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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#110b-e, Rel-18 Further NR coverage enhancements WI has started. The discussion of this agenda is mainly multiple PRACH transmission with same UL Tx beam or with different UL Tx beams, and followings were agreed in the last meeting [1]:
	[bookmark: _Hlk83924038]Agreement
Confirm the following working assumptions.
	Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.


Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2.
Conclusion
There is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18.
Note: multiple PRACH transmissions within one RACH attempt located at same time instance includes multiple PRACH transmissions in FDMed ROs located at the same time instance and multiple PRACH transmissions with different preambles in the same RO.
Conclusion
There is no consensus to support utilizing different preambles during the multiple PRACH transmissions with the same Tx beam in one attempt.
Agreement
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.
· Note1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.
· Note2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.
· Note 3: Valid RO(s) refers to what is defined in existing specification.
Agreement
[Draft] LS R1-2304070 is endorsed in principle by appending RAN1 agreement “Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2”, as well as fixing the formulation of the LS.
Agreement
Final LS R1-2304141 is endorsed.
Agreement
The starting point of RAR window is after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions.
Note: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not


In this contribution, we share the view on multiple PRACH transmission for Rel-18 coverage enhancement.
Discussions
Details of operation for multiple PRACH with same Tx beam
RO group
Time period for RO group
In RAN1#112bis-e, a time period X for RO group determination was discussed [2]. This time period X is, as same as SSB-to-RO mapping pattern period, used to guarantee that the same pattern of RO group will be repeated every time period X.
During the discussion, there are mainly two options for the time period X
Option A. The time period X is K SSB-to-RO association period
Option B. The time period X is K SSB-to-RO association pattern period
In our understanding, the difference between current association period and association pattern period is as following:
association period: 
· minimum period which includes valid ROs for all transmitted SSBs
· integer number of PRACH configuration periods
· exact time duration may vary depending on the number of invalid ROs (i.e. SSB-to-RO association pattern may vary every association periods
association pattern period: 
· minimum period to have a fixed SSB-to-RO association pattern
· includes integer number of association periods
· time duration is fixed
· length of time duration depends on the invalid RO pattern (i.e. periodicity of TDD configuration and the periodicity of SSB burst set)
To comparing two options for the time period X, the key aspect is whether fixed RO group pattern in every time period X is needed or not. In other words, whether fixed time duration for time period X is needed or not. When option A is applied, if K SSB-to-RO association period does not align with association pattern period, the different timing of time period X may have different RO group pattern. We understand the motivation to have this time period X is to have periodic pattern of RO group which may across multiple association pattern period and Option B should be adopted for this purpose.
Proposal 1: A set of RO groups for a configured number of multiple PRACH transmissions is determined within a time period X.
· The determined set of RO groups repeats every time period X
· The time period X is an integer number of SSB-to-RO association pattern periods
The other issue is whether the time period X is common values for all configured repetition factors or not. In our understanding, when the time period X is defined, the number of available valid ROs for a certain repetition factor (RF) Y should be equal or larger than Y. Then, valid ROs not associated with RO groups after an integer number of Y are not used for the multiple PRACH transmissions with RF Y.
The benefit to have RF value (Y)-specific time period X is that the time period X for smaller Y can be shorter than that for larger Y. However, such segmentation of the time period may increase the number of unavailable ROs for RO group. Although it may depend on how the time period X is determined, we don’t have strong motivation to have RF value-specific time period X.
Proposal 2: A time period X is a common value for the configured values of the number of multiple PRACH transmissions.
Dropping rule for multiple PRACH transmissions
In RAN1#112bis-e, how to apply dropping rule for multiple PRACH transmissions was discussed. In current 38.213, following dropping case is described:
	38.213  7.4  Physical random access channel
If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, or due to HD-UE operation in paired spectrum as described in clause 17.2, the UE does not transmit a PRACH in a transmission occasion, Layer 1 notifies higher layers to suspend the corresponding power ramping counter.


For multiple PRACH transmissions case, same dropping rule above can be the baseline. If necessary, some conditions of dropping may be removed depending on other discussions (e.g. CFRA application). Regarding new additional dropping rule, we currently don’t find strong necessity since some gNB Rx beam collision issue may be gNB implementation matter, though we are open to consider it.
When a part of multiple PRACH transmissions is dropped, the postpone of dropped transmissions should not be applied since it causes several issues especially RO group definition within the time period X.
Proposal 3: If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
RA-RNTI for multiple PRACH transmission with same Tx beam
In RAN1#112bis-e, it was agreed that RAR window starts after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions [1]. As a related issue, the definition of RA-RNTI for multiple PRACH transmission with same UL Tx beam also need to be considered. For RA-RNTI, as same as legacy procedure, one certain corresponding RO should be associated. In current RA-RNTI (RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id), s_id and t_id support identification of time domain in a system frame. Therefore, to avoid any collision of RA-RNTI between different ROs, the last valid RO for the multiple PRACH transmissions which has same time relationship between corresponding RO and starting position of RAR window with legacy single PRACH transmission, should be used for the RA-RNTI calculation, and the last valid RO should not depend on whether the PRACH transmission on the last valid RO is dropped or not.
Proposal 4: RA-RNTI for multiple PRACH transmissions with same Tx beam is calculated based on last valid RO within a RO group corresponding to the multiple PRACH transmissions.
· The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not
Determine the number of multiple PRACH transmissions
In RAN1#112bis-e, there was a discussion that, for the determination of the number of multiple PRACH transmissions, other factors than SSB-RSRP threshold(s) are needed or not [2]. Especially, maximum UE transmission power is one of the discussion point.
Currently, UEs with different PCMAX has different UL coverage of single PRACH transmission. On the other hand, the motivation to have multiple PRACH transmission is compensate the shortage of UL coverage. In such situation, the point is whether the coverage for each PCMAX should be kept with minimum number of multiple PRACH transmissions. We believe, for the SSB-RSRP threshold of the number of repetitions, can be common for different PCMAX for the first RACH attempt, and more coverage can achieve by power ramping for high power UEs, if needed.
Proposal 5: For multiple PRACH transmissions with same Tx beam, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.
The number of multiple PRACH transmissions for retransmission
Regarding power control and retransmission for multiple PRACH transmissions, following cases/options/alternatives were summarized by feature lead in RAN1#112bis-e [2].
	· Case 1: Single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), power ramping is applied between RACH attempts.
· Option 1: The number of PRACH transmission in RACH re-attempts is not increased, regardless of whether the maximum transmission power is reached or not.
· Option 2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached.
· Case 2: Multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds.
· Option 1: The maximum transmission power is not compulsorily applied for the first RACH attempt. 
· Alt.1: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
· Alt.2: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
FFS: details. E.g., when the maximum transmission power is reached or the maximum number of attempts for current number of PRACH repetitions is reached.
· Option 2: The maximum transmission power is compulsorily applied for the first RACH attempt.
· Alt.1: The number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt. Power ramping is not needed.
· Alt.2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition. Power ramping is not needed.
FFS: details. E.g., a smaller power headroom based on an increased power ramping counter, or tolerance zone around the SSB-RSRP threshold(s) is defined to determine whether to increase the number of PRACH transmissions.


For case 1, even for single PRACH transmission UE, the occurrence of retransmission may imply shortage of coverage. Although unnecessary multiple PRACH transmissions for cell center UEs should be avoided, the increase of the number of multiple PRACH transmission should be supported under the condition such as maximum transmission power case.
Proposal 6: For single PRACH transmission UE for a first attempt, the increase of the number of multiple PRACH transmissions for the RACH re-attempt should be supported.
For case 2, as mentioned in section 2.1.3, the maximum transmission power should not be compulsorily applied for the first RACH attempt. In this case, power ramping should be applied when the number of multiple PRACH transmissions in RACH re-attempts does not increase. On the other hand, if the number of multiple PRACH transmissions in RACH re-attempts increases in a RACH reattempt with some conditions, the power ramping should not be applied.
Proposal 7:
· Power ramping is applied between RACH attempts when the number of multiple PRACH transmissions in RACH re-attempts does not increase.
· Power ramping is not applied between RACH attempts when the number of multiple PRACH transmissions in RACH re-attempts increases.
Details of operation for multiple PRACH with different Tx beams
In previous meetings, in addition to multiple PRACH transmission with same UL Tx beam, multiple PRACH transmissions with different UL Tx beams has been considered for Rel-18 CovEnh. In Rel-18 CovEnh WID, it was described that
· 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
In previous meeting, the benefit of multiple PRACH transmissions with different Tx beams was justified. Therefore, support of the different Tx beams should be the baseline unless it is deprioritized in RAN plenary.
Comparing with same UL Tx beam case, the advantage of different UL Tx beams case is enabling to test multiple narrow UL Tx beams for successful Msg1 reception within a single RACH attempt (i.e. without retransmission) for the case the UE has no prior knowledge of channel. Moreover, such narrow UL beam found out by Msg1 can be used also for Msg3 and following UL transmissions. Therefore, to obtain the maximum beamforming gain, the multiple PRACH transmissions should not be used to find out only available UL Tx beam but better UL Tx beam.
[image: ]
Figure 2 Concept of multiple PRACH transmission
In legacy single PRACH procedure, a gNB transmits a RAR when a PRACH is received. In this procedure, the gNB does not care the reception quality of the PRACH and there is no functionality to select one from the multiple PRACH. Namely, even if the gNB transmits multiple RAR for multiple PRACH with different UL Tx beams, the UE does not find out the better UL Tx beam from the received multiple RAR. Therefore, to maximize the beamforming gain for subsequent UL Tx transmissions, the gNB should transmit a single RAR which indicates one of the multiple PRACH transmissions to identify the UL Tx beam. From this perspective, the differentiation between multiple PRACH transmissions with same UL Tx beam and multiple PRACH transmissions with different UL Tx beams should be required.
Observation 1: The motivations to perform multiple PRACH transmission with different UL Tx beam are (1) to test multiple narrow beams for successful Msg1 reception within a single RACH attempt, and (2) to find out a better narrow beam for Msg3 and following UL transmissions. For (2), the mechanism to indicate one of UL Tx beam by gNB before Msg3 (i.e. through Msg2) is required.
Observation 2: In legacy single PRACH procedure, a gNB just reply a RAR when a PRACH is received. In such case, the above motivation (1) can achieve but not (2) is not.
Proposal 8: Single RAR transmission as a response to multiple PRACH transmissions with different UL Tx beams is supported to identify one of the multiple PRACH transmissions.
Proposal 9: Multiple PRACH transmissions with different UL Tx beams is differentiated with multiple PRACH transmissions with same UL Tx beam.
To identify the one narrow UL Tx beam by UE side, some indication mechanism of one specific RO (i.e. UL Tx beam at UE side) by Msg 2 is necessary. From our view, there are mainly following 2 alternatives:
· Alt.1: by RAR detection corresponding a single RO used for multiple PRACH transmission
· Alt.2: by signalling of the single RO through RAR message
In Alt. 1, as similar as legacy procedure, a gNB performs scrambling of PDCCH for Msg2 by an RA-RNTI corresponding to a specific RO among multiple ROs used for multiple PRACH transmissions. Then a UE can identify a specific RO by the RA-RNTI. However, as shown in Figure 3, different PDCCH scrambled by different RNTI to indicate different RO is needed. Therefore, the UE may be required to detect multiple RAR. 
For example, in figure 3, 2 UEs (UE 1 and UE 2) perform multiple PRACH transmission with same 4 ROs (RO1-RO4), and the UL Tx beam used at RO2 is a best beam for UE 1 and the UL Tx beam used at RO4 is a best beam for UE 2. In this case, gNB sends two different RAR (RAR1 is for preamble 1 in RO2 and RAR2 is for preamble 2 in RO4) scheduled by two different PDCCH (scrambled by different RA-RNTI). If UE 1 detects PDCCH for RAR2 (i.e. RAR for UE2), after checking of RAR 2, the UE 1 needs to monitor different PDCCH scrambled different RA-RNTI to find out the RAR for the UE 1.
This kind of procedure is not used in the legacy procedure, and it requires UEs to monitor multiple PDCCH and detect multiple RAR.
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Figure 3 The case of different RA-RNTI is used for RO indication in Alt.1
In Alt. 2, a gNB includes information to specify one RO among multiple PRACH transmissions in a RAR. In this case, common RA-RNTI for the multiple PRACH transmissions can be applied. Therefore, although it may depend on RAR contents availability, we slightly prefer Alt.2 for the indication of a specific RO for multiple PRACH transmissions with different UL Tx beams.
Observation 3: For multiple PRACH transmissions with different UL Tx beams, the UE needs to be indicated a single RO from the ROs used for the multiple PRACH transmissions to identify the UL Tx beam for Msg3.
· by RAR detection corresponding the single RO
· by signalling of the single RO through RAR
Proposal 10: For multiple PRACH transmissions with different UL Tx beams, to specify a UL Tx beam for UE side, information of a specific RO should be included in RAR.


Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: A set of RO groups for a configured number of multiple PRACH transmissions is determined within a time period X.
· The determined set of RO groups repeats every time period X
· The time period X is an integer number of SSB-to-RO association pattern periods
Proposal 2: A time period X is a common value for the configured values of the number of multiple PRACH transmissions.
Proposal 3: If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
Proposal 4: RA-RNTI for multiple PRACH transmissions with same Tx beam is calculated based on last valid RO within a RO group corresponding to the multiple PRACH transmissions.
· The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not
Proposal 5: For multiple PRACH transmissions with same Tx beam, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.
Proposal 6: For single PRACH transmission UE, the increase of the number of multiple PRACH transmissions under a condition should be supported.
Proposal 7:
· Power ramping is applied between RACH attempts when the number of multiple PRACH transmissions in RACH re-attempts does not increase.
· Power ramping is not applied between RACH attempts when the number of multiple PRACH transmissions in RACH re-attempts increases.
Observation 1: The motivations to perform multiple PRACH transmission with different UL Tx beam are (1) to test multiple narrow beams for successful Msg1 reception within a single RACH attempt, and (2) to find out a better narrow beam for Msg3 and following UL transmissions. For (2), the mechanism to indicate one of UL Tx beam by gNB before Msg3 (i.e. through Msg2) is required.
Observation 2: In legacy single PRACH procedure, a gNB just reply a RAR when a PRACH is received. In such case, the above motivation (1) can achieve but not (2) is not.
Proposal 8: Single RAR transmission as a response to multiple PRACH transmissions with different UL Tx beams is supported to identify one of the multiple PRACH transmissions.
Proposal 9: Multiple PRACH transmissions with different UL Tx beams is differentiated with multiple PRACH transmissions with same UL Tx beam.
Observation 3: For multiple PRACH transmissions with different UL Tx beams, the UE needs to be indicated a single RO from the ROs used for the multiple PRACH transmissions to identify the UL Tx beam for Msg3.
· by RAR detection corresponding the single RO
· by signalling of the single RO through RAR
Proposal 10: For multiple PRACH transmissions with different UL Tx beams, to specify a UL Tx beam for UE side, information of a specific RO should be included in RAR.
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