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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK8] Introduction
In RAN #94 e-meeting, a new Rel-18 work item on further NR coverage enhancements was approved [1] and updated in RAN #96 [2]. The objective of the work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. Detailed objectives are listed as follows:
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beam 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.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



This contribution is a summary of companies’ contributions on PRACH coverage enhancements
2. Summary of contributions
2.1 Multiple PRACH transmissions with same beam
Based on companies’ contributions, sometimes the term “PRACH repetition” is utilized to indicate “multiple PRACH transmissions with same beam”. Thus, it needs to be clarified that the term “PRACH repetition” only indicates “multiple PRACH transmissions with same beam”, it doesn’t put any additional restrictions on multiple PRACH transmissions.
2.1.1 Resource configuration for multiple PRACH transmissions
Issue #1: Differentiation between single PRACH transmission and multiple PRACH transmissions
During the discussion in RAN1 #110b-e [3], the resource configuration/allocation for multiple PRACH transmissions was discussed but unfortunately no consensus was achieved. The latest FL proposal in RAN1 #110b-e was listed as follows for reference. 
	For multiple PRACH transmissions with same beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, consider one or multiple of the following options.
· Option A: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option B: Multiple PRACH are transmitted on separate ROs.
· Other options are not precluded.
FFS: detailed schemes, including how gNB know which ROs are to be checked for multiple PRACH transmission for all the above Options.



In fact, as companies point out, one important issue for multiple PRACH transmissions is whether/how gNB can differentiate between legacy single PRACH transmissions and multiple PRACH transmissions, and whether/how gNB can differentiate between different numbers of multiple PRACH transmissions if different “coverage enhancement levels” (number of PRACH repetitions) are supported.
· Issue #1-1: Differentiation between single PRACH transmission and multiple PRACH transmissions
Based on the contributions, majority companies [China Telecom, Sharp, Qualcomm, Samsung, MediaTek, NTT DOCOMO, InterDigital, LG, TCL, ZTE, Fujitsu, CATT, Spreadtrum, xiaomi, Apple, Intel, Lenovo, Panasonic] discuss the differentiation between legacy single PRACH transmissions and multiple PRACH transmissions, mainly three options are proposed as follows:
· Option 1: Multiple PRACHs are transmitted with separate preamble on shared ROs.
Support: Samsung, Qualcomm, InterDigital, LG(?), Apple(?), Intel, Lenovo
· Option 2: Multiple PRACHs are transmitted on separate ROs.
Support: Samsung, InterDigital, LG(?), TCL, ZTE, Fujitsu, CATT, Spreadtrum, Intel, Lenovo, vivo
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted with the same preamble on separate ROs.
Support: MediaTek, Spreadtrum, vivo
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with legacy single PRACH transmission. 
Moreover, as clarified by Spreadtrum, there may be two alternatives to define the separate RO as follows:
· Alt. 1: Separate RO means the RO used for multiple PRACH transmissions is separated with legacy single PRACH transmission, while no new RO(s) are introduced.
· Alt. 2: Separate RO means introducing new RO(s), which are different from the RO used for legacy single PRACH transmission.

· Issue #1-2: Differentiation between different numbers of multiple PRACH transmissions if different “coverage enhancement levels” (number of PRACH repetitions) are supported
Companies [xiaomi, Intel, ETRI, China Telecom, Panasonic, ZTE] also discuss whether/how gNB can differentiate between different numbers of multiple PRACH transmissions. [Intel, ETRI, ZTE] think there is a need to do the differentiation, e.g.., different PRACH resources can be configured per PRACH repetition factors. While [China Telecom, Panasonic] think PRACH resource can be used for all possible numbers of PRACH transmissions, i.e., not dedicated PRACH resource for a specific number of the PRACH transmissions. Or else the required PRACH resources would be too large and it may make the design too complicated.

· Issue #1-3: RO determination for multiple PRACH transmission
Regarding the RO determination, companies [Samsung, FGI, Nokia, OPPO] propose to consider RO bundle (RO sequence) - based approach, e.g., RO bundle is formulated with a number of RO, UE select one RO bundle and transmit a same PRACH preamble in each of the ROs within the selected RO bundle. Moreover, [Samsung] also propose to consider multiple DL beam selection-based approach, e.g., a UE is allowed to select multiple DL beams (e.g., SSBs) to enable the multiple PRACH transmissions.

· Other views
Besides, companies have the following additional views summarized as follows:
· [Huawei] The enhanced PRACH resource should keep the backward compatibility of legacy UEs, should not degrade RACH performance of legacy UEs, and should not increase PRACH transmission latency of new UEs significantly.
· [Ericsson] Send an LS to RAN2, informing RAN2 of RAN1’s agreement on the support of shared RO and separate RO for multiple PRACH transmissions, and that it is up to RAN2 to decide how to configure RACH resources for Rel-18 multiple PRACH transmissions and possibly other Rel-18 features.
· [Apple] To support PRACH repetition and reduce the transmission delay, the network should configure the PRACH configuration index with more time domain ROs. There is no need to introduce new PRACH configuration with more time domain ROs for repetition. eMTC defined PRACH repetition mechanism can be the starting point for NR multiple PRACH transmissions with same beam, e.g., considering the periodicity of starting RO and the subframe offset of starting RO.
· [MediaTek] Consider optimizations to improve the efficiency of system resource utilization by reducing the number of new RACH resources for PRACH repetitions.
· [ETRI] The additional sequences can be configured for shared ROs between legacy PRACH transmission and multiple PRACH transmissions, e.g., root sequence can be configured for multiple PRACH transmissions, then the number of available sequences in an RO is increased, the preamble fragmentation may be avoided. If the additional sequences are not available, consider to introduce additional ROs for multiple PRACH transmissions.

Issue #2: ROs assignment for multiple PRACH transmissions
The following agreement was achieved in RAN1 110b-e for ROs assignment for multiple PRACH transmissions [4]:
	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.



Based on the contributions, companies make further discussion on the FFS parts and companies’ views are summarized as follows:
· Issue #2-1: Whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions
Companies [vivo, Intel, OPPO, TCL, Apple, LG, NTT DOCOMO, Qualcomm, Nokia, Samsung] propose to consider different starting RB of ROs at different time instances (RO hopping) for multiple PRACH transmissions. While companies [xiaomi, China Telecom, Mavenir] do not support different starting RB of ROs at different time instances for multiple PRACH transmissions. [ETSI] suggests to discuss this issue after issues about ROs configurations show some progresses.
Some simulation results are provided by companies as follows:
· [vivo] The gain of PRACH repetition with RO hopping is about 0.7dB compared to that of PRACH repetition without RO hopping in urban O2I scenario.
· [Intel] For 2 and 4 PRACH repetitions with frequency hopping, ~2.5dB performance gain can be achieved compared to PRACH repetitions without frequency hopping. (@700MHz, PRACH format 0, TDL-C, 300ns)

· Issue #2-2: Whether/how multiple PRACH transmissions located in the same time instance
Companies [Huawei, Fujitsu, xiaomi, Intel, ETRI, Lenovo, LG, MediaTek, Nokia, Samsung] propose not to support/ deprioritize multiple PRACH transmissions over FDM-ROs in the same time instance due to the following reasons: small benefit and high complexity; there may be more than one resource multiplexing modes in this network, which will greatly increase the complexity of the non-coherent combining detection at gNB side; only half of the deliverable power is available for each Tx chain.
While companies [ZTE, CMCC, Ericsson] think multiple PRACH transmissions located in the same time instance can be further studied for UE with 2 or more Tx chains. Moreover, [Ericsson] thinks that simultaneous transmissions have potential to benefit from spatial diversity gain of multiple Tx chains and FDMed PRACHs may additionally leverage frequency diversity gain.

· Issue #2-3: Consecutive or non-consecutive RO assignment
[Nokia] observes that non-consecutive multiple PRACH transmissions increase the average network access delay per UE and the burden to gNB memory and buffering, and the current framework for mapping of ROs-to-SSB indices does not allow configurations of consecutively available UL slots associated to a same SSB index for transmitting consecutive PRACH repetitions while limiting the number of SSB indexes multiplexed in the frequency domain per time occasion. [Huawei] proposes that the configuration with continuous repetition ROs in time domain should be supported for low latency and complexity.

· Issue #2-4: RO determination when FDMed ROs are configured
[Lenovo, LG] proposes to further study RO determination for PRACH transmission when FDMed ROs are configured and are associated with same SSB as illustrated follows.
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Issue #3: Same or different preamble(s) during multiple PRACH transmission
The following agreement was achieved in RAN1 110b-e:
	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.



Regarding the FFS parts, companies’ views are summarized as follows:
Companies [Huawei, vivo, Fujitsu, CATT, xiaomi, Intel, Lenovo, CMCC, Mavenir, Nokia] propose not to support/ deprioritized utilize different preambles during the multiple PRACH transmissions in one attempt due to the following reasons: there is no additional performance gain and non-coherent combining gain cannot be obtained; the receiver complexity increases when combining PRACH repetitions using multiple preambles; higher standards impact.
While companies [ZTE] propose to consider different preambles during the multiple PRACH transmissions in one attempt in order to avoid continuous interference if UE with same preamble are collided. [Samsung] thinks that this issue may be related to RO determination for multiple PRACH transmission, different preambles in different PRACH transmissions can be considered if PRACH transmission is regarded independently to each other. Thus, [Samsung] proposes to defer the determination of whether support different preambles apply to the multiple PRACH transmissions in one attempt until the RO determination design is clearer.

Issue #4: SSB-to-RO mapping
Based on the contributions, companies[xiaomi, Nokia, Huawei, ZTE, OPPO, TCL, Sharp] discuss the SSB-to-RO mapping for multiple PRACH transmsisions. As point out by [OPPO, Nokia], for legacy SSB-to-RO mapping, SS/PBCH block indexes provided by ssb-PositionsInBurst are mapped to valid PRACH occasions in the following order: preamble indexes, FDMed RO indexes, TDMed RO indexes. The current mapping order leads to long latency between TDMed ROs for multiple PRACH transmission, since TDMed RO indexes has the lowest mapping priority.
Detailed companies views are summarized as follows:
· [Nokia] RAN1 to analyse and specify optimizations to the framework for mapping of ROs-to-SSB indices targeting consecutive PRACH repetitions while limiting the number of SSB indices per time occasion. Modify the SSB to RO mapping in the case of multiple PRACH transmissions to mapping the SSB to ROs first in the time domain and then in the frequency domain.
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· [Huawei] Classify SSB beams into different coverage enhancement levels, where SSB beams belonging to the same level are associated with the same number of ROs for repetition and SSB beams belonging to different levels are associated with different number of ROs for repetition
· [ZTE, xiaomi] Multiple PRACH transmissions with same beam on the ROs associated with the same SSB should be supported for PRACH coverage enhancement.
2.1.2 RAR window and RA-RNTI calculation  
Issue #5: RAR window and RA-RNTI
The following agreement was achieved in RAN1 110b-e for RAR monitoring:
	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.



· Issue #5-1: RAR window
Some illustrations for Option 1 and Option 2 are listed as follows for reference.


Illustration of Option 1





Illustration of Option 2

Based on the contributions, companies’ support on Option 1 and Option 2 are summarized as follows:
· Support Option 1: Sony, [NTT DOCOMO, xiaomi] (If PRACH repetitions cannot be identified)
· Support Option 2: Huawei, vivo, CATT, Spreadtrum, TCL, Intel, Lenovo, ETRI, NTT DOCOMO (If PRACH repetitions can be identified), InterDigital, Apple, LG, Qualcomm, Mavenir, MediaTek, NEC, Nokia, xiaomi, China Telecom, OPPO
For Option 2, mainly two alternatives are proposed for the start position of the RAR window:
· Alt. 1: the starting point of RAR window is after the last symbol of the last PRACH occasion corresponding to the multiple PRACH transmissions.
Support: CATT, Spreadtrumm ZTE, Intel, Lenovo, InterDigital (If number of repetitions is fixed), LG, MediaTek, NEC, Nokia, xiaomi, China Telecom, OPPO, Samsung, CMCC
· Alt. 2: the start position of the RAR window is after the last symbol of the first PRACH occasion corresponding to the multiple PRACH transmissions.
Support: TCL, Lenovo, Mavenir
For Option 1 and Alt. 2 of Option 2, UE may detect Msg2 before the ending of multiple PRACH transmissions. In this case, companies share their views on whether early termination of multiple PRACH transmissions should be supported. Companies [Spreadtrum, Sony] think once UE receives Msg2, UE is able to terminate the follow up Msg1 transmission in advance and release the corresponding RO resources for other UEs to access. While companies [ZTE, CATT, vivo, ETRI] think the drawback of early termination lies at least in the following aspects, thus may not be considered: it does not only complicate the gNB implementation but also increase gNB and UE power consumptions; much more spec. impact may be involved.
Based on the contributions, it can also be known that RAR monitoring issue is related to Issue #1, it depends on whether gNB can differentiate between legacy single PRACH transmissions and multiple PRACH transmissions, and whether gNB can differentiate between different numbers of multiple PRACH transmissions if different “coverage enhancement levels” (number of PRACH repetitions) are supported.

· Issue #5-2: RA-RNTI
According to current spec. TS 38.321, RA-RNTI is calculated as follows:
	RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).



For multiple PRACH transmissions, the RA-RNTI calculation is related to RAR window design. Based on the companies’ contributions [ZTE, China Telecom, Spreadtrum, CATT, xiaomi, Intel, OPPO, TCL, Lenovo, Apple, LG, NEC, Nokia], there are two options proposed for RA-RNTI calculation as follows:
· Option 1: Multiple RA-RNTI candidates within one RAR window, i.e., UE attempts to detect a DCI format 1_0 with CRC scrambled by one of the multiple RA-RNTI candidates during a RAR window.
· Option 2: Single RA-RNTI within one RAR window, i.e., UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a RAA window.
· Option 2-1: The corresponding RA-RNTI is calculated based on RO for the last PRACH repetition.
· Option 2-2: The corresponding RA-RNTI is calculated based on RO for the first PRACH repetitions.
· Option 2-3: The corresponding RA-RNTI is calculated based on RO for a predefined PRACH repetitions except the last and first one.
· Option 2-4: The corresponding RA-RNTI is calculated as a function of the sequence of ROs used for the multiple PRACH transmissions
For Option 1, it indicates that UE should assume multiple RA-RNTIs candidates within one RAR window. This may happen for the case that multiple RAR windows are utilized and there is overlapping between RAR windows.
For Option 2, it indicates that UE only expects one RA-RNTI candidate within one RAR window, UE doesn’t need to assume multiple candidates of RA-RNTI and UE will not increase the complexity on the reception of RAR. Option 2 is workable for single RAR window design.
2.1.3 Determine the number of multiple PRACH transmissions
Issue #6: Candidate value
As companies point out, the performance gap for FR2 PRACH channel has been derived based on MIL criterion referring to the coverage range of PUCCH format 1 in TR 38.830 based on the link budget evaluation in Rel-17 as follows:
	Scenarios
	Target metrics
	Channels 
	MIL

	
	
	
	Number of samples
	Relative difference vs. PUCCH Format 1


	Urban 28GHz TDD NLOS O2I
	Scenario dependent target
ISD=200m
	PRACH Format B4
	6
	-1.92

	Urban 28GHz TDD NLOS O2O
	Scenario dependent target
ISD=200m
	PRACH Format B4
	5
	-7.57



Besides, companies have the following observations which may facilitate the determination of number of multiple PRACH transmission:
· [Huawei] Different beams covering different areas have different coupling loss due to the outdoor to indoor penetration and the tree penetration, which implies that different beams require different coverage enhancements.
· [ZTE] 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 (@28GHz). It seems the 4 repetitions can hardly compensate the -7.57dB gap. So at least, up to 8 repetitions should be supported.
· [vivo] In Urban O2O scenario @28GHz (30km/h, DDDSU), the performance gain of PRACH repetition is about 4.31dB for 2 PRACH repetition and 7.95dB for 4 PRACH repetition. In Urban O2I scenario @28GHz (3km/h, DDDSU), the performance gain is about 3.06dB for 2 PRACH repetition, 6.31dB for 4 PRACH repetition
· [Xiaomi] For FR2 in Urban@28GHz O2O scenario, about 2.9dB and 5.1dB performance gain can be obtained with 2 and 4 PRACH repetitions, respectively. 
· [Intel] About 2.1dB performance gain can be achieved for PRACH transmission when repetition level is doubled. (@700MHz, PRACH format 0)
Based on the discussion in RAN1 #110b-e, a working assumption about the candidate values for multiple PRACH transmissions are proposed as follows.
	Support at least {2 ,4, [8]} for the number of multiple PRACH transmissions with same beams.
· FFS other numbers.



During the discussion in RAN1 # 110b-e, the majority companies [Intel, CATT, FGI, DOCOMO, Panasonic, Qualcomm, LG, Samsung, CMCC, Spreadtrum, ZTE, Lenovo, Nokia/NSB, Sony, ETRI, InterDigital, Fujitsu, Huawei, HiSilicon, Sharp, OPPO] support the candidate value of {2, 4, 8}. While [vivo] shows some concerns on the value “8”.
Based on the contribution in RAN1 #111, [vivo] is fine to adopt 8 PRACH repetitions to compensate the performance gap for all the considered scenarios. While [Ericsson] thinks when studying the number of multiple PRACH transmissions to be supported, PRACH transmissions with the same wide beam is the basis to determine the maximum number of multiple PRACH transmissions with the same beam, and the difference in Msg3 and PRACH performance should be evaluated.

Issue #7: Trigger and the number of multiple PRACH transmissions
· Issue #7-1: Support one or multiple PRACH coverage enhancement level(s) (number of PRACH repetitions)
Based on the contributions, companies [Huawei, China Telecom, ETRI, Apple, NTT DOCOMO, MediaTek] discuss whether only one or multiple PRACH coverage enhancement levels is supported:
· Option 1: Support only one PRACH coverage enhancement level, e.g., gNB configure only one PRACH repetition factor, all UEs perform the same number of PRACH transmissions when multiple PRACH transmissions is initiated.
Support: Apple
· Option 2: Multiple PRACH coverage enhancement levels can be supported, e.g., gNB configure multiple PRACH repetition factors, UE can select one repetition factor based on some predefined conditions.
Support: China Telecom, ETRI, NTT DOCOMO, MediaTek
If Option 1 is supported, it indicates that the number of multiple PRACH transmissions is only determined by the network, then it only needs to discuss how to trigger multiple PRACH transmissions.
If Option 2 is supported, it indicates that the number of multiple PRACH transmissions is determined at UE side based on some predefined conditions. For option 2, it also needs to discuss how to determine the number of PRACH transmissions.

· Issue #7-2: Trigger of multiple PRACH transmissions
Based on the contributions, companies’ views are summarized regarding the trigger of multiple PRACH transmissions as follows:
· Option 1: SSB-RSRP threshold is utilized to trigger multiple PRACH transmissions.
Support: vivo, ZTE, Intel, InterDigital, Apple, Sharp, NEC, Samsung
· Option 2: The failure of single PRACH attempts reaches a threshold.
Support: vivo, ZTE
· Option 3: The calculated power of single PRACH attempt reaches the maximum output power of UE.
Support: OPPO

· Issue #7-3: Determination of the number of multiple PRACH transmissions if multiple PRACH coverage enhancement levels is supported
Based on the discussion in RAN1 #110b-e, determination of the number of multiple PRACH transmissions was discussed and the latest proposal was listed as follows for reference:
	For multiple PRACH transmissions with same beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions.
· FFS detailed scheme, e.g., the number of SSB-RSRP thresholds or whether other measured/computed metrics or conditions should be used together with SSB-RSRP thresholds.
· FFS: whether to link the SS-RSRP threshold for Msg3 repetition request.
· FFS: whether only applied to CBRA
· FFS: the impact from MPE.



From FL understanding, if it is agreed to utilize SSB-RSRP threshold to trigger multiple PRACH transmissions, then the trigger of multiple PRACH transmissions issue and the determination of the numbers of multiple PRACH transmissions can be discussed together regardless of whether multiple PRACH coverage enhancement levels is supported or not, the main difference lies in the number of configured SSB-RSRP thredhold(s).
Based on the contributions in RAN1 #111, the majority companies [ZTE, Saumsung, China Telecom, Lenovo, xiaomi, CMCC, MediaTek, InterDigital, LG, Qualcomm, Nokia, Fujitsu, Panasonic] supports to at least use SSB-RSRP threshold(s) to determine the number of PRACH transmissions. [Ericsson, Spreadtrum] proposes that UE determination of the number of PRACH transmissions by SSB-RSRP threshold(s) only applies to CBRA, [CATT] proposes this approach to be applied at least for the first RACH attempt.
Besides, companies [Fujitsu, Samsung] think the determination of the number of multiple PRACH transmissions should take the impact of MPE issue into consideration.
[CATT] proposes to study whether to introduce a separate lower RSRP threshold for SSB/CSI-RS determination for PRACH repetitions.
[Nokia] proposes to investigate aspects of UE selection of the SSB index based on expected UL link budget calculated as a function of e.g., SS-RSRP measurements and expected link gain corresponding to the number of PRACH transmissions.

Issue #8: Multiple PRACH transmissions mapping to valid ROs
According to current spec., validation rules for ROs have been specified, and a UE only transmits PRACH in valid PRACH slots. Regarding multiple PRACH transmission, the validation rule also needs to be considered. [Ericsson] proposes that validation rules are applied after ROs for multiple PRACH occasions are determined for a specific number of PRACH transmissions, while [Qualcomm] propose that the counting of PRACH repetitions is based on the valid ROs. Moreover, [Qualcomm] propose that PRACH repetitions are only transmitted in the valid ROs associated with the same SSB at different time with the following order:
· First, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot.
· Second, in increasing order of indexes for PRACH slots.
· Third, in increasing order of indexes for PRACH association period.
2.1.4 Power control
Issue #9: Power ramping
Based on the discussion in RAN1 #110b-e, power ramping for multiple PRACH transmissions with same beam in one RACH attempt was discussed. The latest FL proposal was listed as follows for reference.
	For multiple PRACH transmissions with same beam in one RACH attempt, down-select one option from the following options.
· Option 1: Transmission power ramping is not applied during the multiple PRACH transmissions. 
· Option 2: Transmission power ramping can be applied per PRACH transmission during the multiple PRACH transmissions.
· FFS: The initial power and power ramping step.
· FFS: The same measurement of the same reference signal to calculate the pathloss is applied for each PRACH transmissions.



Based on the contributions, companies’ views on the above two options are summarized as follows.
· Support Option 1: Huawei, CATT, China Telecom, Panasonic, CMCC, LG, Samsung
· Support Option 2: ZTE
For Option 1, [Huawei, LG, Samsung] think the same measurement of the same reference signal to calculate the path loss is applied in multiple PRACH transmissions using the same beam pair during one RACH attempt. [CATT] proposes that the same transmission power is applied to the multiple PRACH transmissions within one RACH attempt.

Other companies’ views are summarized as follows:
· [Huawei] The power control of multiple transmission specified in eMTC PRACH coverage enhancement can be starting point. The same estimation of path loss should be used in multiple PRACH transmissions using the same beam pair during one RACH attempt, and the power ramping should not be used.
· [ZTE] PREAMBLE_RECEIVED_TARGET_POWER calculation can be changed for multiple PRACH transmissions.
2.1.5 Retransmission of multiple PRACH transmissions
Based on the contributions, companies’ views on the retransmissions of multiple PRACH transmissions are summarized as follows:
· The number of PRACH transmissions in PRACH retransmissions.
[Huawei] The selected repetition level should increase in next retransmission when the transmission power of retransmission reaches the maximum transmission power.
[ZTE] If multiple PRACH transmissions is used in the initial attempt, it is beneficial to increase the number of PRACH transmission for the retransmission. 
[CATT] Further study the selection of SSB/CSI-RS and the determination of number of PRACH repetitions in the retransmissions.
[Nokia] An increase in the number of PRACH transmissions is an expensive process, since the number of occupied resources would further increase, increasing the interference to neighboring cells and the collision probability of the same cell. For this reason, it would make sense to restrict such behavior only to UE with specific SS-RSRP conditions. Define SS-RSRP tolerance zone to allow a UE to increase the number of PRACH transmissions in case of PRACH re-attempt.
[OPPO] Study the number of multiple PRACH transmissions for different multiple PRACH attempts.
· The maximum number of retransmissions
[Huawei] To deal with the harmful retransmission, the maximum retransmission time of large repetition levels should be reduced.
· Power ramping
[Huawei] The methods to improve the success probability of next RACH attempt should be supported, such like increasing power ramping and increasing repetition level.
[NEC] A separate target power and/or power ramping step and/or maximum number of transmissions are configured for PRACH repetition.
[OPPO] For multiple PRACH transmissions with same beam among different RACH attempts, following options can be considered:
· Option 1: Power ramping can be applied for the next attempt of multiple PRACH. The power of PRACH is ramped with the increase of multiple PRACH attempt
· Option 2: Power ramping is not applied for the next attempt of multiple PRACH. The number of multiple PRACH is ramped with the increase of multiple PRACH attempt.
2.1.6 Others
· Multiple PRACH transmissions on multi panels
Considering UE who supports transmission on multiple panels, [ZTE] proposes 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 needs 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.
· Phase continuity for multiple PRACH transmissions
[NEC] observes that If multiple PRACH is transmitted on time continuous ROs with the same frequency and beam resources, and if PRACH is format A1/A2/A3, then there is no gap between each transmission but the phase is not continuous. Discontinuous phase will cause larger PAPR. Thus, it is suggested to study PRACH signal generation across time continuous PRACH occasion to maintain a continuty transmission phase. 
2.2 Multiple PRACH transmissions with different beams
Based on the contributions, companies’ general views on multiple PRACH transmissions with different beams are summarized as follows: 
Companies [ZTE, Spreadtrum(?), Intel, TCL, Lenovo, NTT DOCOMO (if specification impact is not large), Ericsson] propose to support multiple PRACH transmissions with different beams, while companies [Huawei, vivo,] think multiple PRACH transmissions with different beams should be deprioritized/not supported, and [Panasonic, LG, CMCC, MediaTek] propose to prioritize the work on multi-PRACH transmission with the same beam. Based on companies’ contributions, some Pros and Cons of multiple PRACH transmissions with different beams are summarized in the following table.
	Pros
	Cons

	· Latency reduces in multiple transmission with different beams as ROs of different beams are used for repetition.
· Multiple PRACH transmissions with different beams increases robustness even for UE with beam correspondence.
· PRACH transmission with different beams could increase the possibility of being detected by any of the TRPs which may locate in different directions.
· Msg3 transmission may be transmitted with the best narrow beam observed during PRACH.
	· BS has to indicate the association groups of beams, UEs select association group for repetition correspondingly, and extra operation is required to determine the RAR beam, which results in an increased complexity and signaling cost.
· The benefits and target scenarios are not clear.
· UE complexity will increase obviously.
· Larger spec. impact.



2.2.1 Potential use cases
Issue #10: Association between SSB and multiple PRACH transmissions with different beams
From FL perspective, in order to justify the performance of multiple PRACH transmissions with different beams, the potential use case should be clarified first. Based on the contributions and the discussion in RAN1 #110b-e, three use cases for multiple PRACH transmissions with different beams as follows:
· Case 1: UE Tx/Rx beam correspondence cannot be guaranteed, more than one PRACH are transmitted on ROs associated with the same SSB. 
· 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 to obtain additional beamforming 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.
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For Case 1 and Case 2, multiple PRACH is transmitted on ROs associated with the same SSB. While for Case 3, multiple PRACH is transmitted on ROs associated with different SSBs, which indicates that UE needs to select more than one SSB during the cell search phase, and this breaks the principle of initiating the RACH process oriented to an SSB.
The latest FL proposal in RAN1 #110b-e for the use case of multiple PRACH transmissions with different beams is listed as follows for reference.
	· Study at least the following case for multiple PRACH transmissions with different beams.
· [bookmark: _Hlk119053359]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.



Based on the contributions in RAN1 #111, companies [CATT, Qualcomm, Intel] propose to focus on the case that UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS. [Samsung] thinks the benefits of supporting multiple PRACH with different beam is irrelevant to whether these PRACH transmission is associated with same or different SSB.
2.2.2 Simulation assumptions
During the discussion in RAN1 #110b-e, the latest FL proposal for the simulation assumptions was listed as follows for reference.
	· Companies are encouraged to provide simulation results for multiple PRACH transmissions with different and same beam(s) in the next meeting.
· Simulation assumptions in TR 38.830 are used for the simulation. 
· Both UE capable of beamCorrespondenceWithoutUL-BeamSweeping and UE incapable of beamCorrespondenceWithoutUL-BeamSweeping can be considered in the simulation.



Based on the contributions in RAN1 #111, [Nokia, Ericsson] propose to align the simulation assumptions, the details are summarized as follows.
[Nokia] RAN1 to use LLS for investigating the performance of multiple PRACH transmissions with different beams, and analyze only an urban scenario at 28GHz with a more realistic number of UE antenna elements equal to 4. The simulation assumptions in terms of general parameters and specific parameters for the PRACH channel are shown in the following tables.
[bookmark: _Ref115085603]Table 1. General parameters for FR2
	Parameter
	Value

	Scenario and frequency
	Urban: 28GHz (TDD)

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

	BWP
	100MHz

	Channel model for link-level simulation
	CDL-A

	Delay spread
	Urban scenario: 100ns

	UE velocity
	Urban scenario: 3km/h

	Number of antenna elements for BS
	Urban scenario: 
128, (M,N,P,Mg,Ng) = (4, 8, 1, 2, 2)
(FFS if Rx analog beamforming is assumed)

	Number of TxRUs for BS
	1

	Number of UE antenna elements
	4, one panel:(M, N, P) = (1,4,1).

	PRACH receiver
	To be reported by companies.



[bookmark: _Ref115085604]Table2. Channel-specific parameters for PRACH for FR2
	Parameter
	Value

	Format
	Format B4

	SCS
	Reported by companies.

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

	Number of UE Tx chains
	1T

	Number of SSB beams
	Reported by companies

	Other parameters
	Reported by companies.



[Ericsson] Simulation assumptions in TR 38.830 are used for the simulation, including: FR2, Metric: Missed detection rate vs. SNR, at false alarm rate of 0.1%, CDL-A, UE antenna configuration [2 2 2]. Both UE capable of beamCorrespondenceWithoutUL-BeamSweeping and UE incapable of beamCorrespondenceWithoutUL-BeamSweeping can be considered in the simulation. Companies report the number of beams, the beam widths, and the boresights that are used.

2.2.3 Performance gain
Based on the contributions in RAN1 #110b-e and #111, companies [vivo, ZTE, Ericsson, Nokia] provide link-level simulation results summarized as follows:
· [vivo] The performance gain of single beam repetition is 2.1dB better than that of multiple beam repetition for the case of 8 PRACH repetitions. (@28GHz, PRACH format B4, CDL-A (DS 100ns) for different beams, TDL-A (DS 100ns) for single beam, soft combination within one PRACH signal for same beam)
· [Ericsson] For the same number of PRACH transmissions, the transmission with different beams (beam sweeping) has a loss of about 5dB compared with transmissions with the same best beam. A single PRACH transmission with the best beam performs better than UE sweeping four beams. (@28GHz, PRACH format B4, CDL-A (DS 100ns))
· [Ericsson] PRACH transmissions with different beams (beam sweeping) outperforms the transmissions with the same wide beam by about 1dB for the same number of transmissions. (@28GHz, PRACH format B4, CDL-A (DS 100ns))
· [Ericsson] About 2dB gain is observed when the number of PRACH transmissions doubles, and the gain slightly decreases when the number of PRACH transmissions increases. It is observed for PRACH transmissions with the same best beam, the same wide beam, or with different beams. (@28GHz, PRACH format B4, CDL-A (DS 100ns))
· [Nokia] 4 PRACH repetitions with a same wide beam provide around 5dB gain compared to single PRACH transmission with a wide beam. (@28GHz, PRACH format B4, CDL-A with 100ns delay spread, non-coherent combining at the receiver)
· [Nokia] 4 PRACH repetitions with different beams provide a gain of around 7dB compared to the case of one single PRACH transmission with narrow beam pointing to the direction of maximum energy for the channel model under consideration. (@28GHz, PRACH format B4, CDL-A with 100ns delay spread, the single PRACH transmission pointing to the direction of maximum energy for the channel model, receiver does not perform repetition combining)
· [Nokia] Multiple PRACH transmissions with different narrow beams perform better than multiple PRACH transmissions with a same wide beam. (Comparison of SNR values at 99% detection probability, 4 PRACH transmissions with same wide transmission beam is -13dB, 4 PRACH transmissions with different narrow beams is -17dB)
· [ZTE] For multiple PRACH transmissions with different beams on the ROs associated with the same SSB, 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 (@30GHz, CDL-A).
2.3 Interaction between multiple PRACH transmissions and other transmission with repetition
When multiple PRACH transmissions is enabled, it may have some interaction with other transmissions, e.g., Msg3 repetitions. Companies [ZTE, vivo, CATT, Spreadtrum, OPPO, Qualcomm, Ericsson, CMCC, Panasonic, Sharp] think the coupling/interaction between PRACH repetitions, Msg.3 repetitions (and PUCCH repetitions for HARQ-ACK of Msg4) should be investigated. 
Besides, [Ericsson] has the following observations based on link-level simulation and propose to study how Msg3 performance can be improved by PRACH transmissions with different beams:
· In FR2, the required SNR for Msg3 with 8 repetitions and inter-slot frequency hopping at 10% BLER is 1.7 dB higher than that of a single PRACH transmission with a wide beam and 8 dB higher than a single PRACH transmission with the best beam for 1% missed detection. The gap could be 4.5 dB more for 10% mis-detection rate.
· With Rel-18 PRACH enhancement, the performance gap between Msg1 and Msg3 would grow. Msg3 needs further enhancement to be on par with Rel-18 PRACH.
[OPPO] For legacy Msg3 transmission, the power is calculated based on the total preamble power ramping of performed PRACH transmission. When multiple PRACH transmissions is applied, how to calculate the total preamble power ramping during multiple PRACH transmissions attempts should be studied.
[Panasonic] The need of the enhancement of subsequent operation of Msg3 should be studied. When multi-PRACH transmission is triggered, the mechanism to enable more repetitions and/or lower MCS index than the Rel.17 configured set for Msg3 repetition should be supported.
2.4 CBRA and CFRA
Based on the contributions, companies [ZTE, Spreadtrum, vivo, NTT DOCOMO, Ericsson, Qualcomm] propose to support multiple PRACH transmissions for both CBRA and CFRA. Applying multiple PRACH transmissions to CFRA can improve PRACH detection rate in SNR limited scenarios, which is essential to the cases of handover and beam failure recovery. Moreover, for CFRA, it is more flexible for network to configure the PRACH resources for PRACH repetition as dedicated signalling can be applied.
2.5 Others
· RACH Procedure
[Samsung] The multiple PRACH transmissions is kept as one RACH procedure
· Coverage enhancement for FWA scenario
[ZTE] proposes to study potential coverage enhancements for PRACH in FWA scenario to address the demands from practical network deployment.
· Switching Tx filter within RO boundaries
[Nokia] Investigate mechanisms for switching Tx filter within RO boundaries for short PRACH formats.
· Frequency domain allocation of PRACH preamble
[Nokia] RAN1 to investigate mechanisms for transmission of subsets of the frequency representation of the PRACH preamble in ROs located at different time instances.
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3. Draft Proposals
3.1 Multiple PRACH transmissions with same beam
3.1.1 Resource configuration for multiple PRACH transmissions
Proposal 1
· For multiple PRACH transmissions with same beam, support to differentiate between multiple PRACH transmissions and legacy PRACH transmissions.
· FFS: whether to support the differentiation between different numbers of multiple PRACH transmissions if different coverage enhancement levels are supported.

	Companies
	Comments

	CATT
	We have the following comments/questions on the proposal.
1) Does this proposal intend to keep the non-differentiation between multiple PRACH transmissions and legacy PRACH transmissions open?
2) What is the technical reason that multiple PRACH transmission and legacy PRACH transmissions are differentiated but the multiple PRACH transmissions with different numbers of repetitions are not differentiated? Without differentiation, is it correct understanding that gNB has to assume all the possible numbers of repetitions and provide RAR if any for all the possibilities?
3) The definition of “coverage enhancement levels” is not clear and seems not necessary at this point.

	Apple
	OK with this proposal.

	InterDigital
	We are fine with the proposal with one suggestion to remove the FFS point (to be discussed if we are supporting different coverage enhancement levels)

	OPPO
	OK with the main proposal. For the FFS, if only one RAR window is supported for all of the multiple PRACH transmissions, gNB should differentiate between different numbers of multiple PRACH transmissions. Otherwise, i.e. one RAR window per each PRACH transmission, gNB may not need the differentiation between different numbers of multiple PRACH transmissions. We can first discuss the support of different coverage enhancement levels, and the RAR window options. 

	Lenovo
	We are fine with the proposal.

	Xiaomi
	OK with this proposal.

	ZTE
	Support the main bullet. Also support the differentiation between different numbers of multiple PRACH transmissions. It is not a solid solution for gNB not knowing the number of multiple PRACH transmissions.



Proposal 2
For multiple PRACH transmissions with same 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 with the same preamble on separate ROs.
· Other options are not precluded.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with legacy single PRACH transmission. 
FFS: detailed schemes, including how gNB know which ROs are to be checked for multiple PRACH transmissions for all the above Options.

	Companies
	Comments

	CATT
	We are fine with the proposal in principle although we prefer to remove Option 3 with the following comments. 
1) We think “same preamble” in Option 3 is not clear. Is the preamble same as the preamble of other PRACH repetitions on shared ROs or same as the preambles for legacy PRACH transmissions? Based on the note, it seems to be the latter interpretation which implies that the preambles for multiple PRACH transmissions are different?
2) We had the comment on the “including…” part of the FFS. Based on the proposal, the multiple PRACH transmissions are differentiated from legacy PRACH transmission in time, frequency or code code. Why in this case gNB does not know which ROs to be checked for multiple PRACH transmissions? 

	Apple
	At least Option1 can be supported.
For Option2, it’s not clear the meaning separated ROs, the separated ROs are based on existing PRACH configuration or new PRACH configuration?
For Option 3, if our understanding is correct, the separate RO here is different from the RO derived from PRACH Configuration Index defined in current spec. This separate ROs are new PRACH resources which are the UL resources not used by existing ROs.

	InterDigital
	We support the proposal. Our preference is Option 1 and Option 2 and up to the network which one to configure.

	OPPO
	Fine with the proposal. Option 1 and 2 are mainly preferred for us. For option 2, the separated ROs can be derived from existing PRACH configuration or new PRACH configuration. We think both are not excluded, which can be clarified further in the proposal. For option 3, separate preamble on shared ROs means different preamble from legacy PRACH. It is not clear whether the same separate preamble is applied for multiple PRACHs on the shared ROs. 

	Lenovo 
	We are fine with the proposal. We don’t prefer option 3 but fine to keep it at this stage. 

	Xiaomi
	Share the same view as CATT that “same preamble” should be further clarified. For option 1, even if with different preambles, the PRACH detection for legacy UE may also be impacted. We slightly prefer option 2 with the legacy RRC signalling of PRACH configurations. 

	ZTE
	Fine with the proposals. We support keeping the three options by now. For the “same” preamble, it should be clarified.



3.1.2 Determine the number of multiple PRACH transmissions
Proposal 3
For multiple PRACH transmissions with same beam, down-select one option from the following options.
· Option 1: Support only one PRACH coverage enhancement level.
· Option 2: Multiple PRACH coverage enhancement levels can be supported.

	Companies
	Comments

	CATT
	Same as Proposal 1, the definition of “coverage enhancement levels” is not clear and seems not necessary at this point.
We expect multiple numbers of PRACH transmissions would be supported for PRACH transmissions with same beam as proposed in another proposal. We assume the intention is to discuss whether multiple numbers of PRACH transmissions can be supported for a serving cell. But it is not clear from the proposal.

	Apple
	Option 1 is preferred, we don’t see the strong motivation to define multiple coverage enhancement level, as the maximum repetition number is up to 8. The network can indicate a single repetition number 2 or 4 or 8, it’s up to network deployment strategy. 

	InterDigital
	We are fine with the proposal. 

	OPPO
	We are fine with the proposal. Option 1 is our preference. 

	Lenovo
	We agree with CATT that the definition of “coverage enhancement levels” should be clarified. If it means the multiple numbers of PRACH transmissions, we are fine with the proposal.

	Xiaomi
	We are fine with the proposal. Considering that different UEs in different locations suffer different coverage loss, just as the discussion of Msg.3 enhancement in Rel-17, we support to introduce multiple coverage enhancement levels for PRACH, and each coverage level corresponds to a PRACH transmission number.

	ZTE
	Option 2. If only option 1 is supported, gNB has no knowledge of the number of PRACH repetitions and has to blindly detect the PRACH bundle.



Proposal 4
For multiple PRACH transmissions with same beam, multiple PRACH transmissions is triggered based on at least one of the following options.
· Option 1: SSB-RSRP threshold is utilized to trigger multiple PRACH transmissions.
· Option 2: The failure of single PRACH attempts reaches a threshold.
· Option 3: The calculated power of single PRACH attempt reaches the maximum output power of UE.

	Companies
	Comments

	CATT
	We are not clear about the relationship between Proposal 4 and 5. Assuming the number of PRACH transmissions in proposal 5 includes 1, doesn’t proposal 5 include whether multiple PRACH transmissions are triggered, i.e. number of PRACH repetition =1 or >1? Or number of PRACH repetition =1 is precluded in proposal 5? But why do we need different handling?

	Apple
	Option1 is preferred. Option 2 would increase the UE access delay with multiple PRACH attempts. 

	InterDigital
	We are ok with the proposal.

	OPPO
	Support the proposal. Option 1 and 3 are preferred. For option 3, if the calculated power of single PRACH does not reach the maximum output power of UE, it means the target received power at gNB, which is configured by gNB for fine coverage, can be satisfied by legacy single PRACH. 

	Lenovo
	We are ok with the proposal, and we prefer option 1.

	Xiaomi
	Option 1 is preferred. 
For Option 2, we share the same view as Apple that it will increase the access delay. Besides, if separate PRACH resources are configured for PRACH coverage enhancement, it means that before the declaration of RACH failure, the UE should switch to another set of resources to transmit multiple PRACHs, which is not allowed in the existing RAN2 procedures. Thus, before agree with option 2, an LS should be sent to RAN2 for this issue.
For Option 3, we think the condition of maximum output power of UE can be met by the configuration of a proper value for the SS-RSRP threshold, which is determined by the gNB and any limitation is not needed.

	ZTE
	Support all the options.
The determination of initial power of PRACH is not directly related to the threshold(s) for triggering multiple PRACH transmissions. It is reasonable to trigger multiple PRACH transmissions according to SSB-RSRP measurement result and SSB-RSRP threshold. However, if a UE selects the single PRACH transmission at the first attempt, but initial access fails after multiple PRACH re-attempts, or the access fails in case that the calculated power of single PRACH attempt has reached the maximum transmission power, the UE needs to have the opportunity to re-enter multiple PRACH transmission mode. 



Proposal 5
For multiple PRACH transmissions with same beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions.
· FFS detailed scheme, e.g., the number of SSB-RSRP thresholds or whether other measured/computed metrics or conditions should be used together with SSB-RSRP thresholds.
· FFS: whether to link the SS-RSRP threshold for Msg3 repetition request.
· FFS: whether only applied to CBRA
· FFS: the impact from MPE.

	Companies
	Comments

	CATT
	See our comment to proposal 5.
In addition, as we commented in the last meeting and discussed in our paper in this meeting, we think the first attempt and the subsequent attempt(s) should be separately discussed. We agree that SS-RSRP is used for the first attempt but may or may not be used for subsequent attempt(s).

	Apple
	Don’t support this proposal. This proposal is based on the assumption that multiple PRACH enhancement levels are supported. If only single enhancement level is supported, the gNB first determine If only single enhancement level is supported,, then determine the corresponding SSB RSRP threshold. It’s not another way around.  

	InterDigital
	We agree with using the SSB-RSRP thresholds to determine the number of PRACH transmission but in our view, we should agree first on whether to support multiple coverage enhancement levels.

	OPPO
	Share similar views as apple and InterDigital. We are ok to use SSB-RSRP threshold to determine multiple PRACH transmissions. If only single enhancement level is supported, the number of multiple PRACH transmissions may nor be determined by SSB-RSRP threshold. 

	Lenovo
	We agree with using the SSB-RSRP thresholds to determine the number of PRACH transmission. But as mentioned by other companies, the relationship between proposal 4 and proposal 5 (even proposal 3) is not clear.

	Xiaomi
	Agree with the proposal.

	ZTE
	Support. No need to link the SS-RSRP threshold for Msg3 repetition request because the reception sensitivities of PRACH and Msg3 are different. And the main bullet is only applied to CBRA.



3.1.3 Power control
Proposal 6
For multiple PRACH transmissions with same beam in one RACH attempt, down-select one option from the following options.
· Option 1: Transmission power ramping is not applied during the multiple PRACH transmissions. 
· FFS: The same measurement of the same reference signal to calculate the pathloss is applied for each PRACH transmissions.
· Option 2: Transmission power ramping can be applied per PRACH transmission during the multiple PRACH transmissions.
· FFS: The initial power and power ramping step.
· FFS: The same measurement of the same reference signal to calculate the pathloss is applied for each PRACH transmissions.

	Companies
	Comments

	CATT
	Based on the discussions in the last meeting, it is proposed to change Option 1 as follows.
· Option 1: Transmission power ramping is the same for not applied during the multiple PRACH transmissions. 
· FFS: The same measurement of the same reference signal to calculate the pathloss is applied for each PRACH transmissions.


	Apple
	Option 1 is preferred. 

	InterDigital
	We are not ok Option 2. We don’t understand the motivation of using power ramping during the multiple PRACH transmissions. 

	OPPO
	Fine with the proposal. 

	Lenovo
	We support the proposal, and we prefer option 1 that the transmission power is same during the multiple PRACH transmissions.

	Xiaomi 
	Fine with the proposal and slightly prefer option 1. Option 2 will be invalid if adopting the maximum output power as the condition of triggering multiple PRACH transmission. Thus, we can also discuss this option after proposal 4 reaches a conclusion. 

	ZTE
	Support Option 2. 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. It is reasonable for UE to start multiple PRACH transmissions together with power ramping when the UE has not reached to the maximum transmission power. 
For Option 1, we suggest to add following FFS. 
· FFS: The initial power and power ramping step.




3.2 Multiple PRACH transmissions with different beams
3.2.1 Potential use cases
Proposal 7
· Study at least the following case for multiple PRACH transmissions with different 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.

	Companies
	Comments

	CATT
	We are fine with the first bullet.
What about the case that 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 the intention of the proposal to preclude the case for further study? If so, we suggest the following update to make it clear.
· Study at least the following case fFor multiple PRACH transmissions with different beams,.
· Study the case that 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.
· 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.

	Apple
	Ok with this proposal

	OPPO
	Ok with the proposal. 

	Lenovo
	We are open with the second bullet, i.e., UE can use 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 ROs

	Xiaomi
	Fine with the first bullet. The second bullet will impact the mechanism of DL beam indication during RACH procedure, which is not supported by us.

	ZTE
	As the description of the main bullet is ‘study at least...’, which means that only the most popular mode should be followed, so we suggest to delete the FFS sub-bullet. 



3.2.2 Simulation assumptions
Proposal 8
· Companies are encouraged to provide simulation results for multiple PRACH transmissions with different [and same beam(s)] in the next meeting.
· Simulation assumptions in TR 38.830 are used for the simulation. 
· Focus on FR2.
· Channel model for link-level simulation: CDL-A.
· Performance metric: 0.1% false alarm, 1% miss-detection
· Companies report the number of beams, the beam widths, and the boresights.
· Both UE capable of beamCorrespondenceWithoutUL-BeamSweeping and UE incapable of beamCorrespondenceWithoutUL-BeamSweeping can be considered in the simulation.

	Companies
	Comments

	CATT
	[and same beam(s)] should be [and same] beams.
What is the intention of same beam evaluation? 

	ZTE
	Actually we propose to agree to specify the multiple PRACH transmissions with different beam as many companies have confirmed the performance gain of it via simulations. But considering to involve many companies into evaluation, we are fine with the proposal. Also the case of UE incapable of beamCorrespondenceWithoutUL-BeamSweeping should be prioritized.

	
	



4. Proposals for GTW (Mon.)
Proposal 1
· For multiple PRACH transmissions with same beam, support to differentiate between multiple PRACH transmissions and legacy PRACH transmissions.
· FFS: whether to support the differentiation between different numbers of multiple PRACH transmissions if different coverage enhancement levels are supported.

Proposal 2-a
For multiple PRACH transmissions with same 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 with the same preamble on separate ROs.
· Other options are not precluded.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with legacy single PRACH transmission. 
FFS: detailed schemes, including how gNB know which ROs are to be checked for multiple PRACH transmissions for all the above Options.

Proposal 2-b
For multiple PRACH transmissions with same beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, consider one or multiple of the following options.
· Option 1: ROs configured for single PRACH transmission and ROs configured for multiple PRACH transmissions are fully overlapped.
· Preambles configured for single PRACH transmission and preambles configured for multiple PRACH transmissions are different.
· Option 2: ROs configured for single PRACH transmission and ROs configured for multiple PRACH transmissions are not overlapped.
· Option 3: ROs configured for single PRACH transmission and ROs configured for multiple PRACH transmissions are partial overlapped.
· FFS: whether preambles configured for single PRACH transmission and preambles configured for multiple PRACH transmissions are the same or different.

Proposal 7
· Study at least the following case for multiple PRACH transmissions with different 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.

Proposal 8
· Companies are encouraged to provide simulation results for multiple PRACH transmissions with different [and same] beam(s)] in the next meeting.
· Simulation assumptions in TR 38.830 are used for the simulation. 
· Focus on FR2.
· Channel model for link-level simulation: CDL-A.
· Performance metric: 0.1% false alarm, 1% miss-detection
· Companies report the number of beams, the beam widths, and the boresights.
· Both UE capable of beamCorrespondenceWithoutUL-BeamSweeping and UE incapable of beamCorrespondenceWithoutUL-BeamSweeping can be considered in the simulation.

5. Agreements at RAN1#110b-e
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.

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.

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.
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