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Introduction
In the RAN1#111 meeting, some agreements about PRACH enhancement of further NR coverage enhancements were achieved [1]. 
	Agreement
For multiple PRACH transmissions with same Tx beam, support to differentiate at least between multiple PRACH transmissions and single PRACH transmissions.
Agreement
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, consider one or multiple of the following options.
· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option 2: Multiple PRACH are transmitted on separate ROs.
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.
· Other options are not precluded.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
Agreement
For multiple PRACH transmissions with same Tx beam, down-select one option from the following options.
•	Option 1: gNB can only configure one value for the number of multiple PRACH transmissions.
•	Option 2: gNB can configure one or multiple values for the number of multiple PRACH transmissions.
‐	FFS: details
Agreement
•	For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
‐	Note: whether to support multiple numbers of PRACH transmissions is separately discussed.
Agreement
· Study at least the following case for multiple PRACH transmissions with different Tx beams.
· UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS
· FFS: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs /CSI-RSs, where the different SSBs/CSI-RSs are not associated with the same RO.
· Note: not related to decision on CFRA 
Note: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs/CSI-RSs, where the different SSBs/CSI-RSs are associated with the same RO is not considered.
Working Assumption
Simulation results for multiple PRACH transmissions with different beam(s) and same beam(s) (baseline) to be discussed in the next meeting.
· Simulation assumptions in TR 38.830 are used as the starting point for the simulation. 
· Focus on FR2.
· UE antenna configuration 2-2-2(baseline), 1-4-1(optional)
· Performance metric: 0.1% false alarm, 1% miss-detection
· Companies report the number of beams, the beam widths, beam correspondence assumption, and the boresights.
· Channel model for link-level simulation: CDL-A defined in table 7.7.1-1 in TR 38.901.
· Both that UE fulfills beamCorrespondence requirements Without UL-BeamSweeping and UE fulfils beamCorrespondence requirements With UL-BeamSweeping can be considered in the simulation are used as starting point for simulation.




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, number of multiple PRACH transmissions, PRACH resources partitioning, association between SSB and ROs, different preambles, RAR, RA-RNTI, Power ramping, PRACH re-attempt, coupling between PRACH repetition and msg3 repetition, CFRA, and so on. 
In section 3, multiple PRACH transmissions with different beams is studied. The evaluation results are provided to show the performance gain of the multiple PRACH transmissions with different beams with respect to the multiple PRACH transmissions with same beam. 

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) to determine the number of PRACH transmissions. It implies at least there is a triggering mechanism of multiple PRACH transmissions 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.
‐	Note: whether to support multiple numbers of PRACH transmissions is separately discussed.



Except the triggering mechanism based on the SSB-RSRP threshold, 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 multiplex 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.

Number of multiple PRACH transmissions
In RAN1#111 meeting, some agreements have been achieved to determine the number of multiple PRACH transmissions. 
	Agreement
For multiple PRACH transmissions with same Tx beam, down-select one option from the following options.
•	Option 1: gNB can only configure one value for the number of multiple PRACH transmissions.
•	Option 2: gNB can configure one or multiple values for the number of multiple PRACH transmissions.
‐	FFS: details
Agreement
•	For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
‐	Note: whether to support multiple numbers of PRACH transmissions is separately discussed.



There are two options for gNB to configure the value for the number of multiple PRACH transmissions. Option 1 provides only one value for the number of multiple PRACH transmissions but Option 2 allows to configure one or multiple values for the number of multiple PRACH transmissions. Option 1 is included in the Option 2.
Obviously the configuration of the value for the number of multiple PRACH transmissions is a cell specific parameter through the broadcast information, e.g., SIB1 as in initial access stage, there is no UE specific signalling to indicate the value for the number of multiple PRACH transmissions. It means all the UE in initial access procedure would use the same value for the number of multiple PRACH transmissions. Only one value cannot satisfy the requirement of coverage of PRACH because UEs are located in the different areas in the cell. Some UEs are far away from the base station, some UEs are not so far from the base station. Some UEs may need a higher level aggregation of PRACH, for example, 8 PRACH repetitions. However, a lower level aggregation of PRACH may be enough for other UEs, for example, 2 PRACH repetitions. If only the maximum value is configured to cover all the UEs in the cell, the waste of PRACH resources is huge. Multiple level of the number of PRACH transmissions should be supported to adapt the requirements of coverage from different UEs. 
According to the evaluation in [2], the typical value set {2, 4, 8} for the number of PRACH transmissions can satisfy the different scenarios and cases. 
Multiple SSB-RSRP thresholds should be configured for UE to determine the number of multiple PRACH transmissions and the SSB-RSRP thresholds are associated with the values for the number of multiple PRACH transmissions.
Proposal 2: Multiple values for the number of multiple PRACH transmissions should be supported to be configured by gNB, simultaneously. The value set is proposed to be {2,4,8} or the subset of {2,4,8} .
Proposal 3: For multiple PRACH transmissions with same Tx beam, one or multiple SSB-RSRP thresholds are used to determine the number of multiple PRACH transmissions and the SSB-RSRP thresholds are associated with the values for the number of multiple PRACH transmissions.

PRACH resource partitioning
In RAN1#111 meeting, how to differentiate the multiple PRACH transmission and single PRACH transmission was discussed and some agreements have been achieved to further consider the options for differentiation.
	Agreement
For multiple PRACH transmissions with same Tx beam, support to differentiate at least between multiple PRACH transmissions and single PRACH transmissions.
Agreement
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, consider one or multiple of the following options.
· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option 2: Multiple PRACH are transmitted on separate ROs.
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.
· Other options are not precluded.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 



In section 2.2, we propose that multiple values for the number of multiple PRACH transmissions should be supported to be configured by gNB. For coherent combination of the multiple PRACH receptions, gNB may need to know the exact number of multiple PRACH transmissions. In CFRA, the number of multiple PRACH transmissions may be indicated from gNB to UE. But in CBRA, gNB cannot get the prior information on the number of multiple PRACH transmissions before PRACH transmission as the value for the number of multiple PRACH transmissions is autonomously decided based on UE implementation. Then identifying the access information based on PRACH resources partitioning is a practical way to differentiate number of PRACH repetitions. 
Observation 1: For multiple PRACH transmissions with the same beam, PRACH resource partitioning is needed to differentiate the number of PRACH transmissions. 
Proposal 4: For multiple PRACH transmissions with same Tx beam, PRACH resource partitioning should be supported to differentiate the number of PRACH transmissions.

Three options of PRACH resource partitioning are agreed to be further considered as below:
· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option 2: Multiple PRACH are transmitted on separate ROs.
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.
Details of the PRACH resource partitioning are analyzed on the following sections.
Separate preamble resources for multiple PRACH transmissions
[bookmark: OLE_LINK3]If the RO resources are not sufficient to be configured for multiple PRACH transmissions, it is better the legacy RO resources for single PRACH transmission are shared by multiple PRACH transmissions. Separate preamble resources for multiple PRACH transmissions is needed to differentiate between the multiple PRACH transmissions and single PRACH transmission at least. If multiple values of number of multiple PRACH transmissions is supported to be configured simultaneously, the individual preamble index should identify the number of multiple PRACH transmissions. Option 1 may be the only choice for PRACH resource partitioning when there are no more separate RO resources can be allocated to multiple PRACH transmissions.
Even if the separate ROs are configured for multiple PRACH transmissions, the separate preambles on the separate ROs can also be supported to differentiate the number of multiple PRACH transmissions. It is a kind of combination of option 1 and option 2 but not same as option 3, time and frequency resources are separated for multiple PRACH transmissions and single PRACH transmission and different preambles are for the identification of different number of multiple PRACH transmissions. The separate preamble resources can not only be used on shared ROs, but also be used on separate ROs.
Observation 2: The separate preamble resources can not only be used on shared ROs, but also be used on separate ROs. 
Proposal 5: Separated preamble resources could be supported to identify the number of multiple PRACH transmissions, if separate ROs are configured for multiple PRACH transmissions.

In Rel-17, preamble used for feature combination are specified for redCap-r17, smallData-r17, sliceGroup-r17, msg3-Repetition-r17 and so on, to align the principle of feature combination, msg1-Repetition-r18 is proposed for multiple PRACH transmissions. In Figure 1, the preamble index is separated from the other purpose preamble index, and the number of repetitions can also be identified by the used preamble index.
[image: preamble2]
Figure 1: Separate preamble resources on shared ROs
For option 3, if partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs, at least for the legacy ROs shared by multiple PRACH transmissions, the preamble partitioning is the only approach to differentiate between the multiple PRACH transmissions and single PRACH transmission.
Proposal 6: Separated preamble resources for multiple PRACH transmissions could be supported to differentiate between the multiple PRACH transmissions and single PRACH transmission, or to identify the number of multiple PRACH transmissions, if legacy ROs are shared by multiple PRACH transmissions.
Proposal 7: To align the principle of preamble used for Rel-17 feature combination, msg1-Repetition-r18 is proposed for multiple PRACH transmissions if separated preamble for multiple PRACH transmissions is supported to differentiate between the multiple PRACH transmissions and single PRACH transmission, or to identify the number of multiple PRACH transmissions.

Separate RO resources for multiple PRACH transmissions
Time/Frequency domain, i.e., RO resources for single PRACH transmission have been specified in NR. As section 2.3.1 mentioned, if the legacy RO resources are shared by multiple PRACH transmissions, separated preamble resources are required for multiple PRACH transmissions. However, except the solution of separated preamble index for multiple PRACH transmissions, if no any predefined rules to distinguish the mode of single or multiple PRACH transmissions, to solve the ambiguity for gNB on whether the PRACH is single or multiple transmissions, separate RO resources from that for single PRACH transmission should be configured for multiple PRACH transmissions. The separate RO resources can also be used to implicitly identify the number of PRACH repetition, this is helpful for gNB to have the knowledge of multiple PRACH transmissions especially in initial access procedure.
There are two possible configuration alternatives for the separated T/F resources configuration. One alternative is inherited the legacy configuration and some new parameters may be introduced in addition to the legacy parameters. The other alternative is totally separate PRACH configuration from legacy PRACH configuration.
Separate ROs based on legacy PRACH configuration
[bookmark: OLE_LINK4]Separate RO resources are configured based on the RO configuration for single PRACH transmission, or shared with PRACH configurations for single PRACH transmission. More specifically, the legacy parameters in PRACH configurations for single PRACH transmission are inherited and some new parameters may be introduced in addition to the legacy parameters. 
Introduction of new parameters about frequency/time domain offset:
There are 2 examples to elaborate the mechanism of introduction of new parameters.
· Example 1: Introduce a frequency domain offset to define additional ROs for multiple PRACH transmissions, the frequency offset can be configured in terms of RB;
· Example 2: Introduce a time domain offset to define additional ROs for multiple PRACH transmissions, the new time domain offset based on the current frame, slot or symbol can be introduced as frame offset, slot offset and symbol offset.
It should be noted that in some cases, especially for time domain offset, the PRACH resources for multiple PRACH cannot totally avoid overlapping with the legacy single PRACH resources, but for the overlapping zone of single and multiple PRACH, gNB has the knowledge to blind detect whether the PRACH is single or multiple transmissions. For example, gNB can always assume that it is intended to detect multiple PRACHs with same preamble index in the overlapping ROs. The overlapping may increase the collision rate of PRACH transmission, but if the overlapping zone can be controlled to a small proportion, the collision rate is not a big issue.
The frequency domain offset and time domain offset can also be combined to configure the RO resources for multiple PRACH transmissions if the offset setting in single dimension cannot avoid the overlapping with legacy ROs.
Furthermore, if the separate ROs are based on legacy PRACH configuration, the mode switching between the single and multiple PRACH transmissions for UE is seamless and the specification impact would be minor.
Proposal 8: Separate ROs based on legacy PRACH configuration with additional new parameters should be supported for the multiple PRACH transmissions. The additional new parameters can be frequency domain offset or time domain offset which is relative to legacy PRACH time-frequency domain configurations.

Introduction of new parameters about RO window:
The RO resources for multiple PRACH transmissions can be configured based on the definition of RO window. The RO window is defined as the time domain interval for multiple PRACH transmissions of an attempt. Different RO windows with different repetition number do not overlap with each other and they are continuously connected to each other according to a predefined order, for example, the RO windows are sorted in ascending order based on repetition factors. Multiple RO windows with different repetition factors can be grouped as a RO window group, and the RO window groups repeat with the group period.
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Figure 2: RO window and RO window group

The RO window can be configured by the parameters in time domain, e.g., the time starting point of RO window and the time length of RO window. RO windows corresponding to different number of repetitions may have same or different length. 

Proposal 9: The RO window is defined as a periodical time window in which all valid RO resources correspond to the same repetition factor. Different RO windows with different repetition number do not overlap with each other.

Due to the discussion of the previous meeting, whether to support multiple numbers of PRACH transmissions will be separately discussed further. If multiple numbers of PRACH transmissions are not allowed, the RO window will only correspond to only one number of repetitions and only one length of RO window is permitted. As the locations of UEs in the cell are different, some UEs may need less number of PRACH repetitions, while other UEs may need more number of PRACH repetitions. To keep the flexibility of UE selection of number of PRACH repetitions, it is better to configure the length of RO window to the maximum supported number of PRACH repetitions.  For example, if the UEs in the cell need at most 8 repetitions of PRACH, the length of RO window can be configured as 8, and for the UE only need less PRACH repetitions, the RO selection in the RO window can be determined based on the predefined rule or indicated by the signalling.
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Figure 3: ROs selection in a RO window

In Figure 3, an example is shown on how to select the ROs in a RO window. When number of PRACH repetitions is 2, the RO window will be separated to four groups, each group is for each PRACH attempt. If CBRA is triggered, UE will randomly select any group in the RO window. If CFRA is triggered, there is an indication of which group would be selected for PRACH transmission in DCI or RRC signalling from gNB to UE. When number of PRACH repetitions is 4, the RO window will be separated to 2 groups, and similar mechanism of RO selection would be used. When number of PRACH repetitions is 8, all the ROs in the window will be used for PRACH transmission.
Proposal 10: If only one number of PRACH repetitions is configured, the length of RO window is configured as the maximum supported number of PRACH repetitions. The approach of ROs selection in RO window should be investigated.

Separate RO configuration from legacy PRACH configuration
All the PRACH configurations for multiple PRACH transmissions can be individual parameters (including the T/F resource, repetition number, etc.), which are configured for different coverage levels. The new configuration for multiple PRACH transmissions is totally separated from the legacy configuration for single PRACH transmission. UE determines its coverage level according to RSRP measurement on SSB, and the applied PRACH configurations can be determined corresponding to coverage level selected. This mechanism is clean to distinguish the two kinds of configurations for single and multiple PRACH transmissions, and cut down the relationship between the two kinds of PRACH transmission. However, time-frequency resources for single and multiple PRACH transmissions may overlap each other. The gNB needs to perform blind detection to distinguish PRACHs with single or multiple transmissions, or ensures that there is no time-frequency resource overlap between ROs in different PRACH configurations. Either of them will complicate the implementation of gNB. Furthermore, when switching between the modes of single and multiple PRACH transmissions is applied, it is not convenient for gNB and UE.
Observation 3: It is complicated for gNB implementation if completely separate PRACH configuration for multiple PRACH transmissions is applied. 
Proposal 11: Completely separating PRACH configuration for multiple PRACH transmissions from legacy PRACH configuration is not preferred.
In addition, a combination of the foregoing two configuration alternatives may also be considered. For example, the RO resources for the single PRACH transmission and 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., frequency domain offset and time domain offset. 
Multiple PRACH transmissions in the frequency domain
If only one Tx chain is provided for UE, for analogue beamforming, the PRACH repetition only on frequency domain cannot be supported. This is the restriction for allocating frequency domain resources for multiple PRACH transmissions. The maximum total power for multiple PRACH transmissions cannot be enlarged if frequency domain resources are used in the same time instance. It seems meaningless for coverage enhancement as power accumulation benefit cannot be obtained. So, the approach of multiple PRACH transmissions in the frequency domain is not recommended for UE with only 1 Tx chain.
If UE supports transmission on multiple Tx chains, there are two options for multiple PRACH transmissions on multiple Tx chains.
· Option 1: Multiple PRACH transmissions simultaneously transmit in multiple Tx chains. This need higher UE capability. The benefit is from aggregated transmitting power and spatial diversity gain.
· Option 2: Multiple PRACH transmissions are hopping among the multiple Tx chains. The benefit may be from the spatial diversity gain. But the latency of Tx chain switch may not satisfy the multiple PRACH transmissions if the ROs for multiple PRACH are successive.
It is possible that multiple PRACH transmissions can be in different frequency resources in the same time instance at multiple Tx chains. However, the potential benefit from different frequency resources should be further investigated. 
Proposal 12: Multiple PRACH transmissions in the frequency domain in the same time instance is not supported for UE with only 1 Tx chain. 
Proposal 13: Multiple PRACH transmissions in the frequency domain in the same time instance can be further studied for UE with 2 or more Tx chains.

Association between SSB and ROs for multiple PRACH transmissions
As a traditional rule, UEs select only one SSB to initiate an RACH attempt. For multiple PRACH transmissions with same beam, the same rules need to be followed in order to improve coverage by combining reception. Therefore, the ROs for multiple PRACH transmissions, i.e., PRACH repetitions, with same beam can only be associated with the same SSB. 
Proposal 14: Multiple PRACH transmissions with same beam on the ROs associated with the same SSB should be supported for PRACH coverage enhancement.

In general, there are two alternatives for the same SSB mapping with ROs for multiple PRACH transmissions.
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Figure 4: SSB mapping with ROs for multiple PRACH transmissions

Alternative 1: Legacy mapping 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 more latency of one multiple PRACH transmissions attempt if the legacy association period is long.
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 may need more specification impact or more complex UE implementation. But actually there is an approach to achieve the association between the consecutive ROs and the same SSB through the legacy mapping configuration. A suitable configuration of legacy parameter of ssb-perRACH-Occasion can also produce the association between the consecutive ROs and the same SSB. 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 can be 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 ROs should be used to transmit the multiple PRACH. The parameter ssb-perRACH-Occasion can also be configured as 1/8 smaller than 1/4, which provides enough ROs to be selected for multiple PRACH transmissions. The solution has no specification impact and no 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. 
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Figure 5: Consecutive ROs mapping with SSB through configuration on parameter of ssb-perRACH-Occasion

Proposal 15: 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.

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 the frequency domain mapping within a PRACH attempt is FFS according to the agreement of RAN1#110bis-e meeting as below:
	Agreement
· For multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions.
· FFS: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
· FFS: whether/how multiple PRACH transmissions located in the same time instance, e.g., for UEs with multiple Tx chains.


 
For msg1-FDM larger than one, the mapping order may need further optimization based on the set of PRACH occasions for multiple PRACH transmissions. The set of PRACH occasions 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 SS/PBCH block 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
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Figure 6: Optimization for mapping order between SSB and ROs
Proposal 16: The mapping order between SSB and ROs can be further optimized based on the set of PRACH occasions for multiple PRACH transmissions.

Different preambles for multiple PRACH transmissions
For multiple PRACH transmissions, at least the same PRACH preamble is supported in one RACH attempt. And whether the different preambles in different PRACH transmissions in one attempt is for further study according to the agreement of RAN1#110bis e-meeting. 
	Agreement
· For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.



The combination of multiple PRACH receptions in one RACH attempt at gNB, whatever the combination is coherent combination or non-coherent combination, is beneficial for the coverage enhancement. If different preambles are utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt, gNB and UE should have the same understanding on the used preambles.
The different preambles during the multiple PRACH transmissions in one RACH attempt is a group of preambles for one attempt. The different preambles in the group are randomized under a predefined rule which are aligned between gNB and UE. The motivation of utilizing different beams in one attempt is to reduce or randomize the preamble collision with other UEs and reduce the interference.
If the same PRACH preamble in one RACH attempt is used, and UEs with same preamble are collided, during the whole attempt, the interference of preambles will always keep the same intensity, this detriment from interference is much serious in case the arriving time and arriving energy from the two UEs are close to each other. When different preambles in one group are utilized, in case the starting ROs of multiple PRACH transmission from different UEs are aligned, the collision of preambles during multiple PRACH transmissions will not always be fixed to the same preamble and the collision rate will be reduced. In case the starting ROs of multiple PRACH transmission from different UEs are not aligned, the collisions of preambles during multiple PRACH transmissions will be dispersed to much more UEs, and the total interference will be reduced as the arriving time and energy from more UEs are more random. 
For example, in Figure 7, in case the same preamble in the group, when starting ROs of multiple PRACH transmissions from different UEs are aligned, if the two UEs both select preamble A, during the two repetitions in one attempt, the collision of preamble A will always exist. When starting ROs of multiple PRACH transmission from different UEs are not aligned, the four UEs all select preamble A, there are always same preamble collisions during the attempt. In case of different preambles in the group for one UE, when starting ROs of multiple PRACH transmission from different UEs are aligned, the two UEs both select preamble A for the first PRACH, but the preambles of the second PRACH are different and randomized. During the two repetitions in one attempt, the collision of preamble A will only occur once. When starting ROs of multiple PRACH transmission from different UEs are not aligned, it is assumed at least the preambles of first PRACH of UE2, UE3, and UE4 collide with UE1. But as the preambles in one group of a UE are different and randomized, the preamble collision rate between any pair of UEs is reduced. The collisions of preambles of A/B/C/D of UE1 are dispersed to UE2, UE3, and UE4.
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Figure 7: Reduction of preamble collision in case of different preambles in one group
The different preambles in one group can be randomized according the conventional randomization algorithm, it means UE will determine the preambles in one group based on the predefined randomization rules and gNB will try to detect the group of preambles with the same predefined rules. 
[bookmark: _GoBack]Proposal 17: For multiple PRACH transmissions, different preambles can be utilized in different PRACH transmissions in one RACH attempt. The preambles in one RACH attempt are randomized based on the predefined rules.

RAR enhancements
Primitive agreement on RAR has been achieved in RAN1#110bis-e meeting.
	Agreement
For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.
· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.



Option 1 means multiple RAR windows are needed for multiple PRACH transmissions. 
Option 2 means only one RAR window is needed for multiple PRACH transmissions.
Single RAR window
If gNB has identified multiple PRACH transmissions via PRACH resource partitioning, single RAR for multiple PRACH transmissions in one attempt is enough. 
For single RAR transmission and reception, the starting position of RAR window should be specified. There are two alternatives to define the starting position of RAR window illustrated in Figure 8.
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Figure 8: Single RAR for multiple PRACH transmissions
Alternative 1: the starting position of RAR window is after all the PRACH repetitions.
Alternative 2: the starting position of RAR window can be after first PRACH.
For Alternative 2, gNB only need information of whether the PRACH attempt is multiple PRACH transmissions
For Alternative 1, gNB need more information including whether the PRACH attempt is multiple PRACH transmissions and the exact number of PRACH repetitions. Without the information of number of PRACH repetitions, gNB cannot identify the final PRACH.
For Alternative 2, it is possible the RAR transmission can be after the first PRACH or any of other PRACH, it means UE should have the higher capability to receive the possible RAR during the period of the attempt of multiple PRACH transmissions. The benefit of Alternative 2 is latency reduction of initial access as gNB may successfully decode the PRACH before the reception of last PRACH.
For Alternative 1, UE doesn’t expect to receive the possible RAR during the period of multiple PRACH transmissions. It is easy for UE to separate the time window of PRACH transmission and RAR reception.
For Alternative 2, it is necessary to enlarge the length of RAR window as UE cannot predict the RAR transmission time exactly. The RAR transmission may happen after the first PRACH or the last PRACH. The extension of the length of RAR window at least should cover the duration of multiple PRACH transmissions.
As mentioned in section 2.4, the number of multiple PRACH transmissions can be implicitly indicated by the PRACH resource partitioning, single RAR window after all the PRACH repetitions is easy for UE implementation and can avoid the additional specification work on the length of RAR window. Alternative 1 is preferred.
Proposal 18: A single RAR window starts after all the PRACH repetitions should be specified if gNB can identify whether UE transmits multiple PRACHs or not.

Multiple RAR windows
If the approach of multiple RAR windows is adopted for multiple PRACH transmissions, it is workable for gNB to receive PRACH transmission no matter what it has the knowledge that whether the PRACHs are repeated or not. Each PRACH reception will be handled individually as legacy way if the gNB doesn’t have any knowledge of the PRACH repetitions, and the multiple RARs will be generated by gNB in case of multiple PRACH transmissions. 
RAR windows start under the rule of current RAR window definition, obviously, the RAR windows may be staggered.
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Figure 9: Multiple RARs for multiple PRACH transmissions
There may be a motivation about early termination of part of PRACH repetition to avoid unnecessary PRACH transmission, but the whole procedure for early termination of PRACH repetition is much complex. The burden for receiving all the RARs responding to the multiple PRACH transmissions is not heavy for UE as UE can ignore the remaining RAR reception when it confirms the successful reception of previous RAR. 
The benefit of multiple RAR windows is no need for gNB to get the knowledge of whether UE transmits single or  multiple PRACH and helpful to indicate the selection of beam from multiple PRACH transmissions in case of multiple PRACH with different beams. In our view, the specification impact of multiple RAR windows is less than the impact of single RAR window. The shortcoming is the coverage enhancement cannot be achieved if gNB cannot identify the multiple PRACH transmissions.
Proposal 19: Multiple RAR windows for multiple PRACH transmissions can be considered if gNB cannot identify whether UE transmits multiple PRACHs or not.

RA-RNTI
Single RA-RNTI
From UE perspective, UE can expect to receive only one RAR within the RAR window. It means, for multiple PRACH transmissions, RA-RNTI calculation is based on the predefined single RO within all the ROs for multiple PRACH transmissions. It should determine which RO is suitable for the RA-RNTI calculation.
· Alternative 1: RA-RNTI is calculated based on RO for the last PRACH repetition.
· Alternative 2: RA-RNTI is calculated based on RO for the first PRACH repetitions. 
· Alternative 3: RA-RNTI is calculated based on RO for a predefined PRACH repetitions except the last and first one.
All the above alternatives mean the UE only expects one RA-RNTI candidate. UE doesn't need to assume multiple candidates of RA-RNTI and the complexity on the reception of RAR will not increase.
Alternative 1 is suitable for the case that the single RAR window starts after the last PRACH repetition. There is no ambiguity due to the loss of reception of last PRACH repetition, as gNB has the full knowledge of multiple PRACH transmissions including the ROs location.
Alternative 2 can be used when single RAR window can start after the first PRACH repetitions. UE should suppose the RA-RNTI is calculated based on RO for of the first PRACH repetition. 
Alternative 3 seems no special benefit compared with alternative 1 and 2. So alternative 1 and 2 can be further down selected.
Proposal 20: Single RA-RNTI is calculated based on RO for the last or first PRACH repetition.

Multiple RA-RNTIs
For multiple PRACH transmissions, if RA-RNTI calculation is not based on a predefined single RO, it means any one in all the ROs can be used for RA-RNTI calculation. UE should assume multiple RA-RNTIs candidates for descrambling the PDCCH for RAR. From UE perspective, it is a kind of blind detection among multiple RA-RNTIs. 
In another case, if multiple RARs mentioned in section 2.5.2 is applied, detection of multiple RA-RNTIs are also needed. Every RO for PRACH repetition will be used for calculating the RA-RNTI as each PRACH reception will be handled individually as legacy way.
Observation 4: UE assumes that multiple RA-RNTIs are calculated based on multiple ROs for the PRACH repetitions if RA-RNTI calculation is not based on a predefined single RO.
Proposal 21:  Multiple RA-RNTIs should be supported if multiple RAR windows are applied.

Power Control
Power Ramping
In Rel-15, power ramping is applied when PRACH is re-attempted if the previous attempt of initial access fails. Multiple PRACH transmissions with the same beam in one attempt look like the compression of multiple PRACH attempts into one PRACH attempt. Therefore, power ramping can still be used for each PRACH repetitions in one attempt in order to improve the probability of successful initial access. 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. Therefore, in a proper manner, the UE needs to increase the power to the maximum as soon as possible to effectively improve the coverage, for example, supporting power ramping for multiple PRACH transmissions within one PRACH attempt. Near-far effect is not an issue for power ramping of multiple PRACH transmissions within one PRACH attempt. The legacy power ramping of PRACH re-attempt also increase the interference to other UEs.
For multiple PRACH transmissions, separate counter of power ramping and step size of power ramping can be considered to provide flexibility of power control. The step size of power ramping for multiple PRACH transmission can also be configured as zero, i.e., no power ramping during the multiple PRACH transmissions in one attempt.
Proposal 22: Power ramping is supported for multiple PRACH transmissions in one attempt. 
Proposal 23: Separate counter and step size of power ramping for multiple PRACH transmissions in one attempt can be configured.

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, as analysis above, it is 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, further improve the probability of successful initial access and reduce the latency of initial access.
Proposal 24: 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 25: If multiple PRACH transmissions is used in the initial attempt, the retransmission should use multiple PRACH transmissions too.
If multiple PRACH transmissions is used in the initial attempt, it is beneficial to increase the number of PRACH transmission for the retransmission as the original number of PRACH repetition cannot compensate the pathloss gap. 

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? 
Proposal 26: The coupling between PRACH repetitions and Msg3 repetitions should be investigated.

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 or 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. The gNB can also indicate the resources for multiple PRACH transmissions.
Proposal 27: The CFRA based multiple PRACH transmissions with same beam should be investigated.


Multiple PRACH transmissions with different beams
In RAN1#111 meeting, we have agreed to study at least the case that UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS. And the simulation assumption about different TX beams was agreed as working assumption.
	Agreement
· Study at least the following case for multiple PRACH transmissions with different Tx beams.
· UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS
· FFS: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs /CSI-RSs, where the different SSBs/CSI-RSs are not associated with the same RO.
· Note: not related to decision on CFRA 
Note: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs/CSI-RSs, where the different SSBs/CSI-RSs are associated with the same RO is not considered.
Working Assumption
Simulation results for multiple PRACH transmissions with different beam(s) and same beam(s) (baseline) to be discussed in the next meeting.
· Simulation assumptions in TR 38.830 are used as the starting point for the simulation. 
· Focus on FR2.
· UE antenna configuration 2-2-2(baseline), 1-4-1(optional)
· Performance metric: 0.1% false alarm, 1% miss-detection
· Companies report the number of beams, the beam widths, beam correspondence assumption, and the boresights.
· Channel model for link-level simulation: CDL-A defined in table 7.7.1-1 in TR 38.901.
· Both that UE fulfills beamCorrespondence requirements Without UL-BeamSweeping and UE fulfils beamCorrespondence requirements With UL-BeamSweeping can be considered in the simulation are used as starting point for simulation.



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. If UE can provide multiple finer beams to transmit multiple PRACHs, the coverage can be further enhanced.

Performance evaluation
In this section, the performance of multiple PRACH transmissions with different beams for 4-step RACH procedure is evaluated. As note in [3], the enhancements of PRACH are mainly targeting for FR2, so we only focus on FR2 simulation. In FR2, it is up to UE implementation to determine its uplink beam for PRACH transmission depending on its capability of beam correspondence. For contention based RACH procedure, the beam correspondence definition can refer to Rel-16 based SSB-only beam correspondence. If a UE is incapable of beamCorrespondenceWithoutUL-BeamSweeping, the best or proper uplink Tx beam can be indicated to UE from gNB after multiple UL transmissions with beam sweeping. In Rel-17, UE does not support multiple PRACH transmissions with different Tx beams. In such case, it’s better for the UE to transmit PRACH with a wide/rough uplink beam instead of blindly selecting a UL Tx beam for PRACH transmission which may not match the channel or gNB UL Rx beam. If multiple PRACH transmissions with different beams is supported, i.e., beam sweeping is supported, UE can transmit PRACHs by sweeping different narrow beams to match the channel. For comparison, the simulation results are also provided when UE is capable of beamCorrespondenceWithoutUL-BeamSweeping.
In this section, we provide the performance comparison among such cases:
· Case1：2 repetition with same rough beam
· Case2：sweeping with 2 different fine beams
· Case3：2 repetition with same fine beams
· Case4：4 repetitions with same rough beam
· Case5：sweeping with 4 different fine beams
· Case6：4 repetitions with same fine beams
· Case7：8 repetitions with same rough beam
· Case8：sweeping with 8 different fine beams
· Case9：8 repetitions with same fine beam
In our evaluation, most simulation assumptions are based on 38.830[2], and CDL-A channel is used as channel model.  More detailed simulation assumptions are given in Tables in the appendix. For beam specific assumption, the number of swept beams in the beam set is equal to the number of PRACH transmissions. For PRACH transmissions with fine beam sweeping, the beam angel sets are showed as follows:
· 2 repetitions 
· Azimuth angle set = [0]
· Zenith angle set = [0, pi/6]
· 4 repetitions
· Azimuth angle set = [0, 7*pi/6]
· Zenith angle set = [0, pi/6]
· 8 repetitions
· Azimuth angle set = [0, pi/6, pi, 7*pi/6]
· Zenith angle set = [0, pi/6]
In Figure 10, the performance results of PRACH repetition are provided for 30GHz. 


Figure 10: Simulation results of PRACH repetition

The performance of PRACH with 2, 4 and 8 repetitions with fine beam sweeping is about 1.18dB, 0.87dB and 0.83dB better than 2, 4 and 8 PRACH repetitions with rough beam respectively. The performance of PRACH with 2, 4 and 8 repetitions with beam correspondence is about 0.54dB, 1.13dB and 1.05dB better than 2, 4 and 8 PRACH repetitions with fine beam sweeping respectively. Thus, the multiple PRACH transmissions with beam sweeping should be supported for coverage enhancement especially for the case that UE is incapable of beamCorrespondenceWithoutUL-BeamSweeping.
Observation 5: For PRACH transmission, about 0.83~1.18 dB gain can be obtained by employing 2, 4, or 8 repetitions with fine beam sweeping compared with 2, 4 and 8 repetitions with same rough beam respectively. About 0.54~1.13 dB gain can be obtained by employing 2, 4, or 8 repetitions with beam correspondence compared with 2, 4 and 8 repetitions with fine beam sweeping respectively.
Proposal 28: 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.

Conclusion
According to the discussion above, we have the following observations and proposals.
Triggering of multiple PRACH transmissions
Proposal 1: UE can initiate the multiplex 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.
Number of multiple PRACH transmissions
Proposal 2: Multiple values for the number of multiple PRACH transmissions should be supported to be configured by gNB, simultaneously. The value set is proposed to be {2,4,8} or the subset of {2,4,8} .
Proposal 3: For multiple PRACH transmissions with same Tx beam, one or multiple SSB-RSRP thresholds are used to determine the number of multiple PRACH transmissions and the SSB-RSRP thresholds are associated with the values for the number of multiple PRACH transmissions.
Resource partitioning for multiple PRACH transmissions
Observation 1: For multiple PRACH transmissions with the same beam, PRACH resource partitioning is needed to differentiate the number of PRACH transmissions. 
Proposal 4: For multiple PRACH transmissions with same Tx beam, PRACH resource partitioning should be supported to differentiate the number of PRACH transmissions.
Observation 2: The separate preamble resources can not only be used on shared ROs, but also be used on separate ROs. 
Proposal 5: Separated preamble resources could be supported to identify the number of multiple PRACH transmissions, if separate ROs are configured for multiple PRACH transmissions.
Proposal 6: Separated preamble resources for multiple PRACH transmissions could be supported to differentiate between the multiple PRACH transmissions and single PRACH transmission, or to identify the number of multiple PRACH transmissions, if legacy ROs are shared by multiple PRACH transmissions.
Proposal 7: To align the principle of preamble used for Rel-17 feature combination, msg1-Repetition-r18 is proposed for multiple PRACH transmissions if separated preamble for multiple PRACH transmissions is supported to differentiate between the multiple PRACH transmissions and single PRACH transmission, or to identify the number of multiple PRACH transmissions.
Proposal 8: Separate ROs based on legacy PRACH configuration with additional new parameters should be supported for the multiple PRACH transmissions. The additional new parameters can be frequency domain offset or time domain offset which is relative to legacy PRACH time-frequency domain configurations.
Proposal 9: The RO window is defined as a periodical time window in which all valid RO resources correspond to the same repetition factor. Different RO windows with different repetition number do not overlap with each other.
Proposal 10: If only one number of PRACH repetitions is configured, the length of RO window is configured as the maximum supported number of PRACH repetitions. The approach of ROs selection in RO window should be investigated.
Observation 3: It is complicated for gNB implementation if completely separate PRACH configuration for multiple PRACH transmissions is applied. 
Proposal 11: Completely separating PRACH configuration for multiple PRACH transmissions from legacy PRACH configuration is not preferred.
Association between SSBs and ROs for multiple PRACH transmissions
Proposal 14: Multiple PRACH transmissions with same beam on the ROs associated with the same SSB should be supported for PRACH coverage enhancement.
Proposal 15: 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 16: The mapping order between SSB and ROs can be further optimized based on the set of PRACH occasions for multiple PRACH transmissions.
Preambles for multiple PRACH transmissions
Proposal 17: For multiple PRACH transmissions, different preambles can be utilized in different PRACH transmissions in one RACH attempt. The preambles in one RACH attempt are randomized based on the predefined rules.
RAR enhancements
Proposal 18: A single RAR window starts after all the PRACH repetitions should be specified if gNB can identify whether UE transmits multiple PRACHs or not.
Proposal 19: Multiple RAR windows for multiple PRACH transmissions can be considered if gNB cannot identify whether UE transmits multiple PRACHs or not.
RA-RNTI
Proposal 20: Single RA-RNTI is calculated based on RO for the last or first PRACH repetition.
Observation 4: UE assumes that multiple RA-RNTIs are calculated based on multiple ROs for the PRACH repetitions if RA-RNTI calculation is not based on a predefined single RO.
Proposal 21:  Multiple RA-RNTIs should be supported if multiple RAR windows are applied.
Power control
Proposal 22: Power ramping is supported for multiple PRACH transmissions in one attempt. 
Proposal 23: Separate counter and step size of power ramping for multiple PRACH transmissions in one attempt can be configured.
Proposal 24: An additional power offset for multiple PRACH transmissions should be considered for PREAMBLE_RECEIVED_TARGET_POWER calculation.
Retransmissions
Proposal 25: 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 26: The coupling between PRACH repetitions and Msg3 repetitions should be investigated.
CFRA
Proposal 27: The CFRA based multiple PRACH transmissions with same beam should be investigated.
Multiple PRACH transmissions with different beams
Observation 5: For PRACH transmission, about 0.83~1.18 dB gain can be obtained by employing 2, 4, or 8 repetitions with fine beam sweeping compared with 2, 4 and 8 repetitions with same rough beam respectively. About 0.54~1.13 dB gain can be obtained by employing 2, 4, or 8 repetitions with beam correspondence compared with 2, 4 and 8 repetitions with fine beam sweeping respectively.
Proposal 28: Multiple PRACH transmissions with different beams on the ROs associated with the same SSB should be considered for PRACH coverage enhancement especially for the case that UE is incapable of beamCorrespondenceWithoutUL-BeamSweeping.
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Appendix: Simulation parameters 
Table 1: General parameters for FR2
	Parameter
	Value

	Scenario and frequency
	Indoor: 28GHz (TDD) 
Urban: 28GHz (TDD)
Suburban: 28GHz (TDD)

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U)
Other frame structures can be reported by companies.

	Target data rates for eMBB
	Indoor: DL: 25Mbps, UL:5Mbps 
Urban: DL: 25Mbps, UL: 5Mbps
Suburban: DL: 1Mbps, UL: 50kbps (low priority)

	Packet size for VoIP
	A packet size of 320 bits with 20ms data arriving interval is adopted.
	 
	Size (bits)

	Payload
	256

	CRC
	16 (TBS size lower than 3824 bits)

	MAC
	16 (with 12 bits SN size)

	RLC
	8 (with 6 bits SN size)

	PDCP
	16

	RTP/UDP/IP
	24 (w RoHC)


If applicable, companies report TB size assumed in evaluation.

For SIP invite message
-	Payload of 1500 bytes can be a starting point.
-	The assumptions (TB size, time period etc.) are reported by companies.
-	Contributions R1-2003464 and R1-2005259 are taken into account for the evaluation
-	In addition, 1 second time period can also be considered.

	Latency requirements for VoIP
	 Latency requirements assumed in VoIP evaluation for TDD and FDD are reported by companies.

	BWP
	100MHz

	Channel model for link-level simulation
	CDL- A
Note: company can provide simulation results based on either TDL channel or CDL model

	Delay spread
	Indoor scenario: 30ns
Urban scenario: 100ns
Suburban scenario: 100ns

	UE velocity
	Indoor scenario:3km/h
Urban scenario: 3km/h for indoor, 30km/h for outdoor. 
Suburban scenario: 3km/h for indoor, 30km/h, (optional: 120km/h) for outdoor.

	Number of UE antenna elements
	8, one panel:(M, N, P) = (2,2,2), 



Table 2: Channel-specific parameters for PRACH for FR2

	Parameter
	Value

	Format
	Format B4

	Frequency
	30GHz

	SCS
	120kHz 

	System BW
	100MHz

	Occupied channel bandwidth
	NR PRACH preamble format B4 : 12 RBs

	Channel model for link-level simulation
	CDL-A

	Delay Spread
	30ns 

	UE velocity
	3 km/h

	Performance metric
	0.1% false alarm, 1% miss-detection

	Number of UE Tx chains
	[1 1 2] for rough beam
[2 2 2] for 2/4/8 repetitions with fine beam and with beam correspondence

	Preamble
	NR PRACH preamble format B4 with Ncs = 13, Logical sequence index = 1, v=0 

	Number of repetitions
	2 or 4 or 8



30GHz, CDL-A
Rep2 with rough beam  	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.9239	0.7718	0.5446	0.3111	0.1423	0.0526	0.0162	0.0043	Rep2 with fine beam sweeping	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.8639	0.6693	0.4216	0.2217	0.0889	0.0298	0.0085	Rep2 with beam correspondence	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.8157	0.5939	0.3549	0.1672	0.064	0.0194	0.0051	Rep4 with rough beam  	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.9516	0.802	0.5287	0.2429	0.0756	0.0142	0.0015	Rep4 with fine beam sweeping	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.885	0.6632	0.3722	0.1453	0.036	0.0069	Rep4 with beam correspondence	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.7864	0.5128	0.2385	0.0717	0.0142	0.0021	Rep8 with rough beam  	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.978	0.834	0.4911	0.1573	0.0261	0.0016	Rep8 with fine beam sweeping	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.9278	0.6807	0.326	0.0893	0.012	0.0005	Rep8 with beam correspondence	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.8287	0.4994	0.1869	0.0384	0.0026	Rough beam w/o repetition	-25	-23	-21	-19	-17	-15	-13	-11	-9	0.7724	0.6131	0.4376	0.2879	0.162	0.0822	0.038	0.0135	0.0053	
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