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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#96 meeting, one WID was agreed on Further NR coverage enhancements [1]. The objectives are listed below:
	The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· 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
· 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)


Based on the WID, RAN2 will concentrate on PRACH coverage enhancements (CE) which are highlighted in yellow. In this document, we discuss the issues related to PRACH coverage enhancements from RAN2’s perspective. And our observations as well as proposals are provided.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	PRACH resource selection
For PRACH CE, the UE needs to decide when to initiate PRACH CE. In RAN1#111 meeting, it has been agreed that [2]:
	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.


It can be seen that at least SSB-RSRP threshold(s) used to determine the number of PRACH transmission with the same Tx beam is introduced for PRACH CE. 
And it was also agreed in RAN1#112 meeting that [3]:
	Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.

	Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.


Based on the RAN1 agreement, it can be concluded that the number of multiple PRACH transmissions with same TX beams can be 2, 4 and 8. So, the SSB-RSRP threshold(s) may be different values for the UE to distinguish which repetition number is used for multiple PRACH transmissions. 
[bookmark: _Toc131691872]Observation 1: New SSB-RSRP threshold(s) will be introduced for multiple PRACH transmissions in Rel-18.
In order to distinguish whether/which number is used for multiple PRACH transmissions, RAN1 made the following assumption:
	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.


Hence, it is likely either separate ROs or separate preamble on shared ROs will be adopted in RAN1. This implies that separate PRACH will be configured for multiple PRACH transmissions in Rel-18.
[bookmark: _Toc131691873]Observation 2: New PRACH resource will be introduced in multiple PRACH transmissions in Rel-18.
[bookmark: _Toc131691892]Proposal 1: RAN2 to study the PRACH resource selection procedure based on the following agreements/ assumptions:
· New SSB-RSRP threshold(s) will be introduced for multiple PRACH transmissions;
· New PRACH resource will be introduced in multiple PRACH transmissions.
2.2 RAR window
Based on current specification, the RAR is started at the PDCCH occasion as specified in TS 38.213 [4]-[5]. The agreements related to RAR window for multiple PRACH transmission are shown below:
	RAN2#110bis
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.


	RAN1#112
Agreement
For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.


In accordance with the agreement, it can be seen that the only one RAR window is defined. But it is still FFS on the start position of the RAR window. According to the discussion in RAN1, the start position can be:
· After the first  PRACH transmission;
· After the last PRACH transmission;
· Select one RO among all PRACH transmissions.
As the parallel discussion is on-going in RAN1 and the corresponding impacts are specified in RAN1, there is no impact on RAN2 foreseen.
[bookmark: _Toc131691893]Observation 3: Regarding when to start RAR window, there is no spec impacts on RAN2 foreseen.
2.3 RA-RNTI
According current spec, the RA-RNTI is associated with the PRACH occasion in which the preamble is transmitted. For multiple PRACH transmissions, it is high probability that the RA-RNTI for multiple PRACH transmissions is associated with PRACH occasion where RAR window starts. So, we can wait for RAN1 further progress for RA-RNTI calculation.
[bookmark: _Toc131691894]Proposal 2: RAN2 wait for further inputs from RAN1 for how to associate RA-RNTI to the PRACH occasion for multiple PRACH transmissions.
2.4 Association with Msg3 repetition 
In Rel-17, Msg3 repetition was agreed. And one new RSRP threshold, i.e. rsrp-ThresholdMsg3 was introduced to determine whether Msg3 repetition can be initiated by the UE. Besides, in order to notify the network that the UE support Msg3 repetition, PRACH resources for Msg3 repetition can be reserved in SIB. When the RSRP is below rsrp-ThresholdMsg3 and PRACH resources are configured for Msg3 repetition, the UE may select PRACH resources corresponding to Msg3 repetition and initiate corresponding RACH procedure.
Normally, the UE notifies the network that it supports Msg3 repetition when the UE selects the PRACH resource configured for Msg3 repetition. But there is ambiguity when the UE selects PRACH resources for multiple PRACH transmissions, e.g. whether the UE can indicates its Msg3 capability together multiple PRACH transmissions capability or separate PRACH resources are configured for each combination, i.e. Msg3 repetition, multiple PRACH transmissions, and Msg3 together multiple PRACH transmissions. Obviously, the latter solution brings more fractions on PRACH resources. Hence, we slightly prefer that UE implicitly indicates it support Msg3 repetition when it select PRACH resources for multiple PRACH transmissions.
Another issue is whether repetition number for Msg3 is associated with the repetition number for PRACH. For Msg3 repetition, the repetition is signalled in RAR UL grant, which has been specified in Rel-17. And multiple PRACH transmissions number can be determined by UE based on RSRP. It is not flexible to associate repetition number for Msg3 to the repetition number for PRACH. Anyway, RAN2 need further study on these issues.
Considering analysis above, it is proposed that:
[bookmark: _Toc131691895]Proposal 3: RAN2 to discuss how to associate multiple PRACH transmissions and Msg3 repetition when both multiple PRACH transmissions and Msg3 repetition are configured.
Conclusion
In this document, we analyse issues for PRACH coverage enhancement, and we find the observations and proposls as following:
Observation 1: New SSB-RSRP threshold(s) will be introduced for multiple PRACH transmissions in Rel-18.
Observation 2: New PRACH resource will be introduced in multiple PRACH transmissions  in Rel-18.
Observation 3: Regarding when to start RAR window, there is no spec impacts on RAN2 foreseen.
[bookmark: _GoBack]Proposal 1: RAN2 to study the PRACH resource selection procedure based on the following agreements/ assumptions:
· New SSB-RSRP threshold(s) will be introduced for multiple PRACH transmissions;
· New PRACH resource will be introduced in multiple PRACH transmissions.
Proposal 2: RAN2 wait for further inputs from RAN1 for how to associate RA-RNTI to the PRACH occasion for multiple PRACH transmissions.
Proposal 3: RAN2 to discuss how to associate multiple PRACH transmissions and Msg3 repetition when both multiple PRACH transmissions and Msg3 repetition are configured.
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