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Introduction
This TEI considers a correction in the determination of the number of repetitions for a PUCCH transmission. This is needed to ensure coverage without increasing latency, overhead and network complexity, and without unnecessarily reducing data rates for a UE. 


Reasons for Correction

NR supports repetitions for a PUCCH transmission (for the ‘long’ PUCCH formats) in a same manner as LTE Rel-8. A UE is configured by higher layers a number of repetitions, , for a PUCCH transmission. 

In LTE Rel-8, repetitions of a PUCCH transmission were considered under the assumption that a UE transmits only 1 HARQ-ACK information bit - i.e. the UE is coverage limited, does not need to acknowledge more than one TB, and does not need to report CSI (RSRP was enough and there was no need for PMI in Rel-8 as there was no DMRS/CSI-RS). 

For repetitions of a PUCCH transmission, NR differs from LTE Rel-8 in:
a) Most bands are TDD  HARQ-ACK information for multiple TBs will need to be reported in a same PUCCH
b) Coverage limitation can occur due to fewer PUCCH symbols/slot or due to higher SCS (in addition to larger UCI payloads) – e.g.
a. PUCCH transmission over 4 symbols instead of 14 symbols incurs a coverage loss of ~5.4 dB
b. PUCCH transmission with 30 kHz SCS instead of 15 kHz SCS incurs a coverage loss of 3 dB
c) CSI feedback is beneficial to improve coverage
d) The maximum number of repetitions (8) was also imported from LTE Rel-8 (15 kHz SCS, 14 UL symbols) and can be significantly under-dimensioned for NR operation even for 1 UCI bit (e.g. 30 kHz SCS, 4 UL symbols)
a. Unless the Rel-15 NR setup is exactly as LTE (15 kHz SCS, 14 UL symbols, 1 HARQ-ACK information bit), Rel-15 NR will have worse PUCCH coverage than LTE

When a UE can increase a PUCCH transmission power, NR addresses the above issues by adapting the PUCCH transmission power where






For PUCCH format 1,  adapts to the variable number of PUCCH symbols and the variable UCI payload (1 bit or 2 bits) as . For PUCCH format 3 or 4 and  bits,  adapts to the variable number of PUCCH symbols and the variable UCI payload. The factor  adapts the SCS difference relative to 15 kHz. None of this exists with respect to the number of repetitions although there is some flexibility to account for the SCS when setting the  value as PUCCH SCS is not dynamic.


For a UE that is configured to transmit PUCCH with repetitions, always adapting a PUCCH transmission power is not possible (otherwise, no need for repetitions) and the above transmission power adjustments need to be translated to adjustments in the value of  .
  

For PUCCH format 1, the value of  from higher layers can be interpreted relative to  UCI bit and  symbols. Then, for  bits and , the UE sets .



For PUCCH format 3 or 4, the value of  from higher layers can be interpreted relative to  UCI bits and  symbols. Then, for  bits and , the UE sets . For  bits,  and a simple linear expression is not possible for all  values. For simplicity, especially as  bits may be of lesser interest in case of repetitions, polar coding gains can be ignored and a conservative  value resulting from the same expression as for  can apply. Also, preferably, the values of  and  should be provided by higher layers but that can be left for a next release.
 


If the above adjustments to the number of PUCCH repetitions are not used and a single value for  always applies regardless of UCI payload or number of PUCCH symbols, a network has to dimension  according to a reference value  for  and a reference value  for  (gNB implementation choices). Then, 
· when , coverage is not met 
· [bookmark: _GoBack]when , the number of repetitions is larger than needed - this results to increased latency, overhead, UE power consumption and network complexity (in TDD), and to reduced data rates


Proposal: When a UE is provided , the UE transmits a PUCCH with  repetitions where  for PUCCH format 1,  for PUCCH format 3 or 4, and .


	----------------------------------	      Start of text proposal	 to TS 38.213	 ------------------------------------------
[bookmark: _Toc517265069]9.2.6	PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for repetitions of a PUCCH transmission by respective nrofSlots. The UE repeats the PUCCH transmission over   slots, where  for PUCCH format 1,  for PUCCH formats 3 and 4, and .
*** Unchanged text is omitted ***
---------------------------------- 	End of text proposal to TS 38.213	------------------------------------------
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