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1 Introduction

This contribution considers remaining issues on PUCCH on:
a) PUCCH repetitions
b) Miscellaneous (assumption on CRC length, multi-CSI resources with same size, error cases for overlapping) 
2 Remaining Issues on PUCCH
PUCCH repetitions
Support of a PUCCH transmission with repetitions and potential overlapping with other PUCCH/PUSCH transmissions with/out repetitions has been well defined with the exception of a few residual issues

a) A PUCCH transmission with repetitions overlaps with a PUCCH transmission without repetitions

b) Determination of the number of repetitions for a PUCCH transmission due to variable UCI payload

c) Overlapping with SRS transmission

For the first issue, and considering the prioritization of PUCCH dropping according to respective UCI priority, the only question is whether to drop SR when HARQ-ACK and SR are multiplexed in a PUCCH transmission without repetitions and that PUCCH transmission collides with a PUCCH transmission with repetitions (e.g. for CSI). The only motivation for dropping SR is to extend the rules for UCI dropping also to when one of the colliding PUCCH transmissions is without repetitions, meaning that all UCI (including SR) except of the one with the highest priority (HARQ-ACK) are dropped. However, such an approach does not have technical merit, any benefit to specifications is marginal, while its impact on implementation is not marginal since it mandates a different UE behavior for HARQ-ACK and SR multiplexing on a PUCCH transmission without repetitions depending on whether or not that transmission collides with a PUCCH transmissions with repetitions for CSI. Therefore, it is preferable to have same HARQ-ACK and SR multiplexing rules in a PUCCH transmission without repetitions regardless of whether or not the PUCCH transmission without repetitions collides with a PUCCH transmission with repetitions. 

Proposal 1: If a first PUCCH transmission without repetitions collides with a second PUCCH transmission with repetitions in a slot and the UCI in the first PUCCH transmission has higher priority than the UCI in the second PUCCH transmission, the first PUCCH transmission conveys the same UCI as when the collision does not exist.
A number of repetitions for a PUCCH transmission is provided to a UE by higher layer signaling. This was fine in LTE as repetitions for a PUCCH transmission were limited to only HARQ-ACK information and to only 1 bit (eMTC) or to at most 2 bits (LTE Rel-8). However, this is not the case in NR. A PUCCH transmission with repetitions in more likely in NR than in LTE due to the number of available slot symbols being smaller than in LTE or due to support of larger UCI payloads such as for CSI or for multiple HARQ-ACK bits (e.g. for TDD operation). Clearly, having a same number of repetitions regardless of the UCI payload is inappropriate. For example, transmission of 10 UCI bits may require repetitions to be reliable but transmission of 1 UCI bit may not as there is an 8-9 dB (accounting for coding gains) difference in the required SINR. Similar, if a PUCCH transmission with 1 UCI (HARQ-ACK) bit requires 
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 repetitions, it is clearly inappropriate to apply 
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 repetitions for a PUCCH transmission with 10 UCI bits. The network can of course set the number of repetitions to reflect to maximum UCI payload to be supported with PUCCH repetitions, but this is highly inefficient in terms of spectral efficiency, latency, and UE power consumption.
The requirement of different SINR for a PUCCH reception depending on the number of UCI bits is addressed in the determination of the transmission power where, for example for up to 11 UCI bits, PUCCH transmission power increases according to 
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. For a PUCCH transmission with repetitions, such an increase in transmission power is not generally possible as the UE is likely to be already power limited (hence the need for repetitions). The repetitions are equivalent to an equivalent increase in the PUCCH transmission power in case the PUCCH transmission was without repetitions. Therefore, assuming that repetitions for a PUCCH transmission can be configured for up to 11 UCI bits, 
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 can be defined for 11 UCI bits and the number of repetitions for a smaller number of UCI bits can be reduced to 
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. Then, this can result to only a single repetition for e.g. 1 HARQ-ACK bit but still have more than one repetitions for e.g. 10 UCI bits. It is not necessary to limit the number of UCI bits to 11 for repetitions of a PUCCH transmission, but this is reasonable for power limited UEs and has minimal impact on specifications.

Proposal 2: For a PUCCH transmission with repetitions, the number of UCI bits is 
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 is defined for 11 UCI bits, and the actual number of repetitions for a PUCCH transmission is 
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The UE behavior when a PUCCH transmission overlaps in time with another PUCCH transmission or with a PUSCH transmission has been defined. At least for a PUCCH transmission with repetitions, collisions can also occur (for same carrier or for inter-band CA) with a PRACH or a SRS transmission (not a network misconfiguration). In this case, the same rules as for power prioritization in case a UE is power limited can apply and the UE drops the SRS transmission. It is unclear whether it is necessary for a UE to expect that a collision of a PUCCH transmission with repetitions and a PRACH transmission can occur (or whether this can be considered a misconfiguration). If such a collision can occur and following the defined prioritizations for power allocation in [1], the PRACH transmission is prioritized if it is on the PCell; otherwise, the PUCCH transmission is prioritized.
Proposal 3: If a PUCCH transmission with repetitions overlaps in time with a SRS transmission, the UE does not transmit the SRS. TBD whether UE behavior needs to be defined if PUCCH transmission with repetitions overlaps in time with a PRACH transmission.

CRC length for determination of number of PRBs
In RAN1#94, the following was agreed. The background and the text of the agreement considered that the CRC size is determined based on total UCI payload. The agreement can therefore be extended to section 9.2.3 of [1] and the text of the RAN1#94 agreement can be amended as in the proposal 4.
Agreements:

· For the determination of the number of PRBs in 38.213 section 9.2.5.1 and 9.2.5.2, OCRC=11 if the number of UCI bits is larger than or equal to 360; otherwise OCRC is the number of CRC bits calculated based on the number of UCI bits, as determined in 38.212.

Proposal 4: For the determination of the number of PRBs in Subclauses 9.2.3, 9.2.5.1 and 9.2.5.2, 
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 if the number of respective UCI bits is larger than or equal to 360; otherwise, 
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 is the number of CRC bits calculated based on the number of respective UCI bits as described in [5, TS 38.212].

Multi-CSI resources with same capacity
A first question is whether the UE should expect that a network configures to the UE multi-CSI resources having a same capacity. This is unclear as one multi-CSI resource is then effectively disabled and there is no point for the gNB to configure it. Therefore, there is no restriction placed on the network operation if a UE expects that the two multi-CSI resources have different capacity.

Proposal 5: A UE does not expect higher layer parameter multi-CSI-PUCCH-ResourceList to provide two multi-CSI resources that support multiplexing for a same maximum number of UCI bits. 

Error cases for PUCCH/PUSCH overlapping
Some error cases for PUCCH/PUSCH overlapping that a UE does not expect to encounter are defined in [1]. Another such case results when a final resource due to overlapping of ‘short’ PUCCHs corresponds to a ‘long’ PUCCH and the UE is configured to transmit another ‘long’ PUCCH in the slot. This case is not likely in practice and, further, as the network knows the PUCCH resource that results after the overlapping is resolved, there is no need for the network to enable it and can be considered an error case given that the UE cannot have 2 ‘long’ PUCCH transmissions in a slot. Whether anything needs to be specified is unclear given that the specifications already capture that a UE does not transmit 2 long PUCCHs in a same slot (and the UE by default will consider this to be an error). Nevertheless, regardless of any specification impact, the following is proposed. 

Proposal 6: A UE does not expect a resource resulting from multiplexing UCI for overlapping PUCCH transmissions in a slot to be a resource associated with PUCCH format 1, 3, or 4 when this would result to the UE having two PUCCH transmissions with PUCCH format 1, 3, or 4 in the slot. 

Another error case for PUCCH/PUSCH overlapping occurs when a PUCCH overlaps with a PUSCH that cannot support UCI multiplexing such as a one-symbol PUSCH, or a 2-symbol PUCCH with frequency hopping, or a PUSCH having DMRS in the last symbol(s) and HARQ-ACK needs to be multiplexed. In general, the above scenarios are to some extent (but not entirely) under network control. A similar case occurs for a grant-free PUSCH transmission that may not satisfy the timeline requirements for UCI multiplexing (e.g. the UE may have started repetitions of a grant-free PUSCH transmission but the gNB may not have detected them before indicating a PUCCH transmission timing that would overlap with the grant-free PUSCH transmission). However, higher layers at the UE can be aware of the overlapping. 
The simplest solution for such cases would be to support simultaneous PUSCH and PUCCH transmissions but this is not possible in Rel-15. It may also not be the best solution if it would result to power limitation especially if the PUSCH transmission is associated with URLLC and requires large transmission power due to a low target BLER. Inability to multiplex UCI in a PUSCH transmission is then not only limited to the above ‘problematic’ PUSCH structures. 

If the above cases for PUSCH/PUCCH overlapping can be solely associated with URLLC (at least the low latency aspect), PUSCH can be prioritized. Otherwise, for Rel-15, the above cases can be treated as something that the UE does not expect (e.g. the network avoids problematic PUSCH structures overlapping with PUCCH – should not be an issue for the less delay-sensitive MBB that is also unlikely to use such PUSCH structures). For grant-free PUSCH transmissions, the UE can follow the existing specifications if an overlap with a PUCCH transmission would occur (i.e. an error case if the timeline conditions are not met although the notion of ‘error case’ is different in this case – it may be a UE implementation issue what transmission to prioritize) - enhancements can be considered in Rel-16 URLLC.

Proposal 7: If a PUCCH transmission would overlap with a PUSCH transmission, the timeline requirements for UCI multiplexing in the PUSCH are fulfilled, and the UE cannot multiplex UCI in the PUSCH, select one of the following: 

(a) the UE transmits the PUSCH (without UCI) and does not transmit the PUCCH, or 

(b) the UE does not expect this scenario to occur (for Rel-15)
3 Conclusions

This contribution considered remaining aspects for PUCCH transmissions. In particular, the following are proposed. 
Proposal 1: If a first PUCCH transmission without repetitions collides with a second PUCCH transmission with repetitions in a slot and the UCI in the first PUCCH transmission has higher priority than the UCI in the second PUCCH transmission, the first PUCCH transmission conveys the same UCI as when the collision does not exist.

Proposal 2: For a PUCCH transmission with repetitions, the number of UCI bits is 
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 is defined for 11 UCI bits, and the actual number of repetitions for a PUCCH transmission is 
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Proposal 3: If a PUCCH transmission with repetitions overlaps in time with a SRS transmission, the UE does not transmit the SRS. TBD whether UE behavior needs to be defined if PUCCH transmission with repetitions overlaps in time with a PRACH transmission.

Proposal 4: For the determination of the number of PRBs in Subclauses 9.2.3, 9.2.5.1 and 9.2.5.2, 
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 if the number of respective UCI bits is larger than or equal to 360; otherwise, 
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 is the number of CRC bits calculated based on the number of respective UCI bits as described in [5, TS 38.212].

Proposal 5: A UE does not expect higher layer parameter multi-CSI-PUCCH-ResourceList to provide two multi-CSI resources that support multiplexing for a same maximum number of UCI bits. 

Proposal 6: A UE does not expect a resource resulting from multiplexing UCI for overlapping PUCCH transmissions in a slot to be a resource associated with PUCCH format 1, 3, or 4 when this would result to the UE having two PUCCH transmissions with PUCCH format 1, 3, or 4 in the slot. 

Proposal 7: If a PUCCH transmission would overlap with a PUSCH transmission, the timeline requirements for UCI multiplexing in the PUSCH are fulfilled, and the UE cannot multiplex UCI in the PUSCH, select one of the following: 

(a) the UE transmits the PUSCH (without UCI) and does not transmit the PUCCH, or 

(b) the UE does not expect this scenario to occur (for Rel-15)
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