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Introduction
In the RAN1#94 e-meeting [1], the following objective was approved to specify coverage enhancement for PRACH.
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.


In this contribution, we present our analysis on different aspects of PRACH coverage enhancements [2]. 
[bookmark: _Ref494215420]Discussion
[bookmark: OLE_LINK1]Multiple PRACH transmissions with same beam
In the low frequency network of NR, the DL coverage area and/or UL coverage distance of TRP/UE can covered by a single beam. However, in the case of high frequency, such as the new radio above 6 GHz, due to the large path loss and penetration loss in high frequency band, channel/signal transmission is heavily dependent on the link quality. In this case, multiple PRACH needs to be transmitted to increase the possibility of random access, and time diversity further increases reliability.
There are two ways to implement multiple PRACH transmission, using the same Tx beam or different Tx beam. Considering that the beam correspondence is mandatory in Rel-15, it is natural to use the same UL Tx beam for multiple PRACH transmissions. Transmissions with same Tx beam can improve UL coverage by multiple repetitions, which would increase the success possibility of random access.
Issue #1: Differentiation between single PRACH transmission and multiple PRACH transmissions
[bookmark: OLE_LINK6]Legacy UE and Rel-18 UL coverage enhancement UE can be co-existence in one cell, the supportive of backward compatibility is important. Regarding the PRACH resources division between multiple PRACH transmissions and single PRACH transmission, some working assumptions were achieved in RAN1#111 and RAN1#112 meeting [3].
	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. 

	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.



A part of PRACH resources, i.e. RO and/or preamble resources can be used to differentiate the multiple PRACH transmissions with single PRACH transmission. Three options were agreed to be considered during RAN1#111 meeting. That is, multiple PRACHs are transmitted on either separate preambles or separate ROs from single PRACH. 
For Option 1, i.e., separate preamble and shared ROs case, it has simple and limited specification impact. However, for legacy UE access through contention-based random access, the number of available preambles decreases, resulting in more intense competition and greater probability of collision. In addition, the transmission delay of PRACH repetitions will be increased following the existing SSB-to-RO mapping rule.
For Option 2, i.e., separate ROs case, some benefits are list as follows: 
· No need to consider the coexistence of legacy UE without multiple PRACH
· Flexible design of association between SSB and RO
· Easy to trace the start point and end point of multiple Msg1 transmissions.
For 	Option 3, i.e., partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs, some of the ROs used for single PRACH transmission can also be used for multiple PRACH transmissions. Compared to multiple PRACH transmissions on shared ROs, partial of multiple PRACH are transmitted with separate RO may reduce the latency in multiple PRACH transmissions. In addition, compared to multiple PRACH transmissions on separate ROs, partial of multiple PRACH are transmitted with shared RO may decrease the RO reservation. Furthermore, the preamble used in the shared RO should be the same as that used in the separate RO.
We support Option 3 for its full reuse of legacy single RO and multiple PRACH transmission RO.
Proposal 1: For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, Option 3 is supported. (Option 3: partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.)

Besides, to differentiate the multiple PRACH transmissions with single PRACH transmission, one or multiple of the above cases can be supported simultaneously. SSB-RSRP threshold(s) can be leveraged to select one of the above three options to differentiate the multiple PRACH transmissions with single PRACH transmission.
For example, as shown in Figure 1, two SSB-RSRP thresholds are used to enable which option to differentiate the multiple PRACH transmissions with single PRACH transmission, which are namely rsrp_Threshold_A and rsrp_Threshold_B, and rsrp_Threshold_A > rsrp_Threshold_B. Assuming UE selects the SSB#0 and corresponding PRACH resource to transmit multiple PRACH. If the value of RSRP of SSB#0 is greater than the rsrp-ThresholdSSB_A, but less than the threshold value for triggering multiple PRACH transmissions, it means UE using shared RO resources to transmit multiple PRACH.


Figure 1: The relationship between rsrp-ThresholdSSB and RO resource selection.
[bookmark: OLE_LINK9][bookmark: OLE_LINK17]Proposal 2: For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, multiple options can be supported, and SSB-RSRP threshold(s) can be used to differentiate multiple options. 

In RAN1#112b-e meeting [4], an agreement was achieved that it is up to RAN2 to decide how to realize the PRACH resource partitioning and whether Rel-17 framework of feature combination (FeatureCombination-r17) and/or additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions. As some companies point out, the feasibility of just reusing Rel-17 framework to configure additional ROs still needs to be further research. The issue of whether additional signaling is needed to configure additional ROs may bring some drawbacks, for example, the implementation of new RO reception may increase gNB complexity. Therefore, RAN1 should deprioritize the discussion on whether additional signaling is needed to configure additional ROs.
	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.



Proposal 3: RAN1 should deprioritize the discussion on whether additional signaling is needed to configure additional ROs.

Issue #2:	Determine the number of multiple PRACH transmissions 
Three random access processes have been defined in 5G networks, including the 4-step RACH in Rel-15, the 2-step RACH in Rel-16, and the 4-step RACH with Msg3 repetitions in Rel-17. Some SSB-RSRP thresholds have been defined for UE to select PRACH types, e.g., whether to be 2-step RACH or 4-step RACH or 4-step RACH with Msg3 repetitions based on the SSB-RSRP measurement. In addition, a SSB-RSRP thresholds defined in Rel-15 is used by UE to select the SSB and corresponding PRACH resource. The same criterion could be adopted for triggering 4-step RACH with PRACH repetition. 
An important issue is to determine whether or not to apply multiple PRACH transmissions and if so how to determine the number of multiple PRACH transmissions. An agreement were achieved in RAN1#111 meeting.
	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.



If multiple values for number of multiple PRACH transmissions are configured for contention-based random access (CBRA), it need to be discussed how to determine the value. We support that at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA. Therefore, some SSB-RSRP thresholds may be required to divide different coverage levels, corresponding to different repetition numbers. From our point of view, the number of configured SSB-RSRP threshold(s) may be same as the number of configured values for multiple PRACH transmissions. For example, if the candidate transmission values of {2, 4, 8} were configured by gNB, then three SSB-RSRP thresholds may be needed to determine the transmission values. 
For example, as shown in the Figure 2, UE selects the SSB#0 and corresponding PRACH resource to transmit multiple PRACH. Assuming the candidate transmission values of {2, 4, 8} were configured by gNB, three SSB-RSRP thresholds are required to determine the PRACH repetition numbers, namely rsrp-ThresholdSSB-Msg1_1, rsrp-ThresholdSSB-Msg1_2, rsrp-ThresholdSSB-Msg1_3, and rsrp-ThresholdSSB-Msg1_3 < rsrp-ThresholdSSB-Msg1_2 < rsrp-ThresholdSSB-Msg1_1. If the RSRP of SSB#0 less than rsrp-ThresholdSSB-Msg1_3, then the PRACH repetition number is 8. Similarly, if the RSRP of SSB#0 meets the range of [rsrp-ThresholdSSB-Msg1_3, rsrp-ThresholdSSB-Msg1_2], the PRACH repetition number is 4. If the RSRP of SSB#0 meets the range of [rsrp-ThresholdSSB-Msg1_2, rsrp-ThresholdSSB-Msg1_1], the PRACH repetition number is 2. In this way, the multiple PRACH transmissions number related to the beam quality, which not only configure an appropriate values for PRACH repetition, but also save the signaling overhead through an implicit way.


Figure 2:  The relationship between rsrp-ThresholdSSB and PRACH repetition number.
Proposal 4: For multiple PRACH transmissions with same Tx beam, SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.
Proposal 5: The number of configured SSB-RSRP threshold(s) is the same as the number(s) of multiple PRACH transmission configured by the gNB.
PRACH repetition numbers can be determined through the level of the beam quality. In addition, considering the actual use cases, only SSB-RSRP thresholds may not enough to guarantee a suitable number can be determined by UE, other factors can also be considered. For instance, when a UE is in an overheating or power-saving state, if the number of multiple PRACH transmissions selected only based on SSB-RSRP is 8, the UE may not be able to transmit 8 times PRACH due to its own limitation. A fallback mechanism is needed when determine the number of multiple PRACH transmissions. UE select the 4 times or 2 times and using related PRACH resources for multiple PRACH transmissions.
That is to say, SSB-RSRP [+ DELTA_RSRP] in dBm can be used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA. The SSB-RSRP is the higher layer filtered RSRP in dBm, where RSRP is defined in TS 38.215 [5] and the higher layer filter configuration is defined in TS 38.331 [6]. The DELTA_RSRP is the RSRP offset values considering other factors such as UE is in an overheating or power-saving state.
Proposal 6: Considering other factors, e.g., UE is in an overheating or power-saving state, the number of PRACH transmissions is based on SSB-RSRP [+ DELTA_RSRP] in dBm.

Issue #3: RO group
As discussed during RAN1 #112 [3] and RAN1 #112b-e meeting [4], some agreements have been achieved regarding the “RO group” to facilitate the discussions on the details of multiple PRACH transmission schemes. 
	Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
Note 1: All ROs in one RO group is associated with the same SSB(s).
Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
Note 3: whether/how to define “RO group” in specification will be discussed separately
Note 4: Valid RO(s) refers to what is defined in existing specification
FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
FFS: the time span of RO group.
FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
FFS: other details

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



[bookmark: OLE_LINK24]In our understanding, RO group helps align the understandings of gNB and UE on how the PRACH transmission. From UE perspective, it helps UE know using which ROs/preambles to transmit multiple PRACH. While from gNB perspective, it helps gNB know which ROs is potentially used by a UE that performs multiple PRACH transmissions, and then gNB may perform joint detection to obtain the coverage gain. The number of ROs in one RO group is equal to the PRACH repetition numbers. That is to say, UE only need to select one RO group to transmit multiple PRACH in one RACH attempt.
Issue #3-1: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions
Based on the agreement in RAN1#110b-e [7] and RAN1#112b-e [4] meeting, ROs used for multiple PRACH transmissions at least located at different time instances. It is FFS whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions. And multiple PRACH transmissions located in the same time instance within one RACH attempt are not supported in Rel-18.
	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.

	Conclusion
There is no consensus to support multiple PRACH transmissions 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.



At the RAN1#110b-e meeting [7], it was agreed that at least ROs located at different time instances can be utilized for the multiple PRACH transmissions with same Tx beam. However, it is still FFS for the issue on whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions. There are two ways to realize different starting RB of ROs at different time instances in one RO group for multiple PRACH transmissions:
· Option 1: SSB-to-RO configuration based on legacy mapping rules.
· Option 2: Frequency hopping based on RO offset.
Proposal 7: The starting RB of ROs can be different at different time instances for multiple PRACH transmissions. The follow options can be considered:
•        Option 1: SSB-to-RO configuration based on legacy mapping rules.
•        Option 2: Frequency hopping based on RO offset.
For the case of Option 1, the different starting RB of ROs in one RO group at different time instances for multiple PRACH transmissions can be realized through SSB-to-RO configuration based on legacy mapping rules. For example, 3 SSBs with {SSB#0, SSB#1, SSB#2} are configured in the cell. As is known to all, the higher-level parameter SSB-PerRACH-OccasionAndCB-PreamblesPerSSB determines the number of SSBs per RACH occasion. Assuming the number of N SSB associated with one valid RACH occasion is provided and take N = 1, which indicates that one SSB is mapped to one valid ROs. In addition, configure Msg1-FDM = 2, which indicates that there are 2 FDM-ed ROs in one time instance. The association pattern of SSB-to-RO based on legacy mapping rules is illustrated in Figure 3-1.
Assuming SSB#0 are selected by UE and the configured numbers of multiple PRACH transmissions is 4. As illustrated in Figure 3-2, there is only one RO associated with the selected SSB#0 at one time instance and the RO associated with the SSB#0 has different frequency resources at a later time instance. That is to say, there is no need to configure the hop of frequency hopping and different starting RBs of ROs can be realized by SSB-to-RO mapping.


For the case of Option 2, frequency hopping based RO offset can be utilized for the multiple PRACH transmissions with same Tx beam in order to provide frequency diversity gain to improve the link budget. When discussing the issue on the RO group(s) determination, frequency hopping may need to be considered together with the RO group(s) determination. 
If frequency hopping based RO offset is supported, it needs further study for the differentiation between an RO group of frequency hopping and an RO group of non-frequency hopping.
For example, take N = 1/8, which indicates that one SSB is mapped to 8 valid ROs. Configure Msg1-FDM = 2, which indicates that there are 2 FDM-ed ROs in one time instance. Assume the configured number(s) of multiple PRACH transmissions is 4. Then the association pattern of SSB#0-to-RO is illustrated in Figure 4. If frequency hopping based RO offset is supported, for each configured number of multiple PRACH transmissions, there will be two kinds of RO groups, i.e., RO group of non-frequency hopping ROs (Figure 4-1) and RO group of frequency hopping ROs (Figure 4-2). In the two figures, square with different color are used to represent different RO groups.



Observation 1: If frequency hopping based RO offset is supported, for each configured number of multiple PRACH transmissions, there will be two kinds of RO groups, i.e., RO group of non-FH ROs and RO group of FH ROs.

Issue #3-2: How an RO group is determined
As discussed in RAN1#112b-e, two options can be considered to realize RO group determination. The first one is implicitly determined based on network configurations. In this way, some parameters and perhaps some rules are needed to derive the RO groups, and then the general design of RO group can be realized. The second one is explicitly configured by the network, e.g., via SIB1, it can provide more flexibility to realize RO group. The proposal is list as following:
Consider one or both of the following options to realize RO group(s) determination/configuration.
· Option 1: RO group(s) are implicitly determined based on network configuration.
· RO group is determined at least by the following parameters {time and frequency start position (or start RO), the number of ROs within the RO group}
· FFS: whether the parameters can be derived based on some rules without explicit configuration.
· FFS: whether the starting RB of ROs within an RO group can be different at different time instances, if supported, the details.
· Option 2: RO group(s) are directly configured by network, e.g., via SIB1.
· FFS: details.
· Note: details of characteristics of the RO groups [, e.g., whether partial RO overlap is supported, max duration of the RO group (if any), starting RO and so on] are up to RAN1, while details on how to realize the direct configuration of RO groups by network [, e.g., signalling,] are up to RAN2.
We agree that we can discuss RO group determination first without frequency hopping issue. We prefer Option 1, as Option 2 may increase the signaling overhead and the complexity at gNB.
Proposal 8: Option 1 is supported to realize RO group(s) determination, i.e., RO group(s) is determined at least by the following parameters {time and frequency start position (or start RO), the number of ROs within the RO group}.
Regarding to Option 1, it needs to be further studied whether the parameters can be derived based on some rules without explicit configuration: 
· The parameters {time and frequency start position (or start RO)} can be derived based on some rules without explicit configuration. For example, performing modulus operation on SFN and the frequency index of ROs to obtain the time and frequency start position. 
· For the parameter {the number of ROs within the RO group}, which is equal to one of the configured number(s) of multiple PRACH transmissions, it cannot be derived based on some rules without explicit configuration.
Proposal 9: The parameters {time and frequency start position (or start RO)} can be derived based on some rules without explicit configuration. 

What’s more, as discussed in Issue#3-1, two options can realize different starting RB of ROs at different time instances for multiple PRACH transmissions, i.e., SSB-to-RO configuration based on legacy mapping rules and/or frequency hopping based RO offset. It need to be studied that how an RO group(s) is determined and the parameter of {frequency offset of second hop in unit of RO}, where frequency offset in unit of RO can be 0, which indicates the RO group consist of ROs with the same frequency position.
· For the case of Option 1, i.e., SSB-to-RO configuration based on legacy mapping rules.: 
· If only one RO associated with the selected SSB at one time instance as shown in Figure 3-2 in Issue #3-1, the parameter of {frequency offset of second hop in unit of RO} can be 0. 
· If more than one ROs associated with the selected SSB at one time instance, the parameter of {frequency offset of second hop in unit of RO} should be configured. As shown in Figure 5, 3 SSBs with {SSB#0, SSB#1, SSB#2} are configured in the cell. Take N = 1/2, which indicates that one SSB is mapped to two valid ROs. Configure Msg1-FDM = 4, which indicates that there are 4 FDM-ed ROs in one time instance. There are two ROs associated with the selected SSB#0 at one time instance, and the RO to be used should be based on the parameter of {frequency offset of second hop in unit of RO}.
· For the case of Option 2, i.e., frequency hopping based on RO offset: 
· If frequency hopping based on RO offset is NOT supported within one RO group, as shown in Figure 4-1 in Issue #3-1, the parameter of {frequency offset of second hop in unit of RO} can be 0.
· If frequency hopping based on RO offset is supported within one RO group, as shown in Figure 4-2 in Issue #3-1, the parameter of {frequency offset of second hop in unit of RO} should be configured where more than one ROs associated with the selected SSB at one time instance.


Proposal 10: The parameter of {frequency offset of second hop in unit of RO} should be configured for an RO group determination where more than one ROs associated with the selected SSB at one time instance.

Issue #3-3: 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 
In RAN1#112b-e meeting, there has been some discussion about 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.
From our perspective, ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions, while separate preambles are used to differentiate the PRACH transmissions over different RO groups. As shown in Figure 6-1, assume multiple values of {2, 4, 8} are configured for multiple PRACH transmissions, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions. Square with different color are used to represent different RO groups for each of the configured number. Specifically, square with green color are used to represent the RO groups with the configured number {2}. Square with blue color are used to represent the RO groups with the configured number {4}. Square with orange color are used to represent the RO groups with the configured number {8}.The Preamble indices in the Figure 6-1 are just an example. However, it may cause further division of preambles resources. In some delay insensitive services, it is feasible not to share ROs in different RO groups for different number of multiple PRACH transmissions, as shown in Figure 6-2.


Figure 6-1. An example of ROs sharing between different numbers of RO groups 



Figure 6-2. An example of non-sharing ROs between different numbers of RO groups 
Proposal 11: RO(s) can be shared between RO groups for different numbers of multiple PRACH transmissions, if shared, separate preambles are utilized for differentiation. 

What’s more, ROs can NOT be overlapped between different RO groups for the same number of multiple PRACH transmissions. For the same number of multiple PRACH transmissions between different RO groups, sharing ROs is not necessary as it increases gNB complexity to distinguish different RO groups.
Proposal 12: RO(s) can NOT be overlapping between RO groups for the same number of multiple PRACH transmissions.
In addition, as some companies point out, the RO sharing includes fully shared and partially shared. However, it is not yet clear how RO(s) can be partially shared between RO groups for different numbers of multiple PRACH transmissions. This issue needs further clarification.
Moreover, if it is yes, the details need to be further discussed on whether separate preambles are utilized for differentiation. The way of separate preamble is the simplest and has been supported by the R17 feature combination. However, potential gNB decoding complexity may be resulted.
Proposal 13: It needs to be clarified how RO(s) can be partially shared between RO groups for different numbers of multiple PRACH transmissions.

Issue #3-4: Periodic feature of RO group determination
Since RO group consists of valid ROs, and the ROs within one RO group associated with the same SSB, current spec. defines association pattern period which introduce the periodicity of the pattern between ROs and SSB indexes. We agree with FL that the RO group determination can be periodic, so that we only need to determine RO group in one time period, and some patterns are then repeated, which can reduce the workload. However, to reduce some uncertainty, the issue(s) on how to determine the RO group(s) corresponding to each of the configured number(s) of multiple PRACH transmissions, as well as the issue on the periodic feature of RO group determination, should be discussed in parallel.
Proposal 14: The issue(s) on how to determine the RO group(s) corresponding to each of the configured number(s) of multiple PRACH transmissions, as well as the issue on the periodic feature of RO group determination, should be discussed in parallel.
The periodic feature of RO group has been discussed in the RAN1#112b-e, the proposal is list as following:
	Proposal
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 period X.
· FFS: the determination of time period X.
· FFS: whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions.



To determine the time period X, two Option are considered:
Opt. 1. The time period X is K SSB-to-RO association period (minimum value: one PRACH configuration period)
Opt. 2. The time period X is K SSB-to-RO association pattern period (minimum value: one or multiple SSB-to-RO association period)
We support Option 2, i.e., the time period X is K association pattern period, since the length of the association period is uncertain, it’s not easy to determine a repeated pattern with such uncertain association period. That is to say, K is an uncertain value. 
Proposal 15: The determination of the time period X consists of K SSB-to-RO association pattern period is supported.
As {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams is supported in the RAN1#112b-e [4], the number can be configured by gNB in 7 cases with {2}, {4}, {8}, {2, 4}, {2, 8}, {4, 8}, {2, 4, 8}.
Two alternatives can determine the time period X with K SSB-to-RO association pattern period:
· Alt.1: the time period X consists minimal K SSB-to-RO association pattern period, which can satisfy the number of each configuration value for multiple PRACH transmissions. 
· FFS: whether the remaining valid ROs should be dropped, if the remaining valid RO(s) in the time period X is not sufficient to compose an RO group.
· Alt.2: the time period X consists K SSB-to-RO association pattern period, the total number of valid ROs included in the K SSB-to-RO association pattern period is the least common multiple of the number of each configuration value for multiple PRACH transmissions.
· FFS: the design of RO groups for different numbers of multiple PRACH transmissions.
· Note: there is not remaining valid ROs in the time period X.

Considering network only configure one value for multiple PRACH transmissions, e.g., {2}, or {4}, or {8}. Taking the Figure 7 provided by FL as an example [8], there are 5 valid ROs (draw with green or orange squares) in an association pattern period:


Figure 7. An example of SSB-to-RO association period and SSB-to-RO association pattern period [8].
· For Alt.1:
· Network only configure one value with {2} for multiple PRACH transmissions, the determination of the time period X consists of one SSB-to-RO association pattern. As there are 5 valid ROs in an association pattern period, two RO groups and one remaining valid RO are included as shown in Figure 8-1.
· Network only configure one value with {4} for multiple PRACH transmissions, the determination of the time period X consists of one SSB-to-RO association pattern. As there are 5 valid ROs in an association pattern period, one RO group and one remaining valid RO are included as shown in Figure 8-2.
· Network only configure one value with {8} for multiple PRACH transmissions, the determination of the time period X consists of two SSB-to-RO association pattern. As there are 5 valid ROs in an association pattern period, one RO group and two remaining valid ROs are included as shown in Figure 8-3.



· For Alt.2:
· Network only configure one value with {2} for multiple PRACH transmissions, the determination of the time period X consists of 2 SSB-to-RO association pattern. As there are 10 valid ROs in an association pattern period, 5 RO groups and no remaining valid RO are included as shown in Figure 9-1.
· Network only configure one value with {4} for multiple PRACH transmissions, the determination of the time period X consists of 4 SSB-to-RO association pattern. As there are 5 valid ROs in an association pattern period, 5 RO group and no remaining valid RO are included as shown in Figure 9-2.
· Network only configure one value with {8} for multiple PRACH transmissions, the determination of the time period X consists of 8 SSB-to-RO association pattern. As there are 5 valid ROs in an association pattern period, 5 RO group and no remaining valid ROs are included as shown in Figure 9-3.






Considering network configures multiple values for multiple PRACH transmissions, e.g., {2, 4}, or {2, 8}, or {4, 8}, or {2, 4, 8}. Taking {2, 4, 8} as an example, assuming there are 5 valid ROs in an association pattern period. According to the discussion in Issue #3-3, whether ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions may lead to different configuration within a time period X.
· For Alt.1:
· ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions and separate preambles are utilized for differentiation. To satisfy the number of each configuration value for multiple PRACH transmissions and the maximum configuration number is {8}, the time period X consists of two SSB-to-RO association pattern, as shown in Figure 10-1. 
· For the configuration number {2}, five RO groups and zero remaining valid RO are included, square with green color are used to represent the RO groups with the configuration number {2}. 
· For the configuration number {4}, two RO groups and two remaining valid RO are included, square with blue color are used to represent the RO groups with the configuration number {4}. 
· For the configuration number {8}, one RO groups and two remaining valid RO are included, square with orange color are used to represent the RO groups with the configuration number {8}.
· ROs can NOT be shared between different RO groups for different numbers of multiple PRACH transmissions. To satisfy the number of each configuration value {2, 4, 8} for multiple PRACH transmissions, the time period X consists of three SSB-to-RO association pattern, as shown in Figure 10-2. 
· For the configuration number {2, 4, 8}, one RO groups and one remaining valid RO are included. Square with green color are used to represent the RO groups with the configuration number {2}. Square with blue color are used to represent the RO groups with the configuration number {4}. Square with orange color are used to represent the RO groups with the configuration number {8}.





· For Alt.2:
· ROs can be shared between different RO groups for different numbers of multiple PRACH transmissions and separate preambles are utilized for differentiation. To satisfy total number of valid ROs is the least common multiple of the number of each configuration value {2, 4, 8} for multiple PRACH transmissions and the maximum configuration number is {8}, the time period X consists of 8 SSB-to-RO association pattern, as shown in Figure 11-1. There are no remaining valid ROs.
· For the configuration number {2}, 20 RO groups are included, square with green color are used to represent the RO groups with the configuration number {2}. 
· For the configuration number {4}, 10 RO groups are included, square with blue color are used to represent the RO groups with the configuration number {4}. 
· For the configuration number {8}, 5 RO groups are included, square with orange color are used to represent the RO groups with the configuration number {8}.
· ROs can NOT be shared between different RO groups for different numbers of multiple PRACH transmissions. To satisfy total number of valid ROs is the least common multiple of the number of each configuration value {2, 4, 8} for multiple PRACH transmissions, the number of RO groups need to be further studied. An example is shown in Figure 11-2, the time period X consists of 6 SSB-to-RO association pattern.
· For the configuration number {2}, 3 RO groups are included, square with green color are used to represent the RO groups with the configuration number {2}. 
· For the configuration number {4}, 2 RO groups are included, square with blue color are used to represent the RO groups with the configuration number {4}. 
· For the configuration number {8}, 2 RO groups are included, square with orange color are used to represent the RO groups with the configuration number {8}.





Proposal 16: Within K SSB-to-RO association pattern period, to determine the time period X, it is proposed to support Alt.2 from the following two candidate alternatives:
· Alt.1: the time period X consists minimal K SSB-to-RO association pattern period, which can satisfy the number of each configuration value for multiple PRACH transmissions. 
· FFS: whether the remaining valid ROs should be dropped, if the remaining valid RO(s) in the time period X is not sufficient to compose an RO group.
· Alt.2: the time period X consists K SSB-to-RO association pattern period, the total number of valid ROs included in the K SSB-to-RO association pattern period is the least common multiple of the number of each configuration value for multiple PRACH transmissions.
· FFS: the design of RO groups for different numbers of multiple PRACH transmissions.
· Note: there is no remaining valid ROs in the time period X.

Issue #3-5: Rules causing to drop PRACH transmissions
Since the number of RO(s) in one RO group is equal to a specific number of multiple PRACH transmissions configured by gNB, if some PRACH transmission(s) is dropped due to e.g., dynamic SFI or other potential collisions, UE should skip this repetition and not select another RO since UE can only determines and selects one RO group for multiple PRACH transmissions in one RACH attempt. Otherwise, it may be considered as another RACH attempt.
Proposal 17: If PRACH transmission is dropped based on collision handling rules, multiple PRACH transmissions are not postponed.
-	Existing collision handling rules in Rel-17 spec. is reused.

Issue #4:	The association between SSB and RO (group)
In the legacy SSB-to-RO mapping rules, SS/PBCH block indexes provided by ssb-PositionsInBurst are mapped to valid PRACH occasions in the following order: 
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
Based on the agreement in RAN1#111 meeting, RO/preamble resource partitioning is required to differentiate the multiple PRACH transmissions with single PRACH transmission,
[bookmark: OLE_LINK20][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]For multiple PRACH transmission with separate preamble on shared ROs, in order to minimize the specification impact, it is more desirable to follow the legacy SSB-to-RO mapping rules. The ROs used for multiple PRACH transmission is the ones mapped to the same SSB selected by the UE. The configuration between SSB-to-RO also follows the existing way. The ROs in one RO group maybe not adjacent, and may be in non-consecutive slots, which may increase the transmission delay of PRACH repetitions. Figure 12-1 illustrates one example of association between SSB and ROs with {2} PRACH repetitions.


Figure 12-1: one example of association between SSB and ROs for multiple PRACH transmission with separate preamble on shared ROs.
For multiple PRACH transmission with separate ROs, while it can refer to that multiple PRACH are transmitted only on separate ROs, or partial of multiple PRACHs are transmitted on separate ROs, the SSB-to-RO mapping rule can be changed to reduce the transmission delay of PRACH repetitions and the burden to gNB memory and buffering. From our view of point, changing the SSB-to-RO mapping to the SSB-to-RO groups mapping may minimize the specification impact. The SSB-to-RO groups mapping order can follow the current rules, which is as follows: preamble indexes, FDM-ed RO groups indexes, TDM-ed RO groups indexes. Moreover, the SSB-to-RO mapping rule in one RO group should follow the order of first in time domain and then in frequency domain. As shown in Figure 12-2, this rule allow configurations of consecutively available UL slots associated to a same SSB index for transmitting consecutive PRACH repetitions, which should be supported for low latency and complexity.


Figure 12-2: one example of association between SSB and ROs for multiple PRACH transmission with separate ROs
Proposal 18: For multiple PRACH transmission with separate preamble on shared ROs, support following the legacy SSB-to-RO mapping rules.
Proposal 19: For multiple PRACH transmission with separate ROs, support the SSB-to-RO groups mapping to reduce latency and complexity. The mapping order between SSB-to-RO groups can follow the legacy rules. The SSB-to-RO mapping rule in one RO group should follow the order of first in time domain and then in frequency domain.

Issue #5:	RA-RNTI
For multiple PRACH transmissions applied to 4-step RACH transmission, the definition of RAR window number and the start position is very important for gNB and UE.
In the RAN1#112 [3] and RAN1#112b-e [4], some agreement was achieved about the design of RAR window, which are listed in the following:
	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
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



In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during RAR window. The RA-RNTI is computed as [9]:
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
	RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).



If only one PRACH is transmitted before the end of a monitored RAR window, there is no ambiguity in the position of the PRACH occasion. However, if network configures multiple PRACH transmissions before a RAR window, for example, one RAR window is utilized to cover partial or all of the multiple PRACH transmissions. UE is unable to determine which one of PRACH occasion should be used to calculate RA-RNTI. The PRACH occasion for calculating RA-RNTI should be further studied. A simple way is to pre-define the PRACH occasion by a specific reference position, such as RA-RNTI calculated based on the first PRACH repetition or the last PRACH repetition. 
Proposal 20: For multiple PRACH transmissions with same Tx beam, the corresponding RA-RNTI is calculated based on a pre-defined RO, for example, taking RO for the first PRACH repetition or the last PRACH repetition as a reference.

Issue #7: CBRA/CFRA
UE can access network through contention-based random access (CBRA) or contention-free random access (CFRA). Both CBRA and CFRA should be support for multiple PRACH transmissions.
For CBRA, since many UEs compete for the preambles in a RO, multiple PRACH transmissions may increase more collisions. The gNB would configure proper random access preamble resources considering the repetition numbers. 
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]For CFRA, dedicated preamble for PRACH transmission is assigned by the network. It is more flexible for network to configure PRACH resources for multiple PRACH transmissions as dedicated signaling can be applied, and the numbers of multiple PRACH transmissions can be configured based on UE’s location within its deployment. Thus, a good balance can be achieved between the random access probability and latency. UE transmitted multiple PRACH makes efficient utilization of RACH resources. In addition, there are many scenarios triggering CFRA, such as handover, DL data arrival during RRC_CONNECTED when UL synchronisation status is “non-synchronised”, etc. A UE performing handover is usually located at the cell-edge of both the source and target cell with relatively poor uplink coverage conditions. A single PRACH transmission may cause handover failure and increase the risk of link failure and mobility interruption. Therefore, multiple PRACH transmissions are a better choice in these cases. It is essential to increase the probability of random access and the transmission reliability. 
Observation 2: In CFRA, multiple PRACH transmissions may improve the utilization of RACH resources, and increase the probability of random access and the transmission reliability.

Issue #8: The interaction of PRACH repetition with Msg3 repetition
What’s more, the interaction of PRACH repetition with Msg3 repetition should be studied. For example, if the number of multiple PRACH are transmitted, how to request Msg3 repetition. And according to a PRACH repetition number, gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition with a different repetition factor.   
Proposal 21: The interaction of PRACH repetition with Msg3 repetition should be studied.

Multiple PRACH transmissions with different beam
Repetition with different beams increases robustness even for UE with beam correspondence. In the case where the UE’s beam correspondence may not be guaranteed, e.g., in initial access, a better beam may exist than the beam based on SSB reception. PRACH detection may fail due to beam misalignment between the UE and the gNB. In this case, UE’s beam determined based on SSB reception may not be appropriate one for PRACH transmission, and multiple PRACH transmissions with different beams have better PRACH coverage performance than multiple PRACH transmissions with same beam (the beam based on SSB reception). 
Moreover, PRACH for FR2 was identified as a bottleneck in Rel-17 coverage enhancement study. Due to the large path loss and penetration loss, beam may be switched frequently in FR2. Multiple PRACH transmissions with different beams may increase reliability since both the radio channel and the instantaneous interference-plus-noise level may differ significantly between different directions in high frequency band. 
Observation 3: Multiple PRACH transmissions with different Tx beams can increase robustness than same beam, especially for the scenario of non-beam correspondence, beam switching frequently in FR2.
Proposal 22: Multiple PRACH transmissions with same beam can be used as a baseline for different beams.
Proposal 23: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not supported.

Conclusion
In this contribution, we discuss PRACH coverage enhancements. The following observations and proposals are achieved:
Observation 1: If frequency hopping based on RO offset is supported, for each configured number of multiple PRACH transmissions, there will be two kinds of RO groups, i.e., RO group of non-FH ROs and RO group of FH ROs.
Observation 2: In CFRA, multiple PRACH transmissions may improve the utilization of RACH resources, and increase the probability of random access and the transmission reliability.
Observation 3: Multiple PRACH transmissions with different Tx beams can increase robustness than same beam, especially for the scenario of non-beam correspondence, beam switching frequently in FR2.

Proposal 1: For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, Option 3 is supported. (Option 3: partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.)
Proposal 2: For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, multiple options can be supported, and SSB-RSRP threshold(s) can be used to differentiate multiple options.
Proposal 3: RAN1 should deprioritize the discussion on whether additional signaling is needed to configure additional ROs.
Proposal 4: For multiple PRACH transmissions with same Tx beam, SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.
Proposal 5: The number of configured SSB-RSRP threshold(s) is the same as the number(s) of multiple PRACH transmission configured by the gNB.
Proposal 6: Considering other factors, e.g., UE is in an overheating or power-saving state, the number of PRACH transmissions is based on SSB-RSRP [+ DELTA_RSRP] in dBm.
Proposal 7: The starting RB of ROs can be different at different time instances for multiple PRACH transmissions. The follow options can be considered:
•        Option 1: SSB-to-RO configuration based on legacy mapping rules.
•        Option 2: Frequency hopping based on RO offset
Proposal 8: Option 1 is supported to realize RO group(s) determination, i.e., RO group(s) is determined at least by the following parameters {time and frequency start position (or start RO), the number of ROs within the RO group}.
Proposal 9: The parameters {time and frequency start position (or start RO)} can be derived based on some rules without explicit configuration.  
Proposal 10: The parameter of {frequency offset of second hop in unit of RO} should be configured for an RO group determination where more than one ROs associated with the selected SSB at one time instance.
Proposal 11: RO(s) can be shared between RO groups for different numbers of multiple PRACH transmissions, if shared, separate preambles are utilized for differentiation. 
Proposal 12: RO(s) can NOT be overlapping between RO groups for the same number of multiple PRACH transmissions.
Proposal 13: It needs to be clarified how RO(s) can be partially shared between RO groups for different numbers of multiple PRACH transmissions.
Proposal 14: The issue(s) on how to determine the RO group(s) corresponding to each of the configured number(s) of multiple PRACH transmissions, as well as the issue on the periodic feature of RO group determination, should be discussed in parallel.
Proposal 15: The determination of the time period X consists of K SSB-to-RO association pattern period is supported.
Proposal 16: Within K SSB-to-RO association pattern period, to determine the time period X, it is proposed to support Alt.2 from the following two candidate alternatives:
· Alt.1: the time period X consists minimal K SSB-to-RO association pattern period, which can satisfy the number of each configuration value for multiple PRACH transmissions. 
· FFS: whether the remaining valid ROs should be dropped, if the remaining valid RO(s) in the time period X is not sufficient to compose an RO group.
· Alt.2: the time period X consists K SSB-to-RO association pattern period, the total number of valid ROs included in the K SSB-to-RO association pattern period is the least common multiple of the number of each configuration value for multiple PRACH transmissions.
· FFS: the design of RO groups for different numbers of multiple PRACH transmissions.
· Note: there is no remaining valid ROs in the time period X.
Proposal 17: If PRACH transmission is dropped based on collision handling rules, multiple PRACH transmissions are not postponed.
-	Existing collision handling rules in Rel-17 spec. is reused.
Proposal 18: For multiple PRACH transmission with separate preamble on shared ROs, support following the legacy SSB-to-RO mapping rules.
Proposal 19: For multiple PRACH transmission with separate ROs, support the SSB-to-RO groups mapping to reduce latency and complexity. The mapping order between SSB-to-RO groups can follow the legacy rules. The SSB-to-RO mapping rule in one RO group should follow the order of first in time domain and then in frequency domain.
Proposal 20: For multiple PRACH transmissions with same Tx beam, the corresponding RA-RNTI is calculated based on a pre-defined RO, for example, taking RO for the first PRACH repetition or the last PRACH repetition as a reference.
Proposal 21: The interaction of PRACH repetition with Msg3 repetition should be studied.
Proposal 22: Multiple PRACH transmissions with same beam can be used as a baseline for different beams.
Proposal 23: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not supported.
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Figure 10-2. An example for Alt.1 with {2, 4, 8} PRACH repetitions 

and Non-sharing ROs between different number of RO groups 
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