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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
In RAN1#112bis meeting, with respect to the Rel-18 work item Further NR Coverage Enhancement, some agreements were achieved, however there are quite many open issues to be discussed and finalized. This contribution aims to make evaluation and analysis on these open issues and provide our proposals for RAN1 decision.
2		Discussion
In the following, based on the agreements and the summary made by feature leader [1], the open issues are investigated and discussed.
[bookmark: _Toc53783607]Association pattern period of SSB to RO mapping
There are three options provided in the summary as below.
· Opt. 1. The time period X is K PRACH configuration period (minimum value: 10 ms).
· Opt. 2. The time period X is K SSB-to-RO association period (minimum value: one PRACH configuration period)
· Opt. 3. The time period X is K SSB-to-RO association period (minimum value: one or multiple SSB-to-RO association period)
And, the below proposal was provided by feature leader,
[bookmark: OLE_LINK91][bookmark: OLE_LINK13][bookmark: OLE_LINK22][bookmark: OLE_LINK8][bookmark: OLE_LINK31]A set of RO group(s) for a configured number of multiple PRACH transmissions is [determined/configured] within a time period X, starting from frame 0. The [determined/configured] set of RO groups repeats every period X.
     -	FFS: the determination of time period X.
     -	FFS: whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions.
Option 3 is preferred based on our understanding. In our view, the RO group for a configured number of multiple transmissions is determined within a time period X, across which the mapping pattern of SSB to valid ROs would repeat.  
The time period X for different configured number of multiple transmissions would be different. And the simplest way is to combine two RO groups consist of 2 ROs into one RO group containing 4 ROs, and two RO groups consist of 4 ROs into one RO group containing 8 ROs, as thus once the UE determines the RO group for the smallest configured number of multiple transmissions, the RO group for other configured number of multiple transmissions would also be derived naturally, although the time period X for different configured number of multiple transmissions might be different.
[bookmark: OLE_LINK4][bookmark: OLE_LINK105]Proposal 1: Option 3 is preferred, and the time period X for different configured number of multiple transmissions would be different.


How an RO group is determined
Consider one or both of the following options to realize RO group(s) determination/configuration.
· Option 1: RO group(s) are implicitly determined based on network configuration.
· [bookmark: OLE_LINK86]RO group is determined at least by the following parameters {time and frequency start position (or start RO), the number of ROs within the RO group}
· FFS: whether the parameters can be derived based on some rules without explicit configuration.
· FFS: whether the starting RB of ROs within an RO group can be different at different time instances, if supported, the details.
· Option 2: RO group(s) are directly configured by network, e.g., via SIB1.
· FFS: details.
· Note: details of characteristics of the RO groups [, e.g., whether partial RO overlap is supported, max duration of the RO group (if any), starting RO and so on] are up to RAN1, while details on how to realize the direct configuration of RO groups by network [, e.g., signalling,] are up to RAN2.
In our view, Option 1 is preferred since it is simpler, and the standardization effort for the RRC signalling design is quite smaller than Option 2.
[bookmark: OLE_LINK108][bookmark: OLE_LINK107][bookmark: OLE_LINK109]Regarding Option 1, the ‘the number of ROs within the RO group’ may not be configured explicitly in our understanding since the number of RO in one group should be equal to the configured number of multiple PRACH transmissions which shall be already somewhere in RRC signalling.
[bookmark: OLE_LINK110]Furthermore one parameter, i.e. freq offset, should be included optionally to enable frequency hopping of ROs within one RO group if FDM greater than 1. And freq offset can be in unit of RO position in the frequency domain within one PRACH configuration period if FDM > 1.
[bookmark: OLE_LINK106][bookmark: OLE_LINK18]Proposal 2: Option 1 is preferred for RO group determination.
Proposal 3: For option 1, ‘the number of ROs within the RO group’ may not be configured explicitly and another parameter, i.e. frequency offset, could be included optionally to enable frequency hopping of ROs within one RO group if FDM greater than 1.

Rules for drop PRACH transmissions
[bookmark: OLE_LINK94]Same as our comments in the rounds of discussion at previous meeting, we support the proposal “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”.
[bookmark: OLE_LINK92][bookmark: OLE_LINK95]In our view, the dropping rules for single PRACH transmission in the existing spec could be re-used for Rel-18 multiple PRACH transmissions, without need to introduce new dropping rules. 
[bookmark: OLE_LINK96]Considering UE initiates multiple PRACH transmissions on the TDMed ROs within one RO group, one PRACH dropping has no impact on the remaining PRACH transmission within the same RO group.
[bookmark: OLE_LINK19]Proposal 4:  No new dropping rules are needed in Rel-18.
Observation: One PRACH dropping has no impact on the remaining PRACH transmission within the same RO group.

SSB-to-RO mapping
[bookmark: OLE_LINK99][bookmark: OLE_LINK100]Considering the time available for Rel-18 solution is limited, and introduction of new SSB-to-RO mapping would affect the re-use of Rel-17 Additional RO framework, it is preferred to deprioritize the discussion of new SSB-to-RO mapping scheme, and go forward with the existing mapping scheme.
[bookmark: OLE_LINK20]Proposal 5: It is preferred to deprioritize the discussion of new SSB-to-RO mapping scheme.

RAR window and RA-RNTI
· Option 1: The corresponding RA-RNTI is calculated based on RO for the last PRACH repetition.
· Option 2: The corresponding RA-RNTI is calculated based on RO for the first PRACH repetitions.
· Option 3: The corresponding RA-RNTI is calculated as a function of the RO group used for the multiple PRACH transmissions.
[bookmark: OLE_LINK21]Proposal 6:  Both Option 1 and Option 2 are fine, for progress of current WI Option 1 could be baseline.  

Determination of the number of multiple PRACH transmissions
Based on the discussion in previous meeting, SSB-RSRP threshold can be used by UE to determine to initiate the multiple PRACH transmissions.
[bookmark: OLE_LINK114]In our understanding, it is not necessary for UE to initiate the multiple PRACH transmissions only when it reaches the max transmission power. Since the increased transmission power would also increase the UL interference intra-cell and inter-cell, as thus the flexibility should be kept to allow UE to trigger multiple PRACH transmissions even if it doesn’t reach the upper limit of transmission power.
We support the following proposal.
[bookmark: OLE_LINK23]Proposal 7: 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.

Power control and retransmission
	· 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.
· [bookmark: OLE_LINK118]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.
· [bookmark: OLE_LINK117]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.



[bookmark: OLE_LINK5][bookmark: OLE_LINK14][bookmark: OLE_LINK119][bookmark: OLE_LINK15]Regarding Case 1, Option 1 is preferred, which means the single PRACH transmission is still applied in the sequent RA re-attempt, i.e. legacy RACH mechanism kept unchanged. 
[bookmark: OLE_LINK16]On the contrary, if Option 2 is adopted, that means the RACH mechanisms for first attempt and for re-attempt are different, considering the ROs configured for legacy single PRACH transmission and ROs for Rel-18 multiple PRACH transmissions might be separated the complexity both in UE side and network side would be large. From standardization point of view, it would be better not to mix these two RACH mechanisms.
[bookmark: OLE_LINK120][bookmark: OLE_LINK121]Regarding Case 2, Option 1 is preferred, i.e. the maximum transmission power is not compulsory. For option1, Alt 2 is preferred so that the power ramping is allowed for PRACH re-attempt, and once the max transmission power reached, the number of multiple PRACH transmissions can be increased.
[bookmark: OLE_LINK24]Proposal 8: For Case 1, Option 1 is preferred for simplification process on both UE and network side.
[bookmark: OLE_LINK6]Proposal 9: For Case 2, Option 1 is preferred, and Alt 2 is preferred only if more than one repetition number configured for the multiple PRACH transmissions.

[bookmark: OLE_LINK3]Multiple PRACH transmissions with different beams
Option 1: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not supported.
Option 2: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is supported.
Option 3: Multiple PRACH transmission with different Tx beams is not supported in Rel-18.
[bookmark: OLE_LINK128][bookmark: OLE_LINK126]Regarding Multiple PRACH transmissions with different beams, the mechanism defined for multiple PRACH transmissions with the same beam should be reused as much as possible. And if multiple PRACH transmission with different Tx beams is supported, PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not needed, because with the combination detection the gNB might be aware of the Tx beam is same or not within the multiple PRACH transmissions. Further, it would make the specification more complex to differentiate the multiple PRACH transmissions with same Tx beam from those with different Tx beam.
[bookmark: OLE_LINK25]Proposal 10: Regarding multiple PRACH transmission with different Tx beams, Option 1 is preferred, i.e. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not supported.

3	Conclusions
In this contribution, we discussed the open issues in the last RAN1 meeting and after further evaluation the proposals are provided below,
Proposal 1: Option 3 is preferred, and the time period X for different configured number of multiple transmissions would be different.
Proposal 2: Option 1 is preferred for RO group determination.
Proposal 3: For option 1, ‘the number of ROs within the RO group’ may not be configured explicitly and another parameter, i.e. frequency offset, could be included optionally to enable frequency hopping of ROs within one RO group if FDM greater than 1.
Proposal 4:  No new dropping rules are needed in Rel-18.
Observation: One PRACH dropping has no impact on the remaining PRACH transmission within the same RO group.
Proposal 5: It is preferred to deprioritize the discussion of new SSB-to-RO mapping scheme.
Proposal 6:  Both Option 1 and Option 2 are fine, for progress of current WI Option 1 could be baseline.  
Proposal 7: 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 8: For Case 1, Option 1 is preferred for simplification process on both UE and network side.
Proposal 9: For Case 2, Option 1 is preferred, and Alt 2 is preferred only if more than one repetition number configured for the multiple PRACH transmissions.
Proposal 10: Regarding multiple PRACH transmission with different Tx beams, Option 1 is preferred, i.e. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not supported.
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