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Introduction
This contribution considers motivations and mechanisms to support retransmission of HARQ-ACK information and to support UL carrier switching. 


Retransmission of HARQ-ACK information
The topic was extensively discussed in past meetings (e.g. [1]). Two general approaches were proposed for a UE to be triggered to provide HARQ-ACK information; a first is to modify the Rel-16 Type-3 HARQ-ACK codebook and a second is for the UE to retransmit the HARQ-ACK information. 

It is trivially clear that the objective to enable a UE to retransmit dropped HARQ-ACK has no relevance to HARQ-ACK codebook (re)design. Modifications to the Type-3 HARQ-ACK codebook would have the following direct disadvantages:
a) Implementation/specification support for a modified Type-3 HARQ-ACK codebook.
b) Proposed modifications to the Rel-16 Type-3 HARQ-ACK codebook aim to reduce the HARQ-ACK codebook size and cannot generally ensure that a UE transmits all necessary HARQ-ACK information – if the gNB needs to retransmit even one PDCCH/PDSCH for the sake of having a few less bits in a modified Type-3 HARQ-ACK codebook, that is actually a degradation (not an enhancement) to the Rel-16 Type-3 HARQ-ACK codebook. That problem can be avoided by having one triggering state result to the Rel-16 Type-3 HARQ-ACK codebook (and the rest of the triggering states to be opportunistic for “fortunate situations”) but, at least for the larger eMBB HARQ-ACK payloads for which retransmission is more meaningful, such fallback to the Rel-16 Type-3 HARQ-ACK codebook will be frequent and then any modification would only offer a marginal benefit.
c) Since HARQ-ACK payload reduction is the only justification for proposed modifications to Rel-16 Type-3 HARQ-ACK codebook (the basic functionality is provided by the existing Type-3 HARQ-ACK codebook), there is obviously no need to consider any such modification as retransmission of only the dropped HARQ-ACK information is what would result to minimum HARQ-ACK payload without loss of information.   
d) Mixing optional features – support of HARQ-ACK retransmission will likely be an optional UE feature and so is the Type-3 HARQ-ACK codebook, even for operation in shared spectrum. Further, a chipset not supporting shared spectrum operation has no reason to implement the Type-3 HARQ-ACK codebook as the Type-2 HARQ-ACK codebook is both mandatory and always better in non-shared spectrum, and support of HARQ-ACK retransmission should not be conditioned on the support of an optional UE feature.

Observation 1: Modifications of the Rel-16 Type-3 HARQ-ACK codebook are neither relevant nor necessary to support retransmission of HARQ-ACK information for Rel-17 URLLC.

Observation 2: Modifications of the Rel-16 Type-3 HARQ-ACK codebook are not likely to offer meaningful functional enhancements over the Rel-16 Type-3 HARQ-ACK codebook and would always be worse than retransmitting only the intended/dropped HARQ-ACK information.  

For retransmission of the intended HARQ-ACK information, there are two general approaches. 
a) Use a DCI trigger for the UE to retransmit the HARQ-ACK information in a PUSCH or PUCCH
b) Generalize the solutions for SPS HARQ-ACK deferral – i.e. defer for any HARQ-ACK (“dynamic” or “semi-static”) regardless of a particular reason that the UE could not transmit a PUCCH/PUSCH with the HARQ-ACK 

The first approach is simple – the UE receives a DCI format with a trigger to retransmit dropped HARQ-ACK information, the DCI indicates a PUCCH resource or schedules a PUSCH, and the UE multiplexes the dropped HARQ-ACK information in the PUCCH or the PUSCH. There is no need to indicate a specific PUCCH transmission occasion as, unlike LBT failures in shared spectrum, retransmissions would be rare - e.g. a probability for a retransmission due to LP/HP collision would be the multiple of probabilities of independent and unlikely events: (a) sporadic HP PUSCH/PUCCH transmission of strictest latency happens for a UE, and (b) the UE has LP PUSCH/PUCCH transmission with HARQ-ACK information, and (c) the LP/HP transmissions are over overlapping symbols. The event that a UE drops multiple LP PUCCHs/PUSCHs with HARQ-ACK due to HP collisions does not need to be designed for – this is because a corresponding probability would be orders of magnitude smaller than a typical LP HARQ-ACK BLER. However, an indication of the PUCCH transmission occasion can also be supported if determined to be necessary. 

Therefore, triggering a HARQ-ACK retransmission by a DCI format does not need to have any specification or UE implementation impact other than the triggering itself (the UE multiplexes the retransmitted HARQ-ACK information as the UE previously did in the dropped LP PUCCH/PUSCH transmission).

Observation 3: Triggering HARQ-ACK retransmission in a PUCCH or PUSCH has minimal specification impact and practically no impact on existing UE implementations.

The second approach has several alternatives. For SPS HARQ-ACK, the second approach can be directly applicable where, instead of a PUCCH transmission being dropped due to an invalid PUCCH resource, it is dropped due to an LP/HP collision (including due to an indication by UL CI). For dynamic HARQ-ACK, it cannot be generally applicable and a few alternatives were suggested that are basically to re-use the enhanced Type-2 HARQ-ACK codebook. 

One alternative is to directly re-use the enhanced Type-2 HARQ-ACK codebook. The drawbacks are not as significant as for re-designing the Type-3 HARQ-ACK codebook but reliance remains on an optional feature and new HARQ-ACK codebook construction for a network/UE not supporting the enhanced Type-2 HARQ-ACK codebook. Further, the enhanced HARQ-ACK codebook cannot be applicable for a UE that supports both unicast and multicast traffic. 

Another alternative is for the PRI field of a next DCI format scheduling a PDSCH transmission to indicate a PUCCH resource that can also accommodate the dropped HARQ-ACK, and for the UE default behavior to be to multiplex the dropped HARQ-ACK. In case of a Type-2 HARQ-ACK codebook, the operation is similar to that of the enhanced Type-2 HARQ-ACK codebook but without some of the features that avoid error cases such as for indicating whether or not there should be multiplexing of the dropped HARQ-ACK or for having additional DAI fields (for the dropped codebook) in the next DCI format. Basically, that alternative needs to adjusted to the enhanced Type-2 HARQ-ACK codebook in order to function properly or it can be a down-graded enhanced Type-2 HARQ-ACK codebook. 

Another alternative is for when HARQ-ACK is multiplexed in a PUSCH that is dropped, for the UE to multiplex the HARQ-ACK in the PUSCH retransmission. That alternative does not cover the general operation and restricts the HARQ-ACK retransmission timeline to be same as for the PUSCH retransmission which is detrimental for the network operation. 

[bookmark: _GoBack]Overall, although the enhanced Type-2 HARQ-ACK codebook is a better alternative to modifying the Type-3 HARQ-ACK codebook, it is not simpler or more flexible for the network/UE operation than triggering retransmission of dropped HARQ-ACK information. Moreover, the enhanced Type-2 HARQ-ACK codebook comes with a few drawbacks such as additional overhead in the DCI formats that will typically have no purpose and an inability to support a mixture of unicast and multicast traffic without further enhancements.   

Observation 4: The enhanced Type-2 HARQ-ACK codebook is less flexible than retransmitting dropped HARQ-ACK information and is not generally feasible for non-shared spectrum operation in Rel-17 without additional enhancements.
  
Proposal 1: Support triggering retransmission of dropped HARQ-ACK information.


UL Carrier Switching
UL carrier switching is beneficial for reducing latency in TDD systems. To avoid UL-DL interference, UL carrier switching in Rel-17 is limited to inter-band carriers but that is still beneficial in several deployments, particularly in FR1. 

In RAN1#104bis-e, the following four alternatives were identified to support UL carrier switching.
· Alt. 1- PUCCH carrier switching is based dynamic indication in DCI
· Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)
· Alt. 2B - PUCCH cell switching is based on certain (semi-static) rules 
· Alt. 2C - PUCCH carrier switching based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells

The main difference among the alternatives is that some are based on gNB choice/determination (Alt. 1 and Alt. 2C) and others are based at least on predetermined rules (Alt. 1A and Alt. 2B). Even though “predetermined rules” may appear simple, a corresponding UE behavior needs to be specified for multiple scenarios according to such rules (that also need to be specified). That can have large impact on specifications and UE implementation and also lead to suboptimal functionality. Even though the UE behavior will be defined, the impact will also be on the network implementation as the network will need to mirror the UE behavior (and do so for every corresponding UE). 

For example, consider the case of two carriers/cells and the rule that the UE selects the cell with smaller index if there is an available PUCCH resource; otherwise, the UE selects the cell with the larger index (if there is an available PUCCH resource). Then, for that scenario, the following need to be specified/implemented (and the list is not exhaustive):
· A UE needs to determine PUCCH resource availability on both cells, which means determining at least two timelines and applying two interpretations for the PRI. 
· Then, the UE needs to determine a PUCCH resource based on a multiplexing result for various UCI as, even if carrier switching is only for HARQ-ACK, at least HARQ-ACK and SR multiplexing is applicable on the primary cell. 
· A PUCCH resource may also not be available on the primary cell but UCI may be possible to multiplex in a PUSCH. 
· The operations will likely need to be performed for cells using different SCS for PUCCH transmissions and may also have different UE processing capability configurations (at least the specifications will need to support that case). 
· The operations will also need to be performed for each received DCI format as if it is the last one (before the next DCI format is received). 
· There may also be additional questions regarding the “available PUCCH resource”. For example, whether or not a PUCCH resource on the primary cell that results to a code rate that is larger than the maximum configured code rate is considered to be available when an available PUCCH resource on the switched SCell results to a code rate that is smaller than the maximum configured code rate.

Observation 5: Alternatives relying on a predetermined rule to determine a cell of PUCCH transmission have large specification and network/UE implementation impacts and can lead to problematic functionality.

Approaches relying on the network to determine the cell of the PUCCH transmission remove practically all burden from the UE implementation and minimize specification impact while allowing full flexibility to the network, thereby also enabling better functionality. Both Alt. 1 and Alt. 2C are simple. Alt. 1 is nothing but cross-carrier scheduling for PUCCH where the indication is equivalent to the CIF and, as for PUSCH scheduling, the UE interprets the PRI and the PDSCH-to-HARQ_feedback timing indicator according to the numerology of the indicated cell. In that sense, Rel-16 is re-used (PUSCH  PUCCH) and a UE already supports such functionality. The problem with Alt. 1 is that it doesn’t work for PUCCH transmissions configured by RRC. Alt. 2C is the complement of Alt. 1 for such PUCCH. The timing pattern (e.g. a bitmap in case of 2 cells – that is sufficient for Rel-17) can be defined per frame with respect to the numerology of the primary cell or with respect to the numerology of the cell with the larger SCS if increased granularity is needed (using the smaller SCS to reduce the RRC time pattern size is of marginal benefit). Both Alt. 1 and Alt. 2C can be supported due to their simplicity but at least Alt. 2C should be supported as it is a more general solution while Alt. 1 (when applicable) allows more flexible network operation. If a UE is provided both a time pattern and an indication by a DCI format then, as usual, “DCI overrides RRC” and the UE follows the indication by the DCI format.

Observation 6: Alternatives relying on the network to determine the cell of PUCCH transmission minimize specification impact and UE complexity while allowing full flexibility to the network and improving overall functionality.

Proposal 2: Support cell switching for a PUCCH transmission based on (a) DCI indication and (b) a timing pattern provided by higher layers.

UL carrier switching should also be supported for SR since same latency considerations as for HARQ-ACK apply. In general, it would simplify specifications and UE implementation is a UE performs the exact same functionalities (e.g. for UCI multiplexing) on the two cells (and, for a NW-provided cell indication, the UE would only need to perform the Rel-16/Rel-17 operations on a single cell). Ideally, carrier switching should not be unnecessarily restricted by specifications only to HP transmissions as no additional impact is expected either to the specifications or to the UE implementation. 

Proposal 3: Support cell switching at least for HP PUCCH with HARQ-ACK or SR. 


Conclusions
This contribution considered aspects related to retransmission of HARQ-ACK information and to cell switching for UL transmissions and proposes the following.

Proposal 1: Support triggering retransmission of a dropped HARQ-ACK codebook.

Proposal 2: Support cell switching for a PUCCH transmission based on (a) DCI indication and (b) a timing pattern provided by higher layers.

Proposal 3: Support cell switching at least for HP PUCCH with HARQ-ACK or SR. 


In addition, the following are observed.

Observation 1: Modifications of the Rel-16 Type-3 HARQ-ACK codebook are neither relevant nor necessary to support retransmission of HARQ-ACK information for Rel-17 URLLC.

Observation 2: Modifications of the Rel-16 Type-3 HARQ-ACK codebook are not likely to offer meaningful functional enhancements over the Rel-16 Type-3 HARQ-ACK codebook and would always be worse than retransmitting only the intended/dropped HARQ-ACK information.  

Observation 3: Triggering HARQ-ACK retransmission in a PUCCH or PUSCH has minimal specification impact and practically no impact on UE complexity.

Observation 4: The enhanced Type-2 HARQ-ACK codebook is less flexible than retransmitting dropped HARQ-ACK information and is not generally feasible for non-shared spectrum operation in Rel-17 without additional enhancements.

Observation 5: Alternatives relying on a predetermined rule to determine a cell of PUCCH transmission have large specification and network/UE implementation impacts and can lead to problematic functionality.

Observation 6: Alternatives relying on the network to determine the cell of PUCCH transmission minimize specification impact and UE complexity while allowing full flexibility to the network and improving overall functionality.


References:
[1] R1-2103883, “Moderator summary #3 on HARQ-ACK feedback enhancements for NR Rel-17 URLLC/IIoT”


2

