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1 Introduction

This contribution considers remaining aspects on PUCCH transmissions for more than two symbols, including:

a) Non-fully overlapping PUCCH transmissions (also applicable to PUCCH formats 0 and 2) 

b) UE behavior with respect to other transmissions when the UE is transmitting PUCCH repetitions
c) Reference payload for CSI part 2 in determining the number of PUCCH PRBs

2 Remaining Aspects for PUCCH Formats 1/3/4
Partially Overlapping PUCCH Transmissions 
Partially overlapping PUCCH transmissions can theoretically occur for various combinations of UCI types. In practice, and considering slot-based PUCCH, a gNB scheduler will not configure a UE with partially overlapping periodic PUCCH transmissions, especially if the UE will drop one of them due to the partial overlapping. The only non-periodic PUCCH transmission can be for HARQ-ACK. A slot and a first symbol for a PUCCH transmission is indicated by the DCI format triggering the HARQ-ACK transmission. For ‘long’ PUCCH, the UE knows the slot of the HARQ-ACK transmission at least from the previous slot. 
If a UE has a configured PUCCH transmission for CSI in the same slot as the PUCCH transmission for HARQ-ACK and the first symbol for the former PUCCH is same or after the first symbol for the latter PUCCH, the UE can multiplex CSI in the latter PUCCH. If the first symbol for the former PUCCH is before the first symbol for the latter PUCCH, CSI can again be multiplexed in the latter PUCCH if there is sufficient time for the UE to cancel (the not yet ongoing) transmission of the former PUCCH. There is no such UE capability currently defined but the UE capability for PUSCH preparation of N2 symbols [2] can be considered as a loose lower bound. If the time between the reception of the DCI format triggering the HARQ-ACK transmission in the latter PUCCH and the first symbol of the former PUCCH is larger than N2 symbols, the UE can cancel the former PUCCH and multiplex CSI in the latter PUCCH. Otherwise, the UE may not be assumed to be able to cancel the former PUCCH and the latter PUCCH will need to be dropped. However, the UE may treat this as an error case because the gNB will not trigger a PUCCH transmission for HARQ-ACK in a slot where the UE will drop it. 
HARQ-ACK and SR multiplexing in a PUCCH may depend on the exact timing the positive SR request is provided to the PHY. However, HARQ-ACK and SR multiplexing can still be supported without consideration of the first slot symbol for corresponding PUCCHs. The UE can transmit negative SR if a positive SR request from higher layers is provided to the PHY a few slot symbols too late (and the HARQ-ACK PUCCH starts before the SR PUCCH), and transmit the positive SR at the next SR opportunity. 

Therefore, for slot-based PUCCH transmissions (i.e. excluding SR with transmission periodicity less than one slot), it can be assumed that a UE can support HARQ-ACK and CSI or SR multiplexing in a PUCCH without consideration for the first slot symbol of the corresponding PUCCHs. 

For non-slot based PUCCH, such as the one used for SR, it has been suggested to drop an ongoing PUCCH (or possibly PUSCH) transmission in order to transmit a PUCCH conveying SR. For short PUCCH transmissions, such as over 2 or 4 symbols, this assumes practically instantaneous reaction at the PHY, once a request from higher layers is received, for cancelling an ongoing transmission. As it has been discussed above and as concluded in other NR designs, such as for the UE cancelling ongoing transmissions in response to SFI detection, a minimum time (equal to the PUSCH preparation time [2]) is required for cancelling an ongoing transmission. This minimum time is larger than a few slot symbols (e.g. the minimum value for N2 is 10 symbols for 15 KHz SCS). Nevertheless, a UE not transmitting SR when it has an ongoing transmission is not a problem as the additional latency incurred is not expected to have a material impact on the overall latency. For example, an average additional latency incurred for a UE from an inability to transmit SR with sub-slot periodicity is at most half a slot (or less in case of the full slot cannot be used for the corresponding PUCCH) further conditioned on the UE having an ongoing PUCCH transmission for HARQ-ACK (or a PUSCH transmission) in the slot. Even with a relatively large probability of 50% for the UE to be transmitting PUCCH with HARQ-ACK or PUSCH in a slot, the resulting additional latency is at most 0.25 slots or less which has marginal impact on the end-to-end latency (even for a 0.5 msec slot).

Observation: UCI multiplexing in a PUCCH does not need to consider the first symbol of corresponding PUCCH transmissions. 

Therefore, when a UE is configured to transmit multiple PUCCHs (or PUCCHs and PUSCHs) in a same slot, the UE is able to multiplex UCI in a PUCCH (or in a PUSCH).  

Proposal 1: Remove the restriction in [1] for having a same first symbol of corresponding PUCCHs in order to multiplex UCI in a PUCCH. 
Proposal 2: A setup where a UE is configured to transmit in a slot a first PUCCH with CSI prior to a second PUCCH with HARQ-ACK, and the time between the first symbol of the first PUCCH and the reception of the DCI format triggering the second PUCCH is less than N2, is considered an error case. 
UE behavior for additional transmissions during repetitions of a PUCCH transmission
The issues are the same as in LTE. Assuming a higher priority for HARQ-ACK than for data, a UE can disregard UL grants resulting to PUSCH transmissions in slots where the UE repeats a PUCCH transmission (the likely cause if a false CRC check as the gNB scheduler would otherwise have no reason to schedule PUSCH). Further, the UE should not multiplex other UCI in the repetitions of the PUCCH transmission as this will degrade the reception reliability (and 
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 is semi-statically configured). Also, the UE can disregard DL assignments indicating a respective HARQ-ACK transmission in a slot where the UE is transmitting a repetition (other than the first one) for a PUCCH conveying HARQ-ACK.

There are two issues associated with NR features that may not allow direct re-use of the LTE functionality:

a) potential for partial overlapping with PUSCH or other PUCCH transmissions with the PUSCH or the other PUCCH being earlier 

b) existence of an overlapping (grant-free) PUSCH transmission that requires low latency or existence of a positive SR transmission associated with a low latency service. 

For the first issue, as it was previously discussed, the UE can cancel the PUSCH or the other PUCCH transmission. The case that the PUSCH or the other PUCCH start prior to the first repetition of the PUCCH with the HARQ-ACK and the UE cannot cancel the respective transmission can be considered to be an error (as there is no need to expect the gNB to indicate a slot where the UE cannot transmit the first PUCCH repetition). 
The second issue is of no particular practical interest as a (coverage limited) UE requiring PUCCH repetitions will require even more repetitions for PUSCH or for information types requiring higher reception reliability. Moreover, as previously mentioned, a UE cannot immediately cancel an ongoing transmission. Therefore, UE and gNB operation need not be affected by dropped PUCCH repetitions blind detection for whether PUSCH or PUCCH is received in a slot which can be difficult to implement for coverage limited UEs. 

Consequently, a single UE and gNB operation with respect to repetitions of a PUCCH transmission is sufficient, LTE operation can be re-used, and there is no need for NR to support conditions for dropped PUCCH repetitions.

LTE specifies the following:

For a non-BL/CE UE, for FDD or for FDD-TDD and primary cell frame structure type 1, the UE shall upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response in subframe n. If HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which HARQ-ACK response shall be provided, and if the UE is not repeating the transmission of any HARQ-ACK in subframe [image: image2.wmf]n
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, the UE:
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shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in subframe [image: image5.wmf]4
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shall not transmit any other signal/channel in subframes [image: image9.wmf]n
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shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in subframes [image: image12.wmf]3
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A simplified corresponding text for [1] can be as in Proposal 2.
Proposal 3: A UE configured with repetitions over 
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 slots for a PUCCH transmission with HARQ-ACK, and if the UE is not transmitting a PUCCH with a different HARQ-ACK in the first of the 
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 slots:

-
shall transmit only the HARQ-ACK on PUCCH in the 
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 slots; and

-
shall not transmit any other signal/channel in the 
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Reference payload for CSI part 2
When HARQ-ACK/SR and CSI are transmitted on a PUCCH resource indicated for HARQ-ACK (first case), the number of RBs is determined as the minimum one in the indicated PUCCH resource that achieves a UCI code rate smaller than or equal to the configured code rate. When HARQ-ACK/SR and CSI are transmitted on a PUCCH resource configured for CSI (second case), the UE drops CSI reports until the code rate of the transmitted UCI is smaller than or equal to the configured code rate. 

In the first case, as discussed in RAN1 NR AH 1801, the problem is that the CSI part 2 payload for some CSI reports can be unknown and as a result the gNB cannot know the number of PRBs the UE uses to transmit the PUCCH. As the number of RBs is the configured one in the second case, this problem does not exist for the second case. To avoid the ambiguity in the number of PRBs used to transmit the PUCCH in the first case, a reference CSI part 2 payload such as the one corresponding to rank 1 can apply (the gNB can configure a somewhat lower code rate than necessary to accommodate occasionally larger CSI part 2 payloads). The update to subclause 9.2.5.2 of [1] can be as follows
	… the UE selects 
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 CSI part 2 report priority level(s), according to [6, TS 38.214], for transmission together with the HARQ-ACK/SR and 
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 CSI part 1 reports using either PUCCH format 3 or PUCCH format 4, where 
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 CSI report priority level, and 
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Proposal 4: For CSI multiplexing in a PUCCH resource indicated for HARQ-ACK, the CSI part 2 payload (if any) for determining the number of PRBs of the PUCCH resource corresponds to rank indicator value of 1.
3 Conclusions

This contribution considered remaining aspects for CA operation in NR. In particular, the following are proposed. 
Proposal 1: Remove the restriction in [1] for having a same first symbol of corresponding PUCCHs in order to multiplex UCI in a PUCCH. 
Proposal 2: A setup where a UE is configured to transmit in a slot a first PUCCH with CSI prior to a second PUCCH with HARQ-ACK, and the time between the first symbol of the first PUCCH and the reception of the DCI format triggering the second PUCCH is less than N2, is considered an error case. 
Proposal 3: A UE configured with repetitions over 
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 slots for a PUCCH transmission with HARQ-ACK, and if the UE is not transmitting a PUCCH with a different HARQ-ACK in the first of the 
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shall transmit only the HARQ-ACK on PUCCH in the 
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shall not transmit any other signal/channel in the 
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Proposal 4: For CSI multiplexing in a PUCCH resource indicated for HARQ-ACK, the CSI part 2 payload (if any) for determining the number of PRBs of the PUCCH resource corresponds to rank indicator value of 1.
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