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


In this contribution, we share the view on multiple PRACH transmission for Rel-18 coverage enhancement.
Discussions
Resource configuration for multiple PRACH transmissions
In RAN1#111, for multiple PRACH transmissions with same Tx beam, the differentiation between multiple PRACH transmissions and single PRACH transmission has been agreed and there are mainly following 3 options:
	· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option 2: Multiple PRACH are transmitted on separate ROs.
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.


In option 1, the introduction of new dedicated ROs for multiple PRACH transmissions is not required and the principle of RACH partitioning with feature combination can be reused. However, current RO-SSB association rule may not fit with the multiple PRACH transmissions.
Figure 1 shows an example of legacy ROs with SSB association. In this figure, 4 FDMed ROs are associated with 3SSBs (#0, #1 and #2). In this case, the number of ROs in a time instance and the number of SSBs are different, then the RO-SSB association can be different for different time instance.

[image: ]
Figure 1: Legacy ROs

[bookmark: _Hlk127449938]For single PRACH transmission, there is not matter since a UE just select one of the next available ROs. On the other hand, for multiple PRACH transmissions, to receive the multiple PRACH by gNB side, the multiple ROs needs to be identified by a fixed rule. Especially, as shown in figure 2, when multiple ROs are available for an SSB (e.g. SSB #1), which RO should be used need to be defined by the specification and it may require large standardization efforts.
Observation 1: Option 1 has a large specification impact on the rule of RO selection for the repetitions
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Figure 2: Option 1 (Multiple PRACH are transmitted with separate preamble on shared ROs.)
In Option 2, the ROs for the multiple PRACH transmissions can be separately allocated from the legacy ROs with TDM or FDM manner. Since the ROs are dedicated for the multiple PRACH transmissions, the RO-SSB association rule can be also with simple dedicated rule. Therefore, this option provides the network more flexibility on configurations for ROs for repetition compared with other options.
Observation 2: Option 2 provides the network more flexibility on configurations for ROs for repetition
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Figure 3: Option 2 (Multiple PRACH are transmitted on separate ROs)
We assume option 3 is the middle ground option between option 1 and option 2. The UE performing multiple PRACH transmissions (repetition UE) uses legacy ROs as one of the ROs for multiple PRACH transmissions. It can avoid the complicated RO-SSB situation as like option 1 by using the legacy ROs as same as the case of single PRACH transmission and by using other dedicated ROs for the repetition. How to allocate dedicated ROs can be several cases as shown in figure 4 and figure 5. In both cases for option 3 causes large overhead and long latency due to the dependency between the legacy ROs and the new ROs for the repetition. Therefore, we don’t find strong motivation to share legacy ROs for the multiple PRACH transmission in option 3.
[bookmark: _Hlk120298636]Observation 3: Option 3 causes the largest overhead or the longest latency due to the dependency between the legacy ROs and the new ROs for repetition
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Figure 4: Option 3 (Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs) - Case 1
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Figure 5: Option 3 (Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs) - Case 2

Our view for 3 options is as summarized as Table 1.
Table 1: Pros/Cons of 3 options for differentiation between single PRACH and multiple PRACH
	
	Pros
	Cons

	Option 1
	· No additional overhead
· No increase of latency for the legacy UEs
	· Large standardization efforts to define candidate sets of ROs 

	Option 2
	· Relatively small standardization effort (the existing RO mapping rule can be applied to RO bundles)
· Flexible configuration of ROs for Repetition UEs (independently of the legacy configuration)
	· Additional overhead or increase of latency for the legacy UEs, depending on the RO configurations

	Option 3
	· Relatively small standardization effort 

	· Large overhead or increase of latency for the legacy UEs
· Less flexibility of RO configurations (by dependency between the legacy and new configurations)



Based on the view, we propose to support at least option 2 for the differentiation between single PRACH transmission and multiple PRACH transmissions with same Tx beam.
Proposal 1: At least, the transmission of multiple PRACH on separate ROs from the ROs for single PRACH should be supported
Determine the number of multiple PRACH transmissions
In RAN1#111, for multiple PRACH transmissions with same Tx beam, the number of values for the number of multiple PRACH transmissions has been discussed and it will be down-selected between only one value or one or multiple values.
When the multiple values can be configured by gNB for the number of multiple PRACH transmissions, how to determine the value for the retransmission also needs to be considered. Regarding the number of multiple PRACH transmission for the retransmission, there are mainly 2 options.
Option 1: same number with the initial transmission
Option 1 follows legacy ramping methodology which ensures the transmission failure by increasing transmission power. Therefore it is the simplest option with the minimum specification impact. Moreover, it does not require unnecessary increase of PRACH resource usage by the multiple PRACH transmission.
Option 2: increase the number of multiple PRACH transmission
Option 2 introduces a new approach to improve the probability of successful retransmission by changing the number of multiple PRACH transmission. In option 2, there are several sub-options.

Option 2-a: The UE may increase the number of multiple PRACH transmission for the retransmission of multiple PRACH transmission (without power ramping)
This option expects the improvement of the PRACH retransmission by increase of the number of multiple PRACH transmission instead of power ramping. Two times of the number of multiple PRACH transmission expects similar probability of the power ramping of 3dB. Therefore, it enables more flexibility of PRACH retransmission as an alternative especially in case of maximum transmission power.
Option 2-b: The UE may increase the number of multiple PRACH transmission for the retransmission of multiple PRACH transmission (with power ramping)
This option allows more improvement of probability of success of the PRACH retransmission comparing the case of the power ramping only. However, it should be carefully considered whether there is such demand for the retransmission of multiple PRACH transmission.
Option 2-c: The UE may re-determine the number of multiple PRACH transmission based on the new RSRP threshold for the retransmission of multiple PRACH transmission (without power ramping)
This option introduces the new RSRP threshold for the determination of the number of multiple PRACH transmission for the retransmission. It enables to re-determine the number of multiple PRACH transmission based on the exact RSRP regardless of the previous number of multiple PRACH transmission.
Option 2-d: The UE may re-determine the number of multiple PRACH transmission based on the new RSRP threshold for the retransmission of multiple PRACH transmission (without power ramping)
This option has same principle with option 2-c and it is valid when the improvement from the case of power ramping (i.e. option 1) is required.
[image: ]
Figure 6: The number of repetitions for the 2nd attempt
In our view, for the retransmission of multiple PRACH transmission, further improvement of the probability of successful retransmission comparing the power ramping case (i.e. option 1) is not necessary in principle. However, as in the introduction of UL Tx beam switching for the PRACH retransmission, the increase of the number of multiple PRACH transmission can be introduced as another alternative for the retransmission (i.e. option 2-a). In such case, the selection between the power ramping and the increase of the multiple PRACH transmission can be UE implementation as same as UL Tx beam switching.
Proposal 2: For retransmission of multiple PRACH with same Tx beam, the UE may increase the number of repetitions without power ramping
Multiple PRACH transmissions with different beams
The motivation to use multiple PRACH transmission with different UL Tx beams is to find out the UL Tx beam(s) which can be received by a gNB from the multiple UL Tx beams. In such case, to identify the reachable UL Tx beam(s), a UE needs to monitor multiple RAR windows each corresponding to a PRACH transmission with the respective UL Tx beam. To do that, each of multiple PRACH transmission should have a respective RAR window. Eventually, the RAR procedure (one RAR to one PRACH preamble detection) at the gNB side is the same as the case of the legacy single PRACH transmission. Therefore, the differentiation of the PRACH preambles and/or ROs from the legacy system at a gNB side is not necessary.
Proposal 3: PRACH preambles and ROs for the multiple PRACH transmission with different UL Tx beams can be shared with those for the legacy single PRACH transmission
Regarding multiple PRACH transmission with different UL Tx beams case, the latency of connection establishment can be reduced compared with the legacy PRACH retransmission procedure. However, the fixed number of PRACH resources need to be occupied for a one RACH attempt even if the first one of the multiple PRACH transmissions can be received by a gNB. This causes more PRACH collision and more interference than the legacy PRACH retransmission procedure. Whether this trade-off needs to be controllable by the network side or not should be considered.
Proposal 4: RAN1 should study if any triggering condition is necessary for multiple PRACH transmissions with different UL Tx beams


Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: Option 1 has a large specification impact on the rule of RO selection for the repetitions
Observation 2: Option 2 provides the network more flexibility on configurations for ROs for repetition
Observation 3: Option 3 causes the largest overhead or the longest latency due to the dependency between the legacy ROs and the new ROs for repetition
Proposal 1: At least, the transmission of multiple PRACH on separate ROs from the ROs for single PRACH should be supported
Proposal 2: For retransmission of multiple PRACH with same Tx beam, the UE may increase the number of repetitions without power ramping
Proposal 3: PRACH preambles and ROs for the multiple PRACH transmission with different UL Tx beams can be shared with those for the legacy single PRACH transmission
Proposal 4: RAN1 should study if any triggering condition is necessary for multiple PRACH transmissions with different UL Tx beams
References
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