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1. Introduction
RAN2 initially discussed the impacts with MSG1 repetitions at RAN#121 meeting and made good progress by the following agreements as shown below. 
	Agreements
· RAN2 assumes that MSG1 repetition can be applicable to all 4-step CBRA procedures (FFS for SI request)
· CFRA support is FFS
· RAN2 assumes that MSG1 repetition can be applicable to NUL 
· RAN2 assumes that MSG1 repetition can be applicable to SUL 
· Msg1 repetition with different repetition number {2, 4, 8} are treated a separate feature, and a RACH partition is associated with a specific repetition number (Stage 3 details are FFS, e.g. we should not use all the spare values in the current IE)
· RAN2 waits for further inputs from RAN1 for how to associate RA-RNTI to the PRACH occasion for multiple PRACH transmissions and also for ra-ResponseWindow start point
· General assumption is that various feature combinations can be configured (which is up to network implementation), unless explicitly specified otherwise
· RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS
· BWP selection mechanism is not impacted by PRACH coverage enhancements. Legacy BWP selection mechanism is re-used
· RA type selection mechanism is not impacted by PRACH coverage enhancements. Legacy RA type selection mechanism is re-used


In this contribution, we further discuss the MAC impacts with MSG1 repetition with taking into account the above agreements.
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2.1 SI request with MSG1 repetition
On FFS for SI request with MSG1 repetition, currently both MSG1 based and MSG3 based SI request are supported but the RA resource for MSG1 based SI request are separately configured (as shown below) from MSG3 based SI request for which a common RA resource is used as all other CBRA events. For MSG3 based SI request, we think it is straightforward to support MSG1 repetition considering MSG1 transmission has no difference from other CBRA events. However, with respect to MSG1 based SI request, RAN1 is defining the RO group for transmitting MSG1 repetition with number as 2, 4 and 8 and RAN2 agreed to use R17 RACH partitioning framework for MSG1 repetition. And we should note that currently the PRACH resource for MSG1-based SI request is not in the framework of R17 RACH partitioning (as shown below), so we think it needs more RAN1 input on RO group design. Thus, we think this can be deprioritised before RAN1 has more progress related. If needed, LS can be sent to RAN1 asking for the feasibility.
	SI-RequestConfig ::=                SEQUENCE {
    rach-OccasionsSI                    SEQUENCE {
        rach-ConfigSI                       RACH-ConfigGeneric,
        ssb-perRACH-Occasion                ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
    }                                                                                                       OPTIONAL,   -- Need R
    si-RequestPeriod                    ENUMERATED {one, two, four, six, eight, ten, twelve, sixteen}       OPTIONAL,   -- Need R
    si-RequestResources                 SEQUENCE (SIZE (1..maxSI-Message)) OF SI-RequestResources
}

SI-RequestResources ::=             SEQUENCE {
    ra-PreambleStartIndex               INTEGER (0..63),
    ra-AssociationPeriodIndex           INTEGER (0..15)                                                     OPTIONAL,   -- Need R
    ra-ssb-OccasionMaskIndex            INTEGER (0..15)                                                     OPTIONAL    -- Need R
}


MSG3 based SI request is supported with MSG1 repetition.
MSG1 based SI request with MSG1 repetition is de-prioritised before RAN1 has more progress.
2.2 CFRA
RAN2 initially discussed the support of CFRA with MSG1 repetition and no agreement are made yet but a FFS is left in the chair note. Here we want to further claim that the motivation to support MSG1 repetition for CFRA seems not that obvious since CFRA is always subject to the beam being above a configured threshold which the NW can control and is contradictory with the intent of MSG1 repetition, and also the impact on RAN1 is needed. The first issue we need to consider how to indicate the number of repetitions.
One thing we should note is currently the essential info (e.g. preamble index, RO mask index indicating a RO subset for single preamble transmission, SSB index) for the CFRA resource can be provided by RRC message or PDCCH order based on the CFRA event. Different UEs may be indicated with the same preamble index but different RO subset. Based on the RAN1 agreement that the RO group is defined per MSG1 repetition (i.e. each RO group is associated with one MSG1 repetition) as shown below:
	Agreement
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.
· Note1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.
· Note2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.
· Note 3: Valid RO(s) refers to what is defined in existing specification.



Therefore, it seems one solution is that it can be associated with a dedicated RO group, but it is pending to RAN1 progress.  Another solution is it can be configured by RRC but whether to configure multiple CFRA resources (sets) corresponding to multiple repetition number or one CFRA resource (set) corresponding to a particular repetition number is also unclear and needs RAN1 confirmation. For now, we think i it should be low priority in RAN2 before RAN1 makes more progress.
[bookmark: _GoBack]The support of CFRA with MSG1 repetition is up to RAN1.
2.3 Fallbacks
At RAN2#121bis, RAN2 discussed the following fallback cases with MSG1 repetition.
· Case 1: Fallback from legacy RA to Msg1 repetition and vice versa (RAN2 agreed not to support this case);
· Case 2: Fallback from Msg1 repetition with lower number to Msg1 repetition with higher number and vice versa;
· Case 3: Fallback from 2-step RA to 4-step RA with Msg1 repetition and vice versa;
· Case 4: Fallback from CFRA to CBRA with Msg1 repetition and vice versa.
For case 1, it was agreed not to support. For case 2, we think it is useful to support in case that UE is moving to a worse coverage requiring for higher repetition number during the ongoing RA procedure. Otherwise UE may not access the network successfully. One may argue case 2 may not be fit the current RACH partitioning framework where the feature cannot be changed during one RA procedure. We have analysed how to model the Msg1 repetition with different repetition number in our contribution and we believe it can still comply with the RACH partitioning framework. For details, please check [2]. However we do not think the vice versa case should be supported since there is no access problem at all even a higher repetition number is selected. For case 3, we do not think there is a need to support this case if fallback from legacy 4-step RA (i.e. without MSG1 repetition) to MSG1 repetition and vice versa has been already excluded. For case 4, it is early to consider it and we should first get the RAN1 agreement on the support of CFRA with MSG1 repetition. If CFRA is supported, this case would be simple to use CBRA resource with the same repetition number as CFRA. Otherwise UE needs to perform initialization of variables specific to the new repetition number.
Fallback from MSG1 repetition with lower number to MSG1 repetition with higher number is supported. Vice versa is not supported.
Fallback from 2-step RA to 4-step RA with Msg1 repetition and vice versa are not supported.
Wait for RAN1 progress before deciding whether or not fallback from CFRA to CBRA with Msg1 repetition and vice versa is supported.
2.4 RA Counter
Currently UE will increase PREAMBLE_POWER_RAMPING_COUNTER by one for ramping the power for every preamble retransmission until reaching the maximum power as shown below [1].
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The MAC entity shall, for each Random Access Preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if LBT failure indication was not received from lower layers for the last Random Access Preamble transmission; and
1>	if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>	select the value of DELTA_PREAMBLE according to clause 7.3;
1>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA;


On the other hand, for MSG1 repetition, RAN1 agreed the following on power ramping.
	Agreement
For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.


Based on the above agreement it is more reasonable to assume that the UE will increase PREAMBLE_POWER_RAMPING_COUNTER by one only for bundle retransmission of MSG1 repetition as a whole, i.e. UE does not increase PREAMBLE_POWER_RAMPING_COUNTER by one for any preamble transmission within a bundle of MSG1 repetition. We think the counting on PREAMBLE_TRANSMISSION_COUNTER with MSG1 repetition should be the same as PREAMBLE_POWER_RAMPING_COUNTER.
From MAC perspective, the UE will only increase PREAMBLE_POWER_RAMPING_COUNTER/PREAMBLE_TRANSMISSION_COUNTER by one for a bundle of MSG1 repetition, i.e. UE does not increase PREAMBLE_POWER_RAMPING_COUNTER/ PREAMBLE_TRANSMISSION_COUNTER by one for each MSG1 transmission within a bundle of MSG1 repetition.
If any fallback is allowed as mentioned above, RAN2 should discuss whether or not to reset the PREAMBLE_POWER_RAMPING_COUNTER and PREAMBLE_TRANSMISSION_COUNTER at the fallback. Basically, we think that PREAMBLE_POWER_RAMPING_COUNTER and PREAMBLE_TRANSMISSION_COUNTER can remain (i.e. not to reset) at fallback, similarly as in 2-step RACH.
RAN2 to discuss whether or not to reset the PREAMBLE_POWER_RAMPING_COUNTER and PREAMBLE_TRANSMISSION_COUNTER if fallback is allowed.
2.5 Target Power 
On determining the PREAMBLE_RECEIVED_TARGET_POWER, it recalled that in R16 2-step RA, an offset variable POWER_OFFSET_2STEP_RA was agreed by RAN1 to reflect the power ramping for 2-step RA on top of 4-step RA.  For MSG1 repetition, with the introduction of multiple MSG1 transmission, how to calculate the PREAMBLE_RECEIVED_TARGET_POWER for each RACH attempt may need RAN1 further discussion, e.g. whether to introduce an offset similar to 2-step RA or a repetition number-relevant offset similar to LTE eMTC. 
How to calculate the PREAMBLE_RECEIVED_TARGET_POWER for MSG1 repetition needs further RAN1 inputs.
2.6 RSRP checking
RAN1 agreed that at least one threshold are used for RA resource selection for different repetition number. We think the threshold should be configured per MSG1 repetition number. UE determines that a MSG1 repetition number is available if the RSRP is its associated threshold as shown below: 
[image: ]
Figure 1: repetition number availability checking
In case multiple repetition numbers are both available for RA resource selection, UE shall select the one with highest number. Otherwise UE may not access network successfully if low number is selected.
UE determines that a repetition number is available if RSRP is below the associated threshold.
UE selects the RA resource for MSG1 repetition with highest number if multiple repetition numbers are available.
In R17 CE, a BWP can be only configured with RA resource for MSG3 repetition, i.e. without RA resource for non-MSG3 repetition. In such case UE does not need to perform RSRP checking with a threshold to decide whether to use MSG3 repetition. In R18, we think BWP can be also only configured with RA resource MSG1 repetition but with some difference.
· Case 1: only configured with RA resource for a MSG1 repetition numbers
· Case 2: only configured with separate RA resource for multiple MSG1 repetition numbers
For Case 1, the RSRP checking is not needed, similarly as R17 CE. For case 2, the RSRP checking may be needed to decide which repetition number is used. It is possible that RSRP checking based on threshold(s) is not met for all repetition number (which means that the UE is in good coverage and single preamble transmission would be sufficient), UE cannot do nothing in this case, i.e. the legacy RA resource for single preamble transmission is not provided. Instead we think that the UE can select RA resource with the lowest repetition number even the RSRP is not met for the repetition.
RSRP checking is not needed if only RA resource for a repetition number is configured.
UE can select the RA resource with the lowest repetition number even RSRP is not met for all repetition number in a BWP with R18 CE resource only.
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[bookmark: OLE_LINK7]Based on the discussion in this paper, we propose the following:
1. MSG3 based SI request is supported with MSG1 repetition.
MSG1 based SI request with MSG1 repetition is de-prioritised before RAN1 has more progress.
The support of CFRA with MSG1 repetition is up to RAN1.
Fallback from MSG1 repetition with lower number to MSG1 repetition with higher number is supported. Vice versa is not supported.
Fallback from 2-step RA to 4-step RA with Msg1 repetition and vice versa are not supported.
Wait for RAN1 progress before deciding whether or not fallback from CFRA to CBRA with Msg1 repetition and vice versa is supported.
From MAC perspective, the UE will only increase PREAMBLE_POWER_RAMPING_COUNTER/PREAMBLE_TRANSMISSION_COUNTER by one for a bundle of MSG1 repetition, i.e. UE does not increase PREAMBLE_POWER_RAMPING_COUNTER/ PREAMBLE_TRANSMISSION_COUNTER by one for each MSG1 transmission within a bundle of MSG1 repetition.
RAN2 to discuss whether or not to reset the PREAMBLE_POWER_RAMPING_COUNTER and PREAMBLE_TRANSMISSION_COUNTER if fallback is allowed.
How to calculate the PREAMBLE_RECEIVED_TARGET_POWER for MSG1 repetition needs further RAN1 inputs.
UE determines that a repetition number is available if RSRP is below the associated threshold.
UE selects the RA resource for MSG1 repetition with highest number if multiple repetition numbers are available.
RSRP checking is not needed if only RA resource for a repetition number is configured.
UE can select the RA resource with the lowest repetition number even RSRP is not met for all repetition number in a BWP with R18 CE resource only.
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