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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
Issue #1: Differentiation between different numbers of multiple PRACH transmissions
In RAN1 #112 meeting [3], 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


In addition, the following conclusion was made in RAN1 #113 meeting about the differentiation between multiple PRACH transmissions with different numbers [4].
	Conclusion:
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 [Samsung, ZTE, LG, China Telecom] further discuss about the differentiation issue between multiple PRACH transmissions with different numbers. [Samsung] proposes to consider FDMed RO (in same PRACH configuration) for different number of multiple PRACH transmissions. [ZTE] proposes to clarify whether the combination of the two options is allowed or not. [LG] proposes that if the same repetition number is configured for different RACH resources, additional selection behavior would be necessary to support (e.g., probability-based selection).
In RAN2 #121b-e meeting, the following agreement was achieved.
	[bookmark: OLE_LINK14]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)


However, based on companies’ contributions and RAN2’s discussion, companies have different understanding about the agreement. As point out by [China Telecom], some companies think Msg1 repetition with different repetition numbers are treated as a single feature which is separated from single PRACH transmission, while some companies think Msg1 repetition with different repetition number {2, 4, 8} are treated as separate features, i.e., 3 features in total. 
· Interpretation 1: Msg1 repetition with different repetition numbers are treated as a single feature.
· Interpretation 2: Msg1 repetition with different repetition number {2, 4, 8} are treated as separate features.
This misalignment already causes some trouble for related issues, e.g., RO partition, whether the number of multiple PRACH transmissions can be increased in re-attempt, etc. RAN2 was discussing this issue together with fallback issues between different Msg1 repetition numbers by email discussion in last week [5]. But no consensus has been achieved yet. Thus, we may need to wait for RAN2’s related agreement.
Issue #2: RO group
In RAN #113 meeting, the following agreements were achieved related to RO group.
	Agreement
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.
· Note: Whether/how to introduce SSB-to-RO group mapping
· FFS: K is configured by the network or determined based on some rule.
Agreement
For RO group determination for multiple PRACH transmissions, following parameters are considered.
· The candidate number of multiple PRACH transmissions, e.g. {2,4,8}, is/are explicitly configured.
· The number of ROs within one RO group can be implicitly determined accordingly.
· Default value(s) is/are not precluded
· The number of SSB-to-RO association pattern periods K within the time period X, down select from the following options.
· Option 1: K is explicitly configured.
· Option 2: K is implicitly determined
· Option 3: K is a fixed value for all number of multiple PRACH transmissions.
· Determination of starting RO for each RO group for each value of the number of multiple PRACH transmissions, down select from the following options.
· Option 1: Index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated. 
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers
· FFS: whether only the starting RO of the first RO group is explicitly indicated, and the starting ROs of the other RO groups are implicitly determined.
· FFS: other ROs for each RO group
· Option 2: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.
· FFS: other ROs for each RO group
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers
· FFS: The frequency hopping offset, if frequency hopping is supported.
· FFS: RO group specific preamble if multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs
· FFS: Time span of the RO group
· All other legacy parameters for single PRACH transmission can be reused, if applicable.


This is the most important issue for enabling multiple PRACH transmissions. To facilitate the discussion, FL divides the issue into several sub-issues.
Issue #2-1: Time period X
Companies’ views on how to determine the value K for time period X are summarized as follows:
· Option 1: K is explicitly configured.
Support: RUIJIE NETWORK, InterDigital, Nokia, NSB, vivo, Panasonic, ZTE, Apple, NTT DOCOMO
· Option 2: K is implicitly determined.
Support: New H3C, Sony, Mavenir, Intel, CATT, Sharp, OPPO, Qualcomm
· Option 3: K is a fixed value for all number of multiple PRACH transmissions.
Support: Samsung, MediaTek, Nokia, NSB
[China Telecom, Fujitsu] propose a compromised method: K is explicitly configured by the network, if not configured, K is implicitly determined. To be more specific, [China Telecom, Fujitsu] propose that for the determined K, the following conditions should be satisfied: first, at least one RO group corresponding the configured number of multiple PRACH transmissions can be determined within the time period X; second, for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB.
[ETRI] If nested RO groups are introduced, then the configured K can be applied for all configured repetition factors, and otherwise if only one repetition factor is configured the K is implicitly obtained.
[Samsung] K =1 and it’s up to gNB implementation to ensure that there is at least one RO group available to use.
[Huawei] To reduce implementation complexity, the value of K should be as small as possible. K is the minimum integer to guarantee all RO groups occur at least once.
Implicitly determination method
Regarding the implicitly determination method, some predefined rules are needed. Companies’ views are summarized as follows:
[CATT] Alt 1: K is the minimum value to ensure that all SSB indexes mapped to at least once to the RO groups within K SSB-to-RO association pattern periods; Alt 2: K is minimum value to ensure that there are no remaining RO(s) which cannot be included in a RO group within K SSB-to-RO association pattern periods.
[Spreadtrum] Considering the following two candidate options and option 2 is slightly preferred:
· Option 1: K is determined as a minimum positive integer so that at least one RO group corresponding to the configured value of multiple PRACH transmissions can be determined. 
· Option 2: K is determined as a positive integer so that the total valid TDMed ROs are the least common multiple of the configured value of multiple PRACH transmissions and the number of valid TDMed ROs associated with the same SSB(s) in one SSB-to-RO association pattern period.
[Ericsson] A time period X should include ROs associated with the selected SSB for at least one RO group of the largest configured number of multiple PRACH transmissions.
[Lenovo] The K SSB to RO association pattern periods are determined such that K is the minimum integer fulfilling that there is at least one RO group can be determined for the configured maximum number of PRACH repetitions for at least one frequency index, e.g., frequency index 0.
Single K or separate K if multiple values of multiple PRACH transmissions are configured
[MediaTek, Samsung, Nokia, NSB] Single K.
[Apple, vivo, Intel] Separate K.
[ZTE] Single K based on maximum value of configured number for multiple PRACH transmissions if multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared Ros. Separate K if multiple PRACH transmissions with different numbers are transmitted on separate ROs.
[Fujitsu] 	Single K based on maximum value of configured multiple PRACH transmissions for different numbers of multiple PRACH transmissions in one configuration of PRACH occasions. 
[NTT DOCOMO, Spreadtrum] It can be up to RAN2 decision.
Limitation on the length of K or time period X
[Fujitsu, Ericsson] The maximum length of time period X is 1280ms.
Issue #2-2: Determination of starting RO
Companies’ views on determination of starting RO for each RO group for each value of the number of multiple PRACH transmissions are summarized as follows:
· Option 1: Index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated. 
Support: RUIJIE NETWORK, Sony, Nokia, NSB
· Option 2: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.
Support: New H3C, Mavenir, InterDigital, Spreadtrum, vivo, Intel, ZTE, Apple, Xiaomi, NTT DOCOMO， OPPO, China Telecom, Samsung, ETRI, MediaTek, Qualcomm
[Nokia] If a UE determines that a certain number of PRACH repetitions is to be performed, and more than one RO group is configured for that number of PRACH repetitions, the UE selects one group randomly from the configured groups for performing the multiple PRACH transmissions.
Explicitly indication method
[Nokia] 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. First preference: support higher-layer configuration of one or more RO groups for each cell-specific configured number of PRACH repetitions. Second preference: support RO group determination assisted by a certain amount of higher-layer configuration, e.g., starting RO(s) of the RO group(s) and their density/periodicity within a time period. If configuration is missing, determination rules of the starting RO(s) are applied [default behaviour].
In 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.
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Implicitly determination method
Regarding the implicitly determination method, some predefined rules are needed. Companies’ views are summarized as follows:
[vivo, CATT] propose to have some limitation on PRACH configurations. [vivo] proposes that the SSB to RO mapping configuration is expected to have   as an integer value, where  is the number of SSBs per RO and   is the total number of SSBs actually transmitted. Then, there could be 3 cases as follows:
· For case 1, . ROs which are associated with same SSB in consecutive time instances with same index value in frequency domain are determined as one RO group. As shown in the following figure, where #SSBs = 4, #ROs-FDMed = 4, #SSBsPerRO = 1/2.
[image: ]   [image: ]
· For case 2, the FDMed ROs which are associated with the same SSB in each time instance are further ordered and numbered with new frequency indexes in increasing of frequency location relative to the RO index defined in existing spec., then the ROs that are associated with same SSB in consecutive time instances and have same new frequency index which is additionally defined can be determined as one RO group. As shown in the following figure, where #SSBs = 3, #ROs-FDMed = 4, #SSBsPerRO = 1/2.
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· For case 3, the time instances can be classified into different types based on the number of FDMed ROs associated with same SSB, then the RO group determination method for case 2 can be applied to ROs at each type of time instances. As shown in the following figure, where #SSBs = 3, #ROs-FDMed = 8, #SSBsPerRO = 1/2.
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[CATT] proposes that if legacy SSB-to-RO mapping is reused, a RO group is determined as follows: If there is at most one valid RO associated with a same SSB index at a time instance, every N nearest ROs in time domain associated with a same SSB index within time period X are a RO group for multiple PRACH transmissions with repetition number of N associated with the SSB; If there are same number of multiple valid ROs associated with a same SSB index at different time instances with same frequency locations, every N nearest ROs in time domain associated with a same SSB index with same frequency location within time period X are a RO group for multiple PRACH transmissions with repetition number of N associated with the SSB; Other PRACH configurations are avoided by gNB configuration for multiple PRACH transmissions.
[Huawei] To reduce transmission latency, 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 in the order of frequency position 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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[China Telecom] The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined. For the ROs with the same RB within a time period X, the starting RO of the first RO group is the first valid RO. For RO groups with the same number of valid ROs, other starting RO of one RO group is the first valid RO that are not included in any other RO groups. And the starting RO together with following N-1 ROs located at the same frequency position and associated with the same SSB(s) form an RO group, where N is the number of multiple PRACH transmissions configured by the network.
[Samsung] the first valid RO after the SFN 0 is the starting RO of the first RO group, and the rest RO groups is sequentially determined by every N valid RO after the first RO group.
[NTT DOCOMO] Time starting RO position for the first RO group in time period X can be determined as the first valid RO associated with the SSB with preamble set for the repetition factor in the time period X. The subsequent (N-1) consecutive valid ROs with preamble set for the repetition factor associated with the SSB after the starting RO in the time period X are determined as remaining ROs in the same RO group. The next RO groups are followed after the first RO group. When there are multiple FDMed ROs for same SSB and repetition factor, support FDMed RO groups for the SSB and repetition factor, with same time occasion and different frequency domain index for each RO in the FDMed RO groups.
[Apple] The time start position of the first RO for each RO group is implicitly determined, and following the last RO of the previous RO group. gNB configures whether all the RO groups in time period X are used for multiple PRACH transmissions.
[ZTE] The first RO group starts from the first available RO resource in frame 0 and repeats the starting point every time period X, all the ROs in one RO group are determined by the rule of mapping between SSB and ROs, if applied, and the number of multiple PRACH transmissions. Other RO groups except the first RO group can also be determined with the consecutive mapping order after the first RO group is determined.
[Spreadtrum, NEC] propose a similar approach to determine the ROs in one RO group. While [Spreadtrum] proposes a more comprehensive one, details are as follows: 
After determining the value of time period X, which is start from frame 0, and the configured number of multiple PRACH transmission, UE can determine each RO group within X through the following step:
Firstly, in increasing order of time resource indexes for time multiplexed ROs with the lowest ungrouped frequency resource index within a single RO group. Determine time position and the frequency position of the ROs in the RO group within the time period X. Repeat this step until the number of ROs in the RO group is equal to the configured number of multiple PRACH transmission.
· Specifically, with respect to the time position of each ROs in the RO group:
· The time position of the starting RO in the RO group is the first ungrouped time resource index. Ungrouped RO means that this RO has not used to compose a RO group.
· The time position of the subsequent ROs in the RO group is increasing order of time resource indexes with the nearest neighbors to the time resource indexes of the previous RO until there is an ungrouped RO(s) associated with the same SSB 
· With respect to the frequency position of each ROs in the RO group:
· the frequency position of each ROs in the RO group is the lowest ungrouped frequency resource index in each time instance;
Secondly, in increasing order of frequency resource indexes for frequency multiplexed RO groups. If there are still some ungrouped RO(s) in the same time resource index as the previous RO group, then determine the time position and the frequency position of the ROs in the frequency multiplexed RO groups within the time period X.
Thirdly, in increasing order of time resource indexes for time multiplexed RO groups within time period X; Determine the time position and the frequency position of the ROs in next time multiplexed RO groups within the time period X.
Fourthly, in increasing order of indexes for time period X.


[ETRI] Sets of ROs for different repetition factor are dependently derived implicitly.
Explicitly + implicitly determination method
[LG] For RO group determination, the starting RO of the first RO group in time period X is explicitly indicated by gNB, and the starting ROs of the following RO groups within time period X are implicitly determined by UE.
Following UE behaviours can be supported for implicitly determination of starting RO of each RO groups (except the 1st RO group)
· The valid RO that exists immediately after the last valid RO in the previous RO group can be determined as the starting RO of the next RO group.
· The last RO group within period X can be determine only if UE can select valid ROs as many as repetition number from the starting RO of the last RO group.
ROs not belongs to any RO group, if any
[China Telecom, Fujitsu] propose that if there are some ROs not belong to any RO group, these ROs are not used for multiple PRACH transmissions.
Density control
[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.
[Nokia] Introduce configurable periodicity values for starting RO determination within time period X.  Discuss and agree on mechanism for starting RO determination within time period X starting from a configured periodicity value.
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[Mavenir] There is no need to introduce other parameters for density or RO group position alignment.
Time span
[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.
Issue #2-3: Whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions
Based on companies’ contribution, this issue includes two cases: the first one is, whether explicitly hopping offset configuration is supported during multiple PRACH transmission, similar to traditional frequency hopping; the second one is, whether the ROs within the RO group can have different starting RB w/o a configured hopping offset. Companies’ views are summarized as follows:
· The starting RB of ROs within a RO group can be different at different time instances.
Support (11): Spreadtrum (w/o addition configuration), Huawei, HiSilicon (ROs in non-adjacent slots), Nokia, NSB, Intel, LG, Quectel, OPPO, Qualcomm, Ericsson
Not Support/low priority (7): CMCC, Fujitsu, Xiaomi, Lenovo, China Telecom, ETRI, NTT DOCOMO
Detailed companies’ views are summarized as follows:
[NTT DOCOMO] If frequency hopping within one RO group is supported, a frequency index offset among different ROs within one RO group can be defined/indicated.
[bookmark: _Toc142661297][Ericsson] In the case that for a selected SSB/CSI-RS the same set of frequency domain ROs occur at different time instances, the configuration of PRACH frequency hopping can be similar to PUSCH frequency hopping, for instance with a frequency hopping offset. In a case, where for a selected SSB/CSI-RS there are the same number of frequency domain RO(s) at different time instances, which locate in different frequency resources over time, a UE can transmit in the same RO relative to the one with the lowest frequency resource among those associated with the same SSB, and the gNB configured frequency hopping offset is not necessary.
[Spreadtrum] The starting RB of ROs in one RO group can be different at different time instances for multiple PRACH transmissions. RO group without frequency hopping should be discussed first, and then multiple PRACH transmission with frequency hopping can be studied if time permits.


[Nokia] Support different starting RBs across the multiple PRACH transmissions. Frequency hopping across the multiple PRACH transmissions is implicitly activated and configured by gNB via configuration of the RO groups.
[vivo] If frequency hopping is supported, the RO group for frequency hopping is determined by hopping step in time domain and hopping offset in frequency domain considering new frequency indexes additionally defined among the selected FDMed ROs mapped to the same SSB.
[Intel] For multiple PRACH transmission with same Tx beam, RO offset can be configured or implicitly determined for frequency hopping.
Issue #2-4: 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
During the past two meeting, it was discussed whether ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions or for the same number of multiple PRACH transmissions. This issue is also related to RAN2’s discussion on whether different numbers of multiple PRACH transmissions are treated as a single feature or separate feature. From FL understanding, if they are treated as separate feature, or treated as single feature but different RACH type, then technically speaking, ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions. Regarding whether ROs can be shared for the same number of multiple PRACH transmissions, it can be merged into the discussion of determination of starting RO of each RO group. Thus, FL suggest we don’t spend time in this issue. Detailed companies’ views are summarized as follows:
[Spreadtrum] No need to consider the issues related to all configured number of multiple PRACH transmissions, and no optimization is to be considered in Rel-18 in RAN1. The detailed configuration is up to RAN2.
[CMCC] RO(s) cannot be shared between RO groups at least for the same number of multiple PRACH transmissions.
[ETRI] Fully overlapped RO groups for different repetition factors can be configured.
[Sony] RO Groups for multiple PRACH transmissions with different numbers of PRACHs per transmission can have some common ROs and preambles. The gNB blind decodes for the number of multiple PRACH transmission selected by the UE. 
[Sony] For cases where the ROs are shared among different RO Groups of different numbers of PRACH transmissions, the RAR window is located after the end of all the overlapping RO Groups, i.e., after the ROs for the highest configured number of multiple PRACH transmissions has passed.
[Huawei, HiSilicon] RAN1 should confirm that RO groups corresponding to different repetition levels can be configured over the same RO resource, where separate preambles are used to differentiate the PRACH transmissions over different RO groups.
[Nokia] The preambles for transmission of the multiple PRACH transmissions are determined at the UE based on the number of RO groups of different size sharing the ROs used for the multiple PRACH transmissions. Preamble division based on number of RO groups of different sizes overlapping on ROs for multiple PRACH transmissions.
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[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. Support to configure the dedicated or shared n-th PRACH transmission resource to a UE in a semi-static manner.
Issue #2-5: Rules causing to drop PRACH transmissions
During the last two meetings, companies discussed whether to introduce new dropping rules but no consensus were achieved. Based on the contributions, companies [CMCC, Mavenir, InterDigital, Spreadtrum, CATT] think that No new PRACH dropping rules are introduced in Rel-18, in addition companies [InterDigital, Spreadtrum] think that  there is no standard impact if the dropped PRACH transmission affect the remaining PRACH transmission within the same RO group. While companies [vivo, Samsung, MediaTek] propose to support some new dropping rules. Details are as follows:
[MediaTek] The existing PRACH dropping rule (in Section 8.1, TS38213) is extended to each actual PRACH transmission for multiple PRACH transmissions. The existing PRACH dropping rule (in Section 8.1, TS38213) based on a minimum gap N between a PRACH transmission and a PUSCH/PUCCH/SRS transmission is extended to the case between a PRACH transmission and another PRACH transmission.
[Samsung] The handling of RO collision between single PRACH and multiple PRACH is up to gNB configuration. If PRACH Tx in ith RO within a RO group is cancelled for multiple PRACH transmission based on existing rules, the PRACH Tx in (i-1)th RO and (i+1)th RO (if exist) are also cancelled.
[vivo] PRACH repetition in separate RO is not transmitted when the separate RO collides with MsgA PUSCH.
[Huawei] 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, one of the following alternatives to determine the validity of resource over overlapping ROs
· Introduce one parameter to indicate enabling of the new invalid RO determination rule and the number of simultaneous receiving analog beams of gNB, with value sets {1, 2, 3, 4, 5, 6, 7, 8}, when the overlapping ROs at the same symbol require more SSB beams than the number of simultaneous receiving analog beams of gNB, the overlapping ROs of multiple PRACH transmissions should be considered invalid.
· Introduce one parameter to indicate enabling of the new invalid RO determination rule where the overlapping ROs of multiple PRACH transmissions should be considered invalid.
· Introduce one parameter to indicate the threshold of the number of invalid ROs in RO groups, with value sets {1, 2, 3, 4, 5, 6, 7, 8}, where the RO groups containing more dropped ROs than threshold should not be used by UE.  
[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: SSB-to-RO mapping
Based on the contributions, companies provide their considerations about SSB-to-RO mapping for multiple PRACH transmissions, which are summarized as follows:
· Option 1: For multiple PRACH transmissions on separate ROs, legacy SSB to RO mapping rule is reused.
Support (13): New H3C, RUIJIE NETWORK, NEC, CMCC, Mavenir, vivo, Intel, Xiaomi, Sharp, NTT DOCOMO, China Telecom, ETRI, MediaTek
· Option 2: Introduce new SSB-to-RO mapping rule.
Support (13): InterDigital, Huawei, HiSilicon, Nokia, NSB, Panasonic, LG, ZTE, CATT, Fujitsu, Lenovo, OPPO, TCL
In addition, companies [InterDigital, Panasonic, ZTE, CATT, Fujitsu, Lenovo, TCL] propose to introduce SSB-to-RO group mapping, e.g., the current mapping rule is applied in the unit of RO group instead of single PRACH occasion for multiple PRACH transmissions on separate ROs.
Detailed companies’ views are summarized as follows:	
[China Telecom] If new SSB-to-RO mapping mechanism is introduced, it can only be applied to the case that all preambles in an RO are dedicated to multiple PRACH transmission, which indicates it cannot be together utilized with other features.
[ZTE] If the legacy mapping mechanism of SSB-to-RO would be reused for multiple PRACH transmissions, it is allowed to use the different mapping configuration from the single PRACH transmission, i.e., different value of ssb-perRACH-Occasion from single PRACH configuration. The individual mapping configurations are also allowed among the different number of multiple PRACH transmissions. Support reinterpretation on parameter of ssb-perRACH-Occasion to make the association between the consecutive TDMed ROs and the same SSB if legacy mapping rule is reused. The reinterpretation of the parameter ssb-perRACH-Occasion is very simple, just use the reserved row in the Table 7.4-1 of TS 38.321 to newly define the available ROs for multiple PRACH transmissions. This reinterpretation solution has the least specification impact.
[Nokia] Modify the SSB to RO mapping in the case of multiple PRACH transmission to mapping the SSB to ROs first in the time domain and then in the frequency domain.
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[Huawei] SSB beams should be classified into different groups, where SSB beams belonging to the same SSB group are associated with the same maximum repetition level but SSB beams belonging to SSB different groups are associated with different maximum repetition level. 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 Determine the number of multiple PRACH transmissions
Issue #4: Determination of the number of multiple PRACH transmissions
This issue has been discussed since RAN1 #111 meeting, while companies’ position doesn’t change much since then. Based on the contributions, companies’ general views are summarized as follows:
Companies [CMCC, InterDigital, Intel, Panasonic, Apple, Xiaomi, NTT DOCOMO] propose that only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.
Companies [Ericsson, Nokia, OPPO] think that 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. 
Detailed companies’ views are summarized as follows:
Drawback of only using SSB RSRP to determine the number of multiple PRACH transmissions
[Ericsson] Three problems for UE determination of the number of PRACH transmissions only based on SSB RSRP 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.
[Nokia] If the multiple PRACH transmissions can be used only when the UE calculates that the PRACH transmission power is to be set at Pcmax (using legacy calculations), the following benefits are observed: 1)Better energy efficiency at the UE;2) More efficient PRACH resource allocation at gNB; 3)Lower expected latency for having a successful PRACH transmission
Drawback of setting a UE output power condition to trigger multiple PRACH transmissions
[China Telecom, NTT DOCOMO, Google] According to RAN2 agreements, switching between single PRACH transmission and multiple PRACH transmissions in one RA procedure is not supported. Thus, if UE select the PRACH resource for single PRACH transmission, it cannot utilize multiple PRACH transmission in re-attempts until it fails to access the network. This mechanism limits the implementation flexibility and may lead to more power consumption to the UE.
RSRP value related discussion
[xiaomi] Configure the RSRP threshold for each number of multiple PRACH transmissions configured by the gNB. Adopt separate RSRP thresholds for different kinds of UEs, e.g., for RedCap UEs and for NR normal UEs.
[CMCC] Deprioritize the case where SSB-RSRP thresholds are configured but not for the smallest configured value of the number of multiple PRACH transmissions. If the maximum transmission power is introduced to determine whether to perform multiple PRACH transmissions, how to define ‘UE reaches maximum transmission power’ needs to be discussed.
[Apple] If a single PRACH repetition number is configured, Msg3 RSRP threshold is re-used to determine the PRACH repetition.
[CATT] SSB-RSRP threshold(s) for determination of number of PRACH transmissions are separately configured from the SSB-RSRP threshold(s) for SSB selection.
CFRA related discussion
[NTT DOCOMO, CATT, Panasonic] When multiple values are configured for the number of multiple PRACH transmissions, for PDCCH ordered RA, the PDCCH order DCI indicates the number of PRACH transmissions.
[ETRI] CSI-RS based RSRP in addition to SSB based RSRP can be used for determining repetition factor if CFRA is supported.
Other method
[Fujitsu] The SSB-RSRP threshold should be adjusted for each UE by considering the SSB-RSRP offset with below method to make use of maximum power PRACH transmission: 1) gNB indicates the thresholds defined by reference Pcmax_ref; 2) The UE calculates the offset by comparing the Pcmax_ref and its own Pcmax (i.e., Offset = Pcmax_ref - Pcmax); 3) The UE adjusts the thresholds by adding the calculated offset (i.e., New thresholds = thresholds indicated by gNB + offset)
[Nokia, Panasonic] Proposal 7-1 v5 as per R1-2306039 is an acceptable middle-ground solution.
	Proposal 7-1 v5
For the first RACH attempt, the UE determines
· whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE reaches maximum transmission power.
· if multiple PRACH transmissions are performed, the number of multiple PRACH transmissions based on SSB-RSRP threshold(s).


[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.
[Samsung] RAN1 considers 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.
2.1.3 Multiple PRACH transmissions and re-transmissions
Issue #5: Multiple PRACH transmissions and re-transmissions
Issue #5-1: Basic Framework for multiple PRACH transmissions and re-transmissions
According to RAN2’s agreement, if single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), it will follow legacy re-transmission behavior, i.e., power ramping is applied and the number of PRACH transmission in RACH re-attempts is not increased. This issue is also related to Issue #6, whether the maximum transmission power is compulsorily applied if multiple PRACH transmissions is determined. 
In addition, RAN2 has discussed by email discussion as you can referred to [5]. The latest RAN2 proposal for this issue is copied as follows:
	Regarding the framework for Msg1 repetition and whether to support fallback from lower number to higher number, RAN2 to discuss and select one of the followings:
· Option 1: No fallback. Each Msg1 repetition number is treated as a separate feature (4)
· Option 2.2: Fallback is supported. All repetitions are treated as a single feature, but within the feature, different repetition numbers are treated as different RACH type (10)


Since the increasing of number of multiple PRACH transmissions in re-attempts has MAC impact, FL suggests we wait for RAN2’s agreement.
Anyway, companies’ views are summarized as follows.
[Intel, LG, CATT, Lenovo, OPPO, ETRI, China Telecom, Samsung, Sharp, InterDigital, Huawei, HiSilicon, vivo] In case of retransmission, UE may apply power ramping similar to single PRACH transmission, and subsequently, after the UE reaches the maximum Tx power or a certain number of RACH attempts, UE may increase the number of multiple PRACH transmissions to the next repetition level.
[MediaTek, Xiaomi, Apple, Spreadtrum] 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.
[Ericsson] Support to increase the number of multiple PRACH transmissions in re-attempt, if NR single PRACH power determination is used.
[Google] Whether a UE can change the number of PRACH repetitions between RACH attempts is up to RAN2 
[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. 
[CMCC] Instead of power ramping, UE could try larger number of multiple PRACH transmissions during re-attempt. The number of PRACH transmission increased if previous RACH attempt is failed.
[Fujitsu] Use the SSB-RSRP value measured in the first RACH transmission attempt at the second and further RACH attempts.
[Nokia] Define SSB-RSRP exception zone to allow a UE to increase the number of PRACH transmissions in case of PRACH re-attempt. Define a procedure for increasing the number of the multiple PRACH transmissions at different RACH attempts based on adapting the value of the measured SSB-RSRP, or the SSB-RSRP thresholds, by a higher-layer configured value.
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Issue #5-2: Whether separate parameters are needed for multiple PRACH transmissions
Companies [Huawei, China Telecom, NEC, Quectel, vivo, ETRI] propose to consider separate parameters for multiple PRACH transmissions, related parameters may include: powerRampingStep, maximum number of transmissions.
Issue #5-3: Power control
Currently, there are two kinds of power control formula as follows, copied from companies’ contribution:
1. Power control formula for multiple transmission specified in eMTC PRACH coverage enhancement
	Step 1: Calculate the total receive target power. 
PREAMBLE_RECEIVED_TARGET_POWER=preambleInitialReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
where PREAMBLE_RECEIVED_TARGET_POWER is the total receive target power value, preambleInitialReceivedTargetPower is the initial power value of preamble indicated by BS, PREAMBLE_ TRANSMISSION _COUNTER represents the total number of preamble transmission, powerRampingStep indicates the power increase step when RACH fails.
Step 2: Calculate the target receive power of single transmission.
PREAMBLE_RECEIVED_TARGET_POWER=PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt)
where numRepetitionPerPreambleAttempt indicates the repetition transmission times of preamble. Note that PREAMBLE_RECEIVED_TARGET_POWER has been updated. Now, it represents the receive target power that needs to be reached for one single transmission.
Step 3: Calculate the transmission power of single transmission.
P_PRACH = min{P_CMAX(i), PREAMBLE_RECEIVED_TARGET_POWER + PL_c} [dBm]
where P_CMAX(i) is the configured UE transmit power for subframe i of serving cell c, and PL_c is the downlink path loss estimate calculated in the UE for serving cell. According to the above formulas (1)-(3), the transmission power of each single PRACH transmission can be obtained. It should be noted that the highest PRACH coverage enhancement level 3 in eMTC directly uses the maximum transmission power, P_CMAX, to transmit preamble.



2. Power control formula for NR PRACH
	Step 1: Calculate the receive target power of one single transmission. 
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
where PREAMBLE_RECEIVED_TARGET_POWER is the receive target power value, preambleInitialReceivedTargetPower is the initial power value of preamble indicated by BS, PREAMBLE_ TRANSMISSION _COUNTER represents the number of preamble transmission, powerRampingStep indicates the power increase step when RACH fails.
Step 2: Calculate the transmission power of single transmission.
P_PRACH = min{P_CMAX(i), PREAMBLE_RECEIVED_TARGET_POWER + PL_c} [dBm]
where P_CMAX(i) is the configured UE transmit power for subframe i of serving cell c, and PL_c is the downlink path loss estimate calculated in the UE for serving cell.  



It should be noted that this issue is also related to Issue #6, if the maximum transmission power of UE is compulsorily applied for multiple PRACH transmission, then there is no need to discuss the power control part, the maximum Tx power is applied. Detailed companies’ views are summarized as follows:
[bookmark: _Toc142661265][bookmark: OLE_LINK16][bookmark: _Toc142661266][Ericsson] By reusing the approach of LTE eMTC for multiple NR PRACH transmissions, regardless of the number of multiple PRACH transmissions, the total aggregated energy is the same. The larger the number is, the smaller transmission power of each PRACH is. By reusing the approach of a single NR PRACH transmission for multiple NR PRACH transmissions, performance difference between the numbers of multiple PRACH transmissions primarily comes from the different aggregated transmission energy.
· [bookmark: _Toc142661269]Reusing NR single PRACH method results in 3dB performance gain for two PRACH transmissions, 6dB for four PRACH transmissions, and 9dB for eight PRACH transmissions, compared with keeping the same total PRACH transmission energy.
· [bookmark: _Toc142661268][bookmark: OLE_LINK17]When the number of PRACH transmissions doubles, 1 dB performance loss is observed with the same total PRACH transmission energy, and 2dB gain with power determination of NR single PRACH.
· [bookmark: _Toc142661277]Support reusing the power determination of NR single PRACH for multiple PRACH transmissions.
[Xiaomi] If not all PRACH transmissions are omitted or not all PRACH transmissions’ power is reduced, the power ramping should not be suspended for the next RACH attempt. [NEC] If UE does not transmit PRACH transmissions or transmits PRACH transmissions with reduced power on any RO in a RO group, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.
[Huawei] Always using the maximum power to transmit preamble in multiple PRACH transmissions is unacceptable, as it could result in large interference and UE’s power consumption. Open-loop power control should be supported in multiple PRACH transmissions to avoid always using the maximum power.
· Multiple transmissions in Rel 18 reuses the power control of eMTC PRACH coverage enhancement, setting the same target receive power for multiple PRACH transmissions in Rel 18 should be considered, where the same target receiving power equals to the total target receiving power configured by gNB dividing by the number of actual PRACH transmissions. 
· [bookmark: _Hlk141687930][bookmark: _Hlk140832932]Multiple transmissions in Rel 18 reuses the power control of NR PRACH, introduce one RRC parameter for each repetition level to indicate the target receive powers of multiple PRACH transmission, the target receive power of each PRACH transmission equals to the target receiving power configured by gNB scaled by the ratio of the number of nominal PRACH transmissions and the number of actual PRACH transmissions.
[vivo, Intel, NTT DOCOMO] The calculation method of the target reception power could be modified when PRACH repetition is performed, a new parameter, e.g., poweOffset, configured by higher layer can be introduced. [NTT DOCOMO] the value of the parameter depends on actual transmitted number of PRACH transmissions or dependent on the number of ROs in the RO group.
[vivo, Intel, Samsung] The calculated transmission power for each of the PRACH in one attempt should be the same. That is the pathloss should be estimated before the first PRACH transmission and applied for power determination of all PRACH repetitions within one RACH attempt. While [NTT DOCOMO] propose that whether same or different measurement result for reference signal pathloss to be applied to calculate transmission power for each PRACH transmission can be up to UE implementation.
[Samsung] The multiple PRACH transmission use the same set of P0 and alpha configuration from single PRACH transmission.
2.1.4 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.
· RO mask
[NEC] For multiple PRACH transmissions for CFRA, regarding mask/restriction information, select one of the options: Option 1: UE ignore the mask/restriction information to select RO group; Option 2: UE applies the mask/restriction information to select RO group by selecting one of (e.g. the first) RO in the RO group based on the mask/restriction information; Option 3: UE applies the mask/restriction information to select RO group based on the RO group index and the mask/restriction information is indicated per RO group.
· RAR window
[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. 
· RA-RNTI
[bookmark: _Hlk131694828][Samsung] For RA-RNTI calculation, the s_id is the index of the second/last OFDM symbol of the last PRACH occasion within a RO group (0 ≤ s_id < 14) for multiple PRACH transmission. By this solution, it has a benefit that the single PRACH can separate with multiple PRACH (with any number N) by the OFMD symbol used in RA-RNTI calculation.
[LG] In Rel-18 NR coverage enhancement, additional f_id and/or s_id for RA-RNTI calculation can be considered for additional RACH configuration. Option 1: 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.); Option 2: New UE behaviour for determination of s_id can be supported (or gNB may configure the explicit s_id value) for additional RACH configuration (If supported, the new s_id value shall be used for RA-RNTI calculation.)
· Tx beam determination
[Samsung] The UE Tx beam for multiple PRACH transmissions is up to UE implementation. For multiple PRACH transmissions with same Tx beam, the Tx beam determined for the first PRACH transmission of the multiple PRACH in a RACH attempt should apply to all PRACH transmissions in the RACH attempt.
[Ericsson] It is not clear what is supported in Rel-18 and would be specified is multiple PRACH transmissions with the same beam or multiple PRACH transmissions with UL Tx beam(s) up to UE implementation.
[bookmark: _Hlk143205284]2.2 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. Companies think the coupling/interaction between PRACH repetitions, Msg.3 repetitions (and PUCCH repetitions for HARQ-ACK of Msg4) should be investigated. It mainly include two aspects, the first one is whether Msg3 repetition should be enabled if multiple PRACH transmissions is applied; the other one is whether the RSRP threshold defined for requesting Msg3 repetition can be reused for determination the number of multiple PRACH transmissions.
Regarding the 1st aspect, companies [ZTE, CATT, OPPO, Qualcomm, Panasonic] think if multiple PRACH transmissions is applied, Msg3 repetition is also requested. In addition, [OPPO] propose that if multiple PRACH transmission is determined, DFT-S-OFDM waveform for Msg3 PUSCH is triggered simultaneously. [Spreadtrum] propose that the number of Msg1 repetition can be a reference to configure the number of Msg3 repetition by network.
Regarding the 2nd aspect, [Xiaomi, CATT] propose to configure separate RSRP thresholds for multiple PRACH transmissions and Msg.3 repetitions by SIB1. While [Nokia] propose to derive the SSB-RSRP thresholds for PRACH repetitions from the Msg3 RSRP threshold, and details of the configuration and derivation can be left to RAN2. [Intel] A common SSB-RSRP threshold may be applied for multiple PRACH transmissions and request of Msg3 PUSCH repetitions.
[vivo] The transmission power of Msg3 PUSCH corresponding to a PRACH transmission with repetition is preferred to be determined based on the following preamble power assumption:  = preambleReceivedTargetPower + powerOffset.
[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.
2.3 CBRA and CFRA
In RAN2 #122 meeting, following agreements regarding PRACH repetition in CFRA have been achieved. 
	Agreements
· RAN2 intends to support CFRA for msg1 repetition for ReconfigurationWithSync case, FFS for other cases.


Based on the contributions, the majority companies propose to support multiple PRACH transmissions for both CBRA and CFRA. Detailed companies views are summarized as follows.
[vivo] In CFRA, compared to CBRA, it is more flexible for network to configure the PRACH resources for PRACH repetition in dedicated signalling which can be further discussed in RAN2 given RAN1 has limited TU left. Thus, propose to support CFRA for PRACH repetition for BFR and the detailed signaling can be discussed in RAN2.
[Huawei] In current specification, for the CFRA based on CSI-RS, the RO associated with the CSI-RS and the preamble index is configured by higher layer parameter. In order to support CFRA for msg1 repetition for ReconfigurationWithSync case, how to define the RO group for CSI-RS based CFRA needs to be specified. One simplest way is to introduce an RRC signaling e.g. ra-OccasionListForTwoRepetitions to configure the RO group index for two repetitions. Similarly, the preamble index should also be configured for each PRACH repetition. The detailed signaling should be up to RAN2 considering there may be other singling methods. 
[ZTE] 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. 
[bookmark: _Toc142661304][Ericsson] Only one number of multiple PRACH transmissions is indicated by gNB for CFRA, e.g., with the reserved bits in PDCCH order. Study how a UE determines an RO group from the configured RO list.
[ETRI] The PRACH mask index may be required per repetition factor if CFRA is supported. PRACH mask index may imply the starting RO index in an RO group of the chosen repetition factor.
2.4 RRC parameters
[vivo] propose the following RRC parameter list for discussion.
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)

	PRACH repetition with same TX beam
	FeatureCombination
	msg1Repetition-r18
	New
	If present, this parameter indicates msg1Repetition-r18 is part of this feature combination.
	{true}
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	numberOfMsg1-Repetitions-r18 
	New
	This parameter indicates the number of Msg1 repetitions. 
	{2, 4, 8}
	Per partition

	PRACH repetition with same TX beam 
	FeatureCombinationPreambles
	rsrp-ThresholdSSBMsg1
	New
	This parameter indicates the RSRP threshold for performing Msg1 repetitions associated with the number of Msg1 repetitions indicated by corresponding numberOfMsg1-Repetitions-r18.
	RSRP-Range
	Per partition

	PRACH repetition with same TX beam 
	FeatureCombinationPreambles
	timePeriodK 
	New
	This parameter indicates a time period starting from frame 0 and consisting of K SSB-to-RO association pattern periods.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[frequencyHoppingStep] 
	New
	This parameter indicates the frequency hopping step in time domain which is in units of time instances associated with same SSB.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[frequencyHoppingOffset]
	New
	This parameter indicates the frequency hopping offset in frequency domain which is in units of ROs associated with same SSB.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[rachTransMax]
	New
	This parameter indicates the max number of RACH attempts.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[powerRampingStep]
	New
	This parameter indicates the power ramping step for Msg1 repetitions.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[powerOffset]
	New
	This parameter indicates the power offset for Msg1 repetitions, which is used to calculate the transmission power of each PRACH transmission.
	FFS
	Per partition

	PRACH repetition with same TX beam
	SIB1
	[featurePriorities-r18]
	New
	This parameter indicates priorities for features of Msg1 repetitions.
	FFS
	Per cell



3. FL plan
Considering this is the last RAN1 meeting, we need to have agreements on the following issues:
1. Determination of the value K for time period X. (Issue #2-1)
2. Determination of RO groups within one time period X. (Issue #2-2, 2-3)
3. SSB to RO mapping method. (Issue #3)
4. Determination of the number of multiple PRACH transmissions. (Issue #4)
5. Re-transmission related issues. (Issue #5-3)
6. Related RRC parameters for the above issues, if any.
If we have time, we can then further discuss the following issues:
1. Rules causing to drop PRACH transmissions. (Issue 2-5)
2. Interaction between multiple PRACH transmissions and other transmissions.
3. Whether/how to support multiple PRACH transmissions for CFRA.
4. Draft proposals
4.1 Multiple PRACH transmissions with same beam
4.1.1 Resource configuration for multiple PRACH transmissions
Issue #2 RO group
Issue #2-1: Time period X
Proposal 2-1-1
For the number of SSB-to-RO association pattern periods K within the time period X, down select one of the following options in this meeting.
· Option 1: K is explicitly configured.
Support (9 8): RUIJIE NETWORK, InterDigital, Nokia, NSB, vivo, Panasonic, ZTE, Apple, NTT DOCOMO
· Option 2: K is implicitly determined.
Support (8 910): New H3C, Sony, Mavenir, Intel, CATT, Sharp, OPPO, Qualcomm, ZTE, Spreadtrum
· Option 3: K is a fixed value for all number of multiple PRACH transmissions.
Support (4): Samsung, MediaTek, Nokia, NSB

FL comment: Based on current situation, if no consensus can be achieved, FL proposes to consider the following compromised method:
Compromised Option 4
· K is explicitly configured for each number of multiple PRACH transmission. 
· If not configured, K is implicitly determined as a minimum integer for each number of multiple PRACH transmission such that for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB.

	Companies
	Comments

	ZTE
	Dear FL, My preference is Option 2, and I move my position to Option 2, i.e., implicitly determined. My thinking is the X is determined by the condition that at least one RO group per SSB is included in the time period X. I am not sure I understand the benefit of Option 1, Option 1 can provide more RO groups in the time domain? 
For multiple numbers of multiple PRACH transmission, the X can be determined based on separate number or the maximum numbers.
As we know, RAN2 may overturn the agreement on separate feature of each separate number of multiple PRACH transmission to only one feature for all the numbers, so we can leave this issue whether the X is separate determined or only one value after RAN2 has new agreement.

	Ericsson
	Can we make Option 2 clearer? For example, Option 2 is the same as the second bullet of Option 4?

	LG
	We prefer to support Option 1. 
But, if no consensus can be achieved, following option (e.g., Option 5) can be considered as compromise:
Compromised Option 5
· K is explicitly configured for each number of multiple PRACH transmission. 
· If not configured, K is a fixed value for all number of multiple PRACH transmissions.

	Qualcomm
	Fine with option 4.

	TCL
	Option 1 is prefer. 
If no consensus can be achieved, Option 4 is also ok for us.

	OPPO
	Our first preference is option 2. If K is explicitly configured, one or multiple RO groups are still needed to be mapped to the time period K implicitly. It is not necessary to configure the start RO of each RO groups, which will have much standard complexity. Similar to the principle of NR Rel-15, We just need to ensure that all SSB indexes mapped at least once to the RO groups within K SSB-to-RO association pattern periods. Option 2 is simple, and has no signal overhead, compared to option 1. 

	Spreadtrum
	Our preference is Option 2, i.e., implicitly determined. We have added Spreadtrum on Option 2.
From our point of view, Option 2 have more advantages than Option 1. If K is explicitly configured, then K can be configured with any value by gNB implementation and there is no limit on the value of K, which may cause some waste of ROs. 
For example, as shown in the following figure, there are 5 valid TDMed ROs associated with the same SSB(s) in one SSB-to-RO association pattern period, and gNB configure the value of {8} for multiple PRACH transmissions. According to Option 2, K can be determined as a minimum integer so that at least one RO group corresponding to the configured value of multiple PRACH transmissions can be determined, that is, K=2 and two remaining RO(s), i.e., RO9 and RO10, cannot be included in the RO group within 2 SSB-to-RO association pattern periods. However, according to Option 1, i.e., K can be configured by gNB. For example, K can be configured by 3, the remaining RO(s), i.e., RO9-RO15, cannot be composed another RO group with 8 PRACH repetitions, there is a case of these ROs not belong to any RO group, which caused a waste of RO resources.


Even though K can be configured by gNB, we still hope that K is configured as a minimum integer for each number of multiple PRACH transmission such that for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB, to make more ROs can belong to a RO group.
In addition, the signalling overhead in Option 1 will be higher than Option 2 and Option 3, and Option 3 provides less flexibility than Option 1 and Option 2. According to the above analysis, we prefer Option 2 rather than Option 1 and Option 3.

	DOCOMO
	Our first preference is option 1. The compromised option 4 is fine.

	Sony
	We prefer Option 2. It will good to state the rule to determine K in Option 2 e.g., use the rule described in the 2nd bullet of Option 4, i.e.:
· Option 2: K is implicitly determined as a minimum integer for each number of multiple PRACH transmission such that for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB.
 

	Xiaomi1
	Support option 2 with the restriction of the maximum value K. The value K for time period X can be determined just the same as SSB-to-RO association pattern period with the limitation of the maximum value for this period. We can’t see any necessity to introduce any RRC signalling for it. 

	Panasonic
	We support Option 1 as our first preference. 
We can also live with Option 4 for a sake of progress. 

	Sharp
	Our first preference is Option 2.
If explicit configuration is really necessary to reduce unused orphan ROs for RO group, we can live with option 4 as a compromise.

	Nokia/NSB
	While we understand the intention of the FL (and we can support the structure of the proposal with configured + default approach), we do not agree with the principle of having one K value per number of multiple PRACH transmissions. This overcomplicates the design as compared to having only one value of K. Indeed, the single K could be so to contain at least one group for the maximum configured number of multiple PRACH transmissions, ensuring presence of RO groups of smaller size in the same time period. For this reason, we think that having multiple K is not reasonable and an overcomplication in general. 
It should also be noted that having only one value of K would achieve a middle-ground solution between the 3 Options.
Then once the K value is given (via configuration, or determined implicitly), it is going to be up to gNB configuration to make sure that at least one RO group for all configured number of multiple PRACH transmissions is present within the K association pattern periods. In this context, the advantage of the explicit configuration of the K would allow a gNB to optimize the number of RO groups available in a certain time span, but implicit determination is an acceptable default behavior. An example of such optimization can be seen in the figure below, where the possible RO groups of size 4 (purple boxes) within K = 2 association pattern periods are shown, in the scenario Msg1-FDM = 8, SSB-per-RO = ½ and a number of 3 SSB indexes (each box represents an RO and each color a different SSB index mapped to the RO). With such configuration of K = 2, 10 RO groups for a number of 4 PRACH transmissions can be determined or configured in an interval of time of two association pattern periods, which is much higher than the number of RO groups that could have been determined or configured if K was equal to 1, i.e., 4, which would be the value of K determined by the default behavior, i.e. K is implicitly determined as the minimum integer such that there is at least one RO group for a number of 4 PRACH transmissions. 
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	Samsung
	We prefer option 3. The proposed compromised solution is not needed from our perspective.
The RO pattern is controlled by gNB (by PRACH configuration index), the number of the multiple PRACH is also controlled by gNB, we did not see the motivation to ask another gNB to flexibly configure the K.
As to option 2, the difference to option 3 is whether we allowed variable number of K to be there. But this should be easily solved by gNB configuration that for the fixed number of K, gNB can and should ensure that there is enough RO for at least one RO group for a given N.  

	New H3C
	We support option 1 and fine with option 4 for compromise. 



Issue #2-2: Determination of starting RO
FL comment: As summarized in previous sections, companies’ views on how to determine RO group is as follows:
· Option 1: Index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated. 
Support (4): RUIJIE NETWORK, Sony, Nokia, NSB
· Option 2: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.
Support (16): New H3C, Mavenir, InterDigital, Spreadtrum, vivo, Intel, ZTE, Apple, Xiaomi, NTT DOCOMO, OPPO, China Telecom, Samsung, ETRI, MediaTek, Qualcomm
Considering the situation, FL suggest we go with Option 2 and discuss the details of how to determine the ROs within one RO group.
Proposal 2-2-1
For determination of starting RO for each RO group for each value of the number of multiple PRACH transmissions, the time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.

	Companies
	Comments

	ZTE
	Fine with the proposal.

	Ericsson
	Support Proposal 2-2-1 in general. Better to clarify how a UE implicitly determines.

	LG
	Actually, we prefer to support hybrid solution (Option 1 + Option 2), but for the sake of progress, Option 2 can be acceptable. 

	Qualcomm
	Fine with Proposal 2-2-1

	TCL
	Support

	OPPO
	Support Proposal 2-2-1

	Spreadtrum
	We support the proposal.

	DOCOMO
	Support.

	Sony
	It will be good to give an example on how the starting RO of RO Groups with different repetitions are implicitly determined.

	Xiaomi1
	Support Proposal 2-2-1.

	Panasonic 
	We think that the determination of starting RO for each RO group can be dependent on discussion outcomes of other aspects. For example, if explicit configuration for K SSB-to-RO association patterns can be agreed for a configured number of PRACH transmissions, the starting RO of the first RO group can be derived at the beginning of the time periodicity X, while the starting RO of other RO groups from a set of RO groups can be implicitly determined (e.g., based on offsets). Therefore, we would recommend to conclude other proposals (e.g., proposal 2-1-1) before we could discuss this proposal 2-2-1. 

	Sharp
	Support

	Nokia/NSB
	Both Option 1 and Option 2 can work. We understand that FL proposes to go for the majority view. While not ideal, we understand the spirit of this proposal and are willing to consider it. However, we are puzzled by the fact that no mention of other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers is made in the proposal. This does not seem a fair and balanced middle ground, bur rather a request to ignore valid technical arguments and implementation preferences that have been explained and substantiated multiple times.
Allowing a gNB to configure periodicity value(s) of the starting RO(s) for the multiple PRACH transmissions is a fundamental part in the definition of the feature for it to be actually implemented in the field. Especially in the case of multiple PRACH transmissions on shared ROs with “legacy” PRACH transmissions, gNB should have the possibility of configuring a certain periodicity of the starting RO(s) (and hence of the RO groups) at least in time domain and, if possible, in frequency domain within the time period X, to avoid that a gNB would have to test all possible RO(s) to detect if any UE has transmitted the multiple PRACH transmissions. 
Indeed, since we have already agreed that the set of RO groups repeats every time period X starting from frame 0, the only way we see to allow a gNB to reduce the density of the RO groups over time and frequency is to introduce a periodicity for the starting RO(s) within the time period X. It should be noted that this role cannot be had by the parameter K, whose granularity is too coarse (it provided an integer number of association pattern periods). In addition, since K is an integer number of association pattern periods, even within one association pattern period (i.e., K=1), multiple RO groups for a number of multiple PRACH transmissions can be present, forcing a gNB to blindly detect all of the possible RO groups within the time period X, even if no UE is using the feature. This is evident, for example, in the case of N>1 and large values of Msg1-FDM, for which the number of RO groups within a minimum value of one association pattern period may become very large and may force a gNB to avoid configuration of multiple PRACH transmissions on shared ROs in such cases.
For these reasons, we cannot support this proposal but are willing to work on it constructively, along the lines we described above.

	New H3C
	 Support



Proposal 2-2-2
RO groups for different number of multiple PRACH transmissions are separately determined.

	Companies
	Comments

	ZTE
	As noted in proposal 2-1-1, we can wait RAN2 new agreement.

	Ericsson
	Agree with ZTE in principle. Option 3 and Option 4 in proposal 2-1-1 mention if different numbers of multiple PRACH transmissions have the same or separate time period X.

	LG
	Agree

	Qualcomm
	The proposal is vague. What does “separately determined” mean?

	TCL
	Agree with ZTE. 

	OPPO
	In our view, the time period X can include RO groups for all numbers of multiple PRACH transmissions at least once. We are also fine that RO groups for different number of multiple PRACH transmissions are separately determined. Agree with ZTE, RAN2 inputs can make it clearer. 

	Spreadtrum
	We support this proposal.

	DOCOMO
	Support. 
In our understanding, RO group determination for per configured number of multiple PRACH transmissions is RAN1 issue.

	Sony
	Similar comment as Qualcomm.  What does it mean by “separately determined”?  In Proposal 2-2-1, it said they are implicitly determined.  How does Proposal 2-2-2 links with Proposal 2-2-1?

	Xiaomi1
	Agree

	Panasonic
	We are fine to wait for more inputs from RAN2 before concluding this proposal. 

	Nokia/NSB
	We are not sure this discussion is needed in RAN1. RO group determination for different numbers of multiple PRACH transmissions depends on higher layer procedure, also with reference to whether this case is treated as a single feature with multiple configuration options (i.e., the different numbers) or several different features. This has implications on the so-called fallback between different features, if applicable. We consider this a RAN2 detail, since it pertains the actual procedure that UE follows for the multiple PRACH transmissions, as will be described in TS 38.321, and it is unclear why such agreement would be needed in RAN1. 

	Samsung
	Support. 
We understand the intention is that the RO group for a given N is determined based on the PRACH configuration for that given N. 

	New H3C
	 Support



Proposal 2-2-3
For RO groups consisting of N valid ROs:
· the starting RO is determined from the first valid RO within time period X in the following order.
· First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions.
· Second, in increasing order of time resource indexes.
· the starting RO together with following N-1 ROs associated with the same SSB(s) form an RO group, where the N-1 ROs are selected based on the following (down select only one of the Alt.).
· Alt 1: N-1 ROs are with the same RB as the staring RO.
· Alt 2: N-1 ROs are selected with the lower frequency resource index in corresponding time instance.
· Alt 3: N-1 ROs are selected based on a configured frequency offset.
· It is not expected to have overlapping RO between any two RO groups.

	Companies
	Comments

	ZTE
	1) May I add a restriction to this proposal under the shared ROs case? The legacy SSB per RO mapping is reused under the share ROs but we have no common sense on separate RO case.
2) Just remember we have a conclusion that, There is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18. It means when we find the next RO, the available RO should be in the next time instance, not the same time instance. Then the second main bullet could be revised to:
the starting RO together with following N-1 ROs associated with the same SSB(s) form an RO group, where the N-1 ROs from different time instances in increasing order are selected based on the following:
3) The third main bullet may be further clarified that the non-overlapping ROs are belonging to group of the same number of multiple PRACH transmission. As ROs may overlap between RO groups with different number of multiple PRACH transmission.

	Ericsson
	Regarding “(down select only one of the Alt.)” in the second bullet, the three alternatives won’t happen simultaneously, and gNB may configure only one of them, provided that they are all supported in specification.
For the third bullet, is the intention that there is no overlapping RO between two RO groups for the same number of multiple PRACH transmissions?

	LG
	We can add another main bullet regarding orphaned RO handling as follows:
· If there are some ROs not belong to any RO group, these ROs are not used for multiple PRACH transmissions.

	Qualcomm
	Agree with ZTE

	TCL
	It has been agreed that the legacy mapping rule of SSB-to-RO can be used for shared ROs case, however, for separate case, it’s still under discussion, thus, Proposal 2-2-3 just only used for shared ROs case?
For the third bullet, it need to be further clarified whether the overlapping RO between any two RO groups is used for same number of multiple PRACH transmissions or not.

	OPPO
	Similar comments with ZTE

	Spreadtrum
	Firstly, we support Proposal 2-2-3 for both shared ROs case and separate RO case. 
Secondly, we support Alt 2 in the second bullet, i.e., N-1 ROs are selected with the lower frequency resource index in corresponding time instance. In this case, starting RB of ROs can be different at different time instances for multiple PRACH transmissions within one RO group, and frequency diversity gain can be obtained.
Thirdly, further clarification is needed on how to determine multiple subsequent RO groups within time period X.

	DOCOMO
	A little confused by the first bullet. Why starting RO needs to be indexed/ordered? In our understanding, the target of the first bullet is how to select starting RO instead of how to order starting RO?

	Sony
	Similar view with ZTE.  The alternatives seem to suggest that the N-1 RO are in the same time instance, especially with Alt 2.  
For the 3rd bullet, why can’t ROs of different RO Groups overlap if they use different preambles?  Also please clarify if this is for same RO Groups with same repetitions or different repetitions.

	Xiaomi1
	We can live with this proposal for progress in general. But for Alt.2, we wonder how it works? 
Besides, another option can be considered: just using time domain resource indexes as the starting valid RO of each RO group. Different ROs associated with the same SSB and within the same time instance belong to the same RO group. In this way, both enabling and disabling of RO hopping can be supported, which depends on whether RO hopping offset is configured by the gNB or not. 

	Panasonic
	We share same comments as ZTE and DOCOMO.

	Nokia/NSB
	This proposal is not acceptable in its current form. It also looks incomplete. Reasons follow:
· This implicitly forces the presence of only one RO group in a time period X since the proposal does not imply that that the procedure it iterated within the given time period X.
· This assumes that RAN1 has already agreed to having M different values of K, where M is the configured number of values for multiple PRACH transmissions, which is not the case. Additionally, it is incompatible with an existing conclusion which states that both the case of shared ROs and separate ROs are supported in Rel-18 for different numbers of multiple PRACH transmissions, which would allow the presence of RO groups consisting of fully separate ROs for different numbers of multiple PRACH transmissions, i.e., a valid RO part of a group of size N1 cannot be part of a RO group of size N2. In other words, the proposal in its current form forces the NW to only have shared ROs and differentiate different groups via preambles. 
· The proposal proposes to follow a “first frequency then time” approach to determine the starting RO, and then form a group of N ROs using the subsequent N-1 ROs to the starting ROs. However, RAN1 already agreed that such ROs can only be in different time instances, hence they should be found using a “time first” approach (where the “frequency part” is FFS, since no agreement exists yet on the starting RB of the ROs part of the same RO group). We do not see any reason to have this inconsistency between the two determination and propose to have a “time first then frequency” procedure for the determination of the starting RO to have a simpler, unique procedure for all ROs in a group, and ensure compatibility with existing agreements.
· This proposal does not allow NW to set the density of starting ROs/RO groups within the time period X, since there is not notion of multiple starting ROs in the proposal. We provided solid technical arguments and implementation-related justifications to show why having density/periodicity control is important for gNB. In this context, we note that K would be a very extreme periodicity for the starting ROs which can then occur only every K association pattern periods. This would make the whole feature scarcely attractive for the implementation. Therefore, we would like to propose to add the possibility to configure a periodicity of the starting ROs withing the time period. We can accept the fact of having a default behavior which does not require this periodicity, if the latter is not configured, as a middle ground. 

	Samsung 
	Confused with such proposal. 
First bullet, when F domain has a play to determine the very first RO?
Second bullet, all the 3 alts are for F domain, but we think it’s actually to determine the N-1 RO in the time domain to form a RO group. 
Third bullet, the overlapping RO is not clear. The RO can be overlapped, as long as the preamble is separated. This could be leave to gNB configuration. 

	New H3C
	 Support in principal and how to determine N-1 ROs need be further clarified and discussed.



Proposal 2-2-4
For multiple PRACH transmissions,  is expected to be an integer value, where  is the number of SSBs per RO and   is the total number of transmitted SSBs.

FL comment: This intention of this proposal is to avoid some kind of configuration for SSB to RO mapping, e.g., as illustrated in the following figure.
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	Companies
	Comments

	ZTE
	This kind of configurations is not corner case and may happen in the real network deployment. From my understanding, the RO2 and RO 5 can be in one RO group only per SSB3. 

	Ericsson
	Agree with ZTE. RO2 and RO5 can make up an RO group of two PRACH transmissions for SSB3.

	LG
	We are not sure the restriction on PRACH configuration such as proposal 2-2-4 is necessary. We think RAN1 will only need to discuss clarifying whether one of RO2 and RO5 can be RO group or not in the above figure. Regarding this issue, as ZTE pointed out, RO2 and RO5 can be in one RO group only for SSB3.

	Qualcomm
	Agree with ZTE and Ericsson

	OPPO
	We think this issue is related to Proposal 2-2-3. When the starting RO together with following N-1 ROs associated with the same SSB(s) form an RO group, if the N-1 ROs are selected based on the an order, for SSB3 in the above figure, RO2 and RO3 should be an RO group. 
We can discuss Proposal 2-2-3 before Proposal 2-2-4. 

	Spreadtrum
	From our perspective, it seems like a corner case, where only happens in the end of the association period. Why do we make such restrictions on a corner case? 
What’s more, as N can be configured by {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}, if  is expected to be an integer value, it means  is expected to be configured by integer multiples of N. It is unreasonable to have such restrictions on the total number of transmitted SSBs.
In addition, RO2 and RO3 cannot form a RO group for SSB3 since the preambles which can be utilized for PRACH transmissions are different. However, RO2 and RO5 can form an RO group for SSB3 since the preambles which can be utilized for PRACH transmissions are same. 

	Sony
	Similar views with ZTE and Ericsson

	Xiaomi1
	Share the same view as ZTE. No limitation is needed.

	Panasonic 
	Agree with ZTE and Ericsson.

	Nokia/NSB
	We are not sure why we should restrict configuration options in order to prevent this situation from happening. We have a quite clear existing agreement on the RO group (please consider the highlighted part). 
	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).



The above agreement makes the set of ROs in the Figure (i.e., RO2 and RO5) an RO group for SSB3 only but not for SSB1. Is this really a problem?

	Samsung
	We thought we have the agreement saying that the RO with same SSB(s) can form a RO group, but RO 2 and RO5 have different associated SSBs. It’s not qualified. 

	New H3C
	 It seems to corner case and this limitation is unnecessary.



Issue #3: SSB-to-RO mapping
Issue 3-1
For multiple PRACH transmissions on separate ROs,
· Option 1: The current SSB to RO mapping rule is applied in the unit of RO group instead of single PRACH occasion.
· Option 2: Reuse legacy SSB to RO mapping rule.
FL comment: Considering this is the last RAN1 meeting, if we go with Option 1, we may not have enough time to identify and deal with the potential issues related to the new SSB to RO mapping mechanism. 

	Companies
	Comments

	ZTE
	Prefer Option 1, actually, Option 1 can easily find the RO group pattern for separate ROs case. You may find it is difficult to define the rule to find RO group under shared RO case.
The other benefit of Option 1 is the initial access latency. 
The specification effort can be estimated, just simply replace the RO group to the original RO in the specification. 

	Ericsson
	Support Option 2. Option 1 doesn’t work with the configuration of multiple PRACH transmissions with shared RO.

	LG
	Prefer to support Option 1. 

	Qualcomm
	We prefer option 2

	TCL
	Prefer Option 1. Option1 have low latency.

	OPPO
	We prefer option1. 

	Spreadtrum
	We slightly prefer Option 1, but Option 2 is also acceptable for us as this is the last RAN1 meeting.

	DOCOMO
	Prefer option 2. We are fine with option 1 if majority companies want such optimization.

	xiaomi1
	Prefer option 2. Latency is not an urgent problem for PRACH enhancement. Besides, the time duration of the PRACH occasion is quite short in FR2. Furthermore, if necessary, the delay can also be solved by proper configuration of PRACH occasions, SSB-to-RO mapping relationship and so on. In conclusion, we can’t see any necessity to spend additional efforts on the discussion of the new SSB-to-RO group mapping relationship. 

	Panasonic 
	We prefer Option 1 for enabling a shorter transmission period of a multi-PRACH transmission for reducing the latency of initial access

	Sharp
	We prefer Option 2 and agree with FL comment.

	Nokia/NSB
	While we see the merit of Option 1, we think that FL proposes a wise course of action and support agreeing to Option 2.

	Samsung 
	Option 2 is supported.
We have define the RO group with saying the RO with same associated SSBs. How could it be suddenly the association is done after than RO group determination? 

	New H3C
	 Prefer option 2



4.1.2 Determine the number of multiple PRACH transmissions
Issue #4: Determination of the number of multiple PRACH transmissions
Proposal 4-1
For the first RACH attempt, the UE determines
· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches maximum transmission power.
· If multiple PRACH transmissions are performed, the number of multiple PRACH transmissions based on SSB-RSRP threshold(s).

	Companies
	Comments

	ZTE
	Considering this proposal has been discussed for long time in last meeting, we can accept the proposal as the maximum transmission power for multiple PRACH is reasonable to fully use power domain resource before determining to apply the multiple PRACH transmission.

	Ericsson
	To us, the red text “UE’s calculated transmission power for single PRACH transmission” implies that transmission power for each of the multiple PRACH transmissions equals the calculated power for single PRACH, instead of one Kth of the calculated power, where K is the number of multiple PRACH transmissions. We would like to confirm this first. 
Our first preference is that UE reaching maximum transmission power is a pre-requisite of multiple PRACH transmissions. If companies can’t converge, as a compromise, we can live with Proposal 4-1. Some wording suggestions in blue are as follows. 
For the first RACH attempt, the UE determines
· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches its maximum transmission power, i.e., PCMAX,f,c.
If multiple PRACH transmissions are determined performed, the number of multiple PRACH transmissions is based on the configured SSB-RSRP threshold(s).

	Qualcomm
	We think reaching maximum transmission power may be not a good prerequisite condition in all cases. However, to make consensus easier, we are fine with the proposal.

	OPPO
	Generally, we are fine with the compromised proposal. If maximum power of UE is reached for single PRACH transmission, multiple PRACH transmission can be triggered for further coverage enhancement in time domain. 

	Spreadtrum
	We support the two bullet list in the Proposal 4-1, i.e., whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold, and if multiple PRACH transmissions are performed, the number of multiple PRACH transmissions based on SSB-RSRP threshold(s).
In addition, we are confused with the sub-bullet, if UE’s calculated transmission power for single PRACH transmission reaches maximum transmission power, and then UE can perform multiple PRACH transmissions, but how does UE determined the number of multiple PRACH transmissions when the corresponding SSB-RSRP threshold is not provided? 
For example, if gNB only configured the number of {4}, and the SSB-RSRP threshold with the smallest configured value of {4} is not provided. When UE’s calculated transmission power for single PRACH transmission reaches maximum transmission power, and then UE can perform multiple PRACH transmissions, but UE cannot choose to repetition PRACH with 4 times according to the second bullet, i.e., if multiple PRACH transmissions are performed, the number of multiple PRACH transmissions based on SSB-RSRP threshold(s). In a word, UE cannot perform multiple PRACH transmissions under the sub-bullet.

	DOCOMO
	We are not very sure whether “the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided” is a reasonable configuration or not.
For example, if {2,4,8} are configured values for number of PRACH transmissions, when RSRP thresholds are configured to determine value 4 and 8, only value 4 and value 8 can be determined according to the principle that number of PRACH transmission is determined based on configured RSRP thresholds. It is not aligned with the assumption that {2,4,8} are configured values for number of PRACH transmissions.

	Sony
	Share similar view with Spreadtrum and DOCOMO.  Why would the gNB not provide the RSRP threshold for each configured PRACH repetitions?

	Xiaomi1
	We share the similar view with Qualcomm that we also can’t see the necessity to take the maximum transmission power as the prerequisite condition. Besides, the maximum transmission power is not used as a condition in other Release of CE WI, such as Msg.3 repetition. 

	Panasonic
	We are fine with the proposal 4-1.

	Sharp
	Although our first preference is to use only SSB-RSRPs for the determination, we can live with the FL proposal to keep the coverage of single PRACH transmission for UEs with different max UE transmission powers.

	Nokia/NSB
	Support. There is an “is” missing from the second bullet: “[…] is based on SSB-RSRP thresholds”.
In our view, there are two high level targets usually set for enhancements at physical layer:
•	Better performance, and/or
•	Better efficiency.
It is unclear why allowing a UE that would not transmit at maximum power to perform multiple PRACH transmissions would meet the two targets above consistently. In this case, an adequate power ramping configuration could always be provided to the UE to ensure that the competitiveness of power ramping is deterministically superior to the competitiveness of multiple PRACH transmissions. This aspect should be paramount in our view to justify the adoption of multiple PRACH transmissions, which can occur only if the feature guarantees that the performance delivered by multiple PRACH transmissions is always larger than the performance of the single PRACH transmission. It is quite obvious that a necessary condition for this to happen is to allow a UE to resort to multiple PRACH transmissions only when its transmit power is equal to Pcmax. Without this condition, we fear that we may find ourselves in a situation where implementation costs to support this feature may not be justified either at the UE or gNB.
Let us analyze the problem from an engineering perspective. Introducing the condition on the transmission power at the UE has the following 3 sure benefits:
•	Better energy efficiency at the UE: 
o	Doubling the number of PRACH transmissions is equivalent, at the transmitter side, to doubling the transmit power. Indeed, UE would transmit the same signal twice, with the same power. However, this is not equivalent to doubling the received power at gNB, since doubling the number of PRACH repetitions brings at the most a 3 dB gain theoretically, but never in practice (expected gain is around 2.2-2.4 dB depending on the implementations and channel conditions). Conversely, if the UE transmits PRACH with 3 dB higher power, the 3dB gain is observed at both transmitter and receiver, deterministically. Hence a UE should always prefer transmitting at higher power than transmitting PRACH with double the number of repetitions, and thus should always ensure that max Tx power is achieved before resorting to PRACH repetitions.
o	If approaches based on scaling the Tx power by a factor which depends on the number repetitions were adopted, a deterministic equivalent energy loss would be observed by the UE for the link budget since a combiner at the Rx cannot recover energy that has not been used for the transmission. This is crucial for a UE not transmitting at max power, since repeating will lead the UE to lose power if it repeats as opposed to transmit using a single PRACH and using power ramping in case of PRACH failure. This also goes against the general principles behind energy saving efforts at the UE and gNB in 3GPP. Furthermore, there would be a non-negligible risk that the actual power measured by gNB after the preamble combination is lower than what would be measure in case of legacy PRACH transmission. While this may have some rationale for specific implementations, it does not seem an approach that would meet the above performance and efficiency targets consistently. 
•	More efficient PRACH resource allocation at gNB: If the condition on max Tx power is not set, many UEs will repeat PRACH even when not transmitting at max power, i.e., when alternative and more efficient solutions are offered by legacy approaches. This increases the average number of UEs that will repeat PRACH in the cell, in turn forcing gNB to configure more RO groups and more preambles for this feature to avoid collision probability increase. Preambles, in particular, are a very expensive resource and should be reserved with a lot of care. This may make this feature very unattractive for the network, and possibly never/rarely used by NW as a result.
•	Lower expected latency for having a successful PRACH transmission: In the worst case, a UE that performs single PRACH transmission with power ramping completes N PRACH transmissions in N attempts over the same time used by a UE performing N PRACH transmissions in 1 attempt. If suitable power ramping step is set by gNB, the link budget of the UE performing single PRACH transmission can always be made better than the link budget of the UE performing multiple PRACH transmissions without being at maximum power. This obviously results in lower expected latency for having a successful PRACH transmission.
In this context it has been argued repeatedly that not scaling Ptarget at the UE would lead to higher interference measured at gNB after combining the multiple PRACH transmissions. Overall, we think that this problem is very unclear technically, since it relies on specific assumptions on gNB’s implementation that cannot be generalized to all products on the market and thus should not be used to drive the feature design. 
It was stated by some companies that if the UE did not account for the number of repetitions when setting its transmission power, for instance by using an appropriate scaling, then the power of the “combined preamble” at the receiver would be larger than preambleReceivedTargetPower. 
However, if we look at current network deployments, the reality is that a power higher than preambleReceivedTargetPower is already measured nowadays whenever a UE retransmits PRACH with power ramping (in case of PRACH failure, which is what the multiple PRACH transmissions attempt at solving) and in a completely uncontrollable and unpredictable way for gNB. Consequently, it is unclear why observing a power higher than preambleReceivedTargetPower after the preamble combining would be a problem for a gNB that can predict exactly when this will happen (differently from legacy). 
For this reason, not only it cannot be stated that the condition on the maximum transmission power causes problem at gNB during the reception (it may or may not, in practice), but also it should be stated that the condition on the maximum transmission power can never create more problems to gNB than the problems possibly created by the power ramping procedure for legacy PRACH transmission. If anything, the condition can solve these problems, if any.
So overall, we find the current proposal an acceptable middle ground, although not ideal. We are of course ok also with agreeing that all the thresholds are always configured and the condition on the max power to perform multiple PRACH transmission is supported.

	Samsung
	We can see some points of the proposal, but we did not prefer to have such over design for the selection of single and multiple. 
1. The calculated power is not enough, as we describled in the tdoc, the calculated power is not the actual power send by UE, it’s also based on the MPE limits for the selected SSB, so the if we really dive into the power aspect limitation, we should consider the power after the MPR which the actual power UE is to use.
2. The power is just one aspect that UE may fail in the PRACH attempt, there could be other reason like competition with other UEs. So limiting power aspect seems not comprehensive. We need to go through the reasons why UE would fail.

	New H3C
	support



4.1.3 Multiple PRACH transmissions and re-transmissions
Issue #5: Multiple PRACH transmissions and re-transmissions
Issue #5-3: Power control
Proposal 5-3-1
For transmit power calculation of multiple PRACH transmissions with the same Tx beam, the pathloss is estimated before the first PRACH transmission and applied for all the PRACH transmissions within one RACH attempt.

	Companies
	Comments

	ZTE
	We can accept the proposal for simplicity. 

	Ericsson
	The proposal implies power of each of the multiple PRACH transmissions is determined in the same way as Rel-15 NR single PRACH transmission. Otherwise, for LTE eMTC method of PRACH power determination, only one PL estimate is used. Can it be confirmed?

	LG
	OK

	Qualcomm
	Fine with the proposal

	TCL
	Support

	OPPO
	Fine with the proposal

	Spreadtrum
	We support this proposal.

	DOCOMO
	We think whether same or updated pathloss estimation to be applied can be up to UE implementation. But if majority companies want to have the limitation, we are fine with it.

	Sony
	Support

	Xiaomi1
	Support.

	Panasonic
	We are fine with the proposal 5-3-1.

	Sharp
	We are OK with the FL proposal.

	Nokia/NSB
	Support

	Samsung 
	We only need to say:

For transmit power calculation of multiple PRACH transmissions with the same Tx beam, the same pathloss is estimated before the first PRACH transmission and applied for all the PRACH transmissions within one RACH attempt.


	New H3C
	support



Proposal 5-3-2
For multiple PRACH transmissions with the same Tx beam, if power ramping between each RACH attempt is applied, the PREAMBLE_RECEIVED_TARGET_POWER is set to:
preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep + delta_MultiplePRACH.
where preambleInitialReceivedTargetPower is the initial power of preamble indicated by BS, DELTA_PREAMBLE is the preamble format based power offset values, PREAMBLE_ TRANSMISSION _COUNTER represents the number of preamble transmission, powerRampingStep indicates the power increase step when RACH fails.
· FFS: the definition of PREAMBLE_ TRANSMISSION _COUNTER for multiple PRACH transmissions.
· FFS: value of delta_MultiplePRACH.

	Companies
	Comments

	ZTE
	We can support the proposal.

	Ericsson
	A fundamental problem is how to determine each PRACH’s transmission power from PREAMBLE_RECEIVED_TARGET_POWER. Is it the same as PREAMBLE_RECEIVED_TARGET_POWER or 1/K of PREAMBLE_RECEIVED_TARGET_POWER?

	LG
	OK

	Qualcomm
	Fine with the proposal

	TCL
	Support

	OPPO
	Fine with the proposal

	DOCOMO
	Support.

	Sony
	Support

	Xiaomi1
	We suggest just to adopt the legacy formula for one PRACH transmission within a RACH attempt. 
[image: ][dBm],
	where [image: ] is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3] for carrier [image: ] of serving cell [image: ] within transmission occasion [image: ], [image: ] is the PRACH target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and [image: ] is a pathloss for the active UL BWP [image: ] of carrier [image: ] based on the DL RS associated with the PRACH transmission on the active DL BWP of serving cell [image: ] and calculated by the UE in dB as referenceSignalPower – higher layer filtered RSRP in dBm, where RSRP is defined in [7, TS 38.215] and the higher layer filter configuration is defined in [12, TS 38.331].



	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA



Besides, if shared RO with legacy RACH is configured, the same preambleReceivedTargetPower, and powerRampingStep are applied for both legacy RACH and multiple PRACH transmissions; if separate RACH configuration is used, separate RRC parameters configuation can naturally be used without introducing any new RRC signaling. We don’t understand the intention to introduce delta_MultiplePRACH.
Furthermore, for power control of TBoMS in Rel-17, we have the following agreements. The similar calculation methodology can be reused from our point of view. 
	Agreement
The Rel-16 per-slot transmission occasion definition is re-used for transmission power determination for TBoMS.




	Panasonic
	We do not support power ramping between multiple RACH attempts in the main bullet because we propose that UE performs a multi-PRACH transmissions after reaching maximum transmit power at UE side.

	Nokia/NSB
	The role of the parameter delta_MultiplePRACH is unclear to us and we suggest removing it. It is also unclear why RAN1 should decide how to modify an equation that is specified in TS 38.321. 

	New H3C
	support






4.4 RRC parameters
FL comment: Companies please share your comments on RRC parameters related to PRACH coverage enhancements from R1-2307857 (main part is copied as follows), including modification, some new RRC parameter if needed.
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)

	PRACH coverage enhancements
	
	NumberOfMsg1-Repetitions-r18
	new
	The number of repetitions for PRACH transmissions with the same Tx beam.
	SEQUENCE (SIZE (3)) OF INTEGER (2,  4,  8)
	



	Companies
	Comments

	Ericsson
	We can further discuss whether the same Tx beam is a Rel-18 restriction or whether to leave it to UE implementation. 
Regarding the term of Tx beam, we can further discuss the proper term in specification. 

	Spreadtrum
		Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)

	PRACH coverage enhancements [with same TX beam]
	
	NumberOfMsg1-Repetitions-r18
	new
	The number of repetitions for PRACH transmissions with the same Tx beam.
	SEQUENCE (SIZE (3)) OF INTEGER (2,  4,  8)
	

	PRACH coverage enhancements [with same TX beam]
	
	rsrp-ThresholdSSBMsg1
	new
	the RSRP threshold corresponding to each number in NumberOfMsg1-Repetitions-r18.
	SEQUENCE (SIZE (3))
	




	Xiaomi1
	Fine with Spreadtrum’s version with optimization on the value range : SEQUENCE (SIZE(1..3))

	Nokia/NSB
	Not ok with Spreadtrum version. Sympathize with Ericsson’s comment.

	
	

	
	

	
	

	
	

	
	



5. Proposals for online discussion (Mon.)
Proposal 3-1
For multiple PRACH transmissions on separate ROs,
· Option 1: The current SSB to RO mapping rule is applied in the unit of RO group instead of single PRACH occasion.
Support/acceptable (13): ZTE, LG, TCL, OPPO, Spreadtrum, Panasonic, InterDigital, Huawei, HiSilicon, CATT, Fujitsu, Lenovo, NTT DOCOMO (acceptable)
· Option 2: Reuse legacy SSB to RO mapping rule.
Support/acceptable (19): Ericsson, Qualcomm, Spreadtrum (acceptable), NTT DOCOMO, Xiaomi, Sharp, Nokia, NSB, Samsung, New H3C, China Telecom, CMCC, NEC, RUIJIE NETWORK, Mavenir, vivo, Intel, ETRI, MediaTek

Proposal 2-1-1
For the number of SSB-to-RO association pattern periods K within the time period X, down select one of the following options in this meeting.
· Option 1: K is explicitly configured.
Support (10): RUIJIE NETWORK, InterDigital, Nokia, NSB, vivo, Panasonic, Apple, NTT DOCOMO, TCL, New H3C
Option 1-1: K is explicitly configured for each number of multiple PRACH transmission.
Option 1-2: Singel K is explicitly configured for all the configured number of multiple PRACH transmissions.
· Option 2: K is implicitly determined.
Support (10): Sony, Mavenir, Intel, CATT, Sharp, OPPO, Qualcomm, ZTE, Spreadtrum, Xiaomi
Option 2-1: K is implicitly determined as a minimum integer for each number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB.
Option 2-2: Single K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.
· Option 3: K is a fixed value for all number of multiple PRACH transmissions.
Support (4): Samsung, MediaTek, Nokia, NSB

Proposal 5-3-1
For transmit power calculation of multiple PRACH transmissions with the same Tx beam, the same pathloss is estimated before the first PRACH transmission and applied for all the PRACH transmissions within one RACH attempt.

6. Proposals for online discussion (Tues.)
Revised Proposal 2-2-3
For a given number of N multiple PRACH transmissions, all the RO groups within a time period X are determined as follows:
· Firstly, the starting RO of the first RO group is determined, then its remaining ROs are determined. Next, the starting RO of other RO groups and its remaining ROs are determined sequentially. 
· the starting RO is determined as follows (down select only one of the Alt.):
Alt.1 (w/o density control)
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO relative to after the starting RO of the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
Alt.2 (w/ density control)
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then Alt.1 Applies.
· the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, and (down select only one of the Alt.) 
· Alt. 1 (the starting RB of ROs within a RO group is the same) the N-1 ROs are with the same starting RB as the starting RO.
· Alt. 2 (the starting RB of ROs within a RO group can be different) the N-1 ROs are with the lower frequency resource index in corresponding time instance.
· Alt. 3 (the starting RB of within a RO group can be different and a frequency offset is configured) the N-1 ROs are determined based on a configured frequency offset.
· Alt. 4 (the starting RB of ROs within a RO group can be different) for the SSB, the N-1 ROs are with the same relative frequency resource index among the multiple frequency multiplexing ROs in corresponding time instances.
· It is not expected to have overlapping RO between any two RO groups for the given number of N multiple PRACH transmissions.

Revised Proposal 2-1-1
For the number of SSB-to-RO association pattern periods K within the time period X,
· For multiple PRACH transmissions with different numbers transmitted with separate preamble on shared ROs, down select one of the following options in this meeting
Option 1-1: K is explicitly configured for each number of multiple PRACH transmission.
Option 1-2: Singel K is explicitly configured for all the configured number of multiple PRACH transmissions.
Option 2-1: K is implicitly determined as a minimum integer for each number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB.
Option 2-2: Single K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.
Option 3: K is a fixed value for all number of multiple PRACH transmissions.

· For multiple PRACH transmissions with different numbers transmitted on separate ROs, down select one of the following options in this meeting
Option 1-1: K is explicitly configured for each number of multiple PRACH transmission.
Option 1-2: Singel K is explicitly configured for all the configured number of multiple PRACH transmissions.
Option 2-1: K is implicitly determined as a minimum integer for each number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB.
Option 2-2: Single K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.
Option 3: K is a fixed value for all number of multiple PRACH transmissions.

Proposal 5-3-1
For transmit power calculation of multiple PRACH transmissions with the same Tx beam, the same pathloss is estimated before the first PRACH transmission and applied for all the PRACH transmissions within one RACH attempt.

7. Proposals for online discussion (Thur.)
	Agreement
For a given number of N multiple PRACH transmissions, all the RO groups within a time period X are determined as follows:
· Firstly, the starting RO of the first RO group is determined, then its remaining ROs are determined. Next, the starting RO of other RO groups and its remaining ROs are determined sequentially. 
· the starting RO is determined as follows (down select only one of the Alt.):
Alt.1 (w/o density control)
· the starting RO of the first RO group is the first valid RO within the time period X.
· [bookmark: _Hlk143775953]the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
Alt.2 (w/ density control)
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then Alt.1 Applies.
· It is not expected to have overlapping RO between any two RO groups for the given number of N multiple PRACH transmissions.
· the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, and (down select only one of the Alt.) 
· Alt. 1 (the starting RB of ROs within a RO group is the same) the N-1 ROs are with the same starting RB as the starting RO.
· Alt. 2 (the starting RB of ROs within a RO group can be different) the N-1 ROs are with the lowest frequency resource index in corresponding time instance.
· Alt. 3 (the starting RB of within a RO group can be different and a frequency offset is configured) the N-1 ROs are determined based on a configured frequency offset.
· Alt. 4 (the starting RB of ROs within a RO group can be different), the N-1 ROs are with the same relative frequency resource index among the multiple frequency multiplexing ROs associated with the same SSB in corresponding time instances.



Proposal 5-X
Add the following note to the above agreement:
Note: “the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.” is illustrated as in the following figure (N=2, for ROs associated with SSB#0). This works for both Alt.1 and Alt.2 for the starting RO determination.
[image: 图片包含 图示

描述已自动生成]

Offline agreement
Add the following notes to the above agreement:
Note1: all the ROs mentioned in the agreement are valid ROs associated with the given same SSB(s) and all the RO groups mentioned in the agreement are RO groups consisting of valid ROs associated with the given same SSB(s).
Note2:  of an RO, frequency resource index of an RO, and the starting RB of an RO indicate the same meaning, i.e., locate in the same frequency position.

Offline agreement
For multiple PRACH transmissions with the same Tx beam, the two transmission power determination equations (just for reference: equation (1) and (2) as shown in the reference) of Rel-17 NR PRACH are reused for calculating the transmission power of each PRACH transmission, i.e.,
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.
Note: The following is for reference.
	For reference:
The power control formula of NR PRACH consists of the following two steps:
Step 1: Calculate the receive target power of one single transmission. 
PREAMBLE_RECEIVED_TARGET_POWER=preambleInitialReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep   (1)
Step 2: Calculate the transmission power of single transmission.
P_PRACH = min{P_CMAX(i), PREAMBLE_RECEIVED_TARGET_POWER + PL_c} [dBm] (2)



Support (16): Nokia, Sharp, Ericsson, Samsung, Xiaomi, China Telecom, vivo, LG, Intel, Qualcomm, CATT, Sony, Fujitsu, Panasonic, MediaTek, Spreadtrum

Proposal 5-3-1 (Only one company need to check)
For transmission power calculation of multiple PRACH transmissions with the same Tx beam, the same pathloss is estimated before the first PRACH transmission and applied for all the PRACH transmissions within one RACH attempt.

Proposal 2-2-3-1
For a given number of N multiple PRACH transmissions, down select one of the following alternatives to determine the starting RO of all the RO groups within a time period X:
· Alt.1
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
Support/can live with (15): Samsung, ZTE, CATT, Xiaomi, vivo, Huawei, Spreadtrum, NTT DOCOMO, Qualcomm, Intel, Lenovo, Ericsson, Sharp, Fujitsu, ETRI
· Alt.2
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then Alt.1 Applies
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
Support/can live with (14): Nokia, Panasonic, LG, Apple, Ericsson, NTT DOCOMO, MediaTek, Sony, Sharp, Charter, Xiaomi, Qualcomm, China Telecom, Interdigital

Proposal 2-2-3-2
For a given number of N multiple PRACH transmissions, the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, and down select one of the following alternatives to determine the remaining N-1 ROs:
· Alt. 1 the N-1 ROs are with the same starting RB as the starting RO.
Support/can live with (13): Samsung, ZTE, Nokia, Panasonic, CATT, Xiaomi, LG, Apple, Sharp, MediaTek, Charter, China Telecom, ETRI
Strong concerns (3): vivo, Huawei, Intel
[image: 图表, 条形图

描述已自动生成]
[image: 图片包含 正方形

描述已自动生成]

· Alt. 2 the N-1 ROs are with the lowest frequency resource index in corresponding time instance.
Support/can live with (6): ZTE, Intel, Spreadtrum, Sony, Huawei, NTT DOCOMO
Strong concerns (4): Ericsson, vivo, Samsung, Nokia
[image: ]
[image: 游戏机里面的人物

低可信度描述已自动生成]

· Alt. 4 the N-1 ROs are with the same relative frequency resource index among the multiple frequency multiplexing ROs associated with the same SSB in corresponding time instances.
Support/can live with (5): Ericsson, vivo, NTT DOCOMO, Fujitsu, Lenovo
Strong concerns (3): Samsugn, ZTE, Huawei
[image: 图表, 条形图

描述已自动生成]
[image: 游戏机里面的人物

低可信度描述已自动生成]
For the following cases, Alt 1,2,4 results in the same RO group determination.
[image: 图表, 条形图

描述已自动生成]
Revised Proposal 2-1-1
For the number of SSB-to-RO association pattern periods K within the time period X,
· For multiple PRACH transmissions with different numbers, down select one of the following options in this meeting
Option 1-1: K is explicitly configured for each number of multiple PRACH transmission.
Support (5): Panasonic, vivo, Apple, NTT DOCOMO, China Telecom, LG(?)
Strong concerns (3): Huawei, Xiaomi, Intel
Option 1-2: One common K is explicitly configured for all the configured number of multiple PRACH transmissions.
Support (11): Panasonic, Nokia, China Telecom, LG, Apple, NTT DOCOMO, Spreadtrum, MediaTek, Sharp, Intel, Charter
Option 2-2: One common K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.
Support (12): ZTE, Nokia(2nd pref.), Xiaomi, Huawei, Spreadtrum, Sony, CATT, Intel, Fujitsu, Lenovo, Samsung, ETRI


RRC parameters
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)

	PRACH coverage enhancements
	
	NumberOfMsg1-Repetitions-r18
	new
	The number of repetitions for PRACH transmissions [with the same Tx beam].
	SEQUENCE (SIZE (1…3)) OF INTEGER (2,  4,  8)
	
	

	PRACH coverage enhancements
	
	rsrp-ThresholdSSBMsg1
	new
	This parameter indicates the RSRP threshold for performing Msg1 repetitions associated with the number of Msg1 repetitions indicated by corresponding numberOfMsg1-Repetitions-r18.
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Remove the brackets of “[with the same Tx beam]”: Samsung, LG, Intel
Remove the brackets and the content in the bracket of “[with the same Tx beam]”: Nokia, Ericsson,

Proposal 4-1
For the first RACH attempt, the UE determines
· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches its maximum transmission power.
· If the SB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on SSB-RSRP threshold.
· If multiple PRACH transmissions are determined, the number of multiple PRACH transmissions is based on the configured SSB-RSRP threshold(s).
· Note1: If multiple PRACH transmissions are determined, the power calculation of each PRACH transmission of the multiple PRACH transmissions is a separate discussion.
Support/can live with: Panasonic, Nokia, Ericsson, China Telecom
Not Support: Not check yet
Examples:
Case 1: gNB configures {2,4,8}, and RSRP_2 = a, RSRP_4 = b, RSRP_8 = c. Then UE determines whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.

Case 2: gNB configures {2,4,8}, and RSRP_2 is absent, RSRP_4 = b, RSRP_8 = c. Then UE check whether its calculated transmission power for single PRACH transmission reaches its maximum transmission power, if so, UE determines to perform multiple PRACH transmission; if not, UE determines to perform single PRACH transmission. Then if the measured RSRP is d:
· If d<c, UE determines 8 PRACH transmissions;
· If c<d<b, UE determines 4 PRACH transmissions;
· If b<d, UE determines 2 PRACH transmissions.
8. Proposals for online discussion (Fri.)
Revised Proposal 2-1-1
For the number of SSB-to-RO association pattern periods K within the time period X,
· For multiple PRACH transmissions with different numbers, down select one of the following options in this meeting
Option 1-2: One common K is explicitly configured for all the configured number of multiple PRACH transmissions.
Support (11): Panasonic, Nokia, China Telecom, LG, Apple, NTT DOCOMO, Spreadtrum, MediaTek, Sharp, Intel, Charter
Option 2-2: One common K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.
Support (12): ZTE, Nokia(2nd pref.), Xiaomi, Huawei, Spreadtrum, Sony, CATT, Intel, Fujitsu, Lenovo, Samsung, ETRI

Proposal 2-2-3-2
For a given number of N multiple PRACH transmissions, the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, and down select one of the following alternatives to determine the remaining N-1 ROs:
· Alt. 1 the N-1 ROs are with the same starting RB as the starting RO.
Support/can live with (13): Samsung, ZTE, Nokia, Panasonic, CATT, Xiaomi, LG, Apple, Sharp, MediaTek, Charter, China Telecom, ETRI
Strong concerns (3): vivo, Huawei, Intel
· Alt. 2 the N-1 ROs are with the lowest frequency resource index in corresponding time instance.
Support/can live with (6): ZTE, Intel, Spreadtrum, Sony, Huawei, NTT DOCOMO
Strong concerns (4): Ericsson, vivo, Samsung, Nokia
· Alt. 4 the N-1 ROs are with the same relative frequency resource index among the multiple frequency multiplexing ROs associated with the same SSB in corresponding time instances.
Support/can live with (5): Ericsson, vivo, NTT DOCOMO, Fujitsu, Lenovo
Strong concerns (3): Samsugn, ZTE, Huawei

The following figures show the different between Alt.2 and Alt.4
[image: 游戏界面的截图图

中度可信度描述已自动生成]
Fig. Alt 2
[image: 地图的截图

描述已自动生成]
Fig. Alt 4
Revised Proposal 5-3-1
For transmission power calculation of multiple PRACH transmissions with the same Tx beam, down select one of the following options:
· Option 1: the same pathloss is applied for all the PRACH transmissions within one RACH attempt.
· Option 2: the pathloss for each PRACH transmission of the multiple PRACH transmissions within one RACH attempt is separately estimated.

9. Agreements at RAN1#113
Agreement:
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.
· Note: Whether/how to introduce SSB-to-RO group mapping
· FFS: K is configured by the network or determined based on some rule.

Conclusion:
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.

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

Agreement:
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.

Conclusion:
There is no consensus to support Multiple PRACH transmission with different Tx beams in Rel-18.

Agreement:
For RO group determination for multiple PRACH transmissions, following parameters are considered.
· The candidate number of multiple PRACH transmissions, e.g. {2,4,8}, is/are explicitly configured.
· The number of ROs within one RO group can be implicitly determined accordingly.
· Default value(s) is/are not precluded
· The number of SSB-to-RO association pattern periods K within the time period X, down select from the following options.
· Option 1: K is explicitly configured.
· Option 2: K is implicitly determined
· Option 3: K is a fixed value for all number of multiple PRACH transmissions.
· Determination of starting RO for each RO group for each value of the number of multiple PRACH transmissions, down select from the following options.
· Option 1: Index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated. 
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers
· FFS: whether only the starting RO of the first RO group is explicitly indicated, and the starting ROs of the other RO groups are implicitly determined.
· FFS: other ROs for each RO group
· Option 2: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.
· FFS: other ROs for each RO group
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers
· FFS: The frequency hopping offset, if frequency hopping is supported.
· FFS: RO group specific preamble if multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs
· FFS: Time span of the RO group
All other legacy parameters for single PRACH transmission can be reused, if applicable.

Agreement
· For multiple PRACH transmissions with separate preamble on shared ROs, 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.
Agreement
For multiple PRACH transmissions on separate ROs, down-select one of the following options:
· Option 1: SSB-to-RO group mapping is introduced.
· Option 2: Reuse legacy SSB to RO mapping rule.

10. 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

11. 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.
12. 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.
13. 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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