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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 analyze the performances of PRACH, MSGA and PUSCH MSG3 for different deployment scenarios, and discuss the potential coverage enhancement solutions on UL channels in RACH procedure.
2. Performance of physical channels in Rel-15/Rel-16
As evaluated in our companion papers [2][3], the available path losses of Rel-15/Rel-16 physical channels are discussed detailedly considering all the required deployment scenarios. The evaluation results of Rural scenario for FR1 and Urban scenario for FR2 are selected to illustrate in Figure1 and Figure2 as examples. The available path loss threshold corresponding to the target coverage [1] is drawn in the figures as references.



[bookmark: _Ref39855116][bookmark: _Ref39855105]Figure 1. MPL in FR1 Rural scenario O2I at 4GHz (frame structure DDDSU)


Figure 2. MPL in FR2 Urban scenario O2O at 28GHz (frame structure DDDSU)
As shown in the evaluation results, PRACH is one of the bottle neck channels in addition to PUSCH. PRACH format 0 and PRACH format B4 have been agreed as the candidate formats for evaluations in FR1. The duration of PRACH format 0 is nearly 1ms, which may be not able to be deployed for some UL/DL configurations. For example, in the frame structure DDDSU (S: 10D:2G:2U) with 30kHz SCS, the PRACH format 0/1/2/3 cannot be supported, while PRACH format B4 with 30kHz SCS is feasible for this frame structure. Hence, PRACH coverage cannot be enhanced by using a PRACH format with long duration, such as PRACH format 0,1,2 and 3, especially in TDD spectrum. Besides, PUSCH MSG3 also has poor coverage in FR1 Rural scenario and FR2 Urban scenario. Although, the reliability of PRACH and PUSCH MSG3 could be enhanced by multiple attempts, longer access delay would occur, which would also lead to lower data rates at UE. Therefore, solutions for PRACH and PUSCH MSG3 in a one RACH attempt should also be considered for coverage enhancement.
Similarly, MSGA is composed by PRACH and PUSCH, same coverage is expected for MSGA as that for PRACH and MSG3. Therefore, solutions for MSG-A coverage enhancement is also needed.
Observations 1: PRACH coverage cannot be enhanced by using a PRACH format with long duration, such PRACH format 0,1,2 and 3, especially in TDD spectrum.
[bookmark: _Ref39857204]Proposal 1: Solutions for MSG1, MSGA and PUSCH MSG3 should be studied for coverage enhancement.
3. Potential solutions for MSG1/MSGA and MSG3 enhancement
3.1. [bookmark: _GoBack]Enhancement for MSG1/MSGA
For contention based random access, UE selects an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs, and then selects and transmits one preamble from the contention based preambles in one RACH occasion associated with the selected SSB. UE tries to receive the random access response within a RAR window after RACH transmission. UE would execute the above procedure during each attempt of the RACH procedure. For Rel 15/16 RACH procedure, the PRACH preamble is selected randomly without considering the previous preambles, and only transmitted after completion of the previous RACH attempt. Besides, duo to the contention mechanism, gNB cannot identify whether different PRACH transmissions come from the same UE. Therefore, legacy RACH procedure cannot support PRACH combining detection at gNB, and suffers from long access latency for UE at the cell edge.
PRACH repetition could be introduced to improve PRACH coverage. Multiple RACH preambles are transmitted in multiple RACH occasions. gNB receives these RACH preambles and tries to detect the preambles by jointly processing the received signals from multiple RACH occasions. PRACH repetition can be realized without increasing too much hardware complexity at the UE side. 
According to the evaluation results [2][3], the performance gap of PRACH coverage is varying depending on the PRACH format and the deployment scenarios. For FR1 Rural scenario with ISD=1732m, UE at the cell edge should transmit 4~5 PRACH preambles repetitively for PRACH format B4 to reach the desired coverage. For FR2 Urban scenario, more PRACH preamble repetitions are required to compensate a larger PRACH coverage gap. The PRACH repetition number should be carefully studied taking different aspects into account, such as coverage distance, frequency band and PRACH format. 
If PRACH repetition is introduced for coverage enhancement, coexistence of legacy PRACH transmission and PRACH repetition should also be studied, and make sure that the PRACH collision probability for legacy UEs does not increase obviously. One possible solution is to configure some dedicated resources for PRACH repetition, such as RACH preambles or RACH occasions. PRACH repetition can be realized with limited UE hardware complexity and limited impact to legacy UEs, and should be regarded as a promising solution for PRACH coverage enhancement.
Observation 2: PRACH repetition can be realized with limited UE hardware complexity and limited influence for legacy UEs, and should be regarded as a promising solution for PRACH coverage enhancement.
Proposal 2: PRACH repetition could be considered for PRACH coverage enhancement.


Figure 3. First two steps of random access procedure for PRACH repetition
In Rel 16, Type-2 random access procedure is introduced to shorten the access time and enable the data transmission for IDLE/INACTIVE UEs. A block of UL data is transmitted on the predefined PUSCH after the PRACH transmission. Similar to the PRACH repetition, MSGA repetition could be considered to achieve a similar MSGA coverage improvement as that for PRACH repetition. Both PRACH and associated MSGA PUSCH could be transmitted repetitively. The number of MSGA PUSCH repetition could be configured in system information, or determined implicitly, e.g. equal to the number of PRACH repetition. The transmission occasions of MSGA PUSCH could start after each PRACH transmission or at the end of PRACH repetitions. 
Proposal 3: MSGA repetition should be considered to improve MSGA coverage.


Figure 4. MSGA repetition for coverage enhancement
3.2. Enhancement for PUSCH MSG3
In Rel-15/Rel-16, PUSCH repetition has been supported for RRC connected UE. If pusch-AggregationFactor is configured, and PUSCH is scheduled by DCI format 0-1, the PUSCH can be transmitted repeatedly in multiple PUSCH occasions. However, for PUSCH scheduled by DCI format 0-0, PUSCH repetition is not supported.
As shown in [2][3], PUSCH MSG3 cannot achieve the target coverage in several scenarios. Although, MSG3 retransmission is supported, gNB would not combine multiple MSG3 transmissions in a contention based PRACH procedure, which leads to increased access delay. Furthermore, MSG3 may also be used for more than 56 bits transmission, e.g. RRC connect resume request message, and the coverage would be degraded compared with MSG3 with 56 bits TB size. To improve coverage of MSG3, PUSCH repetition can also be introduced. The number of PUSCH repetitions can be configured in system information or indicated in the scheduling information in PDCCH scrambled with RA-RNTI or TC-RNTI explicitly, or equal to the number of PRACH repetition implicitly.
[bookmark: _Ref39857212]Proposal 4: PUSCH MSG3 repetition could be considered for coverage enhancement.
4. Conclusion
In this contribution, we discuss the potential solutions for PRACH and MSG3 PUSCH coverage enhancement, and have the following observations and proposals: 
Observations 1: PRACH coverage cannot be enhanced by using a PRACH format with long duration, such PRACH format 0,1,2 and 3, especially in TDD spectrum.
Observation 2: PRACH repetition can be realized with limited UE hardware complexity and limited influence for legacy UEs, and should be regarded as a promising solution for PRACH coverage enhancement.
Proposal 1: Solutions for MSG1, MSGA and PUSCH MSG3 should be studied for coverage enhancement.
Proposal 2: PRACH repetition could be considered for PRACH coverage enhancement.
Proposal 3: MSGA repetition should be considered to improve MSGA coverage.
Proposal 4: PUSCH MSG3 repetition could be considered for coverage enhancement.
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