1                        ServCellIndex,
Slot2                        ServCellIndex,
……                        ……
Slot19                       ServCellIndex
}

A pending issue is how the periodicity is determined. It was discussed in the RAN1-106 meeting that whether the periodicity is:
· Alt 1: fixed to 10ms (i.e. always the maximum value of dl-UL-TransmissionPeriodicity )
· Alt 2: following the actual dl-UL-TransmissionPeriodicity
Both alternative works. However, alt 1 is preferred for simplicity. Both for human and code. 
The advantage of Alt 2 is on overhead. However, because this is an RRC signalling, it is not frequently configured. For example, UE may get reconfigured when it changes serving cell after minutes or even hours. And that’s when users are in connected mode.
Proposal 4: Periodicity of semi-static configuration is fixed to 10ms, for its simplicity and unity. 
Regarding the time unit in case of different SCS configurations on the PUCCH carriers/cells, the alternative that maximizes the granularity of switching is preferred. That is, the largest SCS among all carriers/cells. This way, the ambiguity of k1 can be solved and no extra parameter needs to be introduced just to clarify the location of PUCCH.
It should be clarified that, it is not necessary to make the cell with largest SCS as an actual “reference cell”, because all we need is a “slot unit” to interpret k1. Therefore, we can apply a fixed 10ms periodicity and a determined “slot unit”, that’s it.
Proposal 5: The unit of the time pattern takes reference from the cell with the largest SCS. 
Slot offset reference
In CMCC’s deployment case, there is an offset between N41 and N79 and this should not be a problem. We can still apply the configuration table above and amend with following rules:
1. The slot0 of the table is aligned with slot0 of Pcell/PScell;
2. The corresponding slot number of other Scells, when configured with offset, is calculated according to slot offset configuration given by (TS38.211, 4.5 Carrier aggregation)
Proposal 6: Regarding the carrier offset case, slot0 is aligned with Pcell/PScell. 
Proposal 7: The corresponding slot number of other Scells is calculated according to slot offset configuration given by  (TS38.211, 4.5 Carrier aggregation)
4. Conclusions
Proposal 1: on the maximum number of configured enhanced Type 3 HARQ CB, X = 4 or 8.
Proposal 2: No limitation on the number of PUCCH carriers or cells, for semi-static alternative.
Proposal 3: The maximum number of PUCCH carriers or cells is 4, for dynamic indication alternative. 
Proposal 4: Periodicity of semi-static configuration is fixed to 10ms, for its simplicity and unity.
Proposal 5: The unit of the time pattern takes reference from the cell with the largest SCS. 
Proposal 6: Regarding the carrier offset case, slot0 is aligned with Pcell/PScell. 
Proposal 7: The corresponding slot number of other Scells is calculated according to slot offset configuration given by  (TS38.211, 4.5 Carrier aggregation)
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