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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
In RAN1#111 meeting, for the Rel-18 work item Further NR Coverage Enhancement, some agreements were achieved, and some down selection need to be performed in the next meetings. This contribution is to make evaluation and analysis on these open issues and provide our proposals for RAN1 decision.
2		Discussion
The following agreements were obtained in RAN1#111 [1],
	Agreement
For multiple PRACH transmissions with same Tx beam, support to differentiate at least between multiple PRACH transmissions and single PRACH transmissions.

[bookmark: OLE_LINK24]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.
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.



2.1 Differentiation of multiple PRACH transmissions from single transmission
	[bookmark: OLE_LINK19][bookmark: _Toc53783607]Agreement
[bookmark: OLE_LINK25]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.



We support both Option1 and Option 2, but not Option 3. 
The option 3 brings up more complication on standardization due to the fact that during one RA attempt separate preamble (distinguished from the preambles for single PRACH transmission) is transmitted on partial of PRACH transmissions meanwhile shared preamble (within the range of preambles assigned for single PRACH transmission) on the other transmissions. Such alternative is very confusing, e.g. how to determine the part of former transmission and the leftover transmission and combine the two parts transmission into one RA attempt, and how to keep alignment between UE and gNB. The implementation complexity of both UE and gNB would be very big, however little benefit could be obtained based on this option. 
Option 1 and option 2 are complementary at different multiplexing dimension. The combination of option 1 and option 2 can provide enough flexibility to support the multiple PRACH transmissions for operators under varied scenarios to achieve the coverage enhancement. Operators can make a holistic scheme for preambles or ROs allocation taking into account diverse 5G features, e.g. BFR, 2-step RA, SI request and SDT etc.
[bookmark: OLE_LINK13][bookmark: OLE_LINK22][bookmark: OLE_LINK8][bookmark: OLE_LINK31]Proposal 1: Option 1 and 2 are preferred for differentiation of multiple PRACH transmissions from single transmission.
2.2 Use cases for multiple PRACH transmissions with different Tx beams
	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
· [bookmark: OLE_LINK9]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.


The first case is definitely beneficial when the UE can determine the best DL beam of gNB, hereby UE could initiate multiple PRACH transmission on the ROs associated with the SSB/CSI-RS corresponding to the best DL beam for the UE.
The second case is beneficial when the UE detected several SSB/CSI-RS beams which are beyond the pre-set RSRP threshold. In this case the UE can initiate multiple PRACH transmissions on the ROs associated with the multiple SSBs/CSI-RS beams beyond threshold. With this use case, the RACH could be distributed on several different ROs under the scenario where large number of UEs are located adjacently, e.g. in the hotspot cell of business area. Allowing such these UEs to transmit PRACH over different ROs might reduce the collision probability of RA.
Another potential benefit of the second case is when the SSB-to-RO mapping include FDMs ROs at the same time point, this case could allow multiple PRACH transmission to occur at different time, i.e. the UE could initiate multiple transmissions over ROs associated with different SSB/CSI-RS.   
[bookmark: OLE_LINK14]Proposal 2: The use case could be studied but with low priority that UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs /CSI-RSs.
2.3 [bookmark: OLE_LINK3]Configuration of number of PRACH transmissions
	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



This issue is related to another agreement, i.e. SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions.
[bookmark: OLE_LINK10]If only one SSB-RSRP threshold is configured for UE, then option 1 is preferred, i.e. only one value of the number of PRACH transmission. Otherwise, if multiple SSB-RSRP thresholds are configured for UE, then Option 2 is preferred since different number of PRACH transmission should be correspondent to different thresholds.
[bookmark: OLE_LINK20]Proposal 3: The number of PRACH transmissions is highly relevant with the configuration of SSB-RSRP thresholds for the UE, i.e. if only one threshold is configured for UE Option 1 should be preferred, otherwise Option 2 could be adopted.

2.4 Simulation results for multiple PRACH transmissions with different beams/same beams
	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.



We simulated PRACH B4 with 8 different Tx beams in FR2. The blue curve is PRACH transmission with the best beam without repetition. And the red one is the multiple PRACH transmissions with beam sweeping. The beamwidths and boresights of 8 Tx beams are summarized in Appendix, together with other simulation assumptions. The performance is measured in terms of 1% miss detection. Please note that false alarm performance is the same for both schemes since PRACH is not present at all.
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Figure 1: PRACH best beam no repetition VS beam sweeping
[bookmark: OLE_LINK5][bookmark: OLE_LINK27][bookmark: OLE_LINK21]As shown in Figure 1, PRACH transmissions with best beam has about 5.5dB gain over transmissions with beam sweeping. It means that the performance of UE fulfills beamCorrespondence requirements Without UL-BeamSweeping is better than that of UE fulfills beamCorrespondence requirements With UL-BeamSweeping, thanks to the beamforming gain.
[bookmark: OLE_LINK30]Observation 1: The performance of UE fulfils beamCorrespondence requirements Without UL-BeamSweeping is better than that of UE fulfils beamCorrespondence requirements With UL-BeamSweeping.
2.5 RAR window for Rel-18 PRACH repetition
The RAR window scheme design was raised in RAN1#110bis, and two options are provided for further evaluated and down selection, which was not discussed in last meeting and not concluded yet.
	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.



Regarding Option1, since multiple RAR windows need to be monitored by the UE, the TDD frame pattern would affect the windows position and the actual latency for the RAR reception significantly.
Case 1) multiple ROs are available in intra- or inter- consecutive UL slots in TDD frame (e.g. DDDSUUDDDD)
[bookmark: OLE_LINK2]In this case, the actual valid RAR window can only be started after end of consecutive UL slots in the half frame, as a result the multiple valid RAR windows would overlapped largely or completely. For example, if UE perform 4 PRACH transmissions at 4 ROs within the two UL slots, that means the actual valid start positions of 4 RAR windows are identical, i.e. from the first symbol in the first DL slot after the two consecutive UL slots. Obviously, it is unreasonable for the UE to monitor multiple windows with different RA-RNTIs under this scenario.
Case 2) multiple ROs are available in non-consecutive UL slots separated by DL slots within TDD frame (e.g. DDDSUDDDSU).
[bookmark: OLE_LINK16]In this case, assuming there 2 ROs in each UL slot, the first two RAR windows can be started after the end of the first UL slot while the next two RAR windows be started after the end of second UL slot. Consequently, the UE might receive successful RAR prior to the end of 4 PRACH transmissions, and it is not necessary to start one RAR window for each PRACH transmission.
For the Option 1, the benefit is that the legacy RAR window scheme unchanged and shorter RA latency can be achieved under some specific TDD pattern configuration. However, it will increase the UE complexity and power consuming since the UE needs to monitor multiple RA-RNTIs, and the preamble detection combination gain at the gNB side cannot be achieved if gNB needs to respond after each PRACH transmission.
For the Option 2, the complexity of UE is low since UE need only monitor one RAR window and combination detection gain on the gNB side can be achieved. The drawback is that the legacy RAR window and RA-RNTI scheme need to be updated and the RA delay might be larger than that in legacy scenario under some TDD frame patterns configuration.
[bookmark: OLE_LINK23]Based on the pros and cons of these two options, in our view Option 2 is preferred due to the low complexity and the combination detection gain achieved to improve the PRACH coverage via PRACH repetitions which is one of the target of this Rel-18 work item.
[bookmark: OLE_LINK28]Proposal 4: Option 2, i.e. only one RAR window for all of the multiple PRACH transmissions is preferred. 
For the Option 2, the start position of RAR window might be after the end of first PRACH transmission considering both the UE complexity and the RA latency. This enables the gNB more flexible to conduct detection of preambles, e.g. in case the UL radio condition is not very bad, the gNB could detect the preamble successfully based on partial of multiple transmissions and then respond the RAR prior to the end of PRACH repetitions; while in other cases the UL radio condition is such bad that the gNB needs to conduct detection based on combination of multiple preamble receptions waiting until completion of preamble repetitions, and then reply the RAR to the UE.
[bookmark: OLE_LINK15]Proposal 5: In case of Option 2 adopted, its preferred that the start position of RAR window should be after the end of the first PRACH transmission. 
For the Option 2, the current RA-RNTI scheme need to be enhanced since UE cannot know which PRACH transmission could be detected by the gNB successfully and be utilized to scramble the PDCCH for Msg2. Herein there are two sub-options to be considered:
· [bookmark: OLE_LINK26]Option 2a:  UE need monitor multiple RA-RNTIs in the RAR window, each corresponding to one PRACH transmission.
· Option 2b:  UE need only monitor one RA-RNTI in the RAR window, which corresponds to one specific transmission in the multiple PRACH transmissions.
[bookmark: OLE_LINK29]The UE complexity of Option 2b is much lower than Option 2a, and also the UE power consuming is lower for Option 2b. However, the UE and gNB ought to keep alignment on the RA-RNTI used for scrambling the PDCCH to assure the successful reception of Msg2. Thus this issue should be resolved and specified by RAN1.
[bookmark: OLE_LINK18]Proposal 6: If Option 2b is agreed (i.e. only one RA-RNTI monitored by UE), the issue needs to be resolved and specified by RAN1 that how the UE and gNB keep alignment on the RA-RNTI used for scrambling the Msg2 PDCCH.
3	Conclusions
In this contribution, we discussed the open issues brought in the last two RAN1 meetings and made some simulation and further evaluation, and get the observation below,
Observation 1: The performance of UE fulfils beamCorrespondence requirements Without UL-BeamSweeping is better than that of UE fulfils beamCorrespondence requirements With UL-BeamSweeping.
Then following proposals are provided for discussion:
Proposal 1: Option 1 and 2 are preferred for differentiation of multiple PRACH transmissions from single transmission.
Proposal 2: The use case could be studied but with low priority that UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs /CSI-RSs.
Proposal 3: The number of PRACH transmissions is highly relevant with the configuration of SSB-RSRP thresholds for the UE, i.e. if only one threshold is configured for UE Option 1 should be preferred, otherwise Option 2 could be adopted.
Proposal 4: Option 2, i.e. only one RAR window for all of the multiple PRACH transmissions is preferred. 
Proposal 5: In case of Option 2 adopted, its preferred that the start position of RAR window should be after the end of the first PRACH transmission. 
Proposal 6: If Option 2b is agreed (i.e. only one RA-RNTI monitored by UE), the issue needs to be resolved and specified by RAN1 that how the UE and gNB keep alignment on the RA-RNTI used for scrambling the Msg2 PDCCH.
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Appendix
Simulation assumptions:
	 Frequency Range
	FR2

	Carrier
	28GHz

	TDD pattern
	DDDSU

	SCS
	120kHz

	Channel model
	CDL-A

	Delay spread
	100 ns

	UE antennas
	[2 2 2]

	BS antennas
	[1 2 2] 

	MCS index for Msg 3
	MCS=0

	Waveform
	DFT-S-OFDM

	PRACH Format
	B4

	Performance metric
	Missed detection rate at 0.1% false alarm probability

	UE speed
	3 km/h

	boresight for 8 beams
	0, -10, -21, -32, 42, 32, 21, 10

	HPBW 
	52 degrees
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