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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN#86 meetings, NR coverage enhancements study item is agreed, and the scope of this SI is given by [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.
In this contribution, we will discuss the potential coverage enhancements solutions on the physical channels identified as coverage bottleneck in [2][3].
2. Performance of PUCCH in Rel-15/Rel-16
As evaluated in our companion contributions [2][3], the available path loss of Rel-15/Rel-16 physical channels are shown as follows. Urban and Rural scenarios for FR1 are illustrated as examples. 


[bookmark: _Ref39855116][bookmark: _Ref39855105]Figure 1. Available path loss in FR1-4GHz TDD(DDDSU) Urban scenario (NLOS O-to-I)


[bookmark: _Ref40255020]Figure 2. Available path loss in FR1-4GHz TDD(DDDSU) Rural scenario (NLOS O-to-O)
Based on the coverage evaluation in urban and rural scenarios in TDD 4GHz, PUCCH may need enhancement to meet target coverage range. Solutions are needed for the aforementioned physical channels for coverage enhancements.
[bookmark: _Ref39857204][bookmark: PP1]Proposal 1: Solutions for PUCCH enhancement are needed for coverage enhancements.
In Rel-15 PUCCH channel design, PF0 and PF1 are used for UCI payload less than or equal to 2 bits, and PF2, PF3 and PF4 are used for UCI payload greater than 2 bits. Among the PUCCH formats, PF1, PF3 and PF4 are long PUCCH formats, and PF0 and PF2 are short formats. Although PF0 and PF2 can also be used for UCI delievery, the coverage is inferior to PF1 and PF3/PF4 due to the short duration, which implies that long PUCCH formats are more likely to be configured from coverage perspective. Therefore, enhancements on PUCCH should be based on long PUCCH formats.
[bookmark: PP2]Proposal 2: Enhancements on PUCCH should be based on long PUCCH formats.
3. Potential solutions for PUCCH enhancement
3.1. Enhanced PUCCH repetition
In Rel-15/Rel-16, PUCCH repetition has been supported. PUCCH can be repeated in multiple slots, and multiple repetitions should be transmitted in same set of symbols within each slot. Besides, if PUCCH repetition is dropped due to frame structure or DCI format 2-0, the PUCCH repetition is postponed.
In some TDD frame structure, e.g. DDDSU(S: 10D:2G:2U), PUCCH repetition can hardly be configured. If PUCCH repetition is enabled and transmitted in ‘U’ and ‘S’ slots, the PUCCH should be mapped to last two symbols of ‘S’ and ‘U’ slots due to the aforementioned restriction. Alternatively, a PUCCH using long formats, with up to 14 symbols, mapped to ‘U’ slot may achieve better performance, which makes the PUCCH repetition less likely to be supported in real deployment. Furthermore, based on current mechanism, UE is not expected to receive a PDSCH with the same HARQ process before the transmission of HARQ-Ack is finished. In other words, if PUCCH repetition is postponed, the PDSCH reception is also postponed if retransmission is needed. In this case, PDSCH performance would be degraded. Besides, PUSCH is one of the bottlenecks in the physical channels, and PUSCH repetition is considered as a baseline for coverage enhancements. Due to limited UL resources in TDD spectrum, PUSCH and PUCCH would be transmitted in the overlapping resources, if repetition for both channels are enabled. Thus, PUSCH is either dropped or multiplexed with PUCCH according to RRC configuration, which means the coverage of PUSCH would be degraded due to PUCCH repetition. 
[bookmark: OB1]Observation 1: PUCCH repetition mechanism defined in Rel-15 may not bring about better coverage in some TDD frame structure.
To address these issues, one possible way is taking full advantage of all available UL resources for PUCCH transmission, to obtain as better performance as possible within a limited time duration. In Rel-16 URLLC, Type-B PUSCH repetition was supported, and UL symbols in ‘S’ slots can also be used to transmit an actual PUSCH repetition. The PUSCH transmission can be flexibly mapped in ‘S’ slot after segmentation, and the UL resources is fully exploited for PUSCH repetition. Similarly, a type-B PUSCH repetition like PUCCH can be considered for coverage enhancement. 


[bookmark: _Ref47295908]Figure 3. Type-B PUSCH repetition like PUCCH repetition
As shown in Figure 3, the number of symbols for different PUCCH occasions can be different for each repetition. In ‘S’ slot, 2 symbols are used for 1st PUCCH repetition, and in ‘U’ slot, the full slot is allocated for the 2nd PUCCH repetition. Thus, better PUCCH reliability can be expected, and the PUCCH latency is not increased. 
[bookmark: PP3]Proposal 3: Type-B PUSCH repetition like PUCCH repetition can be considered for PUCCH coverage enhancements.
As discussed in [4], joint-PUSCH channel estimation can bring about 1dB performance gain. Similarly, if coherent transmission can be guaranteed in multiple PUCCH transmissions, joint channel estimation can also be used for PUCCH enhancements. 
[bookmark: PP4]Proposal 4: Joint channel estimation can be considered for PUCCH enhancements. 
4. Conclusion
In this contribution, we discuss the potential solutions for PUCCH coverage enhancement, and have the following observations and proposals: 
Proposal 1: Solutions for PUCCH enhancement are needed for coverage enhancements.
Proposal 2: Enhancements on PUCCH should be based on long PUCCH formats.
Observation 1: PUCCH repetition mechanism defined in Rel-15 may not bring about better coverage in some TDD frame structure.
Proposal 3: Type-B PUSCH repetition like PUCCH repetition can be considered for PUCCH coverage enhancements.
Proposal 4: Joint channel estimation can be considered for PUCCH enhancements. 
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