
3GPP TSG RAN WG1 #110bis-e
                                                                           R1-2208846
e-Meeting, October 10th – 19th, 2022
Source:
OPPO

Title:
PRACH coverage enhancements
Agenda Item:
9.14.1
Document for:
Discussion

1. Introduction

Study item on further NR coverage enhancements was agreed [1]. The study item includes the following objectives:
· 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)
This contribution discusses potential issues on PRACH coverage enhancements. Our proposals are provided.
2. Discussion
2.1. Multiple PRACH transmission resource
Coverage of PRACH is poor in some scenarios. UE has to retransmit PRACH with ramped power if RAR for the previous preamble is not received within RAR window. If the maximum number of Random Access Preamble transmission is reached, the PRACH procedure is terminated unsuccessfully. The coverage of legacy PRACH is limited to the coverage of single transmitted preamble with the configured maximum output power. PRACH repetition allows gNB to combine multiple preamble for detection, which enhances the coverage of PRACH.
To support PRACH repetition, multiple PRACH resource should be defined. Several issues on PRACH repetition resource definition should be considered.

Issue1: PRACH occasions for PRACH repetition

Multiple PRACH transmission will use several PRACH occasions. Currently the configured PRACH occasions can be TDM’ed and FDM’ed. From our understanding, the PRACH occasions for PRACH repetition should be in different time domain PRACH occasions. TDM PRACH occasions should be grouped for transmission and retransmission of PRACH repetition. The frequency domain of ROs in a group can be same or different. 
As shown in figure 1, one PRACH repetition procedure includes 4 PRACH transmission, which use 4 TDM ROs, i.e. RO1-4 for initial transmission and RO5-8 for retransmission. 
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Fig1. ROs group for PRACH repetition

It is needed to study how to divide the ROs into groups for multiple PRACH transmission. Shared and specific PRACH occasions can be used for PRACH repetition. 
Proposal 1: PRACH occasions in different time domain can be used for PRACH repetition. 
Issue2: Mapping between SS/PBCH block indexes and PRACH occasions
Legacy configured ROs are mapped to SS/PBCH block indexes following a predefined order. A preamble transmission corresponds to a specific SS/PBCH block index. If multiple PRACH transmissions with same beam is assumed, a group of ROs for multiple PRACH transmissions should be mapped to the same SS/PBCH block index. The ROs can be derived from legacy ROs. Then TDM ROs mapped to the same SSB index can be selected to form a RO group. 
As shown in figure 2, 2 TDM ROs mapped to SSB 0 are chosen to transmit PRACH repetition. 
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Fig2. ROs group mapped to the same SSB for PRACH repetition

Proposal 2: Assuming multiple PRACH transmissions with same beam, TDM PRACH occasions mapped to the same SSB index can be used for PRACH repetition.
For multiple PRACH transmissions with different beams, TDM PRACH occasions mapped to the corresponding different beams can be used for RAPCH repetition. However, large number of beams combinations make the RO grouping more complicate. It needs further study on PRACH occasion grouping, if it is justified. 

Issue3: PRACH occasions sharing with legacy PRACH

The PRACH occasions for PRACH repetition can share the legacy configured PRACH occasions. It seems more efficient for the usage of PRACH resource. However, gNB should be able to distinguish whether a shared preamble belongs to legacy PRACH transmission or R18 PRACH repetition. Then gNB can decide whether to combine it with previous preambles. The situation is much easier if PRACH resource partition is applied. Separate ROs, BWP, preamble can be configured for R18 PRACH repetition. The mapping between SS/PBCH block indexes and PRACH occasions can be re-designed to facilitate the ROs grouping for PRACH repetition. The optimized ROs groups can reduce the interval between ROs, and decrease the time that a PRACH repetition attempt spans. 
Proposal 3: Study whether and how to use shared and separate ROs for R18 PRACH repetition.
2.2. PRACH repetition procedure
The 4-step RACH procedure with PRACH repetition mainly follows the legacy 4-step RACH procedure. We list some issues on the support of 4-step RACH procedure with PRACH repetition.
Issue1: Determination of PRACH repetition
PRACH repetition is used for PRACH coverage enhancement. When a UE initiates a RACH procedure, it should determine whether to use PRACH repetition for Msg1 transmission. It depends on whether PRACH has poor coverage. In R17, Msg3 PUSCH repetition is introduced to enhance coverage of Msg3. If the RSRP of the downlink pathloss reference is less than rsrp-ThresholdMsg3, UE can request Msg3 PUSCH repetition through specific preamble. Similarly, UE can determine PRACH repetition if RSRP measurement result is less than a threshold. The RSRP threshold can be specifically configured for determination of PRACH repetition, or share the same one as that for Msg3 PUSCH repetition. Conditions other than DL RSRP based are not excluded. The situation of PRACH transmission can also be taken into consideration for PRACH repetition determination.
Proposal 4: Study conditions to determine PRACH repetition. DL RSRP can be a start point. Other conditions are not excluded. 
Issue2: Power control
For legacy PRACH, the power of initial PRACH transmission is calculated based on preamble received target power and pathloss. The power of PRACH retransmission is ramped with the increase of PRACH transmission number.
For R18 PRACH repetition, there are some potential solutions on the power control of PRACH transmission. 

For intra-PRACH repetition attempt, 
· Transmission power is same for the PRACHs during PRACH repetition. The transmission power can be calculated based on preamble received target power and pathloss.
· Transmission power is ramped for the PRACHs during PRACH repetition. The initial power and power ramping step should be defined.
For inter-PRACH repetition attempt, 
· Power ramping may be needed for the next attempt of PRACH repetition. The power of PRACH is ramped with the increase of PRACH repetition attempt.
It should be studied how to calculate the power of PRACH in case of intra and inter PRACH repetition, including corresponding parameters, e.g. power ramping step, target received power, power offset. 
Proposal 5: Study the PRACH power control in case of intra and inter PRACH repetition attempt.
For legacy Msg3 transmission, the power is calculated based on the total preamble power ramping. When PRACH repetition is applied, how to calculate the total preamble power ramping during PRACH repetition should be studied.

Proposal 6: Study Msg3 power control when PRACH repetition is applied.
Issue3: Number of PRACH repetition

Number of PRACH transmission for a PRACH repetition attempt can be decided according to PRACH coverage enhancement requirement. DL RSRP, pathloss can reflect the coverage of PRACH, which can be used to determine number of PRACH transmission.
Number of PRACH transmission among different PRACH repetition attempt can be same or different. It may depend on the coverage enhancement solution for R18 4-step RACH procedure, which can be further studied.

Proposal 7: Study the number of PRACH repetition in case of intra and inter PRACH repetition attempt.
Issue4: PRACH and Msg3 repetition joint design 
Msg3 PUSCH repetition is introduced to enhance coverage of Msg3 in R17. If a UE finds out a poor coverage, it may have the requirement of both PRACH and Msg3 repetition. Joint design for the two features can help optimize the R18 4-step RACH procedure. For example, PRACH partition can be reduced if joint indication of PRACH and Msg3 repetition is allowed. 
Proposal 8: Study joint design of PRACH and Msg3 repetition procedure.
3. Conclusions
In this contribution, potential issues on PRACH coverage enhancements are discussed and proposed to be further studied. 
Proposal 1: PRACH occasions in different time domain can be used for PRACH repetition. 
Proposal 2: Assuming multiple PRACH transmissions with same beam, TDM PRACH occasions mapped to the same SSB index can be used for PRACH repetition.
Proposal 3: Study whether and how to use shared and separate ROs for R18 PRACH repetition.
Proposal 4: Study conditions to determine PRACH repetition. DL RSRP can be a start point. Other conditions are not excluded. 
Proposal 5: Study the PRACH power control in case of intra and inter PRACH repetition attempt.
Proposal 6: Study Msg3 power control when PRACH repetition is applied.
Proposal 7: Study the number of PRACH repetition in case of intra and inter PRACH repetition attempt.
Proposal 8: Study joint design of PRACH and Msg3 repetition procedure.
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