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Introduction
This document provides the reason/justification for the draft CR in [1]. 


Number of UCI symbols in PUSCH with repetitions
The number of UCI coded modulation symbols in a PUSCH transmission in a slot depends on the spectral efficiency of either the UL-SCH or, if no UL-SCH, of the CSI. Relevant agreements from RAN1#91 and RAN1#92bis are as below.

	Agreement: (RAN1#91)
· For UCI on PUSCH with UL-SCH, the amount of resources used for HARQ-ACK is calculated based on the following equation.
 
where  is the number of ACK/NACK bits,  is the scheduled bandwidth for PUSCH transmission in the current PUSCH transmission period for the transport block, expressed as a number of subcarriers. , and  are obtained from the PDCCH scheduling the PUSCH transmission.  is the number of OFDM symbols in the PUSCH transmission duration excluding DMRS. REs occupied by PTRS are also excluded. 
· FFS: if an upper bound on the number of symbols for HARQ-ACK resource is needed

Agreement: (RAN1#92bis)
For HARQ-ACK, CSI part 1, and CSI part 2 (if exists) transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 (exists), are determined as follows:





SE is the spectrum efficiency which is code rate * modulation order



The original agreement is from LTE Rel-8 where instead of  , the equivalent expression  was originally used (e.g. [2]) where  (same as for the case of no UL-SCH in the above agreements and in [3]). Basically, regardless of whether or not there is UL-SCH, the number of UCI coded modulation symbols is inversely proportional to the spectral efficiency of the PUSCH transmission. In other words, as captured in the first of the above agreements, “ is the number of OFDM symbols in the PUSCH transmission duration excluding DMRS”,  is not the number of symbols for one repetition of the PUSCH transmission as captured in [3].

The Rel-15 and Rel-16 specifications do not implement the RAN1 agreement in case of PUSCH repetitions as, for  repetitions (nominal repetitions in case of type B), the code rate  (or the spectral efficiency) is reduced by  or, equivalently, the number of symbols for the PUSCH transmission is , not . Then, for the RAN1#91 agreement and the case of repetitions, the number of UCI coded modulation symbols for the PUSCH transmission should be . 

As a result of the incorrect specification, reliability of UCI multiplexing in the PUSCH is now lost and, depending on the number or repetitions, the BLER can be as large as 1 (e.g. ~9 dB is lost in case of 8 repetitions, ~15 dB in case of 32 repetitions). It is noted that in Rel-17 for TBoMS PUSCH, the LTE Rel-8/NR Rel-15 agreement is properly implemented by scaling  with the inverse of the number of slots  as above [3] – i.e. the “PUSCH transmission duration” of the Rel-15 agreement is correctly applied and the number of symbols is , not .

The problem could also be avoided if [3] defined  for type A repetitions, or  for type B repetitions, based on the Rel-15 agreement as the number of symbols for the “PUSCH transmission duration” for the TB, instead of the number of symbols in one slot for a single (nominal) repetition of the PUSCH transmission – that is what created the problem. That approach is also fine and can solve the issue but appears more complex because frequency hopping in Rel-15/Rel-16 is per slot and is defined in [3] with respect to .


Conclusions
This document provided reasons/justifications for the draft CR in [1]. The current specifications are not according to RAN1 agreements and result to unreliable reception of UCI multiplexed in a PUSCH. 

The proposed change is applicable to both Rel-15 and Rel-16 but it is recommended only for Rel-16 (the change is a simple software one and has no impact on hardware). 
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