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Introduction
[bookmark: _Hlk22834419]The NR coverage enhancement SI was approved in RAN#86 and the objective is listed below [1]:

	The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.



This contribution discusses enhancements for PUCCH transmission with repetitions and for PUCCH transmit power.
Discussion
Problems with configuration of PUCCH repetitions in Rel-16
PUCCH repetitions in NR were practically directly imported from LTE Rel-8 where PUCCH repetitions are supported only for 1-2 HARQ-ACK information bits (due to multiplexing of many UEs in a same PRB using PUCCH formats 1a/1b) and FDD operation was primarily considered. In NR, as in LTE, a UE is configured by higher layers a number of repetitions, , for a PUCCH transmission over  consecutive slots 
· For TDD operation, a PUCCH repetition in a slot is dropped if any symbol is a SS/PBCH block symbol or if the number of consecutive UL or flexible symbols, starting from the first symbol, is not equal to or larger than the number of symbols for the PUCCH repetition. 

NR differs from LTE Rel-8 in:
a) Most bands are TDD and it is likely that a coverage limited UE will need to report HARQ-ACK information for multiple TBs in a same PUCCH
b) 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
c) UCI payloads can be variable. Also, 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 is under-dimensioned for NR operation (e.g. 30 kHz SCS, 4 UL symbols, or for UCI payloads above 2 bits) 
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 there is no power limitation, NR addresses all of the above aspects of NR through the  component in the power control formulas. 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. 

Similar adjustments for variable number of symbols and UCI payloads need to be made for a PUCCH transmission with repetitions but, as a transmission power cannot increase, the corresponding increase needs to be translated to repetitions. An alternative to hard-coding in the specifications an adjustment to a number of repetitions according to UCI payload and number of symbols per repetition, is to instead or additionally indicate the number of repetitions for a PUCCH transmission by the DCI format triggering the PUCCH transmission in case HARQ-ACK information is included. 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).  

Proposal 1: Consider adjustments for a number of repetitions for a PUCCH transmission as a function of the UCI payload and the number of symbols for repetitions based on corresponding NR Rel-15 power adjustments and/or by DCI format indication.

Problems of PUCCH repetition structure in Rel-16
NR supports long PUCCH transmission with repetitions up to 8 such as format 1/3/4, where the length of symbols is equal to and larger than 4 symbols. Repetitions can provide linear RX energy gain and thus improve coverage. However, most NR bands are TDD ones and the full Rx energy gain corresponding to a number of configured repetitions cannot be typically obtained, particularly since there are fewer UL resources than DL resources in time. Moreover, in Rel-16, a PUCCH repetition that cannot be transmitted in a slot due to not having a same first symbols and a number of consecutive UL/flexible symbols as indicated by a corresponding DCI format or as configured by higher layers, is dropped. Hence, PUCCH repetition is restricted in TDD. 

For example, assume that DDDSU configuration in TDD includes the 4 symbols in the special (flexible) slot and 14 symbols in the UL slot. If a PUCCH transmission is configured with 14 symbols and 4 repetitions then, according to Rel-16, PUCCH is transmitted without repetition on only 14 symbols in UL slot as shown in Fig. 4 and all other repetitions are dropped. If PUCCH transmission is configured with 4 symbols and 4 repetitions, PUCCH is transmitted with 2 repetitions on 4 symbols in special (flexible) slot and UL slot as shown in Figure 1 but that is actually worse than transmitting a single repetition over 14 symbols. In both cases, all UL resources are not used for PUCCH repetition in Rel-16 NR. To address a similar issue about inefficient resource allocation for PUSCH repetitions, PUSCH repetition type B was introduced in Rel-16 NR. Further, unlike NR, in LTE for eMTC UEs, a UE postpones a PUCCH repetition that cannot be transmitted in a subframe which is more appropriate to dropping for ensuring coverage (although latency is increased). An enhancement for PUCCH repetitions starting from the Rel-16 PUSCH repetitions Type B is more efficient and should be studied in the coverage enhancement SI. 

Proposal 2: Study enhancements for PUCCH repetitions starting from the PUSCH repetition Type-B mechanisms.
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Figure 1. Restriction of long PUCCH repetition for Rel-16 NR

PUCCH transmission with flexible repetitions
In Rel-16, when there are not enough available symbols in a slot for a repetition of a PUCCH transmission, or a repetition cannot start from a configured or indicated first symbol, or a repetition cannot occur in consecutive symbols of a slot, a UE does not transmit the PUCCH repetition in that slot. In such scenarios, either the UCI reception reliability is degraded when the UE does not transmit all configured repetitions of a PUCCH transmission or, when the UE postpones to a next slot a repetition of a PUCCH transmission that the UE cannot transmit in a current slot (not supported in Rel-16), the completion of the PUCCH transmission with repetitions requires a longer time. Also, the efficiency of UL resource allocation can be affected because some symbols that are available for UL transmission in a slot may not be used for a repetition of the PUCCH transmission due to the aforementioned reasons. It is also possible that there are enough available symbols for more than one repetition of a PUCCH transmission in a slot but the UE is restricted to transmit only one repetition of a PUCCH transmission per slot.

In order to reduce the latency of a PUCCH transmission with repetitions, ensure a target reception reliability for UCI provided by the PUCCH transmission, and improve an UL resource utilization, it can be beneficial for a PUCCH transmission with repetitions to support more than one repetition within a slot, for example when separated by DL or reserved symbols, with each repetition being over a same number of symbols or, for UCI encoding using repetition coding or Reed-Mueller coding such as when a UCI payload is less than 12 bits, over different numbers of symbols as combining of corresponding receptions is then meaningful. It is noted that a coverage limited UE does not typically need to provide large (>11 bits) UCI payloads even for TDD systems and optimizing for up to 11 bits is reasonable. 

A PUCCH transmission that can be repeated more than once in a slot, or with variable number of symbols in a same slot or in different slots, is referred to as a PUCCH transmission with Type-B repetitions. For example for a UE configured with a number of repetitions,  , for a PUCCH transmission, if each repetition of the PUCCH transmission is over  symbols and most of the symbols in a slot can be used for UL transmission, repeating the PUCCH transmission over the indicated  slots increases unnecessarily a latency of the transmission while reducing resource utilization because a value of  that is larger than 4 would be more appropriate. Conversely, if each repetition of the PUCCH transmission is over  symbols, it is likely that several repetitions of the PUCCH transmission would have to be dropped or postponed as only a small percentage of slots may have 12 or more consecutive UL or flexible symbols and having a same starting symbol in each slot be UL or flexible. Configuring a small number of symbols per repetition and allowing PUCCH repetitions within a slot would improve resource utilization and reduce latency. Further, allowing repetitions of a PUCCH transmission over different numbers of symbols would also improve resource utilization and reduce latency. A UE can be configured whether or not to use different numbers of symbols for different repetitions (e.g. use same number of symbols in case a UCI payload is larger than 11 bits due to polar coding).

Following the terminology of Rel-16 PUSCH repetitions Type-B, repetitions of a PUCCH transmission that use a same number of symbols in a slot will be referred to as nominal repetitions, and repetitions of a PUCCH transmission that can use different number of symbols, depending on a number of available consecutive symbols for a repetition in a slot, will be referred to as actual repetitions. Multiple repetitions (typically two if repetitions remain supportable only for PUCCH formats 1, 3, and 4, possibly more than two if repetitions are also supported using PUCCH formats 0 and 2) of a PUCCH transmission in a slot can be supported with both nominal and actual repetitions of a PUCCH transmission.

[bookmark: _Hlk46391904]An example of nominal and actual repetitions is illustrated in Figure 2. A UE can be scheduled to transmit a PUCCH with   nominal repetitions over 4 corresponding slots with a starting symbol in location  in a slot and over a number of  symbols. If symbols 8, 9, and 10 of the four slots are indicated as DL by the DCI format, and symbol 3 and symbol 11 are additionally avoided to allow for DL-to-UL switching time of 1 symbol, assuming symbols 1 and 2 are also DL symbols, the nominal repetitions of the PUCCH transmission can be in symbols 4 through 7, once per slot. The actual repetitions of the PUCCH transmission can be in symbols 4 through 7 and 12 through 14 of the 1st slot and symbol 4 of the 2nd slot. Then the PUCCH transmission of the 2nd repetition starts in symbol 5 of the 2nd slot and is in symbols 5,6,7,12. Then the PUCCH transmission of a total of  symbols can be completed in 3 slots. Therefore, based on an indication of  nominal repetitions with starting symbol  and length , a UE can determine a total number of symbols  and perform actual repetitions that can be over different numbers of consecutive symbols until the PUCCH transmission is over  symbols. In this example, the additional flexibility of using multiple repetitions of a PUCCH transmission in a slot and of transmitting a repetition over available symbols for PUCCH transmission in more than one slot, allows a reduced latency of the PUCCH transmission with repetitions and a better resource utilization while guaranteeing the required PUCCH reliability.

[image: ]
Figure 2 Example of PUCCH transmission with repetitions

Figure 3 illustrates another example in which PUCCH with nominal repetitions cannot be transmitted in the configured 4 slots for PUCCH transmission due to the unavailability of  consecutive symbols for PUSCH transmission in such slots, while the actual repetitions can be transmitted but with reduced reliability due to the restriction of completing the PUCCH transmission in 4 slots. A UE can be scheduled/configured to transmit a PUCCH with  nominal repetitions over 4 corresponding slots with the starting symbol in position   in the slot and with length . When some of symbols 4 through 14 in a slot are not available for UL transmission, an actual repetition of the PUCCH transmission in a corresponding slot can avoid those symbols as the length can be smaller than  symbols of a nominal repetition. However, if the repetitions of the PUCCH transmission are limited to 4 slots, a total number of symbols used for the PUCCH transmission will be smaller than  and, as a consequence, the reception reliability for the UCI provided by the PUCCH transmission is reduced. The gNB can account for such potential reduction in number of symbols available for PUCCH repetitions over 4 slots by indicating more than 4 slots for repetitions. However, that may also result to unnecessary repetitions and increased resource overhead in cases when all/most symbols in each of the slots are available for PUCCH repetitions. 

[image: ]
Figure 3 Example of PUCCH transmission with repetitions

Based on the discussion above, we have the following proposal.

Proposal 3:  Consider enhancements for PUCCH transmission with repetitions, including transmission of multiple PUCCH repetitions in a slot, use of actual repetitions and of repetitions with different numbers of symbols for UCI payloads less than 12 symbols. 

PUCCH transmit power
LTE supports different open loop power control parameter settings through the use of . The reason for the introduction of  in LTE Rel-8 was to enable different transmission power for different UCI types (transmission power adjustments according to UCI payload are separately made) and allow the eNB to target different corresponding BLERs. NR also uses  but unlike LTE where each PUCCH format is associated with a different UCI type (e.g. PUCCH format 1 with SR, PUCCH format 1a/1b with HARQ-ACK, and PUCCH format 2 with CSI) that is not the case in NR. For the same reason (enable different BLERs for different UCI types), Rel-15 NR (and LTE) supports separate configuration of  values for HARQ-ACK and CSI multiplexing in a PUSCH (and even differentiates for CSI part 1 and CSI part 2). Therefore, unlike LTE and unlike NR for UCI multiplexing in a PUSCH, it is not generally possible for a network in NR to separately control the BLER targets for UCI types when multiplexing is in a PUCCH.
 
Proposal 4: Introduce an offset value to  for SR and CSI. 

Conclusion
This contribution discusses the potential solutions and techniques for coverage enhancement. The proposals made in this contribution are summarized as below: 
Proposal 1: Consider adjustments for a number of repetitions for a PUCCH transmission as a function of the UCI payload and the number of symbols for repetitions based on corresponding NR Rel-15 power adjustments and/or by DCI format indication.
Proposal 2: Study enhancements for PUCCH repetitions starting from the PUSCH repetition Type-B mechanisms.
Proposal 3:  Consider enhancements for PUCCH transmission with repetitions, including transmission of multiple PUCCH repetitions in a slot, use of actual repetitions and of repetitions with different numbers of symbols for UCI payloads less than 12 symbols. 
Proposal 4: Introduce an offset value to  for SR and CSI. 
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