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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #112b-e meeting [1], the following agreements were achieved for PRACH coverage enhancements as follows:
	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.



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.

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
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 this contribution, we further discuss PRACH coverage enhancement.
Discussion on multiple PRACH transmission with same beam
1.1     Multiple PRACH transmissions and detection
Differentiation between legacy single PRACH transmission and multiple PRACH transmissions
In RAN1 #112b-e meeting, the two working assumptions with respect to the differentiation between multiple PRACH transmissions and single PRACH transmission are confirmed, and details on how to realize PRACH resource partitioning is up to RAN2. From our perspective, we think it is sufficient for PRACH resource configuration of multiple PRACH transmissions cause Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can provide very flexible configuration. Thus, other separate RO configuration methods for multiple PRACH transmissions are not necessary.
Proposal 1: Other separate RO configuration method other than reuse Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) is not considered in Rel-18.
RO group
In RAN1 #112b-e meeting, the determination of RO group was extensively discussed. From our perspective, RO group related discussion can be divided into the following aspects:

1. Whether/how a time period X is defined for RO group determination/configuration.
During the discussion in RAN1 #112b-e, a proposal with respect to time period X for RO group determination/configuration was discussed, and the latest version was as follows:
	Proposal
A set of RO group(s) for the corresponding configured number(s) of multiple PRACH transmissions are [determined/configured] within a time period X, starting from frame 0. The [determined/configured] set of RO groups repeats every period X.
· FFS: the determination of time period X.
· [bookmark: _Hlk134456440]FFS: whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions.



From our perspective, it is necessary to introduce the time period X, so that we only need to determine/configure the RO group within one time period X, and the pattern of RO group within this time period X can repeat in other time period X. The controversial part may lie in the definition of time period X, pattern and the repeat operation. We will discuss them separately.
1-1. The definition of time period X
We share the similar view that there are 3 kinds of definition for time period X as provided in [2]:
· Opt. 1. The time period X is K PRACH configuration period (minimum value: 10 ms).
· Opt. 2. The time period X is K SSB-to-RO association period (minimum value: one PRACH configuration period)
· Opt. 3. The time period X is K SSB-to-RO association pattern period (minimum value: one or multiple SSB-to-RO association period)
For Opt. 1, it does not make much sense, cause if K=1, it may even not enough for mapping all the SSB index; else if K>1, at least K should satisfy that the time duration of K PRACH configuration period is equal to one SSB-to-RO association period, in this case Opt.1 is covered by Opt. 2. Thus, Opt. 1 can be precluded.
For Opt.2 and Opt.3, they both ensures that there will be enough valid RO for a configured number of multiple PRACH configuration. But, considering the main intention of introducing of time period X is for repeating the pattern. Opt.3 is more reasonable, since the association pattern period is determined for repeating the pattern between PRACH occasions and SS/PBCH block indexes. Considering that an RO group consist of valid ROs which associated with the same SSB, and the pattern between RO and SSB is repeated in unit of association pattern period, it is a nature design that RO group is determined/configured within one or multiple association pattern period, and repeats in every association pattern period. Regarding the parameter K, it intends for ensuring that for each configured number of multiple PRACH transmissions, there will be at least one RO group within the time period X. Thus, the definition of K can be: K is determined as a minimum positive integer so that at least one RO group corresponding to each configured number of multiple PRACH transmissions can be determined within the time period X.
In addition, there is another issue: if multiple numbers for multiple PRACH transmissions are configured, whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions. From our perspective, the answer is yes. There are two kinds of cases as follows:
· Case 1: The ROs configured for different numbers of multiple PRACH transmissions are based on multiple RACH-config, where separate ROs are used for differentiation.
· Case 2: The ROs configured for different numbers of multiple PRACH transmissions are based on one RACH-config, where separate preambles are used for differentiation.
For Case 1, the RO configurations, SSB-to-RO mapping pattern for different numbers of multiple PRACH transmissions can be different since they are separately configured. In this case, for the configured number(s) of multiple PRACH transmissions based on one RACH-config, the same time period X is applied. If each configured number of multiple PRACH transmissions is based on one separate RACH-config, then the time period X for each configured number of multiple PRACH transmissions is determined separately.
For Case 2, it is more reasonable that same time period X is applied to all the configured number(s) of multiple PRACH transmissions, we prefer the unified design. 
1-2. The definition of pattern
When we have the definition of time period X, then we only need to focus on the determination/configuration of the RO group(s) within one time period X. Within this time period X, we can have a set of RO group(s) for all of the configured number(s) of multiple PRACH transmissions. For example, as shows in the following two figures:


(a)


(b)
Fig.1 Illustration of RO group(s) configured within one time period X
For Fig.1 (a), it can be seen that there are 4 RO groups for 4 PRACH transmissions and 8 RO groups for 2 PRACH transmission within one time period X, which forms an RO group pattern. The pattern then maintains the same in other time period X. It should be noted that it doesn’t matter how the RO group is formed in one time period X, what matters here is the formed pattern of RO group repeats in each time period X. The pattern includes the relationship between RO group for configured number(s) of multiple PRACH transmissions and the ROs within it. If time period X consist of one or multiple SSB-to-RO association pattern periods, then we can say that the RO group pattern repeats in unit of time period X. Considering that we already have the definition of association pattern period in current spec., it may be clearer if we introduce an RO group pattern period, e.g., an RO group pattern period includes K association pattern periods, starting from frame 0, where K is determined as a minimum positive integer so that at least one RO group corresponding to each configured number of multiple PRACH transmissions is determined/configured within an RO group pattern period. The determination/configuration of RO groups in the first RO group pattern period is applied to every RO group pattern period, which indicates that the number of determined/configured RO group(s) for each configured number of multiple PRACH transmissions is the same in every RO group pattern period, and each RO group repeats in every RO group pattern period.
Based on above analysis, we have the following proposal:
Proposal 2: 
· Define an RO group pattern period. 
· An RO group pattern period includes K association pattern periods, starting from frame 0, where K is determined as a minimum positive integer so that at least one RO group corresponding to each configured number of multiple PRACH transmissions is determined/configured within an RO group pattern period. 
· The determination/configuration of RO groups in the first RO group pattern period is applied to every RO group pattern period, which indicates that the number of determined/configured RO group(s) for each configured number of multiple PRACH transmissions is the same in every RO group pattern period, and each RO group repeats in every RO group pattern period.

2. How an RO group is determined/configured
During the discussion in RAN1 #112-b, two options for RO group determination/configuration were proposed. The latest FL proposal is copied as follows:
	Proposal
Consider one or both of the following options to realize RO group(s) determination/configuration.
· Option 1: RO group(s) are implicitly determined based on network configuration.
· RO group is determined at least by the following parameters {time and frequency start position (or start RO), the number of ROs within the RO group}
· FFS: whether the parameters can be derived based on some rules without explicit configuration.
· FFS: whether the starting RB of ROs within an RO group can be different at different time instances, if supported, the details.
· Option 2: RO group(s) are directly configured by network, e.g., via SIB1.
· FFS: details.
· Note: details of characteristics of the RO groups [, e.g., whether partial RO overlap is supported, max duration of the RO group (if any), starting RO and so on] are up to RAN1, while details on how to realize the direct configuration of RO groups by network [, e.g., signalling,] are up to RAN2.



Regarding the two options, Option 2 provides a more flexible design approach. In addition, Option 2 can always realize the RO group pattern determined by Option 1. One drawback is the signalling overhead.
If frequency hopping is not supported for multiple PRACH transmissions, or we say if the starting RB of ROs cannot be different at different time instances for multiple PRACH transmissions, then the flexibility provided by Option 1 and Option 2 is similar. Thus, the critical part is whether frequency hopping is supported. 
If Option 1 is selected, we prefer that the starting RB of ROs within one RO group is the same. Otherwise, the design will be very complex, for example, at least the following aspects should be considered:
1. Since we have an agreement that “multiple PRACH transmissions within one RACH attempt are only performed within one RO group” and “one RO group consists of valid RO(s)”, this indicates that if FH is supported, FH is only performed within one RO group and cannot be performed out of this RO group. Thus, modulo operation may be needed when determining the RO group considering FH. Take Fig.2 as an example, if we consider 4 PRACH transmission and the hopping offset is 2 ROs, then {a1, c2, a3, c4} is one RO group, {c1, e2, c3, e4} and {e1, g2, e3, g4} are two other RO groups. Then, when the starting RO is g1, it’ll be {g1, a2, g3, a4}, which means to maintain a unified design, modulo operation is needed.


Fig. 2. Illustration of one case of ROs configured for multiple PRACH transmissions
2. Whether the FH offset is defined in unit of RO or RB? This is also one important issue to be discussed.
3. If frequency hopping is supported and enabled, are the determined RO groups all for FH? Or will there be two types of RO groups for each configured number of multiple PRACH transmissions, one type is for FH (the starting RB of ROs within one RO group is different), one type is not for FH (the starting RB of ROs within one RO group is the same). If two types of RO groups are considered, the design will be very complex. However, if all the RO groups are for FH, then it indicates that for UE support multiple PRACH transmission but not support PRACH FH, it cannot transmit multiple PRACH transmission if FH is enabled. Unless PRACH FH is mandatory supported for multiple PRACH transmissions.
If Option 2 is selected, we need to determine which part of the RO group determination is up to RAN1, which part is up to RAN2. And the details are needed to be further discussed, we may not have enough time to finish the design.
Although we are open to discuss Option 2, considering the limited TU, we prefer to go with option 1 without supporting multiple PRACH frequency hopping. We need to focus on the basically design.
Based on the above analysis, we have the following proposal:
Proposal 3: RO group(s) are implicitly determined based on network configuration. Different starting RB of ROs within one RO group is not supported in Rel-18.
Regarding implicitly determination of RO group, we think RO group is determined at least by the following parameters {time and frequency start position, the number of ROs within the RO group}. In addition, these parameters can all be implicitly determined, e.g., Every M TDMed consecutive ROs with the same frequency position and associated with the same SSB forms an RO group, starting form the first RO to the last RO in time domain within a RO group pattern period, where M is the number of valid ROs of the RO group. If there are some RO not included in any RO group, there ROs are not used for multiple PRACH transmissions.
However, the above example needs some pre-condition as follows:
Condition 1: RO(s) cannot be shared between RO groups for the same number of multiple PRACH transmissions.
Condition 2: RO(s) can be shared between RO groups for different numbers of multiple PRACH transmissions.
From our perspective, condition 1 should be supported, or else some trouble may be caused due to the overlapped ROs, e.g., error detection. In addition, if sharing of ROs is supported, we may need to consider the criteria about how many ROs within a RO group can be shared, e.g., one RO, two ROs, or different numbers ROs for different RO group. It’ll complicated the design. Thus, we have the following proposal.
Proposal 4: RO(s) cannot be shared between RO groups for the same number of multiple PRACH transmissions.
Regarding condition 2, from our understanding that if Rel-17 framework of FeatureCombination-r17 is reused, different numbers of multiple PRACH transmissions will be separate features. Then, if multiple values for multiple PRACH transmissions are configured, according to the agreement “If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported”, they’ll use separate preambles. Thus, RO group(s) for different configured numbers of multiple PRACH transmissions can be determined separately as shown in the following figure.


Fig. 3. Illustration of ROs shared by different values of multiple PRACH transmissions
Based on the above analysis, we have the following proposal.
Proposal 5: 
Every M TDMed consecutive ROs with the same frequency position and associated with the same SSB forms an RO group, starting form the first RO to the last RO in time domain within a RO group pattern period.
-	M corresponds to the configured number of multiple PRACH transmissions. 
-	If there are some RO not included in any RO group, there ROs are not used for multiple PRACH transmissions.

3. Rules causing to drop PRACH transmissions
During the discussion in RAN1 #112, UE behavior of multiple PRACH transmissions in case some of them is dropped is discussed extensively. The latest FL proposal is pasted as follows:
	Proposal
If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if of the dropped RACH transmission affect the remaining RACH transmission within the same RO group.



From our perspective, the key point is “the dropped PRACH transmission is not postponed” which aligns the agreement that “multiple PRACH transmissions within one RACH attempt are only performed within one RO group”. Thus, no matter what caused the dropping, the dropped PRACH transmission should not be postponed. In addition, we don’t think we should list all the possible dropping conditions based on current spec., since there is a risk if we can’t list them all and missing one or two. Anyway, UE follows the dropping of PRACH based on current spec., if the dropping occurs, UE doesn’t postpone the PRACH transmission, we think the behavior is pretty clear. If there is no such dropping, then it’ll also be fine. Regarding whether new dropping rule is introduced, we are open to discuss it. Thus, we have the following proposal.
Proposal 6: 
If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
-	FFS: whether to introduce new rules causing to drop PRACH transmission.
-	FFS: whether there is standard impact if of the dropped RACH transmission affect the remaining RACH transmission within the same RO group.
1.2     Indication and determination of the number of PRACH repetitions
Indication and determination of the number of PRACH repetitions
Since multiple values for the number of multiple PRACH transmissions are supported, to determine the number of PRACH repetitions, some RSRP thresholds may need to be defined, similar as the mechanism defined for NB-IoT UE and BL/CE UEs in enhanced coverage. Take three RSRP thresholds as an example, namely RSRP0, RSRP1 and RSRP2, where RSRP0 >RSRP1 >RSRP2. Meantime, the network configures a set of PRACH repetitions as {R0, R1, R2}, where R2 >R1 >R0. It should be noted that “R0, R1, R2” can be selected from a larger value set, e.g., {R0, R1, R2, R3, R4, R5…}. Then, if the UE measured RSRP is less than RSRP2, the number of PRACH repetitions is determined as R2; else if the UE measured RSRP is less than RSRP1, the number of PRACH repetitions is determined as R1; else if the UE measured RSRP is less than RSRP0, the number of PRACH repetitions is determined as R0; else, no PRACH repetition is performed, legacy PRACH transmission is followed.
Moreover, as discussed during RAN1 #110-e meeting, some companies propose that multiple PRACH transmission is only applied when the transmission power or number of PRACH retransmissions reaching a threshold. From our point of view, we think this may bring much latency as: UE first performs legacy PRACH transmission, if failed for several times, then it applies multiple PRACH transmission. We think this is not straightforward. We prefer to directly use the SSB-RSRP to determine the number of multiple PRACH transmission. 
In addition, during RAN1 #111 meeting, it was discussed about the trigger condition of multiple PRACH transmissions, three options are copied as follows:
	· Option 1: SSB-RSRP threshold is utilized to trigger multiple PRACH transmissions.
· Option 2: The failure of single PRACH attempts reaches a threshold.
· Option 3: The calculated power of single PRACH attempt reaches the maximum output power of UE.



Then we achieved the agreement that “use at least SSB-RSRP threshold(s) to determine the number of PRACH transmissions at least for the first RACH attempt”. Thus, it makes no sense that we go back to discuss the trigger condition.
Proposal 7: For multiple PRACH transmissions with same Tx beam, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.
1.3     RA-RNTI calculation
According to current spec. TS 38.321, RA-RNTI is calculated as follows:
	RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).



For multiple PRACH transmissions, we prefer single RA-RNTI for multiple PRACH transmissions within one RAR window, i.e., UE attempts to detect a DCI format 1_0 with CRC scrambled by one of the multiple RA-RNTI candidates during a RAR window, the corresponding RA-RNTI is calculated based on the last PRACH occasion corresponding to the multiple PRACH transmission. Thus, we have the following proposal.
Proposal 8: For multiple PRACH transmissions, UE attempts to detect a DCI format 1_0 with CRC scrambled by the RA-RNTI calculated based on the last valid RO in the RO group corresponding to the multiple PRACH transmissions.
1.4     SSBs to ROs mapping
Considering current progress, we think it’ll better to reuse the SSB-to-RO mapping in current spec., new SSB-to-RO mapping mechanism is not supported in Rel-18. Or the related design will be too complex. In addition, 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. Or else, they’ll follow different SSB-to-RO mapping mechanisms which cause problems for the network. Thus, we have the following proposal.
Proposal 9: For multiple PRACH transmissions, reuse the SSB-to-RO mapping mechanism in current spec.
1.5     Retransmission of Multiple PRACH transmissions
During the discussion in RAN1 #112-b, serval cases regarding PRACH re-transmissions was summarized in FL summary as follows:
	· Case 1: Single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), power ramping is applied between RACH attempts.
· Option 1: The number of PRACH transmission in RACH re-attempts is not increased, regardless of whether the maximum transmission power is reached or not.
· Option 2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached.
· [bookmark: _Hlk134693062]Case 2: Multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds.
· Option 1: The maximum transmission power is not compulsorily applied for the first RACH attempt. 
· Alt.1: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
· Alt.2: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached or the maximum number of attempts for current number of PRACH repetitions is reached.
· Option 2: The maximum transmission power is compulsorily applied for the first RACH attempt.
· Alt.1: The number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt. Power ramping is not needed.
· Alt.2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition. Power ramping is not needed.
· FFS: details. E.g., a smaller power headroom based on an increased power ramping counter, or tolerance zone around the SSB-RSRP threshold(s) is defined to determine whether to increase the number of PRACH transmissions.



For Case 1, if single PRACH transmission is determined for the first RACH attempt, we think Option 1 should be selected, or else single and multiple PRACH transmissions will be mixed in the RACH procedure, which makes the procedure complex. In addition, it relies on whether the SSB-RSRP threshold for determining the number of multiple PRACH transmissions is set reasonable or not. If the SSB-RSRP threshold is reasonable, then UE can directly perform multiple PRACH transmissions without suffering from failing of previous single PRACH transmission with power ramping, which also benefits the latency.
For Case 2, we prefer Option 1 and are open to discuss Alt 1 and Alt 2. For Alt 2 of Option 1, we think the condition can be when the maximum transmission power is reached. Regarding power ramping, we think a larger power ramping step can be considered for multiple PRACH transmission.
Proposal 10:
· If single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), power ramping is applied between RACH attempts, the number of PRACH transmission in RACH re-attempts is not increased, regardless of whether the maximum transmission power is reached or not.
· If multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds, down-select one of the following alternatives:
· Alt.1: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
· Alt.2: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased when the maximum transmission power is reached.
On the other hand, in case some UE is under very poor coverage, it continues to perform large number of multiple PRACH transmissions, it will cause continuing interference and increase the possibility of collision. To deal with this issue, we think the maximum number of RACH attempts for multiple PRACH transmissions should be limited and less than that for single PRACH transmission.
Proposal 11: The maximum number of RACH attempts for multiple PRACH transmissions should be limited and less than that for single PRACH transmission.
1.6     RRC parameter
This section discusses RRC parameters for multiple PRACH transmissions. Based on current agreement, it can be seen that at least the following parameters needs to be introduced:
· The values of multiple PRACH transmission configured by gNB, including {2, 4, 8}.
· The SSB-RSRP thresholds to determine the number of multiple PRACH transmissions.
· RO group related parameters.
Proposal 12: Introduce the following RRC parameters for multiple PRACH transmissions: the values of multiple PRACH transmission configured by gNB (including {2, 4, 8}), the SSB-RSRP thresholds to determine the number of multiple PRACH transmissions, RO group related parameters.
Discussion on multiple PRACH transmission with different beams
In RAN1 #112, the following conclusion was made.
	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).



Then, if multiple PRACH transmissions w/ different beam is supported, most of the mechanism defined for multiple PRACH transmissions w/ the same beam seems can be reused. If no different beam-specific optimization is involved, from network perspective, it seems not much difference in progress between multiple PRACH transmission w/ the same or different beam(s).
Thus, the benefit of multiple PRACH transmissions mainly lies in two aspects: firstly, if beam correspondence is not supported, compared with multiple PRACH transmissions w/ the same beam, some performance gain may be achieved by multiple PRACH transmissions w/ different beams; secondly, if different beam-specific optimization is supported, e.g., best UL beam indication, it may benefit the subsequent UL transmission for random access.
Based on the discussion in RAN1 # 112-b, three options were proposed as follows:
	Option 1: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not supported.
· Note: If multiple PRACH transmission with different Tx beams is supported, the mechanism defined for multiple PRACH transmissions with the same beam should be reused as much as possible.
Option 2: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is supported.
· FFS: whether/how to indicate best UL beam based on multiple PRACH transmissions for the subsequent UL transmissions.
· Note: If multiple PRACH transmission with different Tx beams is supported, the mechanism defined for multiple PRACH transmissions with the same beam should be reused as much as possible.
Option 3: Multiple PRACH transmission with different Tx beams is not supported in Rel-18.



Considering that there are only 2 RAN1 meetings left, and there are a lot of issues not settled for multiple PRACH transmissions w/ the same beam. We think main effort should be paid to the work for multiple PRACH transmissions w/ the same beam. Thus, we prefer to go with Option 1 or Option 3. 

Conclusions
In this contribution, we discuss PRACH coverage enhancement and have following proposals:
Proposal 1: Other separate RO configuration method other than reuse Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) is not considered in Rel-18.
Proposal 2: 
· Define an RO group pattern period. 
· An RO group pattern period includes K association pattern periods, starting from frame 0, where K is determined as a minimum positive integer so that at least one RO group corresponding to each configured number of multiple PRACH transmissions is determined/configured within an RO group pattern period. 
· The determination/configuration of RO groups in the first RO group pattern period is applied to every RO group pattern period, which indicates that the number of determined/configured RO group(s) for each configured number of multiple PRACH transmissions is the same in every RO group pattern period, and each RO group repeats in every RO group pattern period.
Proposal 3: RO group(s) are implicitly determined based on network configuration. Different starting RB of ROs within one RO group is not supported in Rel-18.
Proposal 4: RO(s) cannot be shared between RO groups for the same number of multiple PRACH transmissions.
Proposal 5: 
Every M TDMed consecutive ROs with the same frequency position and associated with the same SSB forms an RO group, starting form the first RO to the last RO in time domain within a RO group pattern period.
-	M corresponds to the configured number of multiple PRACH transmissions. 
-	If there are some RO not included in any RO group, there ROs are not used for multiple PRACH transmissions.
Proposal 6: 
If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
-	FFS: whether to introduce new rules causing to drop PRACH transmission.
-	FFS: whether there is standard impact if of the dropped RACH transmission affect the remaining RACH transmission within the same RO group.
Proposal 7: For multiple PRACH transmissions with same Tx beam, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.
Proposal 8: For multiple PRACH transmissions, UE attempts to detect a DCI format 1_0 with CRC scrambled by the RA-RNTI calculated based on the last valid RO in the RO group corresponding to the multiple PRACH transmissions.
Proposal 9: For multiple PRACH transmissions, reuse the SSB-to-RO mapping mechanism in current spec.
Proposal 10:
· If single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), power ramping is applied between RACH attempts, the number of PRACH transmission in RACH re-attempts is not increased, regardless of whether the maximum transmission power is reached or not.
· If multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds, down-select one of the following alternatives:
· Alt.1: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
· Alt.2: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased when the maximum transmission power is reached.
Proposal 11: The maximum number of RACH attempts for multiple PRACH transmissions should be limited and less than that for single PRACH transmission.
Proposal 12: Introduce the following RRC parameters for multiple PRACH transmissions: the values of multiple PRACH transmission configured by gNB (including {2, 4, 8}), the SSB-RSRP thresholds to determine the number of multiple PRACH transmissions, RO group related parameters.
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