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1 Introduction

This contribution considers the following issues on UCI transmission:
a) Determination of PUCCH repetitions for variable UCI payloads
b) Issue of filler bits in determining number of UCI coded modulation symbols in a PUSCH with UL-SCH (e.g. [1]) 
2 Remaining Issues on UCI transmission
PUCCH repetitions
Rel-15 does not limit the UCI payload for PUCCH repetitions. For example, without CBG-based HARQ-ACK, the UCI payload can be 1-2 HARQ-ACK bits for single-cell FDD operation, multiple HARQ-ACK bits for TDD operation and/or CA, or multiple CSI bits. The number of symbols per slot can range from 4 to 14 resulting to a link budget loss compared to LTE between 0 dB (14 symbols, 15 kHz SCS) to, for example, ~8.5 dB (4 symbols, 30 kHz SCS) making support for PUCCH repetitions for some UEs necessary even for 1-2 bits. However, higher layers provide a single value for the number 
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 of PUCCH repetitions regardless of the UCI payload. The consequence is that support of PUCCH repetitions is problematic as a network needs to configure 
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 based on the maximum possible UCI payload and 
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 then applies for any UCI payload. 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 gap (accounting for coding gains) in required SINR. Conversely, if a PUCCH transmission with 1 UCI bit requires 
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 PUCCH repetitions, it is clearly inappropriate to use 
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 PUCCH repetitions for 10 UCI bits. 
To address the above, the following are proposed:

a) Limit applicability of PUCCH repetitions in Rel-15 to a maximum UCI payload of 
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 bits - a reasonable value for 
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b) Interpret 
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c) Determine the number of PUCCH repetitions for a UCI payload of 
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 bits relative to number of repetitions for 
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A UE that is not power limited adjusts a PUCCH transmission power as a function of the UCI payload 
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 for up to 11 UCI bits [2]. The equivalent adjustment for a UE configured with repetitions for a PUCCH transmission is through the number of repetitions. Therefore, with 
[image: image14.wmf]11

max

UCI

=

O

 bits being the reference for the configured 
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 PUCCH repetitions, the number of PUCCH repetitions for 
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 UCI bits is 
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Proposal 1: 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 slots for repetitions for a PUCCH transmission is 
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	----------------------------------
      Start of text proposal
 to TS 38.213
 ------------------------------------------

9.2.6
PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, 
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, for repetitions of a PUCCH transmission by respective nrofSlots. The UE expects that 
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 if the UE transmits a PUCCH with repetitions. The UE determines a number of slots for repetitions of a PUCCH transmission with 
[image: image24.wmf]UCI

O

 bits as 
[image: image25.wmf]ú

ú

ù

ê

ê

é

×

ref

repeat,

PUCCH

UCI

11

N

O

.
*** Unchanged text is omitted ***

---------------------------------- 
End of text proposal to TS 38.213
------------------------------------------


Removing filler bits from determination of number of UCI coded modulation symbols in PUSCH

The determination for the number of UCI coded modulation symbols in a PUSCH with UL-SCH is affected by the existence of filler bits, for example as observed in [1]. In RAN1#94bis, it was discussed to avoid this issue by replacing 
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 with 
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 or by calculating CB sizes after removing filler bits in the corresponding formulas in [3]. The impact of filler bits can be noticeable for small TBS (or CB sizes) while it is practically non-existent for large TBS (or large CB sizes).

Using 
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 in case UL-SCH is multiplexed in a PUSCH has an issue of determining 
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 in case of retransmissions. Although the same 
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 as for the initial transmission of the TB can apply, similar to LTE, this can be unnecessarily restrictive in NR as, unlike LTE and use of PHICH, retransmissions are dynamically scheduled. For semi-static configuration of the 
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 value, the network can target a somewhat larger value to compensate for the filler bits or target a somewhat smaller data BLER (not costly as the TBS is small) while keeping a same UCI BLER target. For dynamic indication of the 
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 value by the DCI format scheduling the PUSCH transmission, there is even less of an issue as the indicated value can be, in principle, dynamically adjusted for the number of filler bits. Therefore, in addition to an adjustment to the current formulas in [3] not being an essential correction, it is also not a significant optimization as there can be implementation means to address the issue of filler bits. Further considering the existence of implementations that use the current formulas in [3], it is reasonable to not change those formulas.  

Proposal 2: Keep the existing formulas in TS 38.212 for the determination of UCI coded modulation symbols in a PUSCH with UL-SCH. 
3 Conclusions

This contribution considered remaining aspects for PUCCH transmissions. In particular, the following are proposed. 
Proposal 1: 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 slots for repetitions for a PUCCH transmission is 
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Proposal 2: Keep the existing formulas in TS 38.212 for the determination of UCI coded modulation symbols in a PUSCH with UL-SCH. 
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