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1	Introduction
In RAN1#110bis-e discussion [1] of PRACH coverage enhancement, following agreements are achieved.

	Agreement
For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
Agreement
For multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions.
· FFS: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
· FFS: whether/how multiple PRACH transmissions located in the same time instance, e.g., for UEs with multiple Tx chains.
Agreement
For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.
· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.




In this paper, we discuss and give our views on PRACH coverage enhancement.

2	Discussion
2.1	PRACH repetition threshold
PRACH enhancement is used for cell edge UE to improve PRACH coverage. RSRP criteria could be used to determine if the UE needs to apply PRACH enhancement. In legacy PRACH beam determination, RRC configures rsrp-ThresholdSSB, and if RSRP of a beam is larger than this value, the beam can be select. Otherwise, any beam can be selected. When PRACH repetition is configured, a RSRP threshold could be configured to determine whether to use PRACH repetition or not. The RSRP threshold can be existing rsrp-ThresholdSSB. If none of SS-RSRP of beams is above threshold, then PRACH repetition can be applied. Besides, if resources for PRACH repetition are the same beam, i.e. associated with the same SS/PBCH block or CSI-RS resource, network configures new RSRP threshold (e.g. rsrp-ThresholdSSB-repetetion) in System Information, and if none of SS-RSRP is above rsrp-ThresholdSSB and at least an SSB with SS-RSRP is above rsrp-ThresholdSSB-repetition, select an SSB or the best SSB with SS-RSRP above rsrp-ThresholdSSB-repetition for PRACH repetition, else select any SSB or the best SSB for PRACH repetition.

Proposal 1: When PRACH repetition is configured, a RSRP threshold could be configured to determine whether to use PRACH repetition or not.

2.2	RAR window and RA-RNTI
RA-RNTI is determined based on the PRACH resource (PRACH occasion, RO) selected by the UE. In addition to preamble ID contained in the RAR message, UE can detect the response from network. When PRACH repetition is applied, even if UE transmits PRACH on multiple PRACH occasions, determining only one RA-RNTI from plenty of RA-RNTI(s) based on plenty of PRACH occasions has benefit to reduce PDSCH detection times from UE perspective. 
It is proposed to start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion from the end of the last preamble repetition transmission and RA-RNTI is determined based on the index of the first OFDM symbol of the last preamble repetition transmission in a system frame. Starting RAR window from the end of last PRACH repetition can give more processing time for network response. 
Usually the RAR window length is less than 10ms in which unique RA-RNTI is applied. As shown by Fig. 1, if RA-RNTI is determined by the first preamble repetition, for shared RO between PRACH repetition and legacy PRACH and for the overlapped RAR window, a DCI scrambled by RA-RNTI may not be distinguished between PRACH repetition RAR and legacy RAR. It may happened when RAR window starts from the end of last PRACH repetition.
It means there may be two different PRACH occasion mapping to one RAR. If it is allowed, additional procedure to determine on which PRACH transmission occasion where RAR is provided by this RAR should be applied, which may have impact on implementation. If the last PRACH repetition occasion is used to determine RA-RNTI, then the corresponding PRACH occasion indicated by RAR in the RAR window is unique and deterministic.
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Fig.1 ambiguous DCI in overlapped RAR window due to RA-RNTI calculated on the first occasion

Proposal 2: Start RAR window at the first PDCCH occasion from the end of the last preamble repetition transmission and RA-RNTI is determined based on the index of the first OFDM symbol of the last preamble repetition transmission in a system frame.

2.3	PRACH repetition power control parameter
A separate/dedicate PRACH preambles and/or occasions and/or resources are configured for PRACH repetition. In this way, network can easily distinguish of PRACH repetition attempts by a UE and detects PRACH after non-coherent/coherent combination of PRACH occasions. Since PRACH repetition request higher resources than no repetition, it’s better to reduce the number of retransmission, i.e. to be detected by network as soon as possible to reduce the resources’ load. In such way, a lower number of maximum transmission/retransmission of PRACH repetition and a higher power ramping step of PRACH repetition than the corresponding configurations of no repetition is benefit to achieve the motivation. For shared PRACH occasion between PRACH repetition and PRACH non-repetition, the same target power should be configured and separate/different ramping step and/or maximum transmission could be configured. Because in shared occasion, power difference between repetition and non-repetition would cause higher interference (higher power preamble will cause higher interference to lower power preamble).

Proposal 3: A separate target power and/or power ramping step and/or maximum number of transmission are configured for PRACH repetition.

2.4	PRACH repetition phase continuity
If PRACH repetition is transmitted on time continuous PRACH occasions with the same frequency and beam resources, and if PRACH is format A1/A2/A3, then no gap is between each repetition but phase is not continuous as shown in fig. 2. Discontinuous phase will cause larger PAPR.
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Fig.2 PRACH repetition phase dis-continuity

To overcome the disadvantage, PRACH bundling can be configured and applied for PRACH repetition. PRACH bundling can indicate number of continuous PRACH occasions, PO frequency location. A PRACH bundling starts from PO l1 and ends to PO l2. When is generating OFDM baseband signal for PRACH and PRACH bundling is configured, signal could generate across PRACH occasion within a PRACH bundling to maintain a continuty transmission phase.

Proposal 4: It suggests to study PRACH signal generation across time continuous PRACH occasion to maintain a continuty transmission phase.

3	Conclusion
In this contribution, we give our views on PRACH coverage enhancement, and propose that:

Proposal 1: When PRACH repetition is configured, a RSRP threshold could be configured to determine whether to use PRACH repetition or not.
Proposal 2: Start RAR window at the first PDCCH occasion from the end of the last preamble repetition transmission and RA-RNTI is determined based on the index of the first OFDM symbol of the last preamble repetition transmission in a system frame.
Proposal 3: A separate target power and/or power ramping step and/or maximum number of transmission are configured for PRACH repetition.
Proposal 4: It suggests to study PRACH signal generation across time continuous PRACH occasion to maintain a continuty transmission phase.
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