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Introduction 
In the last two RAN1 meetings, RAN1 have agreed to support Msg3 repetition [1]. When UE’s RSRP measurement on DL path loss reference signals is below a configured threshold, it can transmit its Msg1 over a dedicated set of PRACH resource to indicate its request for Msg3 repetition. 
This paper discusses the necessary RAN2 enhancements to support Msg3 repetition.
Discussion
In general, Msg3 PUSCH transmission is less reliable than Msg1 transmission. However, if UE is scheduled with Msg3 repetition, Msg1 transmission may become the coverage bottleneck in a RACH procedure. Therefore, to attain the full benefits of Msg3 repetition, Msg1 transmission by UEs requesting coverage enhancement need to be enhanced as well, to ensure comparable coverage as that of Msg3.  
Observation 1.	To attain the full benefits of Msg3 repetition, Msg1 needs to have comparable coverage with repeated Msg3. 
Since no repetition is currently supported for Msg1 transmission, Msg1 transmission for UEs requesting Msg3 repetition can be supported through different Tx power control and more transmission opportunities. More specifically,
· preambleReceivedTargetPower is the initial Msg1 Tx power. As a UE eligible for Msg3 repetition has poorer link quality than average UEs, its Msg1 Tx should have higher initial power to increase the likelihood of success. 
· Size of power ramping step depends on expected interference level. Since a UE eligible for Msg3 repetition has poorer link quality, it is more likely located near cell edge and subject to inter-cell interference. Therefore, it can benefit from larger power ramping step size when overcoming interference in its Msg1 transmission.
· preambleTransMax controls the maximum number of Msg1 Tx. Since a UE eligible for Msg3 repetition has poorer link quality, it makes sense for the UE to have more retransmission opportunities to ensure comparable coverage with repeated Msg3.
Proposal 1. 	Msg1 transmission by UE to request Msg3 repetitions can be configured with its specific set of preambleReceivedTargetPower, powerRampingStep, powerRampingStepHighPriority, preambleTransMax and groupBconfigured. 
Preamble group B allows UE to request a larger UL grant for its Msg3. Although it is more resource expensive to schedule a larger Msg3 UL grant for UEs in need of coverage enhancement, we think it is still a useful feature to have in some use case, e.g. for UEs with only small amount of data to send and can leverage RACH based SDT or when cell loading is low. Moreover, network is in complete control of the availability of preamble group B, i.e. when network determines it is too expensive to schedule large UL grant for Msg3, it can simply not configure preamble group B. For these reasons, we think it is useful to allow joint configuration between preamble group B and Msg3 repetition.
Proposal 2.	Preamble group B can be jointly configured with Msg3 repetition. 

If preamble group B is configured together with Ms3 repetition, then by the same argument above, network should configure different values for those parameters related to group B preamble Tx. More specifically, 
· If group B is also configured, then one may expect network would give a smaller UL grant for Msg3 with repetition. Therefore, network may configure a different threshold for group A/B selection (e.g. smaller ra-Msg3SizeGroupA). 
· A different Tx power offset for Msg3 (i.e. messagePowerOffsetGroupB) may be configured to compensate the different (e.g. smaller) UL grant size compared to those for group-B request without coverage enhancement. 
· Since the group A/B selection threshold for UEs in need for coverage enhancement may be different, the ratio between the access load by group A and B UEs can be different between the cases with and without coverage enhancements. Hence network may configure different value for numberOfRA-PreamblesGroupA for the PRACH configuration dedicated for Msg3 repetition.   
Proposal 3. 	If preamble group B is configured for Msg3 with repetitions, network can configure it with a separate set of ra-Msg3SizeGroupA, messagePowerOffsetGroupB, numberOfRA-PreamblesGroupA. 
In legacy RACH procedure, UE starts ra-ContentionResolutionTimer in the first symbol after the initial Msg3 transmission is completed. And UE re-starts the timer after each retransmission of Msg3. This behavior makes sense because when UE starts a retransmission for Msg3, it knows for sure network did not receive its previous transmission properly. 
In legacy PUSCH Tx other than Msg3 (i.e. those scheduled by either dynamic or configured grants), each repetition is modeled as a retransmission. It was more of a modeling choice than based on technical reasons. However, we do not think the same modeling should be applied to Msg3 repetition, for the following reasons: 
· First, restarting contention resolution timer after each repetition may help terminate Msg3 transmission early. However, that may actually increase UE’s power consumption. That is because if network implementation does its job right, it is more likely that the number of repetitions performed is more than the number of repetitions skipped due to early termination. As a result, UE consumes more power in monitoring PDCCH after each repetition than the power it may save from early termination. 
· Second, repetition can achieve its full benefits only if the receiver can perform joint channel estimation across repetitions. However, joint channel estimation requires UE to maintain phase continuity across repetitions. If UE were to restart the contention resolution timer after each repetition, that would require UE to monitor PDCCH between repetitions. This switch between DL reception and UL Tx makes it very challenging for UE to maintain its phase continuity between two repetitions.
Observation 2.	If UE restarts contention resolution timer after each repetition, it may consume more power and not be able to maintain the phase continuity necessary for network to perform joint channel estimation to attain the full benefits of Msg3 repetition.  
For the above reasons, we think the contention resolution timer should not be re-/started after UE completes all repetitions in a Msg3 re-/transmission.  
Proposal 4. 	If a Msg3 is scheduled with repetition, UE re-/starts ra-ContentionResolutionTimer in the first symbol after all repetitions in a Msg3 re-/transmission are completed.
As discussed in R15/16, Msg3 PUSCH Tx can collide with PUSCCH or PUSCH scheduled by dynamic or configured grants. Repetition can increase the chance of this collision. However, we do not see reasons for changing the legacy UE behavior, when repetition is scheduled for Msg3. Therefore, it is desirable to have the same UE behavior in case of collision, regardless whether Msg3 repetition is scheduled or not. 
Proposal 5. 	In case a repetition in a Msg3 Tx overlaps with PUCCH or PUSCH scheduled by dynamic or configured UL grant, UE applies the same behavior as those for a legacy Msg3 PUSCH transmission.
Qrxlevmin and Qqualmin are the minimum required Rx level and quality level in a cell. For UEs capable of supporting Msg3 repetition, even if its RSRP measurements of DL RSes of a target cell is lower than those by legacy UEs, it would be able to RACH and get connected to the target cell, because Msg3 repetition can help make up that shortage in link budget. It is the same reason why network can configure a separate set of Qrxlevmin and Qqualmin for cells configured with SUL.   
Proposal 6. 	If a gNB supports Msg3 with repetition, it should provide a separate set of Qrxlevmin and Qqualmin in SIBs for UEs capable of supporting Msg3 repetition.
Since PRACH for requesting Msg3 repetition is at least signaled in system information, there is no need for UE to report its capability to use it. Support for Msg3 repetition hence should be a UE optional feature, like other features used in UE’s idle mode procedures. In case network wants to know the percentage of UEs capable (or incapable) of Msg3 repetition, there are means other than UE radio capability signaling may be used for that purpose, e.g. use RACH report via MDT. 
Proposal 7. 	No UE capability signaling for Msg3 repetition is needed.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1.	To attain the full benefits of Msg3 repetition, Msg1 needs to have comparable coverage with repeated Msg3.
[bookmark: 5_MAC_procedures][bookmark: 5.1_Random_Access_procedure][bookmark: 5.1.1_Random_Access_procedure_initializa]Proposal 1. 	Msg1 transmission by UE to request Msg3 repetitions can be configured with its specific set of preambleReceivedTargetPower, powerRampingStep, powerRampingStepHighPriority, preambleTransMax and groupBconfigured. 
Proposal 2.	Preamble group B can be jointly configured with Msg3 repetition.
Proposal 3. 	If preamble group B is configured for Msg3 with repetitions, network can configure it with a separate set of ra-Msg3SizeGroupA, messagePowerOffsetGroupB, numberOfRA-PreamblesGroupA. 
Observation 2.	If UE restarts contention resolution timer after each repetition, it may consume more power and not be able to maintain the phase continuity necessary for network to perform joint channel estimation to attain the full benefits of Msg3 repetition.  
Proposal 4. 	Re-/start ra-ContentionResolutionTimer in the first symbol after all repetitions in a Msg3 re-/transmission are completed
Proposal 5. 	In case a repetition in a Msg3 transmission overlaps with PUCCH or PUSCH scheduled by dynamic or configured UL grant, UE applies the same behaviors as those for a legacy Msg3 PUSCH transmission.
Proposal 6. 	If a gNB supports Msg3 with repetition, it should provide a separate set of Qrxlevmin and Qqualmin in SIBs for UEs capable of supporting Msg3 repetition.
Proposal 7. 	No UE capability signaling for Msg3 repetition is needed.
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