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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK8] Introduction
In RAN #94 e-meeting, a new Rel-18 work item on further NR coverage enhancements was approved [1] and updated in RAN #96 [2]. The objective of the work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. Detailed objectives are listed as follows:
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beam 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 is a summary of companies’ contributions on PRACH coverage enhancements.
2. Summary of contributions
2.1 Multiple PRACH transmissions with same beam
Based on companies’ contributions, sometimes the term “PRACH repetition” is utilized to indicate “multiple PRACH transmissions with same beam”. Thus, it needs to be clarified that the term “PRACH repetition” only indicates “multiple PRACH transmissions with same beam”, it doesn’t put any additional restrictions on multiple PRACH transmissions.
2.1.1 Resource configuration & determination for multiple PRACH transmissions
[bookmark: _Hlk127865569]Issue #1: Differentiation between single PRACH transmission and multiple PRACH transmissions
In RAN1 #112b-e meeting [3], the following two working assumptions were confirmed, and RAN1 agreed that details on how to realize PRACH resource partitioning is up to RAN2.
	Agreement
Confirm the following working assumptions.
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.



Based on the discussion in RAN1 #112b and contributions in RAN1 #113, companies [China Telecom, Xiaomi, Samsung, ETRI, CATT, LG, Mavenir, OPPO, Intel, Spreadtrum] thinks that Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) are enough, and no necessary to consider additional separate RO configuration method/signaling in Rel-18. 
[MediaTek] Support to introduce a new set of RACH occasions as an “RO group” for every configuration period to allow PRACH transmissions for the second, third and more PRACH repetitions without impacting legacy PRACH configuration settings. In addition, consider optimizations to improve the efficiency of system resource utilization by reducing the number of new RACH resources for PRACH repetitions.
[Spreadtrum] At least SSB-RSRP threshold(s) are used to enable which option to differentiate the multiple PRACH transmissions with single PRACH transmission.

Issue #2: Differentiation between different numbers of multiple PRACH transmissions
In RAN1 #112 meeting [4], the following agreement was achieved.
	Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details



Based on the above agreement, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported. To make such differentiation, similar to the differentiation between multiple PRACH transmissions with single PRACH transmission, three options are proposed to be considered by [NTT DOCOMO, Intel, LG, Samsung]:
· Option 1: Multiple PRACH transmissions with different numbers are transmitted on separate ROs.
· Option 2: Multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs.
· Option 3: Multiple PRACH transmissions with different numbers are transmitted on FDMed ROs under same PRACH configuration.
As point out by [LG], Option 1 can be realized by using FeatureCombination-r17 in either legacy configuration or AdditionalRACH-Config-r17, while Option 2 can be realized by using FeatureCombination-r17 in AdditionalRACH-Config-r17. Currently, [NTT DOCOMO] proposes to support Option 1, [Intel] proposes to support Option 2.

Issue #3: RO group
Different from legacy single PRACH transmission, where UE can randomly select one of the ROs associated with the selected SSB for PRACH transmission, if UE randomly select a given number of ROs from the ROs assigned for multiple PRACH transmission, gNB may be not able to perform joint detection since gNB is not sure which ROs are utilized by the UE for PRACH transmission. To deal with this issue, it’s necessary to align gNB’s and UE’s understanding about the potential time and frequency position of the corresponding ROs utilized for PRACH repetitions.
The following agreements were achieved for RO group:
	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

Agreement
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.
· Note1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.
· Note2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.
· Note 3: Valid RO(s) refers to what is defined in existing specification.



Based on the contributions, the majority companies further discuss about the definition, configuration of RO group for multiple PRACH transmissions. To make it clearer, the discussion is divided into several sub-issues.
· Issue #3-1: Clarification on “All ROs in one RO group is associated with the same SSB(s)”
As point out by [Huawei], there may be a case that when ROs are associated with multiple SSBs, some of the SSBs are the same while some are different illustrated as follows:
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描述已自动生成]
Considering the following conclusion, RO1 and RO2 cannot form a RO group for SSB1 since the preambles which can be utilized for PRACH transmissions are different.
	Conclusion
For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.
Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).

Conclusion
There is no consensus to support utilizing different preambles during the multiple PRACH transmissions with the same Tx beam in one attempt.



Then, the only problem is whether RO2 and RO5 can form a RO group for SSB3. Considering Note 1 in the above first agreement, there can be two interpretations:
· Interpretation 1: All ROs in one RO group is associated with one same SSB, where the SSB corresponds to the same set of preambles.
· Interpretation 2: All ROs in one RO group is associated with the same multiple SSBs, which indicates the number of SSBs mapping to each RO in the RO group cannot be different.
Then, if we go with Interpretation 1, RO2 and RO5 can form an RO group for SSB3; else if we go with Interpretation 2, RO2 and RO5 cannot form an RO group for SSB3. In addition, there may be an issue if we go with Interpretation 2, that is the number of RO groups for {SSB1, SSB2} and SSB may be different. Just take the illustration as an example, there is one RO group for 2 PRACH transmissions for SSB1 and SSB2, but there is no RO group for 2 PRACH transmissions for SSB3. Although we can extend the time window for RO group determination/configuration, the number of RO groups for 2 PRACH transmissions for SSB3 seems always less than that for SSB1 and SSB2, which causes an imbalance issue. 

· Issue #3-2: Time period X for determination/configuration of RO group
During the discussion in past meetings, it is common understanding that RO group is determined/configured after RO validation and SSB-to-RO mapping. Thus, at this stage, UE already knows the pattern between RO and SSB index, SSB-to-RO association period and SSB-to-RO association pattern period. 
As we discussed in the last meeting, it’s beneficial to determine/configure RO group based on the pattern between RO and SSB index within a time period X. During the discussion in RAN1 #112b-e, a proposal with respect to time period X for RO group determination/configuration was discussed, it takes quite a long time in online discussion, but unfortunately, no agreement was achieved. The latest version was provided as follows:
	Proposal
A set of RO group(s) for the corresponding configured number(s) of multiple PRACH transmissions are [determined/configured] within a time period X, starting from frame 0. The [determined/configured] set of RO groups repeats every period X.
· FFS: the determination of time period X.
· [bookmark: _Hlk134456440]FFS: whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions.



Based on the contributions, companies further discuss the time period X, and companies’ views are summarized as follows:
Basic framework
Companies [vivo, NTT DOCOMO, Sharp, ZTE, Xiaomi, Samsung, China Telecom] share the similar view that A set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X, starting from frame 0. The determined/configured set of RO groups repeats every time period X. In addition, [Samsung] proposes that it’s up to gNB implementation to ensure that there is at least one RO group available to use if the corresponding N value is configured.
[China Telecom] propose to define an RO group pattern period, and an RO group pattern period includes K association pattern periods, starting from frame 0, where K is determined as a minimum positive integer so that at least one RO group corresponding to each configured number of multiple PRACH transmissions is determined/configured within an RO group pattern period. The determination/configuration of RO groups in the first RO group pattern period is applied to every RO group pattern period, which indicates that the number of determined/configured RO group(s) for each configured number of multiple PRACH transmissions is the same in every RO group pattern period, and each RO group repeats in every RO group pattern period.
[Huawei, Apple, China Telecom] propose that ROs not included in any RO group, if any, are not used for multiple PRACH transmissions.
[InterDigital] Introduce association period and association pattern period concepts for multiple PRACH transmission.
[Samsung] RAN1 considers the following alternatives to ensure the time span of the RO group to be kept for a reasonable time duration: Alt. 1: leave to gNB configuration; Alt.2: the time span of one RO group is required not to exceed a certain time duration threshold.
Time period X
Regarding the time period X, companies’ views are summarized as follows:
· Option 1: The time period X is K SSB-to-RO association pattern periods.
Support (11): vivo, NTT DOCOMO, Mavenir, Samsung (K=1), Sharp, Spreadtrum, China Telecom, Nokia, NSB, Apple, CMCC
· Option 2: The time period X is K SSB-to-RO association periods.
Support (1): Fujitsu
· Option 3: The time period X is K PRACH configuration periods.
Support (1): ZTE
· Option 4: The time period X is a time duration of K times of the minimum common multiple of the PRACH configuration period and the SSB configuration period when PRACH resource is overlapping in time with any SSB; or K PRACH configuration period when PRACH resource is not overlapping in time with any SSB.
Note: K is the minimum integer to keep that all types of RO groups occur at least one time and this RO group pattern repeats during SSB-to-RO group pattern periods, the type of RO group is the function of the configured SSB indexes and repetition numbers.
Support (2): Huawei, HiSilicon

[Xiaomi] For period X, at least a subset of values from the association period set {1, 2, 4, 8, 16} can be adopted, FFS whether larger values are needed.
[OPPO] For multiple PRACH transmitted on separate ROs, new SSB-to-RO group association period is introduced to define the time span of a RO group. For multiple PRACH transmitted on shared ROs, existing SSB-to-RO association period is reused to define the time span of a RO group.
[Apple] The time span only includes one RO group in the time domain, except the time span is equal to one association pattern period. 
[Nokia] The time period X can be determined at the UE as the minimum amount of association pattern periods that contains at least a number of ROs in time domain equal to the size of the RO group to be configured/determined.
[Spreadtrum] To determine the time period X, it is proposed to support Alt.2 from the following two candidate alternatives:
· Alt.1: the time period X consists of minimal K SSB-to-RO association pattern period, which can satisfy the number of each configuration value for multiple PRACH transmissions. 
· FFS: whether the remaining valid ROs should be dropped, if the remaining valid RO(s) in the time period X is not sufficient to compose an RO group.
· Alt.2: the time period X consists of K SSB-to-RO association pattern period, the total number of valid ROs included in the K SSB-to-RO association pattern period is the least common multiple of the number of each configuration value for multiple PRACH transmissions.
· FFS: the design of RO groups for different numbers of multiple PRACH transmissions.
· Note: there is no remaining valid ROs in the time period X.
[Ericsson] An RO group for multiple PRACH transmissions of a RACH attempt can cross multiple association periods. Study how to avoid orphan ROs, e.g., the time period X equals at least PRACH repetition factor * association pattern period.
[ETRI] RO groups association pattern has the unified design for both same Tx beam or different Tx beams. If an RO group pattern period is introduced, then time resources to address starting RO should be derived. It can be determined from the indirect information or can be configured by a set of new parameters. In our view, it may not be an integer multiple between an SSB-RO association pattern period and an RO group pattern period.
Separate or unified time period X for each configured number of multiple PRACH transmissions.
· Option 1 (7):Same time period X is applied for all configured number of multiple PRACH transmissions.
Support: NTT DOCOMO, Samsung, Sharp, ZTE (Shared RO for different values of multiple PRACH transmissions), China Telecom, Fujitsu, vivo
· Option 2 (3): Separate time period X is applied for each configured number of multiple PRACH transmissions.
Support: Mavenir, ZTE (Separate RO for different values of multiple PRACH transmissions), Apple

[CATT] Whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions based on the resource partitioning between different numbers of multiple PRACH transmissions.

· Issue #3-3: Details on how to determine/configure RO group
Based on companies’ contributions, two options can be considered to realize RO group. The first one is implicitly determined based on network configurations. In this way, some parameters and perhaps some rules are needed to derive the RO groups, and then the general design of RO group can be realized. The second one is explicitly configured by the network, e.g., via SIB1, which can provide more flexibility to realize RO group. During the discussion in last meeting, the latest proposal was copied as follows:
	Proposal
Consider one or both of the following options to realize RO group(s) determination/configuration.
· Option 1: RO group(s) are implicitly determined based on network configuration.
· RO group is determined at least by the following parameters {time and frequency start position (or start RO), the number of ROs within the RO group}
· FFS: whether the parameters can be derived based on some rules without explicit configuration.
· FFS: whether the starting RB of ROs within an RO group can be different at different time instances, if supported, the details.
· Option 2: RO group(s) are directly configured by network, e.g., via SIB1.
· FFS: details.
· Note: details of characteristics of the RO groups [, e.g., whether partial RO overlap is supported, max duration of the RO group (if any), starting RO and so on] are up to RAN1, while details on how to realize the direct configuration of RO groups by network [, e.g., signalling,] are up to RAN2.



Based on companies’ contributions, companies [Mavenir, Spreadtrum, ZTE, Fujitsu, China Telecom, Xiaomi] prefer Option 1, and it is also point out that these parameters may be derived based some rules without explicitly indication. Some examples provided by companies are summarized as follows:
· Example 1 [ZTE]: The RO group starts from the first available RO resource in frame 0 and repeat the starting point every new time period X, all the ROs in one RO group are determined by the rule of mapping between SSB and RO and the number of multiple PRACH transmissions, other RO groups except the first one can also be determined with the principle for first RO group. 
· Example 2 [CATT]: For multiple PRACH transmissions with same Tx beam, the determination of the RO group can down select from the following three options:
Option 1: Every K consecutive ROs associated with a same SSB, starting from frame 0, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB.
Option 2: Every K consecutive ROs associated with a same SSB, starting from an association period for multiple PRACH transmissions, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB. There is at least one RO group for each SSB within an association period for multiple PRACH transmissions.
Option 3: Every K consecutive ROs associated with a same SSB, starting from an association period for multiple PRACH transmissions, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB. There is at least one RO group for each SSB within an association period for multiple PRACH transmissions. An association pattern period for multiple PRACH transmissions includes one or more association periods for multiple PRACH transmissions and the pattern between RO groups and SSBs repeats across association pattern periods.
· Example 3 [China Telecom]: Every M TDMed consecutive ROs with the same frequency position and associated with the same SSB forms an RO group, starting form the first RO to the last RO in time domain within a RO group pattern period. And M corresponds to the configured number of multiple PRACH transmissions. 
· Example 4 [Huawei]: The ROs with the same frequency order at the nearest different time instances are assigned to one RO group, where all ROs associated with the same SSB at the same symbol(s) are indexed by their frequency from low frequency to high frequency and the index for a RO is named as frequency order. The index of RO groups that associate with the same SSB index and repetition number is determined by the index of first RO, which increases first in frequency and then in time.
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描述已自动生成]
Companies [Nokia] prefer Option 2, because explicit configuration of RO groups for multiple PRACH transmissions allows a gNB to control the collision probability and gNB detection complexity, while also providing a very powerful tool to enable functionalities such as FH, partial/complete RO sharing among RO groups and so on. In addition, [Nokia] thinks it is fine to have on a hybrid solution, for which RO groups can be directly configured by the network but if the configuration is missing, RO groups can be determined/derived based on some rules and parameters. While [Qualcomm] thinks that explicit configuration of all the repetition numbers and their associated selection criteria requires considerable addition to the payload of SIB1. It is useful to have a default option for PRACH repetition numbers and a simple default criteria for their selection. These default settings can be used when the associated configuration is missing in SIB1.
[NTT DOCOMO] proposes to support both options, and no separate UE capabilities are required for the two methods.
Companies’ views for other aspects about RO group determination and configuration are summarized as follows:
[Nokia] In the case of UE determination of RO groups, ROs should be numbered both in time domain and in frequency domain to simplify the creation of RO groups. RO groups can be determined using such RO indexing. RAN1 to discuss determination of starting ROs within the time period X.
[vivo] The determination of ROs in RO group should be in time domain first and then in frequency domain. The determination of time instances and frequency domain locations of ROs in one RO group should depend on SSB to RO mapping result, which needs to be further studied.
[Qualcomm] PRACH repetitions are only transmitted in the valid ROs associated with the same SSB at different time with the following order: First, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot; Second, in increasing order of indexes for PRACH slots; Third, in increasing order of indexes for PRACH association period.
[Sony] For the discussion of Multiple PRACH Transmissions with same beam, use the following definitions:1) A Set of RO Groups: One or more RO Groups within a time period, where the RO Groups can have different numbers of PRACH transmissions; 2) RO Group Pattern: The arrangement of the RO Groups in a Set of RO Groups.
[Charter] In an RO group all ROs are associated with an SSB. The following two options for an RO group is considered: Opt.1 An RO group consists of multiple valid ROs where the ROs are selected consecutively; Opt.2 An RO group consists of multiple valid ROs where the ROs are selected non-consecutively. The time gap between the ROs could be different for same/different RO group sizes.

· Issue #3-4: Rules causing to drop PRACH transmissions
During the discussion in RAN1 #112b-e meeting, companies provided the detailed section in spec. with respect to the rules causing to drop PRACH transmission as follows:
	Last paragraph in section 7.4 of TS38.213. 
“If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, or due to HD-UE operation in paired spectrum as described in clause 17.2, the UE does not transmit a PRACH in a transmission occasion, Layer 1 notifies higher layers to suspend the corresponding power ramping counter.”



In addition, some company provided the dropping case for HD-UE in Clause 17.2 in TS 38.213, while some company think this is not the case for current discussion. Anyway, it can be seen that indeed the dropping of PRACH may happen based on existing spec., meantime, new dropping rules may be defined in Rel-18 or future. What we need to consider is when such kind of dropping occurs, what’ll be the impact to multiple PRACH transmissions. Then, the following proposal was proposed in last meeting:
	Proposal
If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if of the dropped RACH transmission affect the remaining RACH transmission within the same RO group.



Based on the contributions, companies are generally fine with the main bullet of the above proposal, regarding whether to introduce new rules causing to drop PRACH transmissions, detailed companies’ views are summarized as follows:
Companies [ZTE, Mavenir, CATT] propose that no new dropping rules for PRACH transmission are needed in Rel-18 as the collision could be solved by implementation. 
[Samsung] propose that the handling of RO collision between single PRACH and multiple PRACH is up to gNB configuration and it’s not a new issue since the 2-step RACH with separate RO have the same overlap as well. And the suitable solution is also the same, to leave to gNB configuration to solve the collision. In addition, [Samsung] proposes that if PRACH transmission in ith RO within a RO group is cancelled for multiple PRACH transmission based on existing rules, the PRACH transmission in (i-1)th RO and (i+1)th RO (if exist) are also cancelled.
[vivo] propose that PRACH repetition in separate RO is not transmitted when the separate RO collides with MsgA PUSCH.
[Huawei] Some rules to determine the validity of resource over overlapping ROs should be supported when reuse Rel-17 framework of feature combination and additional RACH configuration to realize the PRACH resource partitioning of transmitting multiple PRACH on separate RO.
· A rule of defining valid SSB beam over overlapping ROs of legacy and new resource, where SSB beams that gNB does not generate should be considered invalid.
· A rule of defining valid overlapping ROs of legacy and new resource, where overlapping ROs requiring more SSB beams than the number of simultaneous receiving analog beams of gNB should be considered invalid.
[Nokia] If RAN1 agrees to introducing collision rules between valid ROs for multiple PRACH transmissions and other existing ROs, applicability of such rules should be up to cell-specific configuration by gNB.
[Quectel] To reduce the performance impacts due to power degradation or dropping of multiple PRACH transmissions, the priority of multiple PRACH transmission for power allocation should be promoted compared to single PRACH transmission or the multiple PRACH transmissions should be avoided for parallel UL transmissions.

· Issue #3-5: Whether the ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions or for the same number of multiple PRACH transmissions
Based on the contributions, companies’ views are summarized as follows:
· RO groups corresponding to different number of PRACH transmissions can be determined/configured over same RO, where separate preambles are used to differentiate the PRACH transmissions over different RO groups.
Support: Nokia, NSB, China Telecom, Lenovo, Sony, Spreadtrum, ZTE, Huawei, HiSilicon, Interdigital
· RO groups corresponding to the same number of PRACH transmissions can be determined/configured over same RO.
Support: Nokia, NSB, Lenovo
Not support: China Telecom, Spreadtrum, CMCC, NTT DOCOMO

[ETRI] Disjoint RO groups for different repetition factors can be configured. Fully overlapped RO groups can be configured for both same Tx beam or different Tx beams. The nested structure can be considered, in this case the starting RO offset may or may not be indicated to UEs.
[Sony] RO Groups for multiple PRACH transmissions with different numbers of PRACHs per transmission can have some common ROs. The gNB blind decodes for the number of multiple PRACH transmission selected by the UE.
[Panasonic] For CBRA and CFRA, support the following resource configuration for the multi-PRACH transmission: Dedicated n-th PRACH transmission resource: A specific PRACH resource is used for a specific number of the PRACH transmissions. Shared n-th PRACH transmission resource: A PRACH resource can be used for all possible numbers of PRACH transmissions.
[Charter] Separate preambles for overlapped RO groups with different sizes associated with a same SSB is supported only for CBRA.
[Lenovo] To reduce PRACH transmission latency, study to use dense starting ROs of RO groups for PRACH repetition, where the periodicity of the starting ROs of the RO groups in terms of number of ROs is smaller than the number of ROs in the RO groups as shown in the following figure.


[Spreadtrum] It needs to be clarified how RO(s) can be partially shared between RO groups for different numbers of multiple PRACH transmissions.
[ZTE] If ROs are shared among different RO groups for different values of multiple PRACH transmissions, the sharing principle of the RO groups can be based on net hierarchy structure, i.e., RO groups for different values of multiple PRACH transmissions are determined according to a same starting point configuration and the repetition factor. Whether ROs are shared among different RO groups for different values of multiple PRACH transmissions or not is up to gNB implementation. Both of the two alternatives should be supported by UE.

· Issue #3-6: Whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
Based on the contributions, companies [Spreadtrum, NTT DOCOMO, InterDigital, OPPO, Intel, Nokia, NSB, Quectel, Charter, Qualcomm, LG] support that the starting RB of ROs within an RO group can be different at different time instances. While companies [China Telecom, Xiaomi, CMCC, Lenovo(?)] propose that different starting RB of ROs within an RO group is not supported/low priority.
[bookmark: _Hlk135320362][NTT DOCOMO] Different frequency locations for ROs within one RO group can be achieved by indicating/defining a frequency domain index offset among different ROs within one RO group.
[Samsung] Multiple PRACH transmission with frequency hopping may be beneficial for the case with the larger frequency selective channel condition. However, such benefits may not be essential for multiple PRACH transmissions with same Tx beam, in which the key point is the combination gain through time domain.
[vivo] Frequency hopping discussions should be based on the SSB to RO mapping cases determined by SSB to RO mapping ratio, number of ROs FDMed, and number of SSBs actually transmitted. If frequency hopping is configured, the RO group for frequency hopping is determined by hopping step in time domain and hopping offset in units of ROs associated with same SSB in frequency domain.
[Spreadtrum]If frequency hopping based RO offset is supported, for each configured number of multiple PRACH transmissions, there will be two kinds of RO groups, i.e., RO group of non-FH ROs and RO group of FH ROs. The parameter of {frequency offset of second hop in unit of RO} should be configured for an RO group determination where more than one ROs associated with the selected SSB at one time instance.


[Huawei] If frequency hopping is supported, the multiple PRACH transmissions over ROs in adjacent slots should be sent without frequency hopping, the multiple PRACH transmissions over ROs in non-adjacent slots can be sent with frequency hopping.
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Issue #4: SSB-to-RO mapping
For legacy SSB-to-RO mapping, SS/PBCH block indexes provided by ssb-PositionsInBurst are mapped to valid PRACH occasions in the following order: preamble indexes, FDMed RO indexes, TDMed RO indexes. The current mapping order leads to long latency between TDMed ROs for multiple PRACH transmission, since TDMed RO indexes has the lowest mapping priority.
Based on the contributions, companies provide their considerations about SSB-to-RO mapping for multiple PRACH transmissions, which are summarized as follows:
Companies [vivo, Mavenir, China Telecom, Xiaomi] propose to reuse legacy SSB to RO mapping rule. In addition, [ZTE] point out that the valid ROs not mapped to SSBs due to the integer mapping cycles within the association period are still the valid ROs, then for multiple PRACH transmission with the separate ROs from the single PRACH transmission, Alt. 2 (as shown in the following figure) is the right consequence. But if multiple PRACH transmission with the shared ROs of the single PRACH transmission, Alt. 1 (as shown in the following figure) is definitely the right consequence.
[image: 图表, 瀑布图

描述已自动生成]
Regarding the above issue, [vivo, CATT] thinks that only the ROs mapped to SSBs for single PRACH transmission are used for multiple PRACH transmissions, in other word, RO group should be determined based on SSB to RO mapping for legacy single PRACH transmissions. While [Intel] thinks this only works for separate preamble on shared ROs case.
Companies [OPPO, Spreadtrum, Intel, ZTE, Huawei, Lenovo, Nokia, Quectel, Charter] propose to consider new SSB-to-RO mapping mechanism when separate ROs are configured for multiple PRACH transmissions. Generally, the following two options are proposed:
Option 1: SSBs are mapped to a set of valid ROs in time domain, while the mapping order is aligned with current SSB-to-RO mapping. 
Option 2: SSBs are mapped to valid PRACH occasions in the following order
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Third, in increasing order of indexes for PRACH slots
· Fourth, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions

[Huawei] SSB beams should be classified into different coverage enhancement levels, where SSB beams belonging to the same level are associated with the same number of ROs for repetition but SSB beams belonging to different levels are associated with different number of ROs for repetition. The SSB-RO pattern in which different SSBs associate with different maximum repetition level should be supported by RRC configuration.
[Lenovo] A subset of SSBs of the configured set of available SSBs can be configured for PRACH repetition. The ROs configured for PRACH repetition are associated with this subset of SSBs.

2.1.2 RAR window and RA-RNTI calculation  
Issue #5: RAR window and RA-RNTI
· Issue #5-1:RAR window
As point out by [ZTE, LG], for current RA-RNTI calculation equation, since the absolute frequency information of RO is not included, there is a possibility that UE can’t identify the corresponding msg2 belong to itself via RA-RNTI under some case, [ZTE] illustrates one example as follows:
If the separate RO is used for multiple PRACH transmission from the single PRACH transmission, one UE selects single PRACH transmission and the other UE selects multiple PRACH transmissions with repetition factor =2. It is possible that the ROs used by the two UEs are FDMed in the same time instance, the RA-RNTI calculation base on the RO B and RO D are the same as the equation of RA-RNTI doesn’t include the absolute frequency information of RO but only relative FDM information. This means UE can’t identify the corresponding msg2 belong to itself via RA-RNTI. RAN2 group has found this issue, and try to fix it. One of solutions is to use the specific CORESET as the start of RAR window for multiple PRACH transmission which is different with legacy CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set. We can wait for the RAN2 conclusion or agreement and leave this issue open to later maintenance stage or up to editor.
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· Issue #5-2: RA-RNTI
According to current spec. TS 38.321, RA-RNTI is calculated as follows:
	RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).


Based on the companies’ contributions, the majority companies support that single RA-RNTI is calculated for multiple PRACH transmissions, detailed views are summarized as follows:
· Option 1: Multiple RA-RNTI candidates within one RAR window, i.e., UE attempts to detect a DCI format 1_0 with CRC scrambled by one of the multiple RA-RNTI candidates during a RAR window.
Support: ZTE (for multiple PRACH transmissions with different beams)
· Option 2: Single RA-RNTI within one RAR window, i.e., UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a RAR window.
· Option 2-1: RA-RNTI is calculated based on the last valid RO in the RO group corresponding to the multiple PRACH transmissions, where the last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.
Support (22): CATT, vivo, Spreadtrum, ZTE, Huawei, HiSilicon, Intel, Panasonic, Fujitsu, China Telecom, Mavenir, Apple, NEC, Sharp, NTT DOCOMO, ETRI, LG, Lenovo, CMCC, TCL, Qualcomm, MediaTek
· Option 2-2: RA-RNTI is calculated based on the first valid RO in the RO group corresponding to the multiple PRACH transmissions, where the first valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.
Support (6): Spreadtrum, Fujitsu, Xiaomi, Mavenir, Lenovo, NTT DOCOMO
· Option 2-3: The corresponding RA-RNTI is calculated as a function of the RO group used for the multiple PRACH transmissions.
Support (2): Nokia, NSB

· [Xiaomi] In the case of shared RO between different numbers of PRACH transmissions, if the last RO is used to determine the RA-RNTI, then the same RA-RNTI will be shared within the time duration of the entire RAR window for 4 and 8 PRACH transmissions. However, if the first RO is used, the same RA-RNTI is shared only within the time duration of a partial RAR window. Thus, we prefer to choose the first RO to calculate the RA-RNTI to reduce unnecessary RAR PDCCH blind detection when the same RO is shared between different numbers of PRACH transmissions.
· [Nokia] For the RA-RNTI calculation based on one RO of the RO group used for transmission of the PRACH repetitions. It has the drawback that gNB would not be able to disambiguate two UEs transmitting on two RO groups sharing the RO to be used for the calculation of the RA-RNTI, especially if the two UEs are using the same preamble. Moreover, this approach would expose gNB to ambiguities in case the RO used to calculate the RA-RNTI is dropped by the UE due to some collisions.
· [bookmark: _Hlk131694828][Samsung] The RA-RNTI calculation in legacy is not intended to separate them in RO, which means, as long as the UE, for whatever feature, selects the same RO, they will have same calculated RA-RNTI, and they will detect the same PDDCH no matter gNB detects whichever preamble in that RO. It not only consuming UE’s time and resource to detect and decode the PDDCH which is never intended for it, but in the given UE handling for current procedure, it could suspend the RAR monitoring in the window after the PDCCH-PDSCH decoding if RAPID is not matched. Thus, support to separate UE from selecting same RO but for different N value by RA-RNTI. One potential solution: For RA-RNTI calculation, the s_id is the index of the second/last OFDM symbol of the xth (x=N/2) PRACH occasion within a RO group () for multiple PRACH transmission with number N (N=2,4,8).
· [NEC] If RAR window longer than 10ms is supported for PRACH repetition, e.g., for shared spectrum PRACH repetition, UE determines LSBs of a SFN field by using the last PRACH repetition.
· [LG] gNB may configure the FDMed RO index offset in additional RACH configuration. If configured, the FDMed RO index offset shall be added to f_id for RA-RNTI calculation.
2.1.3 Determine the number of multiple PRACH transmissions
Issue #6: Determination of the number of multiple PRACH transmissions
In RAN1 #111 meeting [5], the following agreement was achieved for determination of the number of multiple PRACH transmissions:
	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.


It should be noted that During RAN1 #111 meeting, it was discussed about the trigger condition of multiple PRACH transmissions, companies’ views can refer to Section 4 proposal 4 in [6] copied as follows:
	For multiple PRACH transmissions with same Tx beam, multiple PRACH transmissions is triggered based on at least one of the following options.
· Option 1: SSB-RSRP threshold is utilized to trigger multiple PRACH transmissions.
Support: Apple, OPPO, Lenovo, Xiaomi, ZTE, Sharp, ETRI, Samsung, LG, Spreadtrum, Sony, Fujitsu, NEC, DOCOMO, Panasonic
· Option 2: The failure of single PRACH attempts reaches a threshold.
Support: ZTE
· Option 3: The calculated power of single PRACH attempt reaches the maximum output power of UE.
Support: ZTE, OPPO



Then, we achieved the current agreement to use at least SSB-RSRP threshold(s) to determine the number of PRACH transmissions at least for the first RACH attempt. Again, during the discussion in RAN1 #112-b meeting, companies’ views regarding whether to introduce other factors for determination the number of multiple PRACH transmissions are summarized as follows:
Not support other factors (13): CATT, LG, Apple (needs to justify the necessity), DOCOMO, ZTE, Spreadtrum, Sharp, CMCC, Sony, vivo, MediaTek, OPPO, Intel
Support consider UE power class: Panasonic, Qualcomm
Support to consider MPE condition: Qualcomm, Samsung
Support Power headroom threshold: Ericsson

Based on the contributions in this meeting, companies’ positions are not changed, companies [CATT, Xiaomi, China Telecom, CMCC, Apple, Sharp, NTT DOCOMO, Fujitsu, Mavenir] propose that for multiple PRACH transmissions with same beam, at least for the first RACH attempt, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA, the number of PRACH transmission determined in the first RACH attempt includes both single PRACH transmission and multiple PRACH transmissions. While some companies prefer to consider other factors/conditions, details are summarized as follows:
[Spreadtrum] Considering other factors, e.g., UE is in an overheating or power-saving state, the number of PRACH transmissions is based on SSB-RSRP [+ DELTA_RSRP] in dBm.
[Nokia] Determination by the UE of whether multiple PRACH transmissions should be performed or not is subject to the UE output power being above a certain value, e.g., based on UE’s maximum power. If the UE determines that multiple PRACH transmissions should be performed based on UE output power then the number of multiple PRACH transmissions is determined according to existing agreements, i.e., using at least SSB-RSRP threshold(s). In other words, the condition on the transmit power at the UE should be checked and verified before the RO determination/selection for performing the PRACH transmission.
[Qualcomm] UE should use PRACH repetition based on criteria that depends on the SSB-based RSRP and the following parameters: UE power class; Prior failed attempts of PRACH.
[Ericsson] Three problems for PRACH repetition factor based on configured SSB RSRP thresholds are 1) the wide range of PRACH transmission power results in divergent PRACH performance, which will be exacerbated with Rel-18 multiple PRACH transmissions, 2) inefficient use of RACH resources, which are shared by all UEs in a cell, 3) the complexity of the increased PRACH transmission power and an increased PRACH repetition factor intertwined for a RACH re-attempt. Thus, proposes to support UE determination of a number of PRACH transmissions for CBRA based on gNB-configured power headroom threshold(s), namely UE-calculated SSB-RSRP threshold(s) for both the first RACH attempt and re-attempts, where SSB RSRP threshold = UE power headroom threshold - PCMAX + PPRACH target + SSB Tx power.
[ZTE] UE can initiate the multiple PRACH transmissions when the number of single PRACH attempts exceeds a threshold. The threshold can be the parameter of preambleTransMax or a new parameter less than preambleTransMax.
[Samsung] Further study multiple PRACH transmission enhancements when UE experiences MPE issues, e.g., impact of MPE on: number of multiple PRACH transmission, power settings, the trigger for multiple PRACH transmission, and SSB selection for PRACH association.

Regarding the number of RSRP thresholds, companies [MediaTek, Spreadtrum, Intel, InterDigital, Xiaomi, Lenovo, LG] propose that SSB-RSRP threshold(s) are configured corresponds to the configured number(s) of multiple PRACH transmissions.
Regarding the relationship between SSB-RSRP threshold for multiple PRACH transmissions and that for Msg3 repetitions, companies [Intel, Apple] proposes that a common SSB-RSRP threshold may be applied for multiple PRACH transmissions and request of Msg3 PUSCH repetitions. [Nokia] proposes that SSB-RSRP thresholds for PRACH repetitions is derived from the Msg3 RSRP threshold, and details of the configuration and derivation can be left to RAN2. While [CATT, Xiaomi] proposes that SSB-RSRP threshold(s) for determination of number of PRACH transmissions are separately configured from the SSB-RSRP threshold(s) for SSB selection and that for Msg3 repetition request.

2.1.4 Multiple PRACH transmissions and re-transmissions
Issue #7: Multiple PRACH transmissions and re-transmissions
Issue #7-1: Basic Framework for multiple PRACH transmissions and re-transmissions
Based on the discussion in RAN1 #112b-e meeting and the contributions, together with considering the SSB-threshold(s) for determining the number of multiple PRACH transmissions. There are two directions as follows:
Direction 1: UE checks whether the output power is above a certain value before the RO determination/selection for performing the PRACH transmission. If yes, UE determines to perform multiple PRACH transmissions and the number of multiple PRACH transmissions is determined based on SSB-RSRP threshold(s). If no, UE performs legacy single PRACH transmission procedure.
Direction 2: UE determine whether to perform multiple PRACH transmissions for the first RACH attempt based on SSB-RSRP threshold(s). Then,
· [bookmark: _Hlk135337058]If single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), power ramping is applied between RACH attempts.
· Option 1: The number of PRACH transmission in RACH re-attempts is not increased, regardless of whether the maximum transmission power is reached or not.
· Option 2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached.
· If multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds.
· Option 1: The maximum transmission power is not compulsorily applied for the first RACH attempt. 
· Alt.1: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
· Alt.2: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached or the maximum number of attempts for current number of PRACH repetitions is reached.
· Alt.3: The number of multiple PRACH transmissions in RACH re-attempts increases prior to power ramping.
· FFS: details.
· Option 2: The maximum transmission power is compulsorily applied for the first RACH attempt.
· Alt.1: The number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt. Power ramping is not needed.
· Alt.2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition. Power ramping is not needed.
· FFS: details. E.g., a smaller power headroom based on an increased power ramping counter, or tolerance zone around the SSB-RSRP threshold(s) is defined to determine whether to increase the number of PRACH transmissions.
From FL perspective, the above two directions and corresponding options cover all companies’ preference. We can further discuss based on the above framework.
[Qualcomm] Support a mechanism for modifying the PRACH repetition number or criteria of its selection after each failed PRACH attempt.
[Samsung] There are pros and cons for allowing to switch to higher number of multiple PRACH transmission if applicable. The beneficial part is that it could be more flexible for UE to access the system quicker and possibly use the actual largest power (considering the N time combination) in the system. This could be good for the coverage limited UE which wrongly determines the N value initially. However, it could also complicate the behaviour to have switching operation, such the suitable switching condition should be studied and determined. The reason that a UE fails in a RACH attempt could be quite diverse and increasing the N value is a solution to just one possible reason. If this is wrongly used, the unnecessary interference could also be caused.
Issue #7-2: Whether separate parameters are needed for multiple PRACH transmissions
Companies [Huawei, China Telecom, NEC] propose that the maximum retransmission time of large repetition levels should be reduced to deal with the harmful retransmission, which indicates a separate maximum number of RACH attempts for multiple PRACH transmissions is configured.
[Samsung] to constraint the total number of multiple PRACH transmission, considering following to alternatives:
At.1: reuse preamble transmission counter by adding on the multiple transmission number for each attempt;
Alt.2: introduce the PRACH attempt counter and adding one for each attempt.
[Huawei] It is necessary to enhance PRACH retransmission by increasing power ramping step and increasing repetition level to improve success probability.
[vivo] Separate parameters including preambleReceivedTargetPower, powerRampingStep, maximum number of transmissions, etc. are configured for multiple PRACH transmissions with different repetition numbers. If the repetition number in one RACH attempt changes relative to previous RACH attempt, UE should apply the corresponding parameters.
[ETRI] The transmission power level and ramping step size can be affected by the repetition factor.
Issue #7-3: Power control
Companies [Huawei, China Telecom] propose that the power control of multiple transmission specified in eMTC PRACH coverage enhancement can be starting point as follows:
Step 1: Calculate the total receive target power.
PREAMBLE_RECEIVED_TARGET_POWER=preambleInitialReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
Step 2: Calculate the target receive power for one single transmission.
PREAMBLE_RECEIVED_TARGET_POWER=PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt)
Step 3: Calculate the transmission power for one single transmission.
P_PRACH = min {P_CMAX, PREAMBLE_RECEIVED_TARGET_POWER + PL_c} [dBm]
Companies [vivo, ZTE, NTT DOCOMO, Huawei] further discuss the target reception power. [vivo] propose to clarify whether the target reception power is for one RACH attempt consisting of multiple PRACH transmissions or only for one PRACH transmission. [Huawei] propose to set the same target receive power for multiple PRACH transmissions, where the same target receive power equals to the total receive target power configured by gNB dividing by the repetition number. [ZTE, NTT DOCOMO] proposes that an additional power offset for multiple PRACH transmissions should be considered for PREAMBLE_RECEIVED_TARGET_POWER calculation.
[Samsung] The multiple PRACH transmission use the same set of P0 and alpha configuration from single PRACH transmission.
[NEC] If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5 [TS 38.213], or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1 [TS 38.213], 
· The UE does not transmit PRACH transmissions within one RACH attempt, Layer 1 may notify higher layers to suspend the corresponding power ramping counter
If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5 [TS 38.213], or due to power allocation in EN-DC or NE-DC or NR-DC operation,
· the UE transmits PRACH transmissions within one RACH attempt with reduced power, Layer 1 may notify higher layers to suspend the corresponding power ramping counter. 
[CATT] The PRACH transmission power needs to be re-calculated in case the number of PRACH transmission changes.
2.1.6 Others
· Timing of UE starts the monitoring PDCCH for BFR
[Lenovo] When there are multiple ROs used for PRACH transmissions, the timing of the UE starts the monitoring PDCCH for BFR should also be decided. Same method as RAR could be considered.
· Adjustment of TA
[Ericsson] Support UE autonomous adjustment of timing advance during multiple PRACH transmissions. Timing advance command in RAR can be based on a reference PRACH transmission, e.g., the first one or the last one.
· SSB/CSI-RS selection
[CATT] For multiple PRACH transmissions with same beam, at least for the first RACH attempt in a RACH procedure, SSB/CSI-RS is selected based on SSB/CSI-RS RSRP thresholds as in existing specifications. Further study whether to introduce separate RSRP thresholds for SSB/CSI-RS selection for PRACH repetitions from legacy PRACH transmission without repetition.
2.2 Multiple PRACH transmissions with different beams
During the discussion in RAN1 #112b-e meeting, whether to support multiple PRACH transmissions with different beams were discussed, the latest proposal is copied bellow:
	Proposal
For multiple PRACH transmission with different Tx beams, down-select one of the following options:
Option 1: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not supported.
· Note: If multiple PRACH transmission with different Tx beams is supported, the mechanism defined for multiple PRACH transmissions with the same beam should be reused as much as possible.
Support (6): Panasonic, Mavenir, TCL, Spreadtrum, ETRI, vivo (PRACH TX beam would not be specified in Rel-18)
Option 2: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is supported.
· FFS: whether/how to indicate best UL beam based on multiple PRACH transmissions for the subsequent UL transmissions.
· Note: If multiple PRACH transmission with different Tx beams is supported, the mechanism defined for multiple PRACH transmissions with the same beam should be reused as much as possible.
Support (7): Lenovo, ZTE, Ericsson, Qualcomm, Nokia, NSB, DOCOMO
Option 3: Multiple PRACH transmission with different Tx beams is not supported in Rel-18.
Support (11): CATT, LG, Apple, CMCC, IDCC, Sony, vivo, MediaTek, OPPO, Intel, New H3C



Based on companies’ contribution, companies’ positions are not changed much. Additional views are summarized as follows:
[Ericsson] Most simulations show a performance gain of PRACH transmissions with different beams, but a performance loss is also observed. A reason for divergent performances lies in the directions of different Tx beams. Spherical coverage requirement guarantees the minimum performance of beam sweeping and can prevent a UE from sweeping beams only in the wrong directions, which EIRP could be lower than the minimum EIRP requirement. 1dB gain provides the lower bound of beam sweeping's performance over PRACH repetitions with the same wide beam. In addition, if there is no resource differentiation, gNB has to always the same detection method, for example, the one which causes smaller performance degradation. Based on the simulation results, degradations of PRACH mis-detection rate due to the mismatched gNB detection method can be observed, the mismatch causes nearly a 2dB loss for 2 PRACH tranmsissions.
[Nokia] RAN1 to support multiple Msg1 transmissions, i.e., PRACH repetitions, with different Tx beams for FR2.
For the case of 4 PRACH repetitions, if a UE with 2x2 antenna array does not have knowledge of channel characteristics in terms of energy distribution in space, i.e., the angular sector where the maximum energy was observed in the DL reception of the SSB in TDD, UE should perform beam sweeping over different directions rather than using a single wide beam. For the case of 4 PRACH repetitions, if a UE with 1x4 antenna array does not have knowledge of channel characteristics in terms of energy distribution in space, i.e., the angular sector where the maximum energy was observed in the DL reception of the SSB in TDD, UE should perform beam sweeping over different vertical directions rather than using a single wide beam.
[CATT] The benefit and target scenario of multiple PRACH transmissions with different beams should be provided to justify the support of multiple PRACH transmissions with different beams.
[CMCC] Study of PRACH transmission with different beams should be deprioritized in Rel-18.
[TCL] Multiple PRACH transmissions with different beams can be considered for coverage enhancement. The refined beam from UE side can be indicated by RAR when multiple PRACH transmissions with more than one beam is enabled.
[Panasonic] The design other than a combined detection of the multi-PRACH transmission can be used for multi-PRACH transmission with different beams. The choice of beam can be up to UE implementation.
[LG] Prioritize the PRACH repeated transmissions with the same beam for 4-step RACH procedure in Rel-18 NR coverage enhancement.
[ETRI] If multiple beams are considered, study the need for a switching gap between consecutive PRACH transmission with different beams. Study the need for having a set of applicable Tx beams with given target gain.
[Huawei] If multiple PRACH transmissions with different beams is supported, the following beam indication methods can be studied, including associating beam candidates with the time or frequency locations of PDCCH or RAR, associating beam candidates with RA-RNTIs, and introducing a new field for beam indication.
[Qualcomm]Study of PRACH repetition with multiple UL beams should focus on its benefit for UL beam refinement in RACH and the potential necessary specification impact, including the selection of UL Tx beam for Msg3.
[Samsung] Both UEs with or without beam correspondence could benefit from multiple PRACH transmissions with same or different beams. 
[Sharp] For multiple PRACH transmissions with different UL Tx beams, to specify a UL Tx beam for UE side, information of a specific RO should be included in RAR.
2.3 Interaction between multiple PRACH transmissions and other transmissions 
When multiple PRACH transmissions is enabled, it may have some interaction with other transmissions, e.g., Msg3 repetitions. The majority Companies think the coupling/interaction between PRACH repetitions, Msg.3 repetitions (and PUCCH repetitions for HARQ-ACK of Msg4) should be investigated.
[ZTE, Panasonic, Qualcomm, CATT, OPPO] The coupling between PRACH repetitions and Msg3 repetitions should be investigated. E.g., Msg3 repetition is mandatory if multiple PRACH transmissions is applied.
Besides, [Ericsson] has the following observations based on link-level simulation and propose to study how Msg3 performance can be improved by PRACH transmissions with different beams:
· In FR2, the required SNR for Msg3 with 8 repetitions and inter-slot frequency hopping at 10% BLER is 1.7 dB higher than that of a single PRACH transmission with a wide beam and 8 dB higher than a single PRACH transmission with the best beam for 1% missed detection. The gap could be 4.5 dB more for 10% mis-detection rate.
· With Rel-18 PRACH enhancement, the performance gap between Msg1 and Msg3 would grow. Msg3 needs further enhancement to be on par with Rel-18 PRACH.
[OPPO, vivo] For legacy Msg3 transmission, the power is calculated based on the total preamble power ramping of performed PRACH transmission. When multiple PRACH transmissions is applied, it needs to clarify whether the target reception power of PRACH referred to Msg3 power calculation is for one RACH attempt consisting of multiple PRACH transmissions or only one PRACH transmission.
[Panasonic] When multi-PRACH transmission is triggered, the mechanism to enable more repetitions and/or lower MCS index than the Rel.17 configured set for Msg3 repetition should be supported.
2.4 CBRA and CFRA
Based on the contributions, companies [New H3C, vivo(Support PRACH repetition in CFRA of 4-step RA type and the detailed signaling can be discussed in RAN2), Spreadtrum, ZTE, Intel, Xiaomi, TCL, Qualcomm, Ericsson, NTT DOCOMO] propose to support multiple PRACH transmissions for both CBRA and CFRA. For CFRA, applying multiple PRACH transmissions can improve PRACH detection rate in SNR limited scenarios, which is essential to the cases of handover and beam failure recovery. Moreover, for CFRA, it is more flexible for network to configure the PRACH resources for PRACH repetition as dedicated signalling can be applied.
In addition, companies analyse the potential spec. impact for CFRA case, details are summarized as follows:
[Samsung, CATT] Further study multiple PRACH transmissions triggered by PDCCH order. The DCI format for PDCCH order may need to be further studied for the case of multiple PRACH transmissions.
[Ericsson] RACH-ConfigDedicated information element is reused to configure CFRA ROs.Only one number of multiple PRACH transmissions is indicated by gNB, e.g., with the reserved bits in PDCCH order, and a UE determines an RO group among the configured CFRA ROs.
[ZTE] gNB can simply configure to UE whether to use multiple PRACH repetition and the number of PRACH repetitions by RRC/DCI signalling. For the RACH triggered by PDCCH order, whether to enable/disable the multiple PRACH transmissions and the RACH resources can be configured in the RRC signalling. The new DCI field for indication of number of multiple PRACH transmissions may be needed. The load of DCI for PDCCH order is not high, there are many reserved bits, e.g., 10 or 12 bits, can be extended for future function. The number of multiple PRACH transmissions can be the {2, 4, 8}, at most 2 additional bits are needed to indicate the number of multiple PRACH transmissions. It is not an issue from DCI load aspect, and will not cause larger DCI size for normal DCI 1_0.
[Huawei] Multiple PRACH transmissions in CFRA based on SSB and CSI-RS should be considered.
[Xiaomi] For CFRA, support the same triggering mechanism of multiple PRACH transmissions as for CBRA.
2.5 RRC parameters
Based on companies’ contributions [China Telecom, LG, Nokia, Xiaomi], the following RRC parameters for multiple PRACH transmissions can be considered:
· The values of multiple PRACH transmission configured by gNB (including {2, 4, 8}.
· The SSB-RSRP thresholds to determine the number of multiple PRACH transmissions.
· RO group related configurations (if RO group is supported to be specified).
2.6 Others
· RACH Procedure
[Samsung] The multiple PRACH transmissions is kept as one RACH procedure
· SUL
[ZTE] The multiple PRACH transmissions with same beam on SUL should be supported. Whether SUL carrier or NUL carrier will be selected firstly, and then whether to repeat PRACH is determined.
3. Draft Proposals
3.1.1 Resource configuration for multiple PRACH transmissions
Issue #2 Differentiation between single PRACH transmission and multiple PRACH transmissions
Proposal 2-1
If multiple values for the number of multiple PRACH transmissions are configured, support both options to differentiate between multiple PRACH transmissions with different numbers.
· Option 1: Multiple PRACH transmissions with different numbers are transmitted on separate ROs.
· Option 2: Multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs.
Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated between multiple PRACH transmissions with different numbers.

	Companies
	Comments

	New H3C
	Support

	LG
	Support. Here, the framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused.

	Vivo  
	According to RAN2 agreement, PRACH resources with different numbers would be treated as separate features which can be separated via either separate RO or separate preambles.

	Nokia/NSB
	Support.

	Sharp
	Support

	Ericsson
	Support. To be clear, gNB can use either of the two options.

	Lenovo
	Support

	DOCOMO
	Support

	Panasonic 
	Support.

	ZTE
	Support. It is up to gNB configurations.

	Xiaomi
	Support. We recommend to reuse the R17 feature combination framework. We can’t see the necessary to introduce any new additional signalling.  

	MediaTek
	Support.

	Sony
	Support.

	CMCC
	Fine.

	CATT
	Support

	Spreadtrum
	Support

	Qualcomm
	Support



Issue #3: RO group
Issue 3-1
Down-select one interpretation for Note 1 in the following agreement:
· Interpretation 1: All ROs in one RO group is associated with one same SSB, where the SSB corresponds to the same set of preambles. This indicates the number of SSBs mapping to each RO in the RO group can be different.
· Interpretation 2: All ROs in one RO group is associated with the same multiple SSBs, which indicates the number of SSBs mapping to each RO in the RO group cannot be different.
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	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



	Companies
	Comments

	New H3C
	We slightly prefer Interpretation 1

	LG
	We think interpretation 1 seems to be reasonable approach. 

	Samsung
	Interpretation 1 is preferred. The given example in interpretation 2 seems an error configuration in multiple PRACH transmission case. For example, in this figure, the SSB1 in RO1 and RO2 cannot have same preamble, which means it cannot meet the same preamble should be used for multiple PRACH transmissions. 
In addition, our understanding on Note 1 “All ROs in one RO group is associated with the same SSB(s)” is that, the RO group is determined per SSB. It follows the UE regular behaviour that, UE will select an SSB to use and then decide which RO resources associated to this SSB to use. So same thing happened for the RO group resource determination, each RO group is determined per SSB manner. For example, for SSB1, UE will determine the RO group within the RO(s) associated to SSB1 within the K SSB-RO association patter period, same thing for SSB 2, 3 … in this sense, it can ensure the Note 1.   

	Nokia/NSB
	We are not sure we understand the technical relevance of this problem. If NW activates/uses only 3 SSB beams, as in the example, then it is unclear why NW would also configure ssb-perRACH-Occasion(N)=2. Surely this is a valid configuration that would trigger the “problem” in the figure, however shouldn’t we first discuss whether this is a relevant or a corner case first?  

	Sharp
	Oure preference is Interpretation 1. We share the same view with Samsung.

	Ericsson
	Interpretation 1 is closer to the illustration. However, “one same SSB” in the first sentence seems to prevent more than one SSB are associated with one RO. 

	DOCOMO
	Prefer Interpretation 1.

	Panasonic 
	We prefer the interpretation 1.

	ZTE
	For single PRACH, from legacy configurations, there are no restrictions on two interpretations.
So why we need to down select one of interpretations here? Can FL clarify it?

	Xiaomi
	Support Interpretation 1. Considering that for single PRACH transmission, the RO 5 can also be used for SSB 5, we don’t think it is problematic to use RO 5 to form one RO group for multiple PRACH transmissions.

	Sony
	Prefer Interpretation 1.

	CMCC
	From our point of view, it seems like a corner case, where only happens in the end of the association period. It may also be avoided with a proper configuration.

	CATT
	We prefer interpretation 1.

	Spreadtrum
	We prefer Interpretation 1. 

	Qualcomm
	We prefer interpretation 1.



Proposal 3-2
A set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X, starting from frame 0. The determined/configured set of RO groups repeats every time period X.
· The time period X is K SSB-to-RO association pattern periods.
Support (11): vivo, NTT DOCOMO, Mavenir, Samsung (K=1), Sharp, Spreadtrum, China Telecom, Nokia, NSB, Apple, CMCC
FFS: K is configured by the network or determined based on some rule.
· If PRACH resources for multiple PRACH transmissions with different numbers are configured by shared ROs with separate preambles, same time period X is applied for all configured number of multiple PRACH transmissions; 
Else if PRACH resources for multiple PRACH transmissions with different numbers are configured by separate ROs, separate time period X is applied for each configured number of multiple PRACH transmissions.

	Companies
	Comments

	New H3C
	 Support

	LG
	Support 

	Vivo  
	2nd bullet should be removed since different number of repetitions are already agreed as separate features, there’s no need to consider different features together. The K value can be independent for different feature combinations.

	Nokia/NSB
	The need for the second bullet is unclear. This forces both NW and UE to keep track of multiple values of X. 

	Sharp
	Support

	Ericsson
	Regarding “If PRACH resources for multiple PRACH transmissions with different numbers are configured by shared ROs with separate preambles” in the second bullet, we are not sure whether there are preamble partitions for all configured PRACH repetition factors in every shared RO. For example, is it possible that different PRACH mask indexes can be applied to different repetition factors?

	Lenovo
	Support

	DOCOMO
	Support.

	Panasonic 
	We support the main bullet. 
For sub-bullets, it has been confirmed that to differentiate the multiple PRACH transmissions with single PRACH transmission, multiple PRACHs are transmitted on separate ROs or the multiple PRACHs are transmitted with separate preamble on shared ROs. However, it is not concluded how to determine PRACH resources for the multi-PRACH transmissions, including determination of separate ROs, determination of separate preambles, relationship between multiple values for the number of multiple PRACH transmission and SSB indexes and preambles. We would propose to discuss to understand more about these determinations and relationship before we discuss to conclude sub-bullet points.

	ZTE
	To achieve the common sense of first bullet. We need to agree that the unused ROs for single PRACH transmissions are still not used by multiple PRACH transmissions, i.e., the SSB-RO mapping for multiple PRACH transmission follows the result (not mechanism) of SSB-RO mapping for single PRACH transmission. So why not to agree that No new mapping will be introduced for multiple PRACH transmission first.
For the separate ROs case, as the different features for the different repetition level of 2,4,8 have been agreed in RAN2. The configurations of RO resources pool for different features can be shared or not shared, it is up to gNB. So either the separate time period X or same time period X can be applied. No need to restrict the separate time period X is applied for each configured number of multiple PRACH transmissions.

	Xiaomi
	Support. The maximum value K can be determined based on the period of SSB-to-RO pattern. That is, if the SSB-to-RO pattern period is large, e.g., 160ms, then a smaller value K can be utilized; otherwise, a larger value K can be utilized. 

	Sony
	Support

	CMCC
	Fine. For the second bullet, if PRACH resources for multiple PRACH transmissions with different numbers are configured by separate ROs, separate time period X may or may not for each of the repetition numbers, which could be clarified by FL.

	CATT
	We support the proposal for shared RO where existing SSB-to-RO mapping is reused. But for separate RO, we have not concluded yet whether existing or new SSB-to-RO mapping is applied and we are not clear whether the proposal intends to preclude new SSB-to-RO mapping for separate RO.

	Spreadtrum
	We have a confusion regarding the 2nd bullet, does it means RO(s) can be shared between RO groups for different numbers of multiple PRACH transmissions with PRACH resources configured by shared ROs with separate preambles, and RO(s) can NOT be shared between RO groups for different numbers of multiple PRACH transmissions with PRACH resources configured by separate ROs?
In other word, if multiple values are configured by gNB for the case of separate ROs, whether multiple different time period X are applied for each configured number of multiple PRACH transmissions.

	Qualcomm
	Support. We think we should consider K=1 as the default, in case the it is not explicitly configured by gNB.



Proposal 3-3
Support one or both of the following options to realize RO group(s) determination/configuration.
· Option 1: RO group(s) are implicitly determined based on network configuration.
· RO group is determined at least by the following parameters {time and frequency start position (or start RO), the number of ROs within the RO group}
· FFS: whether the parameters can be derived based on some rules without explicit configuration.
· FFS: whether the starting RB of ROs within an RO group can be different at different time instances, if supported, the details.
· Option 2: RO group(s) are directly configured by network, e.g., via SIB1.
· FFS: details.
· Note: details of characteristics of the RO groups [, e.g., whether partial RO overlap is supported, max duration of the RO group (if any), starting RO and so on] are up to RAN1, while details on how to realize the direct configuration of RO groups by network [, e.g., signalling,] are up to RAN2.

	Companies
	Comments

	New H3C
	 support

	LG
	We are OK with both options.
However, if we go with Option 1, and some parameters are required to be configured explicitly via the network, what is the difference from option 2?

	Nokia/NSB
	We are ok with the proposal. Sympathize with LG’s question. In our view the difference is mainly the following:
Option 1: UE does not know which ROs are part of which RO group, if any, in advance and need to determine this using some RAN1 rules.
Option 2: UE knows which ROs are part of which RO group after Sib1 reception, since such information is directly provided by NW (details on the RO groups features/characteristics are up to RAN1 while details on the signalling design are up to RAN2).

	Sharp
	Support

	Ericsson
	We have a clarification question regarding “Support one”. Does it mean if both options are supported, the Option 2 is of higher priority, and Option 1 applies when the SIB configuration of Option 2 is absent. Another interpretation is that only one of Option 1 and Option 2 is supported.
Could FL please clarify?

	DOCOMO
	Support.

	Panasonic
	We support the proposal.

	ZTE
	I still think only Option 1 should be adopted. Too many options for basic principle of RO group determination would cause much specification effort.

	Xiaomi
	Support option 1. The RO group can be implicitly determined based on some parameters configuration, including, the configured number of multiple PRACH transmissions, the PRACH configuration index, the SSB-to-RO mapping, and the start point of the first RO group, e.g., frame 0, etc. 

	MediaTek
	We should down-select one option instead of supporting both. We prefer Option-2. As commented by Ericsson, we would like to understand FL’s intention. Can both configuration options be supported by the network or Option-1 is only used when SIB1 doesn’t provide the configuration? 

	Sony
	Support the proposal with slight preference for Option 1.

	CMCC
	 Option 1 use some network configured parameter to implicitly determine the RO group. For the first FFS part, some parameters could be derived based on some rules without explicit configuration. For example, the start RO could be the first valid RO after the last RO group. After the first RO is identified, UE would then determine other RO in the RO group based on some rule like ‘the next RO located in the different time instances and same frequency instances which also mapping to the same SSB’ until the number of the ROs in this RO group is equal to one of the configured number(s) of multiple PRACH transmissions. For the second FFS part, as we comment before, we should firstly focus on the design of the RO group without FH.

	CATT
	Support and prefer Option 1.

	Spreadtrum
	We agree that we should discuss the difference from the two options.
If some RAN1 rules having been existed to determine the RO group, i.e., Option 1 is supported. There is no reason for gNB to configure some known information via SIB1, unless some parameters are required to be configured explicitly.
What’s more, if both of options are supported, how to determine which option has a higher priority?

	Qualcomm
	Support. We think both options of configuration via SIB1, and a default option (in absence of configuration) should be supported. 



Proposal 3-4
If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if of the dropped RACH transmission affect the remaining RACH transmission within the same RO group.

	Companies
	Comments

	New H3C
	 support

	LG
	Support

	Vivo  
	Fine.

	Nokia/NSB
	Support until the first FFS (included). We are not sure we understand the second FFS and prefer receiving some clarification before supporting.

	Sharp
	Support

	Ericsson
	Support

	DOCOMO
	Support.

	Panasonic 
	We think that to determine valid RO and handle RO collision for a multi-PRACH transmission, the existing validation/dropping rules is extended to be applied to a basis of each RO from multiple ROs in a RO group.
With such understanding, we support the proposal.

	ZTE
	Support

	Xiaomi
	Support

	Sony
	Support

	CMCC
	Fine. For the FFS, our views is that we do not introduce new collision rules, unless there are some multiple PRACH transmission specific issues are found. 

	CATT
	Support

	Spreadtrum
	Support

	Qualcomm
	Support



Issue #4: SSB-to-RO mapping
Proposal 4-1
For SSB-to-RO mapping for multiple PRACH transmissions, down-select one of the following options:
Option 1: SSBs are mapped to a set of valid ROs in time domain, while the mapping order is aligned with current SSB-to-RO mapping. 
Option 2: Reuse legacy SSB to RO mapping rule, and only the ROs mapped to SSBs for single PRACH transmission can be used for multiple PRACH transmissions.

	Companies
	Comments

	New H3C
	Slightly prefer option 2 and open to discuss option 2.

	LG
	We slightly prefer to support Option 2. Also, it can be further discuss including additional conditions. To be specific, if multiple PRACHs are configured as separated RO from single PRACH transmission, new SSB-to-RO mapping (e.g., RO-unit based SSB-to-RO mapping mentioned in our contribution) can be considered. 

	Samsung
	We align the intention of option2, but the description may not be accurate, since if separate RACH resource is configured for multiple PRACH so there will be no single PRACH transmission in that. Suggested change:
Option 2: Reuse legacy SSB to RO mapping rule, and only the ROs mapped associated with to SSB(s) for single PRACH transmission can be used for multiple PRACH transmissions.

	Vivo  
	Reuse legacy SSB to RO mapping is preferred.
If we agree on introducing additional ROs (based on slot level offset) for 2nd and latter repetitions after the separately configured RO (based on existing PRACH configuration table) for first repetition, those additional ROs can be assumed to be associated to same SSB(s) as the first RO.
In all other cases, as long as we only reuse current PRACH configuration table for PRACH repetition resource configuration, legacy SSB to RO mapping is preferred, no option of SSB to RO mapping is needed.

	Nokia/NSB
	Can FL provide an example for Option 1? We cannot find any in Section 2.1.1.

	Ericsson
	If our understanding is correct, the intention of Option 1 is to reduce latency. The long latency can be avoided by gNB careful configuration of the number of SSBs associated with an RO and the number of FDMed ROs. In addition, given Rel-18 multiple PRACH transmissions is one feature of a PRACH feature combination, the new mapping rule may not work for shared RO, which also has preamble partition(s) for single PRACH transmission.
For Option 2, “only the ROs mapped to SSBs for single PRACH transmission can be used for multiple PRACH transmissions.” Prevents separate ROs configured for multiple PRACH transmissions only.

	Lenovo
	We support opt.1.

	DOCOMO
	One clarification question: Are both options for the case when shared RO resource for single PRACH transmission and multiple PRACH transmissions? Or only option 2 is limited for shared RO resource? We suggest to clarify the assumption a bit. 
The difference among the two options lie in whether the valid ROs not mapped to any SSB can be used for multiple PRACH transmissions. We are open to the two options for the case of shared RO resource. From resource utilization perspective, option 2 is slightly preferred, if it doesn’t bring any issue.

	Panasonic 
	We are okay with Option 2 revised by Samsung.

	ZTE
	I think many companies have provided the examples of Option 1. Such as the below figure.
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@Samsung, Ericsson. For “only the ROs mapped to SSBs for single PRACH transmission can be used for multiple PRACH transmissions”, I think the intention is from Figure 2 in ZTE contribution, as we identify an issue of the unused ROs for single PRACH can or can’t be used by multiple PRACH transmissions. Here if we want to reuse the legacy mapping, we need to identify to reuse the result of legacy mapping or mechanism of legacy mapping. For simplicity, if we want to reuse the result of legacy mapping, we need to assume a virtual single PRACH transmission is applied on the RO resources for multiple PRACH transmissions. 
Maybe the wording of option 2 can be further optimized as, 
Option 2: Reuse legacy SSB to RO mapping rule, and only the ROs mapped to SSBs for single PRACH transmission can be used for multiple PRACH transmissions, assuming the virtual transmission of single PRACH.

	Xiaomi
	Support Option 2. We can’t see the necessity to introduce any new SSB-to-RO mapping mechanism. Anyway, for shared RO cases, it is better to reuse a unified mapping rule to enable the operation of SSB index indication mechanism works well. Besides, for the order of PRACH partition configuration, SSB-to-RO mapping, and RO group determination, we recommend to discuss and settle down the PRACH partition and SSB-to-RO mapping at first, and based on the result from SSB-to-RO mapping, then we continue to determine the RO group.

	Sony 
	Support Option 1.

	CMCC
	We prefer to reuse legacy SSB to RO mapping rule. The wording ‘only the ROs mapped to SSBs for single PRACH transmission can be used for multiple PRACH transmissions’ in option2 is not clear for us.

	CATT
	The proposal is not clear to us. Our assumption is that Option 1 intends to support new SSB-to-RO mapping.

	Spreadtrum
	We support Option 1. Some modification is added to make it clear:
Option 1: SSBs are mapped to a set of valid ROs in time domain, while the mapping order between SSB-to-RO set/group is aligned with current SSB-to-RO mapping. 

	Qualcomm
	We share the same view as Ericsson. The proposal is vague and the second option seems to preclude separate RO (which is already agreed to be supported).



3.1.2 RAR window and RA-RNTI calculation
Issue #5: RAR window and RA-RNTI
Proposal 5-1
RA-RNTI is calculated based on the last valid RO in the RO group corresponding to the multiple PRACH transmissions. 
Note 1: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note 2: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.

	Companies
	Comments

	New H3C
	 support

	LG
	Support

	Samsung 
	We think the RA-RNTI design should be discussed more as we carefully described in our tdoc.

	Vivo  
	Fine.

	Nokia/NSB
	While we think that indexing the RO group would yield a more robust solution, and agree with Samsung on the need of additional discussions, we can accept this proposal for the sake of progress. We are interested in discussing more as well.

	Sharp
	Support

	Ericsson
	Support.

	Lenovo
	Support

	DOCOMO
	Support.

	Panasonic 
	Support.

	ZTE
	Support.

	Xiaomi
	We prefer to adopt the first valid RO for RA-RNTI calculation, since the time duration of overlapping of RA-RNTI between different RAR windows for different configured numbers can be reduced for shared RO cases.
Also, we can live with the FL’s Proposal 5-1 for progress.

	MediaTek
	Support.

	Sony
	Support

	CMCC
	Support.

	CATT
	Support

	Spreadtrum
	Support

	Qualcomm
	Support



3.1.3 Determine the number of multiple PRACH transmissions
Issue #6: Determination of the number of multiple PRACH transmissions
Proposal 6-1
For multiple PRACH transmissions with same Tx beam, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.

	Companies
	Comments

	New H3C
	 Support

	LG
	Support

	Vivo  
	Fine.

	Ericsson
	We suggest to discuss power determination of multiple PRACH transmissions (e.g., reusing LTE eMTC method or reusing legacy NR PRACH method) first. This is the underlying problem of Issue #6, Issue#7, and Issue#8.
Companies may have different views on power determination of multiple PRACH transmissions, e.g., reusing LTE eMTC method or reusing legacy NR PRACH method. Proposal 6-1 is indeed similar to the way of determination of LTE eMTC PRACH repetition level and can work together with reusing LTE eMTC PRACH power determination. But if legacy NR power control for single PRACH is reused for multiple PRACH transmissions, Proposal 6-1 doesn’t fit well. Therefore, Direction 1 of Issue 7-1 was proposed, though it has a fallback of reduced/disappeared RSRP range of the smaller PRACH repetition factor.

	Lenovo
	Support

	DOCOMO
	Fine.

	Panasonic 
	Support.

	ZTE
	Fine to determine the number only by SSB-RSRP threshold(s). But the multiple PRACH transmission should satisfy the maximum power condition.

	Xiaomi
	Support. Besides, we suggest to delete “at least”. For the re-transmission, we can discuss it separately in section 3.1.4. 

	MediaTek
	Support.

	Sony
	Support.

	CMCC
	OK.

	CATT
	Support

	Spreadtrum
	We suggest to remove the word “only” in the proposal, as other factors in some use case are need to be considered, e.g., UE is in an overheating or power-saving state, in which SSB-RSRP [+ DELTA_RSRP] is more suitable to determine the number of PRACH transmissions.

	Qualcomm
	We agree with Ericsson and ZTE. Power conditions should be also considered. 



3.1.4 Multiple PRACH transmissions and re-transmissions
Issue #7: Multiple PRACH transmissions and re-transmissions
Issue 7-1
Companies are encouraged to provide your comments on the following directions. First, down-select one directions. Then, if your preference is direction 2, please provide your further comments on the options corresponded to both case (single PRACH transmission case and multiple PRACH transmissions case). We need to reduce the options and alternatives for direction 2.

Direction 1: UE checks whether the output power is above a certain value before the RO determination/selection for performing the PRACH transmission. If yes, UE determines to perform multiple PRACH transmissions and the number of multiple PRACH transmissions is determined based on SSB-RSRP threshold(s). If no, UE performs legacy single PRACH transmission procedure.
Direction 2: UE determine whether to perform multiple PRACH transmissions for the first RACH attempt based on SSB-RSRP threshold(s). Then,
· If single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), power ramping is applied between RACH attempts.
· Option 1: The number of PRACH transmission in RACH re-attempts is not increased, regardless of whether the maximum transmission power is reached or not.
· Option 2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached.
· If multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds.
· Option 1: The maximum transmission power is not compulsorily applied for the first RACH attempt. 
· Alt.1: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
· Alt.2: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached or the maximum number of attempts for current number of PRACH repetitions is reached.
· Alt.3: The number of multiple PRACH transmissions in RACH re-attempts increases prior to power ramping.
· FFS: details.
· Option 2: The maximum transmission power is compulsorily applied for the first RACH attempt.
· Alt.1: The number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt. Power ramping is not needed.
· Alt.2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition. Power ramping is not needed.
· FFS: details. E.g., a smaller power headroom based on an increased power ramping counter, or tolerance zone around the SSB-RSRP threshold(s) is defined to determine whether to increase the number of PRACH transmissions.

	Companies
	Comments

	New H3C
	 Open to discuss about both proposals

	LG
	We prefer to support Direction 2. 

	Vivo  
	This proposal is related to whether allowing different PRACH repetition features to be applied in different PRACH attempt which is discussed in RAN2.
In our view, UE can select a number of repetitions depending on the SS-RSRP measurement and the RSRP threshold values defined for different number of repetitions, which can be concluded in RAN2. From RAN1 perspective, there’s no need to introduce other rules compared to Rel-17 Msg3 repetition feature determination.

	Nokia/NSB
	We think this discussion should be carried out while taking current RAN2 agreements into account. More precisely, the following made during RAN2 #112bis-e:
Agreements 
       Msg1 repetition with different repetition number {2, 4, 8} are treated a separate feature, and a RACH partition is associated with a specific repetition number (Stage 3 details are FFS, e.g. we should not use all the spare values in the current IE) 
 
       RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS 

This implies, for instance, that Direction 2 – Option 2 for single PRACH transmission is not feasible. Once the UE determines that single PRACH transmission is to be performed then all the re-attempts must be performed using single PRACH transmission, i.e., legacy operations.
Having said this, we prefer Direction 1. Indeed, Direction 2 can have a very large negative impact on gNB and overall cell performance. We do not understand why this legit concern from NW vendor(s) should be downplayed in RAN1. Not having any conditions on the transmit power forces gNB to make a choice during RACH resource configuration: either more preambles are configured for PRACH repetitions or larger collision probability is accepted. 
Now, larger collision probability implies that average latency is higher for all UEs, but cell performance can be acceptable given that preambles would be available for other features/feature combinations. Conversely, larger number of preambles for PRACH repetitions would help keeping latency low but comes at the cost of higher gNB's complexity (larger number of preambles need to be tested for each RO of a group) and reduced number of preambles for other features/feature combinations (which affects cell performance). 
We understand that most companies seem to prefer the second case. This is a very bad situation for both NW vendors and operators, and we do not think this can be called a good middle-ground. Of course, as usual, some companies will have to accept a compromise that is not especially good for them, if we want the discussion to progress. However, such compromise should be based on mutual understanding between companies. In this context, legit implementation concerns by NW vendors should be considered. 
What we are proposing is to continue building the feature based on existing agreements on the role of SSB-RSRP thresholds to determine the number of PRACH repetitions, and to add an access condition to the repetition feature based on UE transmit power.
Hence, if after path loss is measured UE determined that it would not transmit at max power, then UE should simply apply Rel-17 procedure until RACH fails or succeeds. After all, in practical deployments, NW always configures the parameter preambleTransMax as the max number of PRACH retransmissions, this full control exists on this aspect. Conversely, if by path loss estimation UE sets its power to max level already and SSB threshold is such that repetitions can be used, then UE uses Rel-18 procedure.
This would also be 100% compliant with existing RAN2 agreements since there could never be a fallback between different procedures and, in practice, what the UE would do is to operate as follows at the beginning of a new RACH procedure, and not before any retransmission: 
· UE checks whether max Tx power has been reached.
· If YES, then UE checks SS-RSRP and determines the number of PRACH transmissions.
· If NO, then the UE performs power ramping.
· UE transmits PRACH according to what has been decided in the previous step.

After all NW can always configure the power ramping step as well, which could be, for instance, 3 dB, to provide a deterministic SNR gain at the received which would never be achievable in practice through repetitions. This would provide more guarantees to UE as well as better energy efficiency, since the UE would know that 3 additional dBs of used power would translate into 3 additional dB for the link budget. The same is not true when the number of PRACH repetitions is doubled.

	Ericsson
	Please check our comments to Issue #6.
We share the view with Nokia on the fallback between single PRACH and multiple PRACH transmissions.

	Panasonic 
	We support Alt. 2 of Option 2 of Direction 2.

	ZTE
	For single PRACH transmission, RAN2 has an agreement.
For multiple PRACH transmissions, we support Option 2. And we can wait for RAN2 decision on whether the number will be increased.

	Xiaomi
	We support Direction 2. Furthermore, for single PRACH transmission, we support option 1. For multiple PRACH transmissions, we support option 1 – Atl.1. Besides, for the number of multiple PRACH transmissions changing between different RACH attempts, it is more related to MAC RACH procedure in TS 38.321, we also recommend to send an LS and discuss it in RAN2 if necessary. 

	MediaTek
	We prefer direction 1. One question – Is this discussion only for same UE TX beam case, or also for different beams case (if supported)?

	Sony
	We share similar views with Nokia’s in that the UE should run out of power first before doing repetitions. Hence we have a preference for Direction 1.

	CMCC
	When multiple PRACH transmission is activated or requested, UE should have zero or negative power headroom. From our point of view, it is reasonable to increase the number of multiple PRACH transmissions in RACH re-attempts, but this procedure need to be checked by RAN2 whether it is feasible.

	Qualcomm
	We support option 2 of direction 2.



Proposal 7-2
Same transmit power is applied for multiple PRACH transmissions within one RACH attempt.

	Companies
	Comments

	New H3C
	 support

	LG
	Agree in principle.
However, in order for the UE to use the same PRACH transmit power, it only needs to maintain the same pathloss value. So, we prefer to support the same measurement of the same reference signal to calculate the path loss is applied for each PRACH transmissions in one RACH attempt 

	Vivo  
	Agree with LG that pathloss determination for all PRACH repetition transmissions should be performed before the first repetition within each PRACH attempt.

	Nokia/NSB
	Agree with LG. According to our understanding the transmit power could change, irrespective of whether the UE is transmitting already at max Tx power or not, since power condition at the UE may not be identical throughout the whole set of repetitions.

	Ericsson
	Same comment to Issue #6. 
We suggest to discuss power determination of multiple PRACH transmissions (e.g., reusing LTE eMTC method or reusing legacy NR PRACH method) first. Otherwise, companies may think about different methods when discussing same or different transmission power in Proposal 7-2.

	Lenovo
	Support

	DOCOMO
	Support.

	Panasonic 
	Support.

	ZTE
	No preference, it is up to UE implementation.

	Xiaomi
	Support. We think it has already reached an agreement in RAN1#112. Any further discussion in not needed.
	Agreement
For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.




	MediaTek
	Support. 

	Sony
	Support and have similar views with Xiaomi in that we already agreed to this. 

	CMCC
	The spirit of this proposal is to make sure UE keeping the same transmit power during multiple PRACH transmissions. It is confusing why we should have the limitation for keeping the same transmit power during multiple PRACH transmissions should be clarified. In some cases UE may not have ability to keep the same power, which seems putting too much restriction to UE. 

	CATT
	Support

	Spreadtrum
	Support

	Qualcomm
	Support



3.2 Multiple PRACH transmissions with different beams
Proposal 8
For multiple PRACH transmission with different Tx beams, down-select one of the following options in this meeting:
· Option 1: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not supported.
· Note: If multiple PRACH transmission with different Tx beams is supported, the mechanism defined for multiple PRACH transmissions with the same beam should be reused as much as possible.
· Option 2: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is supported.
· FFS: whether/how to indicate best UL beam based on multiple PRACH transmissions for the subsequent UL transmissions.
· Note: If multiple PRACH transmission with different Tx beams is supported, the mechanism defined for multiple PRACH transmissions with the same beam should be reused as much as possible.
· Option 3: Multiple PRACH transmission with different Tx beams is not supported in Rel-18.

	Companies
	Comments

	New H3C
	Support option 3. The benefit of multiple PRACH transmission with different Tx beams need ne fully evaluated.

	LG
	We prefer to support Option 3. However, if most companies prefer to support Option 1, it can be also acceptable. 

	Samsung 
	Option1 is preferred. 
1. Different UL tx beam is very important use case for multiple PRACH;
2. UL Tx beam is upto UE implementation, it wont impact the gNB reception much;
3. Similar/same design should be reused and only optimize the necessary part.

	Vivo  
	Either option 1 or option 3. 
For option 1, in our understanding, it means PRACH TX beam would be not specified in the standard which is the same as what we have in current spec., and this option is slightly preferred.

	Nokia/NSB
	Option 2.

	Ericsson
	Option 2 is our first preference.

	Lenovo
	Option 2

	DOCOMO
	Our first preference is option 2.

	Panasonic
	Support Option 1.

	ZTE
	Option 2. We think except the FFS in Option 2, there is no spec impact on RAN1 as RAN2 will handle the partitioning of PRACH resources.

	Xiaomi
	Option 3. As pointed out by FL in the last RAN1 meeting, only 2 RAN1 meetings left but a lot of issues not settled for multiple PRACH transmission with the same beam. Main efforts should be paid to the work w/ the same beam

	MediaTek
	Option-3 is preferred. We don’t have enough RAN1 time to complete the design. Even the design for the baseline same UE Tx beam case has many open issues still. In addition, we haven’t been convinced by the performance benefits of different UE TX beams.

	Sony
	Option 3.
We do not have enough time to complete multi-PRACH Tx with different beams in RAN1.  Also it should perform significantly better than multi-PRACH Tx with same beam in order to justify the extra complexity.

	CMCC
	Option3. The potential spec impart would require a lot of effort to enable the gNB indicates ‘best’ beam for UE’s transmission after the PRACH with different beams. Considering the limited TUs in this release, it would be better to handle this topic in the next release.

	CATT
	Option 3

	Spreadtrum
	We support Option1 since we are not clear about the benefits of distinguishing between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam. Are these different Tx beams still associated with the same SSB? From our perspective, there will be no specification impact if UE uses different finer Tx beams associated with same SSB for PRACH transmission. Therefore, we think it is not necessary for PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam.
What’s more, if majority companies support option 3, it is also acceptable for us.

	Qualcomm
	We prefer option 2.




4. Proposals for Monday (5/22) online session
Proposal 3-2
A set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X, starting from frame 0. The determined/configured set of RO groups repeats every time period X.
· The time period X is K SSB-to-RO association pattern periods.
FFS: K is configured by the network or determined based on some rule.
· If PRACH resources for multiple PRACH transmissions with different numbers are configured by shared ROs with separate preambles, same time period X is applied for all configured number of multiple PRACH transmissions; 
Else if PRACH resources for multiple PRACH transmissions with different numbers are configured by separate ROs, separate time period X is applied for each configured number of multiple PRACH transmissions.

Proposal 3-3
Support one or both of the following options to realize RO group(s) determination/configuration.
· Option 1: RO group(s) are implicitly determined based on network configuration.
· RO group is determined at least by the following parameters {time and frequency start position (or start RO), the number of ROs within the RO group}
· FFS: whether the parameters can be derived based on some rules without explicit configuration.
· FFS: whether the starting RB of ROs within an RO group can be different at different time instances, if supported, the details.
· Option 2: RO group(s) are directly configured by network, e.g., via SIB1.
· FFS: details.
· Note: details of characteristics of the RO groups [, e.g., whether partial RO overlap is supported, max duration of the RO group (if any), starting RO and so on] are up to RAN1, while details on how to realize the direct configuration of RO groups by network [, e.g., signalling,] are up to RAN2.
Note: If both options are supported, Option 1 applies when the SIB configuration of Option 2 is absent.

Proposal 5-1
RA-RNTI is calculated based on the last valid RO in the RO group corresponding to the multiple PRACH transmissions. 
Note 1: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note 2: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.

Proposal 3-4
If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if of the dropped RACH transmission affect the remaining RACH transmission within the same RO group.

5. Agreements at RAN1#112b-e
Agreement
Confirm the following working assumptions.
	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
[bookmark: _Hlk132864355]Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2.

Conclusion
There is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18.
Note: multiple PRACH transmissions within one RACH attempt located at same time instance includes multiple PRACH transmissions in FDMed ROs located at the same time instance and multiple PRACH transmissions with different preambles in the same RO.

Conclusion
There is no consensus to support utilizing different preambles during the multiple PRACH transmissions with the same Tx beam in one attempt.

Agreement
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.
· Note1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.
· Note2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.
· Note 3: Valid RO(s) refers to what is defined in existing specification.

Agreement
[Draft] LS R1-2304070 is endorsed in principle by appending RAN1 agreement “Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2”, as well as fixing the formulation of the LS.

Agreement
Final LS R1-2304141 is endorsed.

Agreement
The starting point of RAR window is after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions.
Note: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not

6. Agreements at RAN1#112
Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details

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.

Conclusion
For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.
Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).

Agreement
For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.

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.

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
· [bookmark: _Hlk132802158]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

Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.

Note: It is summarized by FL that for the same number of PRACH transmissions per source, 
· 1 source [Ericsson] shows that: Multiple PRACH transmitted by beam sweeping, where a UE has no prior knowledge of channel and sweeps Tx beams across 360 degrees horizontally and 180 degrees vertically, outperforms multiple PRACH transmissions with the same Tx wide beam (omni direction) by at least 1 dB, provided gNB configures only one SSB and receives PRACH with a wide beam.
· 3 sources [ZTE, Nokia, vivo] show that: A gain from about 1~3 dB of beam sweeping is observed if a UE is able to direct at least one of its Tx beams in the right direction or to narrow down the azimuth and/or zenith range of 360 degrees and/or 180 degrees for beam sweeping compared with multiple PRACH transmissions with the same Tx wide beam.
· 1 source [Huawei] shows that: compared to the same wide beam for multiple PRACH transmission, if different Tx beams are finer beams, then 3.9~5 dB gains are observed assuming that only one PRACH occasion with the best detected SINR is selected at the gNB reception, where the beam gain of fine beam is 4 times that of wide beam.
· 1 source [vivo] shows that: The performance of PRACH repetition with beam sweeping among beams far apart is 3 dB worse than PRACH repetition with single best beam
· 1 source [vivo] shows that: The performance of PRACH repetition with beam sweeping among beams in the directions close to the best Tx beam is 1dB worse than PRACH repetition with single best beam.
· 1 source [vivo] shows that: PRACH repetition via random beam directions performs 1 dB worse than PRACH repetition with omni beam.
7. Agreements at RAN1#111
Agreement
For multiple PRACH transmissions with same Tx beam, support to differentiate at least between multiple PRACH transmissions and single PRACH transmissions.

Agreement
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, consider one or multiple of the following options.
· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option 2: Multiple PRACH are transmitted on separate ROs.
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.
· Other options are not precluded.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 

Agreement
Study at least the following case for multiple PRACH transmissions with different Tx beams.
· UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS
· FFS: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs /CSI-RSs, where the different SSBs/CSI-RSs are not associated with the same RO.
· Note: not related to decision on CFRA 
Note: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs/CSI-RSs, where the different SSBs/CSI-RSs are associated with the same RO is not considered.

Working Assumption
Simulation results for multiple PRACH transmissions with different beam(s) and same beam(s) (baseline) to be discussed in the next meeting.
· Simulation assumptions in TR 38.830 are used as the starting point for the simulation. 
· Focus on FR2.
· UE antenna configuration 2-2-2(baseline), 1-4-1(optional)
· Performance metric: 0.1% false alarm, 1% miss-detection
· Companies report the number of beams, the beam widths, beam correspondence assumption, and the boresights.
· Channel model for link-level simulation: CDL-A defined in table 7.7.1-1 in TR 38.901.
· Both that UE fulfills beamCorrespondence requirements Without UL-BeamSweeping and UE fulfils beamCorrespondence requirements With UL-BeamSweeping can be considered in the simulation are used as starting point for simulation.

Agreement
For multiple PRACH transmissions with same Tx beam, down-select one option from the following options.
· Option 1: gNB can only configure one value for the number of multiple PRACH transmissions.
· Option 2: gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· FFS: details

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.
8. Agreements at RAN1#110b-e
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.
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Figure 4. An example of SSB#0-to-RO association pattern
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