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Introduction
In the RAN1#112 meeting, the enhancements of PRACH coverage enhancements were discussed. And several agreements have been achieved [1]. The agreements are listed in the corresponding sections.
In this contribution, we provide our views on the enhancements of PRACH coverage enhancements.

Discussion
Two issues should be solved under the scope of the PRACH coverage enhancements. The first one is to enable multiple PRACH transmissions with same beams for 4-step RACH procedure. The second issue is to study, and if justified, specify PRACH transmissions with different beams for 4-step RACH  procedure.
Identification should be the first step of PRACH repetition procedure. Since SS/PBCH block is the only thing UE receive from gNB before the PRACH transmission, it should be used to carry the PRACH repetition information.

Proposal 1:
The gNB indicates the CE UE with PRACH repetition configuration via SIB.
FFS: details of configurations.

In the 110bis meeting, same or different preamble during the multiple PRACH transmissions in one attempt is discussed, and the following agreement was made.
	[bookmark: _Hlk118735891]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.


In one RACH attempt, using same PRACH preamble can help gNB to joint detect which transmissions are from the same UE. The reason why companies would like to further study different preambles during a RACH attempt is the interference, e.g., a cell-edge UE transmit PRACH repetitions may cause a larger interference to the UE in the neighboring cell.
From our point of view, this issue related to the discussion about PRACH resource configurations. If shared ROs are used, then separate preambles should be used to let gNB know this PRACH transmission is from FCE UE or legacy UE. In this case, preambles group for FCE UE may be limited, considering preambles have already been divided into several groups to distinguish CBRA group-A, group-B, CFRA, Rel-17 CE UE(for msg3 repetitions), and other functions(e.g., SI request). Collision may still happen, even though different preamble patterns are configured in different cell. A different BI(backoff indicator) may mitigate this collision.

Proposal 2:
In multiple PRACH transmissions within one RACH attempt using same beam, using different preambles or preamble hopping with different RACH occasions should be deprioritized.

	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.




The multiple panel UE are discussed in the other agenda, which could be used to enhance both throughput and reliability for the uplink transmission. For the coverage enhancement, this kind of capability should be also considered. The two panels which could provide additional transmission chance and additional uplink transmission power could enhance the uplink coverage of the PRACH transmission. With the additional chain, another preamble could be sent to the gNB in the same time instance. 

Proposal 3: 
Multiple PRACH transmission located in the same time instance can be supported considering the UEs with multiple Tx chains.

Frequency hopping is a useful mechanism for improving coverage based on the frequency diversity. The performance gain and the spec impact should be study to enable the starting RB of ROs be different at different time instances for multiple PRACH transmissions.

Proposal 4:
Study frequency hopping for multiple PRACH transmissions.

How the gNB knows that there is a UE perform PRACH repetition also need discussion. This issue relate to the resource allocation. If shared RO / preamble for PRACH w/wo repetition is used, gNB may cannot decide which received signals should be merged (joint decoding). In the last meeting, the following working assumptions and agreement were made.
	Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
Note 1: All ROs in one RO group is associated with the same SSB(s).
Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
Note 3: whether/how to define “RO group” in specification will be discussed separately
Note 4: Valid RO(s) refers to what is defined in existing specification
FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
FFS: the time span of RO group.
FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
FFS: other details




Two working assumptions correspond to two different options. If both working assumptions are agreed, the third option which combines the first two options.The main relationship between legacy RO and RO used to transmit PRACH repetitions can be described in three options. The first option use a separate RO configuration. The second option totally reuse the legacy ROs, which means no new RO configuration is needed. The third option use some legacy ROs for part of the PRACH transmissions, e.g., the starting of the PRACH repetitions is on the legacy RO, and rest of them on separate ROs.  Each option has their pros and cons. For the first option, it has the most flexibility, but also the most complexity. The preamble configuration also separate from the legacy PRACH in the first option. For the second option, the latency may be a problem, since ROs associate with the same SSB in a period could be really less, depending on the configuration. If UE have to use ROs across different PRACH periods, compared with legacy UE with PRACH re-attempt, PRACH repetition is less significant. The buffer of both UE and gNB may also suffered from a long term PRACH transmission. The third option may have collision between legacy RO and separate RO in time domain, and the relationship in frequency should also be discussed.
From our understanding, option three could be further discussed. In the legacy PRACH configuration, some of the UL resource is not available for the PRACH transmission. Fig1. below shows one of the PRACH configuration.
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Fig 1. PRACH configuration
It can be observed that there are still some UL time resources in between legacy PRACH slot. By taken option3 into account, these resource could be used to transmit the PRACH repetition except the first transmission. Using legacy RO as a reference point can reduce complexity for PRACH configuration to some extent. 

Proposal 5:
Taken the above two working assumptions as agreements. Support the combination of two options.

For same or different beam issue. PRACH transmission with different UE beams may let gNB have opportunity to indicate UE which beam should be used in the msg3 transmission, but a lot of spec impact may be needed. For example, mechanism is necessary for reporting this UE feature to gNB at the earliest start of the RACH process. RAR UL grant and DCI scrambled by TC-RNTI also need modification to indicate UE which beam should be use. Considering the bit width is limited, this may be a tough work. If gNB cannot indicate this information, the only gain can be expected is the latency reduction, by transmit next PRACH before UE detecting RAR-window associate with the last PRACH. The may target for this WI is extending the coverage, therefore PRACH transmission with same beams should be prioritized.

Proposal 6:
Study of PRACH transmission with different beams should be deprioritized in Rel-18.

In the last meeting, the relationship between power ramping and PRACH repetitions was discussed. The following proposal have been made.
	Proposal
For multiple PRACH transmissions with same beam in one RACH attempt, down-select one option from the following options.
Option 1: Transmission power ramping is not applied during the multiple PRACH transmissions. 
Option 2: Transmission power ramping can be applied per PRACH transmission during the multiple PRACH transmissions.
FFS: The initial power and power ramping step.
FFS: The same measurement of the same reference signal to calculate the pathloss is applied for each PRACH transmissions.


In current spec, if RACH procedure is failure, UE would perform power ramp up and do RACH procedure again until it reach the preambleTransMax. If the SSB-RSRP threshold is loose, then a UE may use PRACH repetition before its transmit power run out, which seems less reasonable. 

Proposal 7:
Relationship between Power ramping and PRACH repetition should be discussed.

In the last meeting, the agreement related to the RAR-window had been achieved.

	Agreement
For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.
· 



After UE transmit PRACH, UE tries to detect a PDCCH (DCI) with the corresponding RA-RNTI within the period of RAR-Window. The RAR-Window is configured by rar-WindowLength IE in a SIB message. If UE successfully decoded the PDCCH, it decodes PDSCH carrying RAR data. After decoding RAR, UE checked if RAPID in RAR matches the RAPID assigned to the UE. For multiple PRACH transmissions, single or multiple RAR-Window can be considered. The same issue should also be taken into account in RA-RNTI calculation. The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
The start position of the RAR window should be carefully designed. If the starting position is the first transmission, the length of the RAR-Window may have to enlarge to cover all the PRACH transmission, but it may break the limitation in TS 38.331 for the configuration of ra-ResponseWindow as “Msg2 (RAR) window length in number of slots. The network configures a value lower than or equal to 10 ms when Msg2 is transmitted in licensed spectrum and a value lower than or equal to 40 ms when Msg2 is transmitted with shared spectrum channel access (see TS 38.321 [3], clause 5.1.4).” If the starting position is the last transmission during one RACH attempt, gNB should have a clear understanding about which RO is the first one and how many repetitions UE transmitted.

Proposal 8：
To avoid break the legacy limitation for RAR-window, the starting position should be the last transmission.

In the past meeting, how to determine the number of PRACH transmissions was discussed. The following agreement was made.
	Agreement
· For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.


In current spec, if RACH procedure is failed, UE would perform power ramp up and do RACH procedure again until it reach the preambleTransMax. Similar procedure could be considered for the determination of the number of PRACH transmissions for the next RACH attempt. For example, if RACH procedure is failed, UE would increase the number of PRACH transmission until it reach the limit. SSB-RSRP thresholds can also be a condition for the determination. UE could double check the RSRP after a failure. An offset may also be considered. The measured RSRP firstly subtract an offset(e.g. 3dB) and then compare with the SSB-RSRP thresholds to determine the repetition factor for next RACH attempt.

Proposal 9:
The number of PRACH transmission increased if previous RACH attempt is failed.

Proposal 10:
SSB-RSRP thresholds could be used for next RACH attempt.

Proposal 11:
RSRP offset could be considered for next RACH attempt.



Conclusions
In this contribution, we provide our views on the PRACH coverage enhancements. The observations and proposals are as below.

Proposal 1:
The gNB indicates the CE UE with PRACH repetition configuration via SIB.
FFS: details of configurations.

Proposal 2:
In multiple PRACH transmissions within one RACH attempt using same beam, using different preambles or preamble hopping with different RACH occasions should be deprioritized.

[bookmark: _GoBack]Proposal 3: 
Multiple PRACH transmission located in the same time instance can be supported considering the UEs with multiple Tx chains.

Proposal 4:
Study frequency hopping for multiple PRACH transmissions.

Proposal 5:
Taken the above two working assumptions as agreements. Support the combination of two options.

Proposal 6:
Study of PRACH transmission with different beams should be deprioritized in Rel-18.

Proposal 7:
Relationship between Power ramping and PRACH repetition should be discussed.

Proposal 8：
To avoid break the legacy limitation for RAR-window, the starting position should be the last transmission.

Proposal 9:
The number of PRACH transmission increased if previous RACH attempt is failed.

Proposal 10:
SSB-RSRP thresholds could be used for next RACH attempt.

Proposal 11:
RSRP offset could be considered for next RACH attempt.
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