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Introduction
In the RAN1#112bis-e meeting, some agreements and conclusions about PRACH enhancement of further NR coverage enhancements were achieved [1]. 
	Agreement
Confirm the following working assumptions.
	Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.



Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2.

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

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

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

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

Agreement
Final LS R1-2304141 is endorsed.

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




In this contribution, we continue to discuss and analyse the solutions for PRACH coverage enhancements, including multiple PRACH transmissions with same beam and multiple PRACH transmissions with different beams. 
The section 2 includes the related analysis for multiple PRACH transmissions with same beam, such as triggering mechanism, RO group, association between SSB and ROs, RAR, RA-RNTI, Power calculation, PRACH re-attempt, coupling between PRACH repetition and msg3 repetition, CFRA, SUL and so on. 
In section 3, specification impact from multiple PRACH transmissions with different beams is studied. PRACH resource partitioning for different beams could be considered. 

Multiple PRACH transmissions with same beam
Triggering of multiple PRACH transmissions
In RAN1#111 meeting, an agreement has been achieved to use SSB-RSRP threshold(s) at least to determine the number of PRACH transmissions. It implies at least there is a triggering mechanism of multiple PRACH transmissions for the first RACH attempt based on the SSB-RSRP threshold(s).
	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.
[bookmark: OLE_LINK1]‐	Note: whether to support multiple numbers of PRACH transmissions is separately discussed.



Regarding the triggering mechanism for RACH re-attempt, one more potential mechanism could be investigated. If UE selects the single PRACH transmission at the first attempt, but initial access fails after multiple PRACH re-attempts, UE is better to directly use multiple PRACH transmissions when it initiates a new PRACH transmission. The preambleTransMax can be reused as a threshold for UE to initiate the multiple PRACH transmissions. If the number of PRACH attempts exceeds the preambleTransMax and initial access failure is declared, UE would try the multiple PRACH transmissions afterwards. Or a new parameter less than preambleTransMax can be configured as the threshold of single PRACH attempts for UE to initiate the multiple PRACH transmissions before the initial access failure is declared.
Proposal 1: UE can initiate the multiple PRACH transmissions when the number of single PRACH attempts exceeds a threshold. The threshold can be the parameter of preambleTransMax or a new parameter less than preambleTransMax.

RO group
Agreements related to RO group:
	RAN1#112 meeting:
Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
· Note 1: All ROs in one RO group is associated with the same SSB(s).
· Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
· Note 3: whether/how to define “RO group” in specification will be discussed separately
· [bookmark: _Hlk132802158]Note 4: Valid RO(s) refers to what is defined in existing specification
· FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
· FFS: the time span of RO group.
· FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
· FFS: other details

RAN1#112bis-e meeting:
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.



Whether ROs can be shared among different RO groups for different values of multiple PRACH transmissions.
The agreements of RO group above mean that for multiple PRACH transmissions, the RO groups with different number of valid ROs are separate corresponding to the number of multiple PRACH transmissions. If multiple values are configured for multiple PRACH transmissions, there are multiple types of RO group corresponding to the different values of {2, 4, 8}.
There are two different ways to differentiate the multiple PRACH transmissions with single PRACH transmission, one is based on separate ROs, and the other is based on the separate preamble on shared ROs. If multiple types of RO group with different number of valid ROs are transmitted on the RO resources shared with single PRACH transmission, just as the latter case, the ROs are naturally shared among different RO groups for different values of multiple PRACH transmissions. If multiple types of RO group with different number of valid ROs are transmitted on the separate RO resources from the single PRACH resources, for example, the RO resources configured by AdditionalRACH-Config-r17, Whether ROs can be shared among different RO groups for different values of multiple PRACH transmissions should be studied.
As Figure 1 illustrated, there are two examples to illustrate the two different alternatives on whether ROs can be shared among different RO groups for different values of multiple PRACH transmissions or not. 
The blue one shows that the ROs for different RO groups for different number of multiple PRACH transmissions are shared and the sharing principle is based on net hierarchy structure. It should be noted that the RO resources for multiple PRACH transmissions are configured by one PRACH configuration, e.g., by a same AdditionalRACH-Config-r17 or shared with single PRACH transmission. 
The yellow one shows that the ROs for different RO groups for different number of multiple PRACH transmissions are separated, the RO resources may be configured by different PRACH configuration, e.g., by different AdditionalRACH-Config-r17. 
[image: ]
Figure 1: Different RO groups for different number of multiple PRACH transmissions
For the case of RO sharing among the different RO groups for different number of multiple PRACH transmissions, to differentiate the different RO groups, the separate preambles on shared ROs should be used for the different RO groups.
Proposal 2: If ROs are shared among different RO groups for different values of multiple PRACH transmissions, the separate preambles on shared ROs should be used for the different RO groups to differentiate the different RO groups.

[bookmark: OLE_LINK2]As the example showing in Figure 1, the net hierarchy structure is best for the sharing principle of the RO groups due to the less signalling of RO group determination and efficiency of RO resources usage. More specifically, RO groups for different values of multiple PRACH transmissions can share a same starting point configuration. The length of RO group can be further determined according to the repetition factor. 
Proposal 3: If ROs are shared among different RO groups for different values of multiple PRACH transmissions, the sharing principle of the RO groups can be based on net hierarchy structure, i.e., RO groups for different values of multiple PRACH transmissions are determined according to a same starting point configuration and the repetition factor.

If the preamble resources are rare for the sharing ROs for different RO groups for different number of multiple PRACH transmissions, separate ROs for different RO groups for different number of multiple PRACH transmissions can also be considered. It is more flexible to configure different RO resources for different RO groups, the configuration parameters, such as PRACH configuration index, ssb-perRACH-Occasion, can be configured to different values for different RO groups. Even for the different RO groups with different value of valid RO, some RO groups can shared ROs each other and some other RO groups cannot share the ROs. For example, the RO group with 2 valid ROs can share the ROs with single PRACH transmission, and the ROs for RO group with 4 or 8 valid ROs are configured with different AdditionalRACH-Config-r17. 
Both of shared ROs among the different RO groups or non-shared ROs among the different RO groups should be supported and which alternative is selected based on gNB implementation. For CFRA case, as the repetition number and the location of RO group in shared ROs can be indicated from the DCI or RRC specific signalling, for example the PRACH mask index, the alternative of shared ROs for different RO groups is suitable for CFRA case.
Proposal 4: Whether ROs are shared among different RO groups for different values of multiple PRACH transmissions or not is up to gNB implementation. Both of the two alternatives should be supported by UE.

Time period for RO group
TS 38.213 has specified the SSB-to-RO association period and SSB-to-RO association pattern period. As the uneven distribution of SSB in time domain and invalidation of some RO resources, the SSB-to-RO association period may not be equal to the SSB-to-RO association pattern period. The association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SSB indexes repeats at most every 160 msec. This definition of SSB-to-RO association pattern period prohibits UE to backtrack from frame 0 but from the start of every160ms time window to derive the mapping between SSB and RO, otherwise UE will buffer all the history data from frame 0.
As the RO group concept is the set of valid ROs, and the ROs within one RO group are associated with the same SSB, it is nature to define the SSB-to-RO group association pattern period in order to repeat the pattern between RO groups and SSB indexes. This time period depends on the derivation of association between the RO groups and SSB indexes. But if the definition of association between the RO groups and SSB indexes is deprioritized, the association between the RO groups and SSB indexes are not encouraged for the reference of new time period definition. The legacy SSB-to-RO association period is changeable during the time domain, so it is not preferred as the minimal granularity of new time period. Considering the time duration of one association period is one or multiple PRACH configuration period as follows in 38.213[2], maybe the PRACH configuration period can be the minimal time unit for new time period temporarily.
		PRACH configuration period (msec)
	Association period (number of PRACH configuration periods)

	10
	{1, 2, 4, 8, 16}

	20
	{1, 2, 4, 8}

	40
	{1, 2, 4}

	80
	{1, 2}

	160
	{1}






In previous meeting agreement, the valid RO(s) refers to what is defined in existing specification [2] which is cited as below:
	For paired spectrum all PRACH occasions are valid. For unpaired spectrum, if a UE is not provided TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: C:\Users\10005275\AppData\Local\Temp\ksohtml16556\wps1.png] symbols after a last SS/PBCH block reception symbol, where [image: C:\Users\10005275\AppData\Local\Temp\ksohtml16556\wps2.png] is provided in Table 8.1-2.
If a UE is provided TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: C:\Users\10005275\AppData\Local\Temp\ksohtml16556\wps3.png] symbols after a last downlink symbol and at least [image: C:\Users\10005275\AppData\Local\Temp\ksohtml16556\wps4.png] symbols after a last SS/PBCH block transmission symbol, where [image: C:\Users\10005275\AppData\Local\Temp\ksohtml16556\wps5.png] is provided in Table 8.1-2. 



Also, in specification 38.213, it is clarified that there may be some ROs not mapped to SSBs but the unmapped/unused ROs should be the valid ROs from the definition of valid RO in current specification.
	If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped to [image: C:\Users\10005275\AppData\Local\Temp\ksohtml16556\wps6.png] SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions. 



Observation 1: The valid ROs not mapped to SSBs due to the integer mapping cycles within the association period are still the valid ROs.

Then there is an issue that whether the unmapped/unused ROs under the mapping rule for single PRACH transmission can be used for multiple PRACH transmissions. Two possible consequence about these special ROs are shown in Figure 2. The legacy mapping is shown in the upper of figure and two alternatives of mapping for multiple PRACH are shown in the lower of figure. When repetition factor for PRACH is two, alternative 1 is that the RO not mapped to SSB is still not mapped to SSB, alternative 2 is that the RO not mapped to SSB is regarded as valid RO and should be mapped to SSB.
[image: ]
Figure 2 Whether the unused RO can be mapped to SSB for multiple PRACH transmissions

Our observation is that the valid ROs not mapped to SSBs due to the integer mapping cycles within the association period are still the valid ROs, then for multiple PRACH transmission with the separate ROs from the single PRACH transmission, alternative 2 is the right consequence. But if multiple PRACH transmission with the shared ROs of the single PRACH transmission, alternative 1 is definitely the right consequence.
For the time period X discussion, it is more meaningful to discuss the case of multiple PRACH transmission with the separate ROs from the single PRACH transmission. It is risky that time period X is defined as K association period or association pattern period as the unmapped/unused ROs for single PRACH transmission may be used for multiple PRACH transmissions. Then it seems safer to define the time period X as K PRACH configuration period (the minimal PRACH resource configuration time period).
Proposal 5: A set of RO groups for a configured number of multiple PRACH transmissions is determined within a time period X, starting from frame 0. The set of RO groups repeats every period X. The time period X is K PRACH configuration period.

Either ROs are shared or not shared among different RO groups for different values of multiple PRACH transmissions should be supported both as proposed in section 2.2.1. When ROs are shared among different RO groups for different values of multiple PRACH transmissions, the new period X can be derived based on the maximum value of number of valid ROs in RO group, i.e., the maximum value configured for PRACH repetition factor. When ROs are separately configured among different RO groups for different values of multiple PRACH transmissions, the new period X can be different corresponding to multiple values of multiple PRACH transmissions. 
Proposal 6: Only one time period X is determined based on maximum value of configured number for multiple PRACH transmissions if ROs are shared among different RO groups for different values of multiple PRACH transmissions.
Proposal 7: Multiple time period X can be determined based on each value of configured number for multiple PRACH transmissions if ROs are separately configured among different RO groups for different values of multiple PRACH transmissions.

RO group determination
During the discussion of RO group determination, two options can be considered to realize RO group. 
The first option is RO groups are implicitly determined based on network configurations. Some configured parameters and some rules are needed to derive the RO groups, and then the general design of RO group can be realized. Most of the parameters needed are similar with the legacy parameters, such as PRACH configuration index, ssb-perRACH-OccasionAndCB-PreamblesPerSSB, ssb-PositionsInBurst etc. The new parameter of the value of the number of multiple PRACH transmissions is also needed to determine the RO group. Some rules are also needed for RO group determination, for example, the rule for validation of RO, the association/mapping rule between the SSB and RO, etc. The PRACH configuration index and rule for validation of RO provide all the available RO resources, the RO group starts from the first available RO resource in frame 0 and repeat the starting point every new time period X, all the ROs in one RO group are determined by the rule of mapping between SSB and RO and the number of multiple PRACH transmissions, other RO groups except the first one can also be determined with the principle for first RO group. Most of the legacy parameters and rules can be reused for determination of RO groups with some additional new parameters. The implicitly determination is simple and easy with less specification impact and less signalling overhead.
The second option is explicitly configured by the network, e.g., via SIB1. But the method like bitmap indication on the RO group need a large amount of signalling. It seems can provide the flexibility to realize RO group but it also increases the complexity of gNB implementation.
Option 1 (implicitly RO group determination) is preferred.
In addition, the following conclusion was made in previous meeting. It means that FDMed ROs cannot be determined within one RO group. 
	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.



So an additional rule for RO group determination should also be specified. If more than one ROs associated with a same SSB exist in a same time instance, they cannot be assigned into a RO group. For example, only one of them will be selected for forming the RO group. 
Proposal 8: RO group(s) are implicitly determined based on network configuration and defined rules. The new parameter needed can be the number of ROs within the RO group. If more than one ROs associated with a same SSB exist in a same time instance, only one of them can be assigned into a RO group. 

Dropping for PRACH transmission
Current dropping rules for PRACH transmission have been clarified in the discussion in RAN1#112bis-e meeting. Some of dropping rules are cited as below.
	Last paragraph in section 7.4 of TS38.213. 
“If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, or due to HD-UE operation in paired spectrum as described in clause 17.2, the UE does not transmit a PRACH in a transmission occasion, Layer 1 notifies higher layers to suspend the corresponding power ramping counter.”



It seems it is not necessary to apply other new dropping rules as the collision can be avoided by gNB implementation, for example the solution for collision between 4-step RACH and 2-step RACH is not specified as the collision can be avoided by gNB configurations. The collision due to capacity limitation on the simultaneously reception of PRACH mapping to different SSB can also solved by configuring to use the shared ROs with single PRACH transmission for multiple PRACH transmission. 
Proposal 9: No new dropping rules for PRACH transmission are needed as the collision could be solved by implementation.

If the collision is serious and may not be 100% avoided. The dropping of collided RO is not encouraged as the dropping may seriously negatively affect the coverage performance of PRACH. Approach with some specification impacts could be considered in order to solve the collision and keep the performance of PRACH. For example, the ROs for the single PRACH transmission and for the multiple PRACH transmissions are independently configured. When the two types of ROs overlap, one of the ROs are shifted in the time domain or frequency domain based on the predefined parameters, e.g., time domain offset or frequency domain offset. And the collision is resolved.
[image: ]
Figure 3: Collision resolved by shifting RO with a frequency domain offset
Proposal 10: Shifting the collided RO with a time domain or frequency domain offset is proposed to solve the collision of ROs.

Association between SSB and ROs for multiple PRACH transmissions
In RAN1#112 meeting, there is conclusion and agreement related to the association between SSB and ROs for multiple PRACH transmissions.
	Conclusion
For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.
Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).
Agreement
For multiple PRACH transmissions with same Tx beam, "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



In RAN1#112bis-e meeting, majority companies support to introduce a new SSB-to-RO mapping mechanism for multiple PRACH transmissions, e.g., SSB-to RO group mapping rule. But some companies show concerns on this direction, due to the following reasons: introducing new SSB-to-RO mapping mechanism may have difficulty about compatible with the legacy feature using PRACH for early identification; new SSB-to-RO mapping rule can only work in the case that all preambles in an RO are dedicated to multiple PRACH transmissions. But this is a rare gNB configuration, causing low preamble utilization. In the final summary of feature lead [3], FL list three possible problems as below:
1. The new SSB-to-RO mapping mechanism can only be applied to the case that all preambles in an RO are dedicated to multiple PRACH transmission as pointed out by some companies, which indicates it can not be together utilized with other features. Or else, they’ll follow different SSB-to-RO mapping mechanisms which cause problems for the network.
2. It may not have a unified design for the case of shared ROs with separate preambles and the case of separate preambles, which indicates that for some issues we need to separate discuss the two cases, which will consume addition effort.
3. SSB related parameters in SIB1, e.g,, ssb-perRACH-OccasionAndCB-PreamblesPerSSB may needs new interpretations, this may cause some trouble and additional effort.
We respect FL’s effort on the leading of this topic, the concerns raised sounds reasonable. But if we don’t introduce a new SSB-to-RO mapping mechanism, the latency issue would be a big trouble for the application of multiple PRACH transmission. Comparing with the latency trouble, the concerns on introduction of new mapping mechanism seems not a big issue and can be overcome.
In general, there are two alternatives for the same SSB mapping with ROs for multiple PRACH transmissions.
[image: ]
Figure 4: SSB mapping with ROs for multiple PRACH transmissions

Alternative 1: Legacy mapping mechanism between SSB and RO is reused as much as possible. In top half of Figure 4, the relationship between SSB and RO is not changed, the multiple ROs for PRACH transmission span over the legacy association period and the new association period for multiple PRACH transmissions should be assumed. The benefit of alternative 1 is less impact on specification and UE implementation, also it is more compatible for the case of shared ROs for multiple PRACH transmissions. The disadvantage is the much more latency of one PRACH attempt if the legacy association period is long. For example, if the association period is 20ms for single PRACH transmission, but for multiple PRACH transmission with repetition factor = 4, the association period may be 80ms. The longer transmission time of multiple PRACH transmission is not acceptable.
Alternative 2: Consecutive ROs mapping with the same SSB. In bottom half of Figure 4, it is assumed the mapping between the SSB and a whole set of multiple consecutive ROs. The benefit is the less latency for one attempt compared with alternative 1. The disadvantage is the mapping rule between SSB and RO is changed and there may be more specification impact or more complex UE implementation. But depending on the legacy mapping structure without any change on legacy association, if the legacy parameter of ssb-perRACH-Occasion is configured appropriately, it can also produce the association between the consecutive ROs and the same SSB without any change on legacy mapping rule. In Figure 5, multiple consecutive TDMed RO resources can be obtained to be associated with only one SSB in case of ssb-perRACH-Occasion < 1, i.e.,｛1/2,1/4,1/8｝. In the example of Figure 5, if the number of PRACH repetitions is 4, and parameter ssb-perRACH-Occasion is configured as 1/4. In legacy RACH procedure, one of the green ROs is randomly selected by UE to transmit PRACH if SSB2 is selected, but for multiple PRACH transmissions, all the 4 green ROs should be used to transmit the multiple PRACHs. The parameter ssb-perRACH-Occasion can also be configured as 1/8 smaller than 1/4, which provides redundant ROs to be selected for multiple PRACH transmissions. The solution has the less specification impact and less additional implementation issues. The overhead of PRACH detection for gNB will not increase, as gNB will always detect all the ROs even in legacy RACH procedure. 
[image: ]
Figure 5: Consecutive ROs mapping with SSB through configuration on parameter of ssb-perRACH-Occasion

The latency caused by the legacy mapping rule of SSB-to-RO would be not accepted and make no feasibility of multiple PRACH transmissions. In order to reduce the latency, a new SSB-to-RO mapping mechanism for multiple PRACH transmissions should be supported.
Proposal 11: Introduction of a new SSB-to-RO mapping mechanism for multiple PRACH transmissions should be supported.

To further solve the first and second problems raised by FL if new SSB-to-RO mapping mechanism is introduced, the parameter of ssb-perRACH-Occasion for multiple PRACH transmission could be reinterpreted just like the example in Figure 5. This is the solution which can balance the latency performance and the specification impact.
Proposal 12: Support consecutive TDMed ROs mapping with the same SSB and suitable configuration on parameter of ssb-perRACH-Occasion to make the association between the consecutive TDMed ROs and the same SSB.

The above proposal 12 has the restriction that msg1-FDM = 1, otherwise, there are consecutive FDMed ROs for one RACH attempt, there is no common sense to support this case and no benefit for the multiple PRACH transmissions.
When the parameter msg1-FDM > 1, the legacy mapping between SSB and ROs in frequency domain is before the mapping in time domain mapping, but as aforesaid, multiple PRACH transmissions in the frequency domain in the same time instance is not encouraged. Then for msg1-FDM larger than one, the mapping order may need further optimization based on the set of PRACH occasions for multiple PRACH transmissions, i.e., RO group. The set of PRACH occasions (RO group) for multiple PRACH transmissions is only TDMed and built before the procedure of mapping between SSB and ROs. For example, in Figure 6, the set of PRACH occasions for multiple PRACH transmissions contains four PRACH repetitions and ssb-perRACH-Occasion =1/4 corresponds to number of PRACH repetition = 4. 
The SSB indexes are mapped to the set of valid PRACH occasions in the following order:
-	First, in increasing order of preamble indexes within a single set of PRACH occasions
-	Second, in increasing order of frequency resource indexes for frequency multiplexed sets of PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed sets of PRACH occasions

[image: ]
Figure 6: Optimization for mapping order between SSB and ROs
Proposal 13: If the parameter msg1-FDM > 1 is allowed, the mapping order between SSB and ROs can be further optimized based on the set of PRACH occasions for multiple PRACH transmissions.

Even though the introduction of new mapping mechanism of SSB-to-RO would be deprioritized and the legacy mapping mechanism of SSB-to-RO would be reused for multiple PRACH transmissions, how to reuse the legacy mechanism should be clarified. Three possible reusing approaches are list below:
· Multiple PRACH transmissions use the same ROs which are mapped to SSB following mapping configuration of the single PRACH transmission. This is not reasonable, as Figure 2 in section 2.2.2 illustrated, the unmapped/unused ROs for single PRACH transmission should be allowed to be used by multiple PRACH transmissions. This approach prohibits usage of these ROs.
· Multiple PRACH transmissions use the same mapping configuration of the single PRACH transmission, i.e., the same value of ssb-perRACH-Occasion from single PRACH configuration. This approach is acceptable, but not flexible for the multiple PRACH transmissions. It is not better to restrict the value of ssb-perRACH-Occasion. 
· Multiple PRACH transmissions are allowed to use the different mapping configuration of the single PRACH transmission, i.e., different value of ssb-perRACH-Occasion from single PRACH configuration. This approach provides flexibility in configuration to adapt the multiple PRACH transmissions. We prefer this approach.
Proposal 14: If the legacy mapping mechanism of SSB-to-RO would be reused for multiple PRACH transmissions, it is allowed to use the different mapping configuration of the single PRACH transmission, i.e., different value of ssb-perRACH-Occasion from single PRACH configuration.

RAR enhancements
An agreement on RAR window has been achieved in RAN1#112bis-e meeting.
	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



This agreement is enough for the specification on the start of RAR window. The detail wording related to CORESET, e.g., RAR window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set can be up to the editor of specification. 
Actually an issue is disclosed here which may affect the wording related to Type1-PDCCH CSS set. The issue is illustrated as below Figure 7:
If the separate RO is used for multiple PRACH transmission from the single PRACH transmission, one UE selects single PRACH transmission and the other UE selects multiple PRACH transmissions with repetition factor =2. It is possible that the ROs used by the two UEs are FDMed in the same time instance, the RA-RNTI calculation base on the RO B and RO D are the same as the equation of RA-RNTI doesn’t include the absolute frequency information of RO but only relative FDM information. This means UE can’t identify the corresponding msg2 belong to itself via RA-RNTI. RAN2 group has found this issue, and try to fix it. One of solutions is to use the specific CORESET as the start of RAR window for multiple PRACH transmission which is different with legacy CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set. We can wait for the RAN2 conclusion or agreement and leave this issue open to later maintenance stage or up to editor.
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Figure 7 Ambiguity of RA-RNTI calculation due to FDMed ROs from different UEs
Or if we really need an agreement in RAN1, we can try to agree like this:
For multiple PRACH transmissions with same Tx beam, the corresponding RAR window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for the specific CSS set for multiple PRACH transmission, that is at least one symbol, after the last symbol of the last PRACH occasion.
Proposal 15: For the detail wording related to start of RAR window, it is proposed to leave this issue open to later maintenance stage or up to editor.

RA-RNTI
Single RA-RNTI
From UE perspective, for multiple PRACH transmissions with same beam, UE can expect to receive only one RAR within the RAR window and the RAR window is staring after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions. The RA-RNTI calculation could be based on the predefined single RO within all the ROs for multiple PRACH transmissions with same beam. Which RO(s) can used to determine the RA-RNTI calculation? 
As we have agreed that RAR window is staring after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions, it is nature that RA-RNTI is determined based on last valid RO in RO group.
The approach that the RA-RNTI is calculated based on all the ROs is hardly to control the final calculation result of RA-RNTI to fall into the allowed scope of RA-RNTI.
Proposal 16: Single RA-RNTI is determined based on the last valid RO in RO group for multiple PRACH transmissions with same beam.

Multiple RA-RNTIs
For multiple PRACH transmissions with different beams, if the coverage enhancement of the subsequent UL transmission after PRACH is required, the RO identification can be indicated to UE as the indication of best UL Tx beam based on the measurement of PRACH in each RO. One implicit indication of best UL Tx beam is based on the Msg2 PDCCH scrambled by the RA-RNTI corresponding to the RO identification selected as the indication of best UL Tx beam. This is different with the case of multiple PRACH with the same beam, as the RA-RNTI is determined based only on a predefined single RO. For multiple PRACH with different beams, the RA-RNTI for Msg2 PDCCH is determined based on anyone RO in the RO group according to the measurement of PRACH in each RO. This means UE should have the capability of blind detection of all the RA-RNTI corresponding to the ROs for multiple PRACH transmissions. UE should assume multiple RA-RNTIs candidates for descrambling the PDCCH for RAR. This approach is especially valuable for multiple PRACH transmissions with different beams in order to implicitly indicate the best UL beam in Msg2 PDCCH scrambled by RA-RNTI to further enhance the coverage of the subsequent UL transmission after PRACH.
Proposal 17: UE can assume multiple RA-RNTIs candidates which are determined based on anyone of multiple ROs for multiple PRACH transmissions with different beams.

Power Control
Power calculation
The parameter PREAMBLE_RECEIVED_TARGET_POWER is used for PRACH power calculation in legacy RACH procedure, and PREAMBLE_RECEIVED_TARGET_POWER is calculated as follows:
Set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA; 
Here for 2-step RACH, a power offset is used for power calculation when 2-step RACH is initialized.
For multiple PRACH transmissions, the determination of initial power of PRACH is not directly related to the triggering thresholds for multiple PRACH transmissions. Then when multiple PRACH transmissions are triggered, the initial power may not reach the maximum power. As a result, it would become weird that a coverage limited UE starts to use multiple PRACH transmissions even when the UE has not reached to the maximum transmission power.
So an additional power offset for multiple PRACH transmissions can also be considered for PREAMBLE_RECEIVED_TARGET_POWER calculation in order to fully use the power, in order to further improve the probability of successful initial access and reduce the latency of initial access. The additional power offset can be configured by network, or calculated by UE itself based on the Pcmax.
Proposal 18: An additional power offset for multiple PRACH transmissions should be considered for PREAMBLE_RECEIVED_TARGET_POWER calculation.

PRACH retransmission/re-attempt
If multiple PRACH transmissions is used in the initial attempt, it makes sense that the PRACH retransmission should use multiple PRACH transmissions too. 
Proposal 19: If multiple PRACH transmissions is used in the initial attempt, the retransmission should use multiple PRACH transmissions too.


Coupling between PRACH repetition and Msg3 repetition
Msg3 repetition has been specified in Rel-17. When multiple PRACH transmissions is applied, is there any relationship or restriction between PRACH repetition and Msg3 repetition? For example, Msg3 repetition is mandatory if multiple PRACH transmissions is applied? 
Considering the intention of multiple PRACH transmissions and Msg3 repetition are the same for the coverage enhancement, it is better to enable the Msg3 repetition if multiple PRACH transmissions is applied for Rel-18 UE.
Proposal 20: The coupling between PRACH repetitions and Msg3 repetitions should be supported, i.e., enable the Msg3 repetition if multiple PRACH transmissions is applied.

CFRA
The “4-step RACH procedure” in the object of this WID is only set against to the 2-step RACH. While, whether to support multiple PRACH transmissions for CFRA is not clear. The coverage enhancement should be considered for both CBRA and CFRA. It is reasonable to support CFRA based multiple PRACH transmissions, as it is also required for UE at the cell edge to initiate the CFRA procedure. 
The convenience for CFRA based multiple PRACH transmissions is that there is no need to implicitly indicate the usage of PRACH repetition and the number of PRACH repetitions via the PRACH resource partitioning. gNB can simply configure to UE whether to use multiple PRACH repetition and the number of PRACH repetitions by RRC/DCI signalling. 
For the RACH triggered by PDCCH order, whether to enable/disable the multiple PRACH transmissions and the RACH resources can be configured in the RRC signalling. The new DCI field for indication of number of multiple PRACH transmissions may be needed. The load of DCI for PDCCH order is not high, there are many reserved bits, e.g., 10 or 12 bits [4], can be extended for future function. The number of multiple PRACH transmissions can be the {2, 4, 8}, at most 2 additional bits are needed to indicate the number of multiple PRACH transmissions. It is not an issue from DCI load aspect, and will not cause larger DCI size for normal DCI 1_0.
	TS 38.212 section 7.3.1.2.1
If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining fields set as follows:
-	Random Access Preamble index – 6 bits according to ra-PreambleIndex in Clause 5.1.2 of [8, TS38.321]
-	UL/SUL indicator – 1 bit. If the value of the "Random Access Preamble index" is not all zeros and if the UE is configured with supplementaryUplink in ServingCellConfig in the cell, this field indicates which UL carrier in the cell to transmit the PRACH according to Table 7.3.1.1.1-1; otherwise, this field is reserved
-	SS/PBCH index – 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved. 
-	PRACH Mask index – 4 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission, according to Clause 5.1.1 of [8, TS38.321]; otherwise, this field is reserved
-	Reserved bits – 12 bits for operation in a cell with shared spectrum channel access in frequency range 1 or when the DCI format is monitored in common search space for operation in a cell in frequency range 2-2; otherwise 10 bits



Proposal 21: The CFRA based multiple PRACH transmissions with same beam should be supported.

SUL 
NR supports PRACH to be initialized in the SUL carrier. The parameter rsrp-ThresholdSSB-SUL is for UE to determine whether to initialize the PRACH in SUL carrier. There is no reason to prohibit the multiple PRACH transmissions in SUL carrier. Generally, the SUL carrier is in the lower band than the carrier of NUL in the higher band, the PRACH in SUL is helpful to the coverage enhancement of PRACH. 
Proposal 22: The multiple PRACH transmissions with same beam on SUL should be supported.

According to the legacy procedure, whether SUL carrier or NUL carrier will be selected firstly, and then whether to repeat Msg3 is determined. The similar procedure can be reused for determination of multiple PRACH transmissions in SUL. If the measurement of SSB RSRP is satisfied with the rsrp-ThresholdSSB-SUL, SUL carrier will be selected first for multiple PRACH transmissions and then whether PRACH repetition is needed or not will be determined later. If PRACH repetition is needed, the number of PRACH repetition will be determined finally.
For example, in Figure 8, in case of SSB RSRP 1, the RSRP is lower than the rsrp-ThresholdSSB for single PRACH in NUL but higher than rsrp-ThresholdSSB-SUL for single PRACH in SUL, single PRACH in NUL will be triggered. In case of SSB RSRP 2, the RSRP is lower than rsrp-ThresholdSSB-SUL for single PRACH in SUL but higher than the threshold for multiple PRACH with level 1 in NUL, single PRACH in SUL will be triggered. In case of SSB RSRP 3, as the principle is to determine the PRACH on NUL or SUL first, the RSRP is lower than rsrp-ThresholdSSB-SUL but higher than the threshold for multiple PRACH with level 1 in SUL, then single PRACH in SUL is triggered. For the same reason, in case of SSB RSRP 4, multiple PRACH with level 1 in SUL is triggered. In case of SSB RSRP 5, multiple PRACH with level 1 in SUL is triggered too. In case of SSB RSRP 6, multiple PRACH with level 2 in SUL is triggered.
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Figure 8 Determination of multiple PRACH transmissions in NUL or SUL
Proposal 23: Whether SUL carrier or NUL carrier will be selected firstly, and then whether to repeat PRACH is determined.

Multiple PRACH transmissions with different beams
If UE Tx/Rx beam correspondence cannot be guaranteed, more than one PRACH transmissions are needed to find the best UL Tx beam. The original motivation of multiple PRACH transmissions on the ROs associated with the same SSB in one attempt is to reduce the latency of initial access compared with the legacy PRACH procedure as the UL Tx beam switch in legacy RACH procedure is only applied via PRACH re-attempt. Further, the PRACH coverage can also be enhanced due to the beamforming gain if the best UL Tx beam is found.
In RAN1#112 meeting, there is a note for the case that UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS. The note summaries the simulation results from different companies.
	Note: It is summarized by FL that for the same number of PRACH transmissions per source, 
· 1 source [Ericsson] shows that: Multiple PRACH transmitted by beam sweeping, where a UE has no prior knowledge of channel and sweeps Tx beams across 360 degrees horizontally and 180 degrees vertically, outperforms multiple PRACH transmissions with the same Tx wide beam (omni direction) by at least 1 dB, provided gNB configures only one SSB and receives PRACH with a wide beam.
· 3 sources [ZTE, Nokia, vivo] show that: A gain from about 1~3 dB of beam sweeping is observed if a UE is able to direct at least one of its Tx beams in the right direction or to narrow down the azimuth and/or zenith range of 360 degrees and/or 180 degrees for beam sweeping compared with multiple PRACH transmissions with the same Tx wide beam.
· 1 source [Huawei] shows that: compared to the same wide beam for multiple PRACH transmission, if different Tx beams are finer beams, then 3.9~5 dB gains are observed assuming that only one PRACH occasion with the best detected SINR is selected at the gNB reception, where the beam gain of fine beam is 4 times that of wide beam.
· 1 source [vivo] shows that: The performance of PRACH repetition with beam sweeping among beams far apart is 3 dB worse than PRACH repetition with single best beam
· 1 source [vivo] shows that: The performance of PRACH repetition with beam sweeping among beams in the directions close to the best Tx beam is 1dB worse than PRACH repetition with single best beam.
· 1 source [vivo] shows that: PRACH repetition via random beam directions performs 1 dB worse than PRACH repetition with omni beam.



The simulation results from majority companies show the performance gain is clear for beam sweeping compared with multiple PRACH transmissions with the same Tx wide beam.
Proposal 24: Multiple PRACH transmissions with different beams on the ROs associated with the same SSB should be supported for PRACH coverage enhancement especially for the case that UE is incapable of beamCorrespondenceWithoutUL-BeamSweeping.

Detection of multiple PRACH transmissions with different beams
For multiple PRACH transmissions with different beams, the receptions of multiple PRACHs are better to be handled individually, because due to different Tx beams, the PRACH signal characteristic such as, arriving time, signal phase, etc., may be different. Coherent combination of multiple PRACH with different beams is not encouraged as the possible performance loss. 
The selection of coherent combination or non-coherent combination is gNB implementation issues. But to prevent gNB handling the coherent combination in case of multiple PRACH transmissions with different beams, it is better to differentiate the PRACH resources for multiple PRACH transmissions with different beams or for multiple PRACH transmissions with the same beam in order to help gNB to distinguish the reception of multiple PRACH transmissions.
The Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be easily reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning between multiple PRACH transmissions with different beams and multiple PRACH transmissions with the same beam. There is no specification impact on RAN1, RAN1 only need to send a LS to RAN2 to notify the support of multiple PRACH transmissions with different beams and support of the PRACH resource partitioning between multiple PRACH transmissions with different beams and multiple PRACH transmissions with the same beam.
Proposal 25: PRACH resource partitioning between multiple PRACH transmissions with different beams and multiple PRACH transmissions with the same beam should be supported. 
Proposal 26: An LS to RAN2 from RAN1 is needed to notify the support of multiple PRACH transmissions with different beams and support of the PRACH resource partitioning between multiple PRACH transmissions with different beams and multiple PRACH transmissions with the same beam.

[bookmark: _GoBack]Conclusion
According to the discussion above, we have the following observations and proposals.
Triggering of multiple PRACH transmissions
Proposal 1: UE can initiate the multiple PRACH transmissions when the number of single PRACH attempts exceeds a threshold. The threshold can be the parameter of preambleTransMax or a new parameter less than preambleTransMax.
RO group
Proposal 2: If ROs are shared among different RO groups for different values of multiple PRACH transmissions, the separate preambles on shared ROs should be used for the different RO groups to differentiate the different RO groups.
Proposal 3: If ROs are shared among different RO groups for different values of multiple PRACH transmissions, the sharing principle of the RO groups can be based on net hierarchy structure, i.e., RO groups for different values of multiple PRACH transmissions are determined according to a same starting point configuration and the repetition factor.
Proposal 4: Whether ROs are shared among different RO groups for different values of multiple PRACH transmissions or not is up to gNB implementation. Both of the two alternatives should be supported by UE.
Observation 1: The valid ROs not mapped to SSBs due to the integer mapping cycles within the association period are still the valid ROs.
Proposal 5: A set of RO groups for a configured number of multiple PRACH transmissions is determined within a time period X, starting from frame 0. The set of RO groups repeats every period X. The time period X is K PRACH configuration period.
Proposal 6: Only one time period X is determined based on maximum value of configured number for multiple PRACH transmissions if ROs are shared among different RO groups for different values of multiple PRACH transmissions.
Proposal 7: Multiple time period X can be determined based on each value of configured number for multiple PRACH transmissions if ROs are separately configured among different RO groups for different values of multiple PRACH transmissions.
Proposal 8: RO group(s) are implicitly determined based on network configuration and defined rules. The new parameter needed can be the number of ROs within the RO group. If more than one ROs associated with a same SSB exist in a same time instance, only one of them can be assigned into a RO group.
Proposal 9: No new dropping rules for PRACH transmission are needed as the collision could be solved by implementation.
Proposal 10: Shifting the collided RO with a time domain or frequency domain offset is proposed to solve the collision of ROs.
Association between SSBs and ROs for multiple PRACH transmissions
Proposal 11: Introduction of a new SSB-to-RO mapping mechanism for multiple PRACH transmissions should be supported.
Proposal 12: Support consecutive TDMed ROs mapping with the same SSB and suitable configuration on parameter of ssb-perRACH-Occasion to make the association between the consecutive TDMed ROs and the same SSB.
Proposal 13: If the parameter msg1-FDM > 1 is allowed, the mapping order between SSB and ROs can be further optimized based on the set of PRACH occasions for multiple PRACH transmissions.
Proposal 14: If the legacy mapping mechanism of SSB-to-RO would be reused for multiple PRACH transmissions, it is allowed to use the different mapping configuration of the single PRACH transmission, i.e., different value of ssb-perRACH-Occasion from single PRACH configuration.
RAR enhancements
Proposal 15: For the detail wording related to start of RAR window, it is proposed to leave this issue open to later maintenance stage or up to editor.
RA-RNTI
Proposal 16: Single RA-RNTI is determined based on the last valid RO in RO group for multiple PRACH transmissions with same beam.
Proposal 17: UE can assume multiple RA-RNTIs candidates which are determined based on anyone of multiple ROs for multiple PRACH transmissions with different beams.
Power control
Proposal 18: An additional power offset for multiple PRACH transmissions should be considered for PREAMBLE_RECEIVED_TARGET_POWER calculation.
Retransmissions
Proposal 19: If multiple PRACH transmissions is used in the initial attempt, the retransmission should use multiple PRACH transmissions too.
Coupling between PRACH repetition and Msg3 transmission with repetition
Proposal 20: The coupling between PRACH repetitions and Msg3 repetitions should be supported, i.e., enable the Msg3 repetition if multiple PRACH transmissions is applied.
CFRA
Proposal 21: The CFRA based multiple PRACH transmissions with same beam should be supported.
SUL
Proposal 22: The multiple PRACH transmissions with same beam on SUL should be supported.
Proposal 23: Whether SUL carrier or NUL carrier will be selected firstly, and then whether to repeat PRACH is determined.
Multiple PRACH transmissions with different beams
Proposal 24: Multiple PRACH transmissions with different beams on the ROs associated with the same SSB should be supported for PRACH coverage enhancement especially for the case that UE is incapable of beamCorrespondenceWithoutUL-BeamSweeping.
Proposal 25: PRACH resource partitioning between multiple PRACH transmissions with different beams and multiple PRACH transmissions with the same beam should be supported. 
Proposal 26: An LS to RAN2 from RAN1 is needed to notify the support of multiple PRACH transmissions with different beams and support of the PRACH resource partitioning between multiple PRACH transmissions with different beams and multiple PRACH transmissions with the same beam.
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