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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
[bookmark: OLE_LINK1]In RAN1#112 meeting, most of the issues of multiple PRACH transmissions associated with the same beam have been discussed as summarized in [1], and following agreements and working assuptions have been achieved.
	Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details

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

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

Conclusion
For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.
Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).

Agreement
For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.

Agreement
For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.

Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
· Note 1: All ROs in one RO group is associated with the same SSB(s).
· Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
· Note 3: whether/how to define “RO group” in specification will be discussed separately
· Note 4: Valid RO(s) refers to what is defined in existing specification
· FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
· FFS: the time span of RO group.
· [bookmark: _Hlk131509856]FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
· FFS: other details

Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.


In this contribution, we further analyse the details of multiple PRACH transmissions with same Tx beam including trigger conditions, PRACH resource configurations, RO frequency hopping, Msg2 monitoring, and the combination with Msg3 repetition and the support of PRACH repetition in CFRA.
2. Discussions
2.1 [bookmark: _Hlk131164544]Trigger condition of PRACH repetition
At least three different RA types, 4-step RACH in Rel-15, 2-step RACH in Rel-16 and 4-step RACH with Msg3 repetition in Rel-17, have been suppoted in NR systems. UE determines RA type based on the measured RSRP of the downlink pathloss reference at the initial step of random access procedure. Furthermore, it is supported to switch from 2-step RACH to 4-step RACH when Rel-16 2-step RACH is not suitable for the current channel conditions.
According to the agreement made in RAN1#111, UE determines whether PRACH should be repeated and the repetition number at least based on SSB-RSRP measurement result at least for the first RACH attempt, which is similar but a bit different from the indication of Msg3 repetition in Rel-17 as the actual Msg3 repetition number is signalled by network. Considering that gNB can configure one or multiple values for the number of multiple PRACH transmissions, a criterion for determining the repetition number should be designed. For example, multiple thresholds corresponding to different repetition numbers if supported could be configured in SIB. In addition, UE may increase PRACH repetition number or try to use PRACH repetition if the random access has no repetition or if the random access attempts with lower PRACH repetition number have failed for several times or maximum transmit power has been reached after power ramping.
Proposal 1:
· The trigger condition below could be further considered
· PRACH multiple transmissions could be triggered when 4-step RACH without PRACH repetition or PRACH transmission for requesting Msg3 repetition has failed for a number of attempts.
Proposal 2: 
· The number of PRACH repetitions could be determined based on the following options
· multiple thresholds corresponding to different repetition numbers,
· increased after a number of failed random access attempts,
· increased when maximum transmission power has been reached after power ramping.
2.2 PRACH resource configuration
It has been agreed that “RO group” is assumed for multiple PRACH transmissions with same beam, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions. Given that ROs for multiple PRACH transmissions are at least located at different time instances, it is reasonable that one RO group only consists of consecutive TDMed valid ROs associated with same SSB. Furthermore, the specification impact of RO group should be analyzed separately for the case of separate RO configuration and the case of shared RO configuration respectively.
For multiple PRACH transmissions with separate preamble on shared ROs, legacy PRACH configuration table defiend for Rel-15 4-step RACH can be used for RO configuration and the parameters of SSB to RO association can be reused to minize the impact to the legacy RA on the shared ROs as shown in Figure 1(a). This means that the valid ROs for a RO group would be selected from multiple consecutive SSB indexes to PRACH occasions mapping cycles. The time duration for one PRACH repetition attempt could be much longer than the channel coherent time or the RAR monitoring window, especially for the case that up to 64 SSBs could be configured in FR2 band. And in this case, PRACH reattempt would be preferred instead. Therefore, sharing ROs with separate preambles for multiple PRACH transmissions is not preferred.
To avoid the large time span of RO group as discussed above, one possible way is that the consecutive valid ROs are separately configured and grouped in TDMed manner based on e.g. the number of multiple PRACH transmissions configured by network, and then associated with SSBs in the increasing order frequency domain firstly and then in the increasing order of time domain, as illustrated in Figure 1(b). In this way, the PRACH transmission latency would be reduced,and RO group can be determined without impacts on the legacy SSB to RO association criterion and PRACH resource selection.
[image: ]
(a) RO groups for the case of shared RO configuration 
[image: ]
(b) RO groups for the case of separate RO configuration
Figure 1. Illustration of RO group
Observation 1:
· For the case of shared RO configuration, the time span of one RO group is a multiple of SSB to RO mapping cycles, which could be much larger than the channel coherent time or the RAR monitoring time.
Proposal 3:
· For PRACH repetition in NR Rel-18, multiple PRACH transmissions with separate preambles on shared ROs is not preferred.
Proposal 4: 
· Separate RO configuration for PRACH repetition should be supported, and one RO group is constructed by consecutive TDMed valid ROs associated with same SSB.
For separate RO configuration, in order to further reduce the latency of multiple PRACH transmissions, additional RO resources can be configured relative to the separately configured ROs. As illustrated in Figure 2, first PRACH repetition could be transmitted on one separately configured RO according a PRACH configuration index and corresponding random access configuration tables specified in current spec., and remaining PRACH repetitions can be transmitted on an additional set of ROs which are defined relative to the separately configured ROs in one PRACH slot. 
[image: ]
Figure 2. PRACH repetition with first repetition on separate RO and remaining repetitions on additional configured ROs
Proposal 5: 
· For separate RO configuration, additional RO resources can be configured relative to the separately configured ROs to further reduce RA latency.
Another issue is whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions. When ROs are not shared between different RO groups, as illustrated in Figure 3(a), different RO groups for different PRACH repetition numbers configured by network can be partitioned in FDM manner, and one RO group consists of consecutive TDMed valid ROs associated same SSB. For the case that ROs are shared between different RO groups, as illustrated in Figure 3(b), assuming the configured values of multiple PRACH repetitions are 2 and 4, consecutive TDMed valid ROs can be grouped into RO groups with 4 repetitions first, then a subset of ROs in RO group with 4 repetitions can be used for RO group with 2 repetitions. In this case, to avoid preamble resource collision between different RO groups, preamble partitioning on shared ROs is required.
[image: ]
(a) RO resources seperated among different RO groups
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(b) RO resources shared between different RO groups
Figure 3.  Illustration of RO sharing between different RO groups
Proposal 6: 
· Whether ROs can be shared between different RO groups for different number of multiple PRACH transmissions should be further discussed.
For 4-step RACH, RO validation is defined according to following text excerpted from section 8.1 of 38.213 v15.5.0.
	For paired spectrum or supplementary uplink band all PRACH occasions are valid. 
[bookmark: _Hlk29801864]For unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon , as described in clause 4.1
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2, and if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-     the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1. 


It can be seen that RO is always valid in FDD and may be invalid for TDD when it collides with or too close to the SSB or DL symbols determined by cell specific TDD UL/DL configuration. All the valid ROs will be considered for mapping to SSBs.
Even in valid ROs, PRACH may be not actually transmitted. For example, if a set of symbols of an RO is configured as flexible symbols by higher layer, UE may not transmit the PRACH unless the set of symbols are dynamically configured to be uplink symbols. The issue is whether PRACH repetition should be counted in valid ROs without actual PRACH transmission. In our view, since such collision is UE specific, such RO should be counted though there’s no actual PRACH repetition.
Proposal 7: 
· PRACH repetition is counted in valid ROs no matter whether there’s actual PRACH transmission.
Up to NR Rel-17, Msg A PUSCH occasion validation in 2-step RACH is defined as following text excerpted from 38.213. As can be seen, PRACH transmission is prioritized over MsgA PUSCH transmission when the PUSCH occasion collides with a PRACH occasion.
	A PUSCH occasion is valid if it does not overlap in time and frequency with any valid PRACH occasion associated with either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	does not precede a SS/PBCH block in the PUSCH slot, and 
-	starts at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].
-	if a UE is provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	is within UL symbols, or 
-	does not precede a SS/PBCH block in the PUSCH slot, and 
-	starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].


One issue is whether PRACH repetition or Msg A PUSCH should be prioritized over the other channel when both PRACH repetition on separate ROs and 2-step RACH are configured in one serving cell. As is known, UEs that do not support PRACH repetition would not see the ROs configured for PRACH repetition. Therefore when there’s a collision between RO for PRACH repetition and MsgA PUSCH occasion, MsgA PUSCH occasion should be prioritized.
Proposal 8: 
· PRACH repetition in separate RO is not transmitted when the separate RO collides with Msg A PUSCH.
Regarding the maximum time span of RO group for PRACH repetition, it should consider the SSB to RO association pattern period and whether it’s already possible for UE to do reattempt instead after a period of time.
As is known, within one SSB to RO association pattern period, SSB to RO mapping would form a pattern that can be repeated periodically. And such period is comprised of one or multiple SSB to RO association periods which is always larger than 10ms as defined in table 8.1-1 of 3GPP TS 38.213 V17.5.0, i.e. larger than maximum RAR window size (configured by network and can be from 1 slot to 10ms). In legacy, after a RAR window, UE may do reattempt  with power ramping when initial transmission failed after the RAR windodw. Therefore, to keep same PRACH repetition pattern in one SSB to RO association pattern period and reduce the latency of PRACH repetitions, the RO group for PRACH repetitions should be no larger than one SSB to RO association pattern period.
Table 8.1-1 of 3GPP TS 38.213 v17.5.0: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period
	PRACH configuration period (msec)
	Association period (number of PRACH configuration periods)

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

	20
	{1, 2, 4, 8}

	40
	{1, 2, 4}

	80
	{1, 2}

	160
	{1}



Proposal 9: 
· Time span of RO group for PRACH repetitions should be no larger than one SSB to RO association pattern period.
2.3 RO frequency hopping
In RAN1 #110bis-e meeting, it has been agreed that at least ROs located at different time instances can be utilized for multiple PRACH transmissions. However, whether the starting RB of ROs can be different at different time instances is still open. The RO frequency hopping gain is evaluated in link level simulation with detailed assumptions provided in table A1 in Annex. As shown in Figure 4, compared to single repetition, the performance gain of PRACH repetition with RO hopping is 3.74dB for 2 PRACH repetitions, 6.96dB for 4 PRACH repetition with respective to the target of 1% miss detection. The additional gain of PRACH repetition with RO hopping is about 0.7dB compared to that of PRACH repetition without RO hopping. Therefore, RO frequency hopping could be considered to further improve PRACH coverage.
[image: ]
Figure 4. Performance of PRACH repetition with different repetition numbers and frequency hopping
Proposal 10:
· RO frequency hopping could be considered to further improve PRACH coverage.
2.4 Msg2 monitoring
In legacy random access procedure of 4-step RA type, RAR window is started at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, and the length of RAR window is configured via system information up to 10ms. When PRACH repetition is used, RAR window could be started before the last PRACH transmission to support the PRACH early termination, or after all PRACH repetitions have been transmitted. Considering that the PRACH repetition number can be determined by UE appropriately based on some trigger conditions as discussed in section 2.1, early termination of PRACH repetition is not necessary. In addition, it will increase UE power comsumption as it would require UE to detect Msg2 in an extended RAR window started before the last PRACH transmission. To minimize the specification impact, RAR window is preferred to start after the end of last PRACH repetition.
Up to Rel-17, the RA-RNTI calculation is based on the RO time-frequency location where PRACH preamble is transmitted. When PRACH repetition is enabled, RA-RNTI calculation should be based on one of the ROs for PRACH repetition, i.e. the RO of first PRACH repetition or last PRACH repetition, to avoid much spec. impact.
Proposal 11: 
· RAR window for PRACH repetition is started after all PRACH repetitions, and RA-RNTI calculation is based on one of the ROs for PRACH transmission, e.g. the RO of last PRACH repetition.
2.5 Combination with Msg3 repetition
In Rel-17, additional PRACH resources can be separately configured by AdditionalRACH-Config-r17 to indicate one or more features (redCap, smallData, sliceGroup, msg3-Repetition). Furthermore, RO and preamble resources can be partitioned in the additional configured PRACH resource for different features or feature combinations by FeatureCombination-r17. Both Rel-18 PRACH repetition and Rel-17 PRACH with Msg3 repetition are determined according to RSRP threshould, thus when PRACH repetition is triggered, it is likely to require for Msg3 repetition at the same time. In our opinion, both Msg1 and Msg3 should be garenteed to be detected and decoded successfully to achieve a success RACH procedure if UE is in the poor coverage condition. Therefore, the combination of PRACH repetition and Msg3 repetition should be supported to achieve a robust random access procedure for coverage-constraint UEs. The Rel-17 feature combination framework can be reused for the combination of PRACH repetition and Msg3 repetition.
Proposal 12: 
· Rel-17 additional RACH configuration and feature combination framework can be reused for the combination of Rel-18 multiple PRACH transmissions and Msg3 repetition to realize the corresponding PRACH resource partitioning.
2.6 PRACH repetition in CFRA
When UEs in the RRC connected mode move to a poor coverage area, PRACH repetition could be needed when CFRA procedure is selected for BFR, TA establishment etc. Therefore, PRACH repetition in CFRA should also be supported. In addition, for CFRA, it is more flexible for network to configure the PRACH resources for PRACH repetition as dedicated signalling can be applied, which can be further discussed in RAN1. Therefore, we have following proposal.
Proposal 13: 
· CFRA procedure with PRACH repetition should be supported in Rel-18 coverage enhancement WI.
3. Conclusion
In this contribution, we discuss the potential enhancements needed to support PRACH repetition. Based on the discussions, we have following observations and proposals:
Observation 1:
· For the case of shared RO configuration, the time span of one RO group is a multiple of SSB to RO mapping cycles, which could be much larger than the channel coherent time or the RAR monitoring time.
Proposal 1:
· The trigger condition below could be further considered
· PRACH multiple transmissions could be triggered when 4-step RACH without PRACH repetition or PRACH transmission for requesting Msg3 repetition has failed for a number of attempts.
Proposal 2: 
· The number of PRACH repetitions could be determined based on the following options
· multiple thresholds corresponding to different repetition numbers,
· increased after a number of failed random access attempts,
· increased when maximum transmission power has been reached after power ramping.
Proposal 3:
· For PRACH repetition in NR Rel-18, multiple PRACH transmissions with separate preambles on shared ROs is not preferred.
Proposal 4: 
· Separate RO configuration for PRACH repetition should be supported, and one RO group is constructed by consecutive TDMed valid ROs associated with same SSB.
Proposal 5: 
· For separate RO configuration, additional RO resources can be configured relative to the separately configured ROs to further reduce RA latency.
Proposal 6: 
· Whether ROs can be shared between different RO groups for different number of multiple PRACH transmissions should be further discussed.
Proposal 7: 
· PRACH repetition is counted in valid ROs no matter whether there’s actual PRACH transmission.
Proposal 8: 
· PRACH repetition in separate RO is not transmitted when the separate RO collides with Msg A PUSCH.
Proposal 9: 
· Time span of RO group for PRACH repetitions should be no larger than one SSB to RO association pattern period.
Proposal 10:
· RO frequency hopping could be considered to further improve PRACH coverage.
Proposal 11: 
· RAR window for PRACH repetition is started after all PRACH repetitions, and RA-RNTI calculation is based on one of the ROs for PRACH transmission, e.g. the RO of last PRACH repetition.
Proposal 12: 
· Rel-17 additional RACH configuration and feature combination framework can be reused for the combination of Rel-18 multiple PRACH transmissions and Msg3 repetition to realize the corresponding PRACH resource partitioning.
Proposal 13: 
· CFRA procedure with PRACH repetition should be supported in Rel-18 coverage enhancement WI.
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Annex: Simulation assumptions 
[bookmark: _GoBack]Table A1. Simulation assumptions for PRACH repetition with frequency hopping
	Parameters
	Values 

	Carrier Frequency 
	28GHz 

	System bandwidth 
	100MHz (50RBs) 

	Subcarrier spacing
	120kHz

	Frame structure for TDD
	DDDSU

	UE TX power 
	23dBm 

	Number of Tx antenna at UE 
	1 antenna 

	UE speed 
	3km/h for O2I

	Channel model
	TDL-A (DS 100ns)

	ISD
	200m

	Propagation delay
	0.47173us

	PRACH format
	B4

	Candidate RO set for PRACH repetition
	Assuming PRACH repetition is completed within one frame.
Slot# {9} for #repetition=1, {9,19} for #repetition=2, {9,19,29,39} for #repetition=4

	PRACH RO hopping configuration
	RO index pattern {0,1} for repetition=2, {0,1,0,1} for repetition=4

	Receiver at gNB
	Coherent combination within one PRACH occasion, and non-Coherent combining among PRACH repetitions
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