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Reason for Correction of PUCCH Repetitions
NR Rel-15 does not limit the UCI payload for PUCCH repetitions. For example, the UCI payload can be 1-2 HARQ-ACK bits for single-cell FDD-like operation and multiple HARQ-ACK bits for TDD-like operation, and/or CA, and/or CBG-based HARQ-ACK. Also, the UCI can be CSI. Unlike NR, LTE limits support for PUCCH repetitions to 1-2 HARQ-ACK bits. 

In addition to the variable UCI payload, the number of symbols used for PUCCH transmission 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). This makes proper support for PUCCH repetitions essential in NR. This also makes the value range for 
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 in Rel-15 to be under-dimensioned as the maximum value is 8 which is the same as in LTE (SCS of 15 kHz, 1-2 bits, 12-14 available symbols) and therefore, unless the LTE setup is applied, NR Rel-15 will have worse PUCCH coverage than LTE (NR also does not support PUCCH TxD). 

Further, the value of 
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 is same regardless of the number of symbols for a PUCCH transmission. This is restrictive to the slot configurations that can be used. For a given PUCCH format, the gNB has to (a) configure resources with same number of symbols in a PUCCH resource set (and choose 
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 based on that number of symbols) and (b) adapt the slot structure so that the number of UL symbols in most/all slots is at least equal that fixed number of symbols in the PUCCH resource set. 
Also, in current Rel-15 specifications, higher layers provide a single value for 
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 per PUCCH format regardless of the UCI payload. This is obviously inappropriate and practically forces the gNB to configure a large value for 
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 that is over-dimensioned for the smaller UCI payloads. For example, transmission of 10 UCI bits may require repetitions to be reliable but transmission of 3 UCI bits may not as there is an 4-5 dB gap (accounting for coding gains) in required SINR and overhead/latency unnecessarily increase for transmission of smaller UCI payloads (particularly in TDD). Conversely, if a PUCCH transmission with 3 UCI bits requires 
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 PUCCH repetitions, it is inappropriate to use 
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 PUCCH repetitions for 10 UCI bits (BLER will be materially larger than the target). 
In addition to UL overhead and UE power consumption, the additional latency introduced before a UE can completes the HARQ-ACK transmission and can be re-scheduled for the HARQ process has a chain effect on scheduling latency that further reduces DL data rates for the UE and the UE perceived throughput due to PUCCH repetitions. One fortunate aspect is that the number of PUCCH repetitions is configured per PUCCH format.  

Not all the above problems can be fixed in Rel-15 but that last one can be practically fixed. The UE can interpret 
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 relative to a reference UCI payload. For PUCCH format 1, using 1 bit as the reference UCI payload is a straightforward option. Then, to account for the 3 dB SINR gap for a same BLER, the UE can use 
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 for transmission of 2 UCI bits. For PUCCH formats 3 or 4, the reference UCI payload can be 3 bits. Then, given that a non-power limited UE adjusts a PUCCH transmission power according to the UCI payload by 
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, the equivalent adjustment for a UE configured with PUCCH repetitions using PUCCH format 3 or 4 is through the number of repetitions that, for 
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 bits, should be 
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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. For PUCCH format 1, 
[image: image14.wmf]repeat

PUCCH

UCI

repeat

PUCCH

N

O

N

×

=

. For PUCCH formats 3 and 4, 
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*** Unchanged text is omitted ***
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