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Introduction
[bookmark: _Hlk22834419]The NR coverage enhancement WI was approved in RAN#90-e [1]. One objective is to specify enhancements for PUCCH.

	- Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]



This contribution discusses mechanisms for PUCCH coverage enhancements.
Dynamic PUCCH repetition factor indication
When there is no power limitation, power adjustments through the  component in the power control formulas are done to account for variable number of symbols and UCI payloads to ensure reliable performance. For example, for PUCCH format 1,  adjusts both for the number of symbols and for the UCI bits (1 or 2). For PUCCH format 3 or 4 and UCI payload smaller than 12 bits,  adapts to the variable number of PUCCH symbols and the variable UCI payload. A similar adjustment exists for UCI payload larger than or equal to 12 bits. 

If the same principle is to be followed regardless of whether or not a UE is power limited, similar adjustments for variable number of symbols and UCI payloads need to be made for a PUCCH transmission with repetitions (as a transmission power cannot increase, the corresponding increase needs to be translated to repetitions). Instead of, or in addition to, adjusting a number of repetitions according to UCI payload and number of symbols per repetition, the DCI format triggering the PUCCH transmission (in case HARQ-ACK information) can indicate a number of repetitions. For the indication by the DCI format, an explicit field offers the simplest and most flexible alternative. Alternatives can also be considered, such configuring a number of repetitions per PUCCH resource, but then further adjusting the number of repetitions based on the UCI payload may still be needed as a PUCCH resource can be used for multiple UCI payloads requiring different numbers of repetitions. For higher layer configured PUCCH transmissions, as the payload and the number of symbols per repetition are also determined by the higher layer configuration, and the number of repetitions can be part of the configuration as in Rel-16 but the range needs to increase beyond a maximum of 8 repetitions (a maximum value will also depend on the maximum UCI payload to be supported for PUCCH repetitions and the SCS).  

Proposal 1: Support dynamic adjustments for a number of repetitions for a PUCCH transmission. Consider adjustments based on Rel-15 power adjustments according to UCI payload and number of symbols per slot and/or based on explicit/implicit indication by a DCI format.

In different coverage situations, a PUCCH transmission needs different numbers of repetitions to ensure a certain BLER at the gNB.  Different set of numbers of repetitions can be considered for UEs in good or extreme coverage. The sets of numbers of repetitions can also be associated with a UCI payload size or with different sets of numbers of symbols for each repetition for a PUCCH transmission. A reason for configuring multiple sets of repetitions is to reduce a number of bits required in the DCI format to indicate a number of repetitions. For example, a number of repetitions for a first UE can be {1, 2, 4, 8} while for a second UE can be {4, 8, 16, 32} – the difference can be due to difference in coverage enhancement levels, or due to difference in number of available symbols (e.g. first UE transmits over 12 symbols per slot or a maximum of 10 HARQ-ACK bits and second UE transmits over 4 symbols per slot or a maximum of 40 HARQ-ACK bits), etc. To account for a variability over all possible UCI payloads for which repetitions of a PUCCH transmission are supported or over all possible numbers of symbols per repetition, a “number of PUCCH repetitions” field in a DCI format indicating a number of repetitions would need to have 5 or 6 or possibly more than 6 bits. By configuring different sets of numbers of repetitions for different maximum values of UCI payloads or for different number of symbols per repetition, the number of bits in a “number of PUCCH repetitions” field can be reduced.

Proposal 2: Support configuration of different sets of numbers of repetitions to reduce the number of DCI bits needed to indicate the number of repetitions.

Proposal 3: Support configuration of different sets of numbers of repetitions associated with different coverage levels, or different maximum UCI payload sizes or different maximum numbers of symbols per repetition.

The maximum number of repetitions is 8 in Rel-16 (imported from LTE Rel-8, with 15 kHz SCS, 14 UL symbols) and is under-dimensioned for NR operation (e.g. 30 kHz SCS, 4 UL symbols, or for UCI payloads above 2 bits). 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 without even considering the higher carrier frequencies of NR operation that result to larger pathloss. Coverage limitation can occur due to fewer available symbols/slot or due to higher SCS
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
Based on the above analysis it is suggested to increase the number of repetitions by a factor of 4 to 32 in order to recover ~6 dB due to using less than 14 symbols, or due to using SCS of 30 kHz, or due to operating in higher carrier frequencies. It is noted that this does not intend to, and does not provide coverage enhancements that are comparable to eMTC UEs in LTE.
Proposal 4: The maximum number of repetitions for transmission of PUCCH repetition is 32. 

DMRS bundling across PUCCH repetitions
Similar to PUSCH, DMRS bundling across PUCCH repetitions requires to preserve phase continuity over the multiple PUCCH repetitions to be bundled. Correspondingly, RAN4 performance requirements would be needed. UL power control aspects need to take into account the DMRS bundling functionality. Mechanisms discussed in [3] for PUSCH repetitions are also applicable to PUCCH repetitions.

Observation 1: Mechanisms discussed for PUSCH repetitions in AI 8.8.1.3 would also be applicable to PUCCH repetitions.

Conclusion
This contribution discusses the potential solutions and techniques for PUSCH coverage enhancement. The proposals and observations made in this contribution are summarized as below:
Proposal 1: Support dynamic adjustments for a number of repetitions for a PUCCH transmission. Consider adjustments based on Rel-15 power adjustments according to UCI payload and number of symbols per slot and/or based on explicit/implicit indication by a DCI format.

Proposal 2: Support configuration of different sets of numbers of repetitions to reduce the number of DCI bits needed to indicate the number of repetitions.

Proposal 3: Support configuration of different sets of numbers of repetitions associated with different coverage levels, or different maximum UCI payload sizes or different maximum numbers of symbols per repetition.

Proposal 4: The maximum number of repetitions for transmission of PUCCH repetition is 32. 

Observation 1: Mechanisms discussed for PUSCH repetitions in AI 8.8.1.3 would also be applicable to PUCCH repetitions.

References
[1] RP-202928, New WID on NR coverage enhancement, RAN#90e, Dec. 2020.
[2] 3GPP TR 38.830 v1.0.0 (2020-12) Study on NR coverage enhancements (Release 17).
[3] R1-2101223, Joint channel estimation for PUSCH, Samsung, RAN1#104-e.

Page 3
