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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #113 meeting [1], the following agreements were achieved for PRACH coverage enhancements as follows:
	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.
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



In this contribution, we further discuss PRACH coverage enhancement.
Discussion on multiple PRACH transmissions with same beam
1.1     Resource for multiple PRACH transmissions
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, companies have different understanding about the agreement. 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. 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.
Currently, RAN2 is discussing this issue together with fallback issues between different Msg1 repetition numbers by email discussion [2]. But no consensus has been achieved yet. Thus, in the following discussion, we consider both interpretations:
· 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.
For ease of description, Interpretation 1 is noted as Single feature case, while Interpretation 2 is noted as Separate feature Case.
1.2     RO group determination
Time period X
In RAN1 #113 meeting, it was agreed to introduce a periodicity feature for RO group determination/configuration. The duration was defined as a time period X, which is K SSB-to-RO association pattern periods while the determination of K is FFS.
From our perspective, K can be configured by the network, if not configured, some predefined rule can be followed to determine its value. Regarding the predefined rule, since the intention of introducing of time period X is to ensure that there will be at least one RO group within this period for each configured number of multiple PRACH transmissions. Moreover, it should be ensured that for each of  SSBs, there should be at least one RO group consisting of ROs associated with the SSB. Thus, we propose the predefined rule of K as: K is determined as a minimum positive integer so that at least one RO group corresponding to the configured number of multiple PRACH transmissions can be determined within the time period X and for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB. Thus, we have the following proposal.
Proposal 1: For the time period X, K is explicitly configured by the network and it should satisfy that: firstly, at least one RO group corresponding the configured number of multiple PRACH transmissions can be determined within the time period X; secondly, for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB. If not configured, K is determined as a minimum positive integer so that: firstly, at least one RO group corresponding the configured number of multiple PRACH transmissions can be determined within the time period X; secondly, for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB.
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, 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 can be 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. Or gNB needs to track different time period X, which cause more complexity.
Based on the above analysis, irrespective of Separate feature Case or Single feature case, the time period X can be a parameter per RACH-config and this is our first preference. If not acceptable, another direction would be separately configuring the time period X for each configured number of multiple PRACH transmissions, which makes each time period X simpler, but different time period X needs to be tracked.
How an RO group is determined/configured
According to the agreements in RAN1 #113, two options are to be down-selected to determine the starting RO for each RO group as follows:
	· 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



Regarding the two options, Option 1 provides a more flexible design approach. In addition, Option 1 can always realize the RO group pattern determined by Option 2. One drawback is the potential 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 2 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. 1. 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.
Considering we only have 1 RAN1 meeting left, we prefer not to support frequency hopping for multiple PRACH transmissions.
Proposal 2: The starting RB of each RO within one RO group is the same.
For Separate feature Case, the RO group for each configured number of multiple PRACH transmissions can be separately determined/configured. This is because different preambles will be allocated for different types of RO groups (For ease of description, we use “different types of RO groups” to indicate RO groups for different configured number of multiple PRACH transmissions), ROs can be shared between different types of RO groups. Regarding the starting RO of each RO group, we think one simple way is to consider implicitly determination. For example, the first valid RO in time domain within one time period X is determined as the starting RO of one RO group, and the subsequent N-1 RO associated with the same SSB(s) as the first valid RO consist of the RO group, where N is the number of valid ROs of the RO group. This is also applied for the case if FDMed ROs are configured. In other words, Every N TDMed consecutive ROs with the same frequency position and associated with the same SSB forms an RO group, starting form the first valid RO to the last valid RO in time domain within a time period X.
It should be noted that RO groups should cover all the SSB, thus the time instance for the starting RO of each RO group may be different. For example, as illustrated in Fig.2, different colours indicate the corresponding ROs are associated with different SSB. Then, the starting RO of RO group 1 is the first RO within the time period X, while the starting RO of group 2 is the second RO. 


Fig.2 Example 1 of RO group(s) configured within one time period X
Fig.3 illustrates a different case where msg1-FDM = 4. For RO group with 2 valid ROs, a1, b1, c1 and d1 is the starting RO of one RO group, separately, associated with different SSB. Then, a3, b3, c3 and d3 is the starting RO of one subsequent RO group, separately.


Fig.2 Example 2 of RO group(s) configured within one time period X
Fig.4 illustrates a special case where msg1-FDM = 4, the number of SSB = 3. It can be seen that the SSB to RO mapping pattern is irregular. But this doesn’t impact how we determine the starting RO. For example, for RO group with 2 valid ROs, in the first time instance, a1, b1, c1 and d1 is the starting RO of one RO group, separately. Then, in the second time instance, a2, b2, c2 and d2 can be the starting RO of one subsequent RO group, separately. Again, in the third time instance, a3, b3, c3 and d3 can be the starting RO of one subsequent RO group, separately. When it comes to the fourth time instance, it can be seen that a4 belongs to the RO group with starting RO a1. And b4, c4, d4 all belongs to one RO group, so from our perspective it cannot consist of another RO group. For time instance 5 and 6, all the left ROs belong to one RO group, thus if it is agreed that RO(s) cannot be shared between RO groups for the same number of multiple PRACH transmissions, then all the starting RO and corresponding RO groups are determined.


Based on the above illustration and description, we can predefine the rule to determine the starting RO of each RO group as follows:
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 group. And the starting RO together with following N-1 ROs associated with the same SSB(s) form an RO group, where N is the number of multiple PRACH transmissions configured by the network.
For Single feature case, a total range of preambles will be allocated to different numbers of multiple PRACH transmissions. To separate the preambles for each number of multiple PRACH transmissions needs additional signalling, which can be left to RAN2. As long as the preambles are separated, the RO group for each configured number of multiple PRACH transmissions can be separately determined/configured. Then, implicit determination can be utilized the same as for Separate feature Case.
Thus, for both cases, it is possible to realize implicit determination of RO groups.
Proposal 3: 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 associated with the same SSB(s) form an RO group, where N is the number of multiple PRACH transmissions configured by the network.
Within time period X, if there are some ROs not included in any RO group, these ROs are not used for multiple PRACH transmissions.
1.3     Determination of the number of PRACH repetitions
Determination of the number of PRACH repetitions in first RACH attempt
Based on the following agreement in RAN2 #122, multiple RSRP thresholds for different repetition numbers were agreed to be configured.
	Agreements
· RAN2 to agree to configure multiple RSRP thresholds for different repetition numbers.
· The RSRP threshold(s) for triggering Msg1 repetition are configured per-BWP.


There is one remaining issue about the trigger condition of multiple PRACH transmissions. In fact, this has been discussed since RAN1 #110-e meeting. In addition, during RAN1 #111 meeting, three options are proposed 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.
However, some companies want to make sure that multiple PRACH transmissions are triggered only when the calculated power reaches the maximum output power of UE. This is some kind of reasonable considering that there are different types of UEs in the network with different power class. Since the RSRPs are cell-specific parameters, thus for some UE, it may reach the maximum output power while some other UEs may not. In this case, for the UE doesn’t reach the maximum power, power ramping is more reasonable and effective.
However, based on the following agreement achieved in RAN2 #121b-e meeting:
	Agreements
· RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS


It indicates that 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. Then, when it initiates another RACH attempt, it still needs to follow the same procedure, i.e., re-calculate the transmit power to check if it reaches the maximum output power. Most likely, the calculated power still cannot reach the maximum output power. Then, for this kind of UEs, the spec. work on multiple PRACH transmission cannot help them.
But this will not happen if we directly use the RSRP thresholds to determine the number of multiple PRACH transmission. We can use a larger power ramping step to make sure that UE quickly reaches the maximum output power. Then, the only issue is in the first attempt or first few attempts, this UE may use an unreasonable PRACH transmission method, i.e., maybe single PRACH transmission with power ramping is more reasonable if the power headroom is larger.
Thus, we prefer to directly use the SSB-RSRP thresholds to determine the number of RPACH transmissions. 
Proposal 4: 
For the first RACH attempt, the UE determines
· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If multiple PRACH transmissions are performed, the number of multiple PRACH transmissions is based on SSB-RSRP threshold(s).
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 5: For multiple PRACH transmissions, reuse the SSB-to-RO mapping mechanism in current spec defined for single PRACH transmission, i.e., SSB to RO mapping is in prior to RO group determination/configuration.
1.5     Retransmission of Multiple PRACH transmissions
During the discussion in RAN1 #113, two directions were proposed regarding PRACH re-transmissions as follows [3]:
	Direction 1: UE checks whether the output power is above a certain value before the RO determination/selection for performing the PRACH transmission. If yes, UE determines to perform multiple PRACH transmissions and the number of multiple PRACH transmissions is determined based on SSB-RSRP threshold(s). If no, UE performs legacy single PRACH transmission procedure.
Direction 2: UE determine whether to perform multiple PRACH transmissions for the first RACH attempt based on SSB-RSRP threshold(s). Then,
· If single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), power ramping is applied between RACH attempts.
· 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.
· Option 1: The maximum transmission power is not compulsorily applied for the first RACH attempt. 
· Alt.1: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
· Alt.2: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached or the maximum number of attempts for current number of PRACH repetitions is reached.
· Alt.3: The number of multiple PRACH transmissions in RACH re-attempts increases prior to power ramping.
· FFS: details.
· Option 2: The maximum transmission power is compulsorily applied for the first RACH attempt.
· Alt.1: The number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt. Power ramping is not needed.
· Alt.2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition. Power ramping is not needed.
· FFS: details. E.g., a smaller power headroom based on an increased power ramping counter, or tolerance zone around the SSB-RSRP threshold(s) is defined to determine whether to increase the number of PRACH transmissions.



For Direction 1, as discussed previously in section 2.3, what we propose is covered by proposal 5. In this section, we mainly discuss if multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds, what’s the following behavior in re-attempts.
Currently, RAN2 is discussing this issue together with fallback issues between different Msg1 repetition numbers by email discussion [2]. Four Options are being discussed copied as follows, but no consensus has been achieved yet.
	Option 1: No fallback
· In this option, there is no fallback between different Msg1 repetition numbers and this means each Msg1 repetition number can be treated as a separate feature
· This is aligned with the current agreements in RAN2
Option 2: Allow fallback
In this option, there may be 3 sub-options as below
Option 2.1: Each repetition number is treated as a separate RACH type
· In this case Msg1 repetition is NOT considered as a feature;
· In this option, the fallback back can be supported within the RACH partition and the different Msg1 repetitions are treated as different RACH types (i.e. similar to 2-step and 4-step RACH today, where we allow fallback from 2-step to 4-step RACH);
· Requires big RRC spec change, e.g. to introduce multiple preamble index ranges (and/or RO mask indexes) within FeatureCombinationPreambles-r17, each one associated with a specific repetition number
Option 2.2: All repetitions are treated as a single feature, but within the feature, different repetition numbers are treated as different RACH type
· In this case Msg1 repetition is considered as a feature;
· But, RACH resources for all repetitions are considered as RACH type within the same feature;
· In this option, the fallback can be supported within the RACH partition and the different Msg1 repetitions are treated as different RACH types within the same feature (i.e. similar to 2-step and 4-step RACH today, where we allow fallback from 2-step to 4-step RACH);
· Requires big RRC spec change, e.g. to introduce msg1-Repetition-r18 in FeatureCombination-r17, and to introduce multiple preamble index ranges (and/or RO mask indexes) within FeatureCombinationPreambles-r17, each one associated with a specific repetition number;
Option 2.3: Each repetition number is treated as a separate feature and we define fallback between features
· In this case each Msg1 repetition number is considered as a separate feature;
· In this option we need to define fallback between different RACH partitions. This is currently not supported in MAC
Less RRC spec change, but requires huge MAC spec impact, e.g. to allow switching between RACH partitions;


From our understanding, it is possible to increase the number of multiple PRACH transmissions based on RAN2’s discussion. Furthermore, it is worthwhile to support this function, or else if UE selects one value of multiple PRACH transmission, it will end with this selected value until fail or success. It indicates that when the transmission power reaches the maximum value in re-attempt, UE can do nothing but re-transmit the PRACH in the same way. We think if it is supported to increase the number of multiple PRACH transmissions, it will open another door to help the UE to access the network. It is reasonable and meaningful. Thus, we have the following proposal.
Proposal 6:
· 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, 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 7: The maximum number of RACH attempts for multiple PRACH transmissions should be limited and not larger than that for single PRACH transmission.
Conclusions
In this contribution, we discuss PRACH coverage enhancement and have following proposals:
Proposal 1: For the time period X, K is explicitly configured by the network and it should satisfy that: firstly, at least one RO group corresponding the configured number of multiple PRACH transmissions can be determined within the time period X; secondly, for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB. If not configured, K is determined as a minimum positive integer so that: firstly, at least one RO group corresponding the configured number of multiple PRACH transmissions can be determined within the time period X; secondly, for each of  SSBs, there is at least one RO group consisting of ROs associated with the SSB.
Proposal 2: The starting RB of each RO within one RO group is the same.
Proposal 3: 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 associated with the same SSB(s) form an RO group, where N is the number of multiple PRACH transmissions configured by the network.
Within time period X, if there are some ROs not included in any RO group, these ROs are not used for multiple PRACH transmissions.
Proposal 4: 
For the first RACH attempt, the UE determines
· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If multiple PRACH transmissions are performed, the number of multiple PRACH transmissions is based on SSB-RSRP threshold(s).
Proposal 5: For multiple PRACH transmissions, reuse the SSB-to-RO mapping mechanism in current spec defined for single PRACH transmission, i.e., SSB to RO mapping is in prior to RO group determination/configuration.
Proposal 6:
· 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, 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 7: The maximum number of RACH attempts for multiple PRACH transmissions should be limited and less than that for single PRACH transmission.
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