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In the RAN#95-e meeting, the WI on further NR coverage enhancements was approved [1] and was updated in RAN#96 meeting as [2]. The detailed objective about PRACH coverage enhancements is showed as below: 
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.



The main solution for PRACH coverage enhancements is to use multiple PRACH transmission with the same beam, and with different beams (if justified after study). In this contribution, we analyse the related aspects about multiple PRACH transmissions (i.e., multiple msg1) for 4-step RACH procedure. 
The section 2 for multiple PRACH transmissions includes the analysis for multiple PRACH transmission with same/different beams, PRACH resources to differentiate PRACH repetitions and PRACH without repetition, PRACH resources to differentiate different number of PRACH repetitions, RAR, RA-RNTI, Power ramping, PRACH re-attempt, coupling between PRACH repetition and msg3 repetition, CFRA, and so on. 
In section 3, a special requirement for PRACH coverage enhancement in FWA (fixed wireless access) scenario is raised and multiple PRACH transmissions may not break through the bottle neck of coverage in this scenario, other approaches should be studied and identified.
Multiple PRACH transmissions
Determination of the number of PRACH repetitions
The SSB RSRP threshold has been defined for UE to decide the selection of PRACH types, i.e., whether to be 2-step RACH or 4-step RACH based on the SSB RSRP measurement. Also the SSB RSRP measurement helps to determine the transmission power of PRACH.
Following the similar principle of selection between 2-step RACH and 4-step RACH, or selection among different coverage level of NB-IoT, for initial access, especially contention based RACH, the determination of the number of PRACH repetitions is better to be based on the SSB RSRP measurement. One or more new SSB-RSRP thresholds for different coverage levels can be configured. UE compares the result of SSB RSRP measurement with different SSB-RSRP thresholds to determine the suitable repetition number.
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Figure 1 Multiple SSB RSRP thresholds for multiple PRACH transmissions
As illustrated in Figure 1, SSB RSRP threshold 1 is introduced in NR Rel-15 to determine the PRACH initialization. Under the threshold 1, the system cannot ensure the successful access rate. Threshold 2 is introduced in NR Rel-16 to determine the selection of 2-step RACH. Additional thresholds, e.g., Threshold 3 and 4, may need to be introduced in NR Rel-18 to determine the selection of different number of PRACH repetitions.  
Proposal 1: One or more new configured SSB-RSRP thresholds can be introduced for different PRACH coverage levels, i.e., different number of PRACH repetitions.

Based on the study [3] in Rel-17 CE SI stage, if the joint detection of the received PRACH repetitions can be performed at gNB side, the simulation results showed about 1.7~3.7 dB and 3.7~5.2 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively in case of PRACH repetition with same beam.
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Figure 2 performance comparison on PRACH repetitions
The performance gain of PRACH repetition in [4] is summarized in below table 1:
Table 1 Performance evaluation for PRACH enhancements
	Schemes
	Performance gain
	Key Assumptions

	Multiple PRACH transmissions with the same beam
	3.7 dB
	Urban, 4GHz, O2I
Baseline scheme: one PRACH transmission
Enhanced scheme: PRACH with 2 repetitions

	
	5.2 dB
	Urban, 4GHz, O2I
Baseline scheme: one PRACH transmission
Enhanced scheme: PRACH with 4 repetitions

	
	1.7 dB
	Urban, 28GHz, O2I
Baseline scheme: one PRACH transmission
Enhanced scheme: PRACH with 2 repetitions

	
	3.7 dB
	Urban, 28GHz, O2I
Baseline scheme: one PRACH transmission
Enhanced scheme: PRACH with 4 repetitions

	Multiple PRACH transmissions with different beams
	2.5 dB
	Rural, 2GHz
Baseline scheme: 1 PRACH transmission
Enhanced scheme: 2 PRACH transmission with different beam

	
	2 dB
	Urban, 28GHz, O2I
Baseline scheme: one PRACH transmission
Enhanced scheme: bundle of 2 msg1 transmissions, each transmitted using a different narrow TX beam. Reported gain is the one corresponding to the highest measured RSRP at gNB.

	
	4.7 dB
	Urban, 28GHz, O2I
Baseline scheme: one PRACH transmission
Enhanced scheme: bundle of 4 msg1 transmissions, each transmitted using a different narrow TX beam. Reported gain is the one corresponding to the highest measured RSRP at gNB.



Observation 1: For Urban, 4GHz, O2I case, the coverage performance gain of multiple PRACH transmissions with the same beam are 3.7dB and 5.2dB respecting to 2 and 4 repetitions.
Observation 2: For Urban, 28GHz, O2I case, the coverage performance gain of multiple PRACH transmissions with the same beam are 1.7dB and 3.7dB respecting to 2 and 4 repetitions.
Observation 3: Multiple PRACH transmissions with different beams can also bring coverage performance gain, e.g., for Rural, 2GHz, the performance gain is 2.5dB respecting to 2 repetitions, for Urban, 28GHz, O2I cases, the performance gain are 2dB and 4.7dB corresponding to 2 and 4 multiple PRACH transmissions.

The relative coverage gap between PRACH and reference PUCCH format 1 are summarized in table 2 from [4]:
Table 2 Coverage gap to be compensated by PRACH enhancements
	Scenario
	Channels
	MIL

	
	
	Representative value
	Standard Deviation
	Relative difference vs. PUCCH Format 1

	Urban 28GHz TDD NLOS O2I scenario
Target ISD 200m
	PRACH Format B4
	141.22
	5.70
	-1.92

	Urban 28GHz TDD NLOS O2O scenario
Target ISD 200m
	PRACH Format B4
	136.13
	0.88
	-7.57

	Urban 4GHz TDD scenario
Target ISD 500m
	PRACH Format B4
	153.50
	4.82
	-2.7

	Rural 2GHz FDD NLOS O2I
Target ISD 1732m
	PRACH Format B4
	142.35
	2.02
	-9.03



As the enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable. The coverage gap relative to PUCCH format 1 in typical FR2 cases are -1.92dB and -7.57dB. It seems the 4 repetitions can hardly compensate the -7.57dB gap. So at least, up to 8 repetitions should be supported.
Observation 4: Up to 8 repetitions is needed to compensate PRACH coverage gap in typical FR2 cases.
Proposal 2: The number of PRACH repetitions with 2, 4 and 8 is proposed for multiple PRACH transmissions.

Multiple PRACH transmissions with same beam or different beams
Multiple PRACH transmissions with same beam 
The ROs for multiple PRACH transmissions, i.e., PRACH repetitions, with same beam may be associated with the same SSB or with different SSBs. The assumption for the RO associated with different SSBs is not practical and unreasonable, so only PRACH repetition with same beam on the ROs associated with the same SSB is discussed in this contribution.
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Figure 3 Multiple PRACH transmissions with same beam on ROs associated with same SSB

Proposal 3: Multiple PRACH transmissions with same beam on the ROs associated with the same SSB should be supported for PRACH coverage enhancement.

Multiple PRACH transmissions with different beams 
For multiple PRACH transmissions with different beams, three typical cases can be identified.
· Case 1: UE Tx/Rx beam correspondence cannot be guaranteed, more than one PRACH are transmitted on ROs associated with the same SSB. 
· The original motivation for this case is latency reduction compared to legacy PRACH re-attempt. However, suitable UL beam for PRACH transmission for a mobile terminal may change during the RACH process. From this perspective, reducing the access delay can also increase the access success probability, through which coverage of PRACH is improved indirectly. 
· Further, the beam switching among the PRACH repetition transmission can help to find the better/best beam pair and improve the coverage of PRACH according to the beam gain.
· Case 2: According to SSB-based measurement, the UE can determine a UL beam. Based on this beam, the UE can use multiple finer beams to send PRACH. The PRACH coverage enhancement can also be achieved as the beam gain.
· Case 3: If multiple SSB measurements satisfy the threshold, UE transmits all/part of PRACHs in the ROs associated with corresponding SSBs, i.e., PRACH repetitions with different beams on the ROs associated with the different SSBs. This is more like the parallel processing of multiple independent RACH processes. The main gain of this case is latency reduction, and this breaks the principle of initiating the RACH process oriented to an SSB.
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Figure 4 Three cases of multiple PRACH transmissions with different beams
Case 1 and case 2 are helpful to the PRACH coverage, which is proved in [4] that the coverage performance gain is about 2.5dB by 2 repetitions in rural 2GHz scenario，2dB and 4.7dB in Urban, 28GHz, O2I cases corresponding to 2 and 4 multiple PRACH transmissions, it means that multiple PRACH transmissions with different beams should also be considered for coverage enhancement. 
Proposal 4: Multiple PRACH transmissions with different beams on the ROs associated with the same SSB should be considered for PRACH coverage enhancement.

Preamble for multiple PRACH transmissions
If the coherently joint detection of PRACH transmission is needed, gNB and UE should have the same understanding on the used preamble index.
UE can apply the same preamble index in the whole multiple PRACH bundle after the UE randomly select or be indicated a preamble index. This is very simple for gNB to understand the multiple PRACH receptions are from the same UE.
UE can also apply grouped preamble index by predefined rule, the grouping rule is both understood by the gNB and UE. For example, the group of preamble index can be randomized by the predefined rule. The motivation of randomization of group of preamble index for PRACH repetitions is to reduce the collision probability with the same interference UE. The interference from one UE is dispersed to multiple UEs, the arriving time at base station from interference UEs may randomized and it will improve the detection probability in base station. If multiple PRACH transmissions occur under CFRA, the randomization on the group of preamble index can be simply based on UE ID.
If the coherently joint detection of PRACH transmission is NOT needed, e.g., multiple PRACH transmissions with different beams, each PRACH in the bundle can be regarded as individual PRACH transmission, and no need to restrict the same preamble index during the PRACH bundle. However keeping the same preamble index or randomization of group of preamble index based on predefined rule is still also helpful for gNB to identify the PRACH bundle is from the same UE and non-coherently joint detection may be used to improve the performance of multiple PRACH transmissions.
Whatever the coherently joint detection of PRACH transmission is needed or not, it is preferred that gNB and UE should have the same understanding on the used preamble index in PRACH repetition bundle. For preamble index in PRACH repetition bundle, keeping the same preamble index or randomization of group of preamble index based on predefined rule is proposed.
Proposal 5: For preamble index in multiple PRACH transmissions bundle, keep the same preamble index or randomize the preamble index in group based on predefined rule.

PRACH partitioning for multiple PRACH transmissions
For multiple PRACH transmissions with the same beam, especially to coherently joint combine the multiple PRACH receptions, gNB may need to know whether UE applies the multiple PRACH transmissions or not. Furthermore, if multiple PRACH transmissions with the same beam is applied, gNB may also need to know the exact number of multiple PRACH transmissions. In CFRA, whether to use multiple PRACH transmissions and the number of multiple PRACH transmissions may be indicated from gNB to UE. But in CBRA, gNB cannot get the priori information on whether to use multiple PRACH transmissions and the number of multiple PRACH transmissions before PRACH transmission as the decision is autonomously based on UE measurement on RSRP and the thresholds. Then identifying based on PRACH resources partitioning is a practical way to differentiate between PRACH repetitions and PRACH without repetition, and to differentiate the number of PRACH repetitions. 
For multiple PRACH transmissions with different beams, gNB may handle the receptions as individual PRACHs, so there is no need for UE to differentiate multiple PRACHs or single PRACH, or to identify the number of PRACH repetitions. But if coverage enhancement is also required for multiple PRACH transmissions with different beams, the information on whether the PRACH transmission is multiple or single and the number of repetitions are helpful for gNB to non-coherently combine the receptions in order to get coverage gain.
Both for multiple PRACH transmissions with the same beam and with different beams, the differentiation based on PRACH resource partitioning is needed.
Observation 5: For both multiple PRACH transmissions with the same beam and with different beams, PRACH partitioning is needed to differentiate between multiple PRACH transmissions and single PRACH transmission, and to differentiate different number of PRACH transmissions. 
Three typical PRACH partitioning methods via resources of preamble, time/frequency and panel resources are discussed.
Separate preamble resources for multiple PRACH transmissions
If legacy ROs are shared by multiple PRACH transmissions and no separate or additional ROs are configured for multiple PRACH transmissions, individual preamble index for multiple PRACH transmissions is needed to differentiate between the multiple PRACH transmissions and single PRACH transmission. The other purpose of individual preamble index is to identify the number of 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 5, 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.
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Figure 5 Separate preamble resources for multiple PRACH transmissions
Proposal 6: Separated preamble index for multiple PRACH transmissions is needed 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.

Separate time/ Frequency resources for multiple PRACH transmissions
Time/Frequency domain resources for single PRACH transmission have been specified in NR. As section 2.4.1 mentioned, if only the legacy T/F resources are shared by multiple PRACH transmissions, there is overlapping between the T/F resources for single and multiple PRACH transmissions. There are many existing UE features distinguished through different preamble index, incl., CBRA/CFRA, 2-step/4-step, msg.3 repetition, SI request, ... , etc. It makes sequence resource allocation more difficult if different repetition numbers are distinguished only from the sequence dimension. 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, there is always ambiguity for gNB on whether the PRACH is single or multiple transmissions. 
To solve the ambiguity on whether the PRACH is single or multiple transmissions, separated T/F resources for multiple PRACH transmissions should be configured. The separated T/F resources can also help 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.
There are two possible configuration alternatives for the separated T/F resources configuration. 
Separate RO shared by legacy PRACH configuration
Separated T/F resource, i.e., RO, is configured based on the current RO configuration, or shared current PRACH configurations. The legacy parameter in current PRACH configurations is reused and some new parameters may be introduced in addition to the legacy parameters. 
Introduction of new parameters:
There are 2 examples to elaborate the mechanism of introduction of new parameters.
· Example 1: Introduce a frequency domain offset to define additional ROs;
· Example 2: Introduce a time domain offset to define additional ROs, this mechanism is very similar as the RACH configuration for IAB. For IAB RACH configuration, the new parameters of prach-ConfigurationFrameOffset, prach-ConfigurationPeriodScaling and prach-ConfigurationSOffset define the IAB RACH resources based on the legacy RO configurations. For multiple PRACH transmissions, new time domain offset based on the current frame or slot or symbol can be introduced as frame offset, slot offset and symbol offset. Below table is Table 6.3.3.2-4 for Random access configurations for FR2 and unpaired spectrum [5].

	PRACH
Config. 
Index
	Preamble format
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	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
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PRACH duration
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A new frame offset x can be defined to configure the frame for multiple PRACH transmissions, e.g., the frame for multiple PRACH transmissions is frame 1+x. It should be noted that in some cases, the PRACH resources for multiple PRACH cannot avoid overlapping with the legacy PRACH resources, but for the common zone of single and multiple PRACH, gNB has the knowledge to blind detect whether the PRACH is single or multiple PRACH transmissions. For example, gNB always assumes it is possible to detect multiple PRACH with same preamble index in the overlapping ROs. The overlapping may increase the collision rate of PRACH, but if the overlapping zone can be controlled to a small proportion, the collision rate increasing is not a big issue.
The frequency domain offset and time domain offset can also be combined to configure the resources for multiple PRACH transmissions if the offset setting in single dimension cannot avoid the overlapping with legacy ROs.
Without new parameters:
Based on the current parameters in legacy PRACH configurations, the RO for multiple transmissions can also be configured and indicated without any new parameter. 
TDMed PRACH repetition resources can be obtained within a PRACH association period in case of ssb-perRACH-Occasion < 1, i.e.,｛1/2,1/4,1/8｝. An example is showed in Figure 6, the number of repetitions is 4, and parameter ssb-perRACH-Occasion is 1/4. In legacy RACH procedure, one of the green ROs is randomly selected by UE to transmit PRACH, but for multiple PRACH transmissions, all the 4 ROs can be used to transmit the multiple PRACH. This will not increase the detection overhead of PRACH for gNB, as gNB will always detect all the ROs even in legacy procedure. 
TDMed PRACH repetition resources can also be obtained across multiple PRACH association periods in case of ssb-perRACH-Occasion ≥ 1, i.e., ｛1, 2, 4, 8, 16｝. The example in Figure 6 shows that the 4 PRACH transmission (green) can across four PRACH association periods and build a repetition bundle.
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Figure 6 Determination of PRACH repetition resources according to ssb-perRACH-Occasion
Without introduction of new parameters, the proportion of PRACH resources shared with legacy ROs is more aggressive than the approach of new additional parameter. When ssb-perRACH-Occasion is smaller than 1, the overlapping ratio is the value of ssb-perRACH-Occasion; When ssb-perRACH-Occasion is larger than 1, the overlapping ratio is 100%. But the benefit is there are no more new PRACH resources allocated to multiple PRACH transmissions, the overhead reduction is significant. Furthermore, the switching between the two modes is seamless and the specification impact is minor.
[bookmark: OLE_LINK2]It is noted that for the overlapping ROs, gNB has the ability to blind detect whether the PRACHs are for single or multiple PRACH transmissions.
Proposal 7: Separate ROs shared by legacy PRACH configuration with or without additional new parameters should be considered for the multiple PRACH transmissions.

Separate PRACH 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 configured for different coverage levels. This kind of configuration is similar as the PRACH configuration in NB-IoT. The new configuration for multiple PRACH transmissions is totally separated from the legacy configuration. UE determines its coverage level according to RSRP measurement on SSB, and T/F resource can be determined corresponding to coverage level its 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 may overlap in multiple groups of ROs. The gNB needs to perform blind detection to distinguish PRACHs with single or multiple transmission, or ensures that there is no time-frequency resource overlap between ROs in different PRACH configurations. Furthermore, when switching between the modes of single and multiple PRACH is applied, it is not convenient for gNB and UE.
Proposal 8: Completely separating PRACH configuration for multiple PRACH transmissions from legacy PRACH configuration is not preferred.

Multiple PRACH transmissions in the frequency domain
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 enlarge if frequency domain resources are used. 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.
Proposal 9: Approach of multiple PRACH transmissions in the frequency domain is not recommended.

Panel resources for multiple PRACH transmissions
If UE supports transmission on multiple panels, whether the multiple PRACH transmissions can be supported on multiple panels?
There are three options for multiple PRACH transmissions on multiple panels.
· Option 1: Multiple PRACH transmissions always transmit in one panel. This is traditional way, through which channel reciprocity under TDD can be ensured.
· Option 2: Multiple PRACH transmissions simultaneously transmit in multiple panels. This need higher UE capability. The benefit is aggregated transmitting power and panel diversity gain.
· Option 3: Multiple PRACH transmissions are hopping among the multiple panels. The benefit may be the panel diversity gain. But the latency of panel switch may not satisfy the multiple PRACH transmissions if the ROs for multiple PRACH are successive.
The feasibility and performance gain of Option 2 and Option 3 need further investigation.
Proposal 10: Multiple PRACH transmissions using multiple panels could be investigated.

RAR enhancements
For RAR transmission and reception, the definition of starting point of RAR window is very important for gNB and UE.
If UE doesn’t expect to receive the possible RAR during the period of transmitting the multiple PRACHs, the starting time of RAR window should be after all the PRACH repetitions. It means gNB should have the knowledge of the number of PRACH repetitions when gNB detects the PRACH repetitions.
If there is no restriction on the reception of the possible RAR during the transmission of the multiple PRACHs, the RAR window doesn’t need to be after all the PRACH repetitions. It means UE would prepare to receive the RAR after the first PRACH just like the legacy way and gNB would transmit the RAR after gNB successfully decodes a subset of PRACH repetitions, where the successful decoding may happen at any time after any PARCH repetition. Even under this assumption, there are two possible behaviour of RAR transmission from gNB which based on the knowledge of whether this is PRACH repetition or not. If gNB has the knowledge that this is PRACH repetition, single RAR is enough. If gNB has no knowledge that this is PRACH repetition, multiple RARs are unavoidable as gNB cannot distinguish that is PRACH repetition or not, each PRACH reception will be handled individually as legacy way.
Single RAR window
Single RAR window for multiple PRACH transmissions is based on the knowledge of whether this is PRACH repetitions If RAR window is starting after the final PRACH repetition, gNB should additionally have the knowledge of the number of PRACH repetitions. If the single RAR window can start after any of the PRACH repetitions, only the knowledge of whether this is PRACH repetition is needed. 
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Figure 7 Single RAR for multiple PRACH transmissions
If the single RAR window can start after any of the PRACH repetitions, 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 the last PRACH repetition is proposed to avoid the additional specification work on the length of RAR window.
Proposal 11: RAR window starts after the last PRACH repetitions should be applied if single RAR is adopted for multiple PRACH transmissions.

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 8 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.
[bookmark: _GoBack]Proposal 12: Multiple RAR windows for multiple PRACH transmissions can be considered if gNB cannot have the knowledge about whether or not the UE is under multiple PRACH transmissions.

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 UE will not increase the complexity on the reception of RAR.
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 13: 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.
Proposal 14: UE should assume 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.

Power Ramping
In Rel-15, power ramping is applied when PRACH is re-attempted if the previous initial access fails. For multiple PRACH transmissions with the same beam, before the ending of RAR window, power ramping can still be used for each PRACH repetitions. 
Similar principal can be applied, and one counter can be used for power ramping. In case of multiple PRACH transmissions with the same beam, the transmitted power can be ramped one by one during the period of multiple PRACH repetitions. In case of multiple PRACH transmissions with different beams or beam switching, the power remains unchanged.
Proposal 15: Power ramping is applied in case of multiple PRACH transmissions with the same beam. The power should remain unchanged in case of multiple PRACH transmissions with different beams.
PRACH retransmission/re-attempt
At the beginning of initial access, multiple PRACH transmissions can be activated by the measurement of SSB RSRP if the measurement satisfies the predefined threshold(s) for multiple PRACH transmissions. Another alternative to activate the multiple PRACH transmissions can be based on the power ramping of legacy PRACH procedure.
When UE attempts the PRACH retransmission if UE cannot receive the corresponding RAR within the RAR window, power ramping may be applied for retransmissions. When the number of PRACH retransmission or transmitting power reaches a threshold, for example, the maximum retransmission count or maximum power level, the multiple PRACH transmissions can be activated to compensate the extra pathloss.
Proposal 16: Multiple PRACH transmissions can be enabled during the PRACH re-attempts in case of transmitting power or number of PRACH retransmissions reaching a threshold.

If multiple PRACH transmissions is used in the initial access, it makes sense that the PRACH retransmission should use multiple PRACH transmissions too. The question is if the initial multiple PRACH transmissions is with same beam, can retransmission be with different beams, or vice visa?
Proposal 17: If multiple PRACH transmissions is used in the initial access, the retransmission should use multiple PRACH transmissions too.

Coupling between PRACH repetition and other transmission with 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 msg.3 repetition? For example, Msg3 repetition is mandatory if multiple PRACH transmissions is applied? Similarly, PUCCH repetitions for HARQ-ACK of Msg4 would be supported in Rel-18 NTN WI, the relationship between PRACH repetition and PUCCH repetitions for HARQ-ACK of Msg4 should also be investigated. 
Proposal 18: The coupling between PRACH repetitions, msg3 repetitions, and PUCCH repetitions for HARQ-ACK of Msg4 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 19: The CFRA based multiple PRACH transmissions should be investigated.

Coverage enhancement for FWA scenario
The scenario of FWA (fixed wireless access) is studied in NR Rel-15 and some PRACH formats e.g., Format C2, are used for this scenario. In the typical case of RACH SCS=120KHz, the cell radius is up to about 1.15km. Based on the demands from practical network deployment in some regions, the cell coverage enhancement is also needed to break the current limitation of 1.15km. But the coverage is now restricted by the largest CP length allowed by current PRACH format. If no new PRACH format is encouraged to be introduced to enhance the coverage of FWA scenario, other solution should be studied. 
Observation 6: The PRACH coverage is now limited by the CP length allowed by current PRACH format and can only reach to cell radius of 1.15km in case of RACH SCS with 120KHz, which cannot satisfy current demands from practical network deployment. 
One solution to extend the coverage limitation due to the CP length is to use part of preambles as the supplementary or nominal CP, i.e., some forepart preambles are pretended as the nominal CP by gNB. Assuming the solution is based on the current PRACH format C2, this PRACH format consists of one real CP with length  and 4 same continuous preambles with total length of . In case of SCS with 120 KHz, one CP length can support up to about 1.15 km cell radius, and one CP + one preamble length can support up to about 2*1.15 = 2.3 km cell radius. If needed, more preambles can be regarded as the CP. For the other PRACH format, e.g., Format B4 with one CP and 12 preambles, the maximum supported cell radius can reach to 0.48+11*1.15=13.13km. 
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Figure 9 Solution to extend the coverage limitation due to the CP length
Under this solution, the gNB at least has two hypothesis on the CP length, one is the legacy understanding that only real CP is regarded as CP. The other one is that one CP+ one preamble are assumed as total nominal CP by gNB. One detailed example is illustrated in Figure 9. The maximum delay of arrival is extended up to the sum of the CP length and one preamble length. The detection window starts from the second preamble.
The issue of above solution is if gNB holds two hypothesis on the CP length when it detects the PRACH, there may be two possible delay estimations under the two hypothesis and one of the estimations is valid. But the gNB cannot distinguish which one is valid from the two delay estimations in the step 1 of random access procedure.
Based on above, we suggest to study potential coverage enhancements for PRACH in FWA scenario. 
Proposal 20: Study potential coverage enhancements for PRACH in FWA scenario to address the demands from practical network deployment.
Conclusion
According to the discussion above, we have the following observations and proposals.
Number of PRACH repetitions
Proposal 1: One or more new configured SSB-RSRP thresholds can be introduced for different PRACH coverage levels, i.e., different number of PRACH repetitions.
Observation 1: For Urban, 4GHz, O2I case, the coverage performance gain of multiple PRACH transmissions with the same beam are 3.7dB and 5.2dB respecting to 2 and 4 repetitions.
Observation 2: For Urban, 28GHz, O2I case, the coverage performance gain of multiple PRACH transmissions with the same beam are 1.7dB and 3.7dB respecting to 2 and 4 repetitions.
Observation 3: Multiple PRACH transmissions with different beams can also bring coverage performance gain, e.g., for Rural, 2GHz, the performance gain is 2.5dB respecting to 2 repetitions, for Urban, 28GHz, O2I cases, the performance gain are 2dB and 4.7dB corresponding to 2 and 4 multiple PRACH transmissions.
Observation 4: Up to 8 repetitions is needed to compensate PRACH coverage gap in typical FR2 cases.
Proposal 2: The number of PRACH repetitions with 2, 4 and 8 is proposed for multiple PRACH transmissions.
Same beam or different beams
Proposal 3: Multiple PRACH transmissions with same beam on the ROs associated with the same SSB should be supported for PRACH coverage enhancement.
Proposal 4: Multiple PRACH transmissions with different beams on the ROs associated with the same SSB should be considered for PRACH coverage enhancement.
Resource for multiple PRACH transmissions
Proposal 5: For preamble index in multiple PRACH transmissions bundle, keep the same preamble index or randomize the preamble index in group based on predefined rule.
Observation 5: For both multiple PRACH transmissions with the same beam and with different beams, PRACH partitioning is needed to differentiate between multiple PRACH transmissions and single PRACH transmission, and to differentiate different number of PRACH transmissions.
Proposal 6: Separated preamble index for multiple PRACH transmissions is needed 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: Separate ROs by shared legacy PRACH configuration with or without additional new parameters should be considered for the multiple PRACH transmissions.
Proposal 8: Completely separating PRACH configuration for multiple PRACH transmissions from legacy PRACH configuration is not preferred.
Proposal 9: Approach of multiple PRACH transmissions in the frequency domain is not recommended.
Proposal 10: Multiple PRACH transmissions using multiple panels could be investigated.
RAR enhancements
Proposal 11: RAR window starts after the last PRACH repetitions should be applied if single RAR is adopted for multiple PRACH transmissions.
Proposal 12: Multiple RAR windows for multiple PRACH transmissions can be considered if gNB cannot have the knowledge about whether or not the UE is under multiple PRACH transmissions.
RA-RNTI
Proposal 13: Single RA-RNTI is calculated based on RO for the last or first PRACH repetition.
Proposal 14: UE should assume 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.
Others
Proposal 15: Power ramping is applied in case of multiple PRACH transmissions with the same beam. The power should remain unchanged in case of multiple PRACH transmissions with different beams.
Proposal 16: Multiple PRACH transmissions can be enabled during the PRACH re-attempts in case of transmitting power or number of PRACH retransmissions reaching a threshold.
Proposal 17: If multiple PRACH transmissions is used in the initial access, the retransmission should use multiple PRACH transmissions too.
Proposal 18: The coupling between PRACH repetitions, msg3 repetitions, and PUCCH repetitions for HARQ-ACK of Msg4 should be investigated.
Proposal 19: The CFRA based multiple PRACH transmissions should be investigated.
Observation 6: The PRACH coverage is now limited by the CP length allowed by current PRACH format and can only reach to cell radius of 1.15km in case of RACH SCS with 120KHz, which cannot satisfy current demands from practical network deployment.
Proposal 20: Study potential coverage enhancements for PRACH in FWA scenario to address the demands from practical network deployment.
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