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1. Introduction
In the WID for Rel-18 NR coverage enhancement [1], the following objectives are relevant to the PRACH coverage enhancement.
	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.


In this contribution, we discuss on the PRACH repeated transmission for Rel-18 NR coverage enhancement.

2. Discussion
It was concluded that RAN1 would discuss and specify the PRACH coverage enhancements in Rel-18 NR coverage enhancement. In general, the PRACH repeated transmission can be considered to enhance the PRACH coverage. Here, in terms of beam direction of PRACH preamble, two different techniques may be considered: repeated transmission with same beam and repeated transmission with different beams. Regarding repeated transmission with different beams, it may not be suitable for PRACH coverage enhancement, because it does not seem easy for gNB to combine multiple PRACH preambles with different beams. So, in order to enhance the PRACH coverage, we think that the PRACH repeated transmission with same beam is more appropriate. Therefore, we prefer to prioritize the PRACH repeated transmissions with same beam for 4-step RACH procedure in Rel-18 NR coverage enhancement.

Proposal 1. Prioritize the PRACH repeated transmissions with same beam for 4-step RACH procedure in Rel-18 NR coverage enhancement.

Regarding on repetition numbers, it may be necessary to discuss which repetition numbers should be supported for PRACH repeated transmission. In the simplest way, since the channel quality of the UE will be almost same during RACH procedure, it can be considered to determine the repetition numbers of PRACH as similar level of repetition numbers for Msg. 3 PUSCH (e.g., 2, 4, and 8).

Proposal 2. Support the repetition numbers of PRACH as similar level of repetition numbers for Msg. 3 PUSCH (e.g., 2, 4, and 8).

In addition, both repetition number(s) and RSRP threshold(s) for PRACH repeated transmission can be considered to be provided via higher layer signalling (e.g., SIB). For example, if single repetition number is provided, single RSRP threshold may be necessary, and if multiple repetition numbers are provided, multiple RSRP thresholds may be necessary. Moreover, regarding on RSRP threshold, we can discuss further whether to support a new RSRP threshold for PRACH repeated transmission or reuse the legacy RSRP threshold for Msg. 3 PUSCH repeated transmission.

Observation 1. RAN1 can discuss further whether and how to support the RSRP threshold for PRACH repeated transmission.

Meanwhile, in case when the PRACH repeated transmission is configured, the UE can transmit multiple PRACH preambles over multiple ROs. At this moment, if a specific RO is not defined for RA-RNTI calculation, gNB and UE may use/expect different RA-RNTIs respectively, and as a result, the RACH procedure may be abnormally terminated. Therefore, it is necessary to define a reference RO for gNB and UE to use/expect the same RA-RNTI value. For example, the last RO among multiple ROs used for PRACH repeated transmission can be defined as a reference RO, and then gNB and UE can use/expect the same RA-RNTI value based on the predefined reference RO.

Proposal 3. Define the reference RO among multiple ROs used for PRACH repeated transmission.

Moreover, in case when the UE transmits the multiple PRACH preambles via multiple ROs, it is necessary to define additional UE behaviour for determining starting point of the RAR window. Similar to the previous example, starting point of RAR window may be determined by UE based on the last RO among multiple ROs used for PRACH repeated transmission.

Proposal 4. Define new UE behaviour for determining starting point of the RAR window in case when the PRACH repeated transmission is configured.

Meanwhile, it can be necessary to discuss how to configure the RACH resource for PRACH repeated transmission. As one option, it is possible to consider the additional PRACH configuration can be provided via SIB for PRACH repeated transmission, regardless of the legacy PRACH configuration. That is, this additional PRACH configuration may be provided only by gNB supporting PRACH repeated transmission. After that, if the additional PRACH configuration is provided, and if the UE has UE capability for PRACH repeated transmission, the UE may perform PRACH repeated transmission, otherwise the UE will perform a single PRACH transmission.
Alternatively, some of the RACH resources allocated by legacy PRACH configuration may be reallocated for PRACH repeated transmission. For example, a preamble index segmentation technique can be considered as one option. To be specific, it can be possible to allocate preamble indexes for PRACH repeated transmission within preamble indexes for Msg3 PUSCH repeated transmission, or to allocate independent preamble indexes for PRACH repeated transmission, regardless of preamble indexes for Msg. 3 PUSCH repeated transmission.

Observation 2. RAN1 should further discuss whether and how to configure the RACH resources for PRACH repeated transmission.

By the way, based on the both SSB-to-RO mapping configuration and PRACH configuration, multiple ROs with same beam index can be allocated consecutively in frequency domain at the same RACH slot. (i.e., FDMed ROs.) If these FDMed ROs are used for PRACH repeated transmission, it is necessary to determine which RO the UE should select among the multiple FDMed ROs. For example, the RO located in the lowest frequency (or highest frequency) among FDMed ROs is defined to be used, or for another example, the RO may be randomly selected by UE only for the first time during a PRACH transmission attempt, and then the same f-domain RO can be selected when the same situation occurs.

Observation 3. RAN1 may need to discuss how to determine which RO among the FDMed ROs with same beam index is used for PRACH repeated transmission.

3. Conclusion
In this contribution, we discussed on the PRACH repeated transmission for Rel-18 NR coverage enhancement, we have following proposals and observations.

Proposal 1. Prioritize the PRACH repeated transmissions with same beam for 4-step RACH procedure in Rel-18 NR coverage enhancement.

Proposal 2. Support the repetition numbers of PRACH as similar level of repetition numbers for Msg. 3 PUSCH (e.g., 2, 4, and 8).

Observation 1. RAN1 can discuss further whether and how to support the RSRP threshold for PRACH repeated transmission.

Proposal 3. Define the reference RO among multiple ROs used for PRACH repeated transmission.

Proposal 4. Define new UE behaviour for determining starting point of the RAR window in case when the PRACH repeated transmission is configured.

Observation 2. RAN1 should further discuss whether and how to configure the RACH resources for PRACH repeated transmission.

Observation 3. RAN1 may need to discuss how to determine which RO among the FDMed ROs with same beam index is used for PRACH repeated transmission.
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