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1	Introduction
The objective of WI in WID [1] is to specify further uplink coverage enhancements below. 

	The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)




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

2	Discussion
2.1	Multiple PRACH transmissions
For multiple PRACH transmission, there are mainly two types. One type is opportunity transmission and reception. Another type is repetition transmission and reception. For opportunity transmission, UE can initial and transmit PRACH on multiple PRACH occasions before response from network, and network can response RACH request on any of the PRACH occasions it detects. There is no restriction on the preamble selection on each PRACH occasion, i.e. UE can randomly select preamble in each PRACH occasion. For repetition transmission, UE should initial and transmit PRACH on configured multiple PRACH occasion, and network can combine received signal firstly and then do preamble detection. UE should transmit preamble on each PRACH occasion based on configured pattern so that network can combine signal first before detection.
For multiple PRACH transmissions with same beams, repetition type is benefit because transmission power could be accumulated by receiver which could largely increase detection performance. For multiple PRACH transmissions with different beams, opportunity type is benefit because the motivation is to try different beam to find the best one instead of to accumulate transmission power.

Proposal 1: For multiple PRACH transmissions with same beams, repetition type is applied, where repetition type means combining signal from multiple PRACH occasions first before preamble detection.
Proposal 2: For multiple PRACH transmissions with different beams, opportunity type is applied, where opportunity type means to detect preamble on each of PRACH occasion among multiple occasions.

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 configure an 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 3: When PRACH repetition is configured, a RSRP threshold could be configured to determine whether to use PRACH repetition or not.

2.2	PRACH repetition resource configuration
RRC can configure the multiple PRACH occasions for PRACH repetition. Those multiple occasions can be on the continuous time occasions or on the separated time occasions. Different PRACH occasions should not be FDM because transmission power could not be accumulated in frequency due to power limitation. Separate preamble and/or separate PRACH occasion are configured to UE supporting PRACH repetition. It can help network to distinguish different PRACH transmission.
Network configures PRACH repetition resource set lists, the entries in the list including a set of PO and preambles that UE transmit. UE firstly determine which entry is used then transmit PRACH on all resources of that entry.

Proposal 4: Different PRACH occasions for repetition should not be FDM.

2.3	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. 1. Discontinuous phase will cause larger PAPR.

[image: ]
Fig.1 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 5: 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: For multiple PRACH transmissions with same beams, repetition type is applied, where repetition type means combining signal from multiple PRACH occasions first before preamble detection.
Proposal 2: For multiple PRACH transmissions with different beams, opportunity type is applied, where opportunity type means to detect preamble on each of PRACH occasion among multiple occasions.
Proposal 3: When PRACH repetition is configured, a RSRP threshold could be configured to determine whether to use PRACH repetition or not.
Proposal 4: Different PRACH occasions for repetition should not be FDM.
Proposal 5: It suggests to study PRACH signal generation across time continuous PRACH occasion to maintain a continuty transmission phase.
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