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1	Introduction
In RAN2#116-e the following agreements were taken in the Coverage Enhancement WI:

Agreements:
1. Confirm Msg3 repetition is supported on both NUL and SUL, and network can configure different RSRP thresholds for requesting Msg3 repetition on NUL and SUL.  
2. Group B preambles with Msg3 repetition is supported, it is up to network to decide whether to configure Group B together with Msg3 repetition.  
3. If Group B preambles with Msg3 repetition is configured, network can configure separate parameters for requesting Msg3 repetition, including ra-Msg3SizeGroupA, messagePowerOffsetGroupB and numberOfRA-PreamblesGroupA (ASN.1 details can be discussed in session on RACH partitioning)

1. ra-ContentionResolutionTimer is started or restarted in the first symbol after all Msg3 repetitions
2. In shared RO case, it is not supported to configure a separate set of RACH parameters (preambleReceivedTargetPower, powerRampingStep, preambleTransMax) for requesting Msg3 repetition. 
3. In shared RO case, it is not supported to separately configure following parameters for requesting Msg3 repetition:
		prach-ConfigurationIndex
		msg1-FDM
		msg1-FrequencyStart
		zeroCorrelationZoneConfig
		totalNumberOfRA-Preambles
		ssb-perRACH-OccasionAndCB-PreamblesPerSSB
		rsrp-ThresholdSSB-SUL
		prach-RootSequenceIndex
		msg1-SubcarrierSpacing
		restrictedSetConfig
		msg3-transformPrecoder
4. In shared RO case, it is up to the common RACH session to decide how to configure the number of preamble per SSB per RO, and how to indicate the start of preamble index for requesting Msg3 repetition.
5. A separate rsrp-ThresholdSSB threshold is introduced for requesting Msg3 repetition.

Further agreements (previous Working Assumptions confirmed in the common RACH session):
1. From CE perspective, carrier selection and BWP selection are performed ahead of CE selection during RACH procedure.
2. From CE perspective, UE compares the RSRP of DL path-loss reference with the Msg3 repetition threshold [rsrp-Threshold-Msg3Rep] during the RACH initialization procedure and decides whether to use CE or non-CE RA. 
3. From CE perspective, if CE RA is selected, then the decision doesn’t change during the entire RACH procedure (i.e. until RACH failure). 

In this contribution we will continue to discuss the msg3 repetitions 
[bookmark: _Ref178064866]2	Msg3 repetitions
During the study item several different repetition-schemes during the random access procedure were discussed. Out of all channels (PRACH, PDCCH, PDSCH, PUSCH etc) and messages (Msg1, Msg2, Msg3, MsgA, MsgB etc) used during the random access procedure it was decided that Msg3/PUSCH was to be enhanced. 
Due to random access largely being defined in combined effort between RAN1 and RAN2, the largest RAN2 impact is expected out of the following from the WID: 
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1, RAN2]

2.1 MAC issues
In this section we follow up on a number of issue related to MAC procedures. 
2.1.1 Switching behaviour
The main possible impact on 4-step random access indicating Msg3 repetitions is that of the switching behaviour when 4-step or 2-step random access has failed a number of times. 
The switching (to be distinguished from the fallback, which is the action of falling back when receiving fallbackRAR) behaviour from 2-step to 4-step random access illustrated in the following case:
	3>	else (i.e. the RA_TYPE is set to 2-stepRA):
4>	if msgA-TransMax is applied (see clause 5.1.1a) and PREAMBLE_TRANSMISSION_COUNTER = msgA-TransMax + 1:
5>	set the RA_TYPE to 4-stepRA;
5>	perform initialization of variables specific to Random Access type as specified in clause 5.1.1a;
5>	flush HARQ buffer used for the transmission of MAC PDU in the MSGA buffer;
5>	discard explicitly signalled contention-free 2-step RA type Random Access Resources, if any;
5>	perform the Random Access Resource selection as specified in clause 5.1.2.


Thus, the question is whether there shall be switching behaviour between signalling legacy 4-step random access and signalling Msg3 repetitions. It is clear that it could be beneficial to be able to switch from legacy 4-step random access and to 4-step random access indicating Msg3 repetitions, as it most likely will be that Msg3 repetitions will provide better coverage (for a given latency). 
[bookmark: _Toc92795841]It could be beneficial for the UE to be able to switch from legacy random access to random access signalling Msg3 repetitions.
The alternative would be a type of switching based on first declaring RLF and then returning to perform random access and comparing the threshold once again to determine that Msg3 repetitions would be required. Another alternative could be that the network configures the RSRP-threshold in such a manner where Msg3 repetitions resources are selected more frequently so that selection from 4-step to 4-step with Msg3 repetitions are not needed. 
[bookmark: _Toc92795847]RAN2 to discuss switching behaviour related to 4-step random access indicating Msg3 repetitions.
2.1.2 Prioritized random access
Msg3 repetition is a feature that is introduced to support the weakest channel during the random access procedure – but there are already retransmissions available for Msg3 repetitions which can be used for increased coverage, thus the likely improvement for Msg3 repetitions is to allow for more reliable random access under a latency bound.
Prioritized random access is introduced to allow for more prioritized random access in cases such as public safety and many other cases. When a UE is prioritized, the random access configuration allows the UE to use larger power ramping steps and smaller backoff in order to more quickly be able to succeed with having the preambles being decoded correctly and thus finish the random access procedure faster. 
[bookmark: _Toc92795842]Prioritized random access is introduced to increase likeliness of random access success through higher ramping steps and lower backoff.
The rationale for these features of being introduced to make random access more robust and faster can similarly be extended to msg3 repetitions, by having the UE using msg3 repetitions if it is prioritized. 
[bookmark: _Toc92795843]The rationale for introducing prioritized random access can be applied to msg3 repetitions.
Given that it is still the gNB that controls whether msg3 repetitions are applied or not, the practical solution would be that if the UE is prioritized, the UE will select the PRACH resources that indicates msg3 repetitions and thus leave it up to the gNB whether to perform msg3 repetitions or not.  
[bookmark: _Toc92795848]If the UE is prioritized, the UE can be configured to select msg3 PRACH resources.

2.2 CFRA
In the RAN1#107-e meeting the following working assumption was made: 
Working assumption 
· support repetition for a PUSCH scheduled by RAR UL grant, including both Msg3 PUSCH and CFRA PUSCH.
· Use the same mechanism of Msg3 PUSCH repetition, when applicable, for CFRA PUSCH with repetitions.
· No separate CFRA preamble/RO for repetition of CFRA PUSCH is introduced.
· No additional optimization specific for CFRA PUSCH is considered for CFRA PUSCH with repetition.
· No additional RAN1 specification impact

This means that msg3 repetition (repetition of the third message during random access) shall be supported for CFRA. However, since CFRA covers a range of cases, we need to determine which of the CFRA cases that would apply to this case. CFRA is used for reconfiguration with sync, BFR and some more specific cases. 
Where msg3 repetition could be most relevant is likely only for reconfiguration with sync, due to the fact that for BFR and the other cases, there is no third message, or so called PUSCH scheduled by RAR. This is also supported by the fact that 2-step Random access is only applicable for 
[bookmark: _Toc92795849]CFRA for Msg3 (PUSCH scheduled by RAR) is only applicable to reconfiguration with sync.
With it being clear that CFRA for msg3 is only applicable for reconfiguration with sync, we need to look at how to achieve this. In RAN1#yyy the following agreement was made on how to signal the amount of msg3 repetitions for CBRA: 
Agreement
· For indication of the number of repetitions of Msg3 initial transmission, Alt 2 (i.e., using MCS information field) is adopted. 
Four candidate MCS indexes can be configured by SIB1 for Msg3 initial transmission. MCS 0~3 are applied if the configuration is absent.
If the four candidate repetition factors are not configured, the default values are {1, 2, 3, 4}. 

This means that the UE need to determine how to interpret the RAR in case Msg3 repetitions are scheduled. For CBRA this is quite clear that the UE should interpret the RAR in a legacy fashion or potentially indicating Msg3 repetitions depending on what PRACH resources that were chosen. Thus if the UE selects the resources to indicate that Msg3 repetitions are needed, then it shall be clear for the UE that the RAR should be interpreted as if Msg3 repetitions are signalled (#nrRepetitions can still be equal to 1). Similarly, if the network receives a preamble on resources that indicates that Msg3 repetitions are signalled, the network shall only reply with the suitable RAR – the PRACH resources for Msg3 repetitions essentially acts as early support of Msg3 repetitions. In the case where legacy 4-step preambles are transmitted/received it shall also be clear for the UE/network how RAR shall be interpreted. 
[bookmark: _Toc92795844]For CBRA it is clear for the network and UE what RAR should be transmitted, received and interpreted for performing or not performing msg3 repetitions.
For CFRA the situation is different. The difference between CBRA and CFRA is that for CBRA, the UE selects the PRACH resources and will after that know how the RAR shall be interpreted. In CFRA, the UE will not select its own resources but rather be given the preamble resource. If Msg3 repetitions are introduced for CFRA, then the UE will be given specific preambles and not select on its own. If msg3 repetitions are allowed for CFRA, the UE would need to be told how to interpret Msg3. An example of this in RRC can be seen below: 
RACH-ConfigDedicated information element
-- ASN1START
-- TAG-RACH-CONFIGDEDICATED-START


RACH-ConfigDedicated ::=        SEQUENCE {
    cfra                            CFRA                       OPTIONAL, -- Need S
    ra-Prioritization               RA-Prioritization          OPTIONAL, -- Need N
    ...,
    [[
    ra-PrioritizationTwoStep-r16    RA-Prioritization          OPTIONAL, -- Need N
    cfra-TwoStep-r16                CFRA-TwoStep-r16           OPTIONAL  -- Need S
    ]]
}

CFRA ::=                    SEQUENCE {
    occasions                       SEQUENCE {
        rach-ConfigGeneric              RACH-ConfigGeneric,
        ssb-perRACH-Occasion            ENUMERATED {oneEighth, oneFourth, oneHalf, one, 
                                         two, four, eight, sixteen}    OPTIONAL  -- Cond Mandatory
    }                                                          OPTIONAL, -- Need S
    resources                       CHOICE {
        ssb                             SEQUENCE {
            ssb-ResourceList                SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
            ra-ssb-OccasionMaskIndex        INTEGER (0..15)
        },
        csirs                           SEQUENCE {
            csirs-ResourceList              SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
            rsrp-ThresholdCSI-RS            RSRP-Range
        }
    },
    ...,
    [[
    totalNumberOfRA-Preambles INTEGER (1..63)        OPTIONAL -- Cond Occasions
    ]], 
    [[
    rar-PuschRepetition-r17            ENUMERATED {intepretAsRepetitions}    OPTIONAL,   -- Need S
	]]
}


-- TAG-RACH-CONFIGDEDICATED-STOP
-- ASN1STOP

	CFRA field descriptions

	...

	rar-PuschRepetition
Signals whether the UE shall interpret the RAR fields as indicating repetitions for PUSCH scheduled by RAR, see 38.213 [X]



[bookmark: _Toc92795850]CFRA for Msg3 (PUSCH scheduled by RAR) can be enabled by the network signalling how the UE shall interpret RAR in the CFRA/RACH-ConfigDedicated configuration.
[bookmark: _Toc92795851]Introduce a flag in CFRA configuration on how RAR shall be interpreted for CFRA.
[bookmark: _Toc92795852]Take the RRC excerpt as a baseline for introducing Msg3 repetitions for CFRA.

3 UE capabilities
RAN1 has recently provided RAN2 with the feature list for coverage enhancements. The feature list as seen in the Appendix contains 16 capabilities, where one of them is the capability for msg3 repetitions. This means that RAN2 will no longer have to decide whether to introduce a new capability for msg3 repetitions. 
[bookmark: _Toc92795845]RAN1 has introduced a capability for msg3 repetitions.
The msg3 capability has the title “Repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI”, to reflect the fact that the repetitions are applied both for msg3 as well as for PUSCH scheduled by RAR, which is RAN1-speak for CFRA msg3. 
	30. NR_cov_enh
	Repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI 
	UE does not support repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI.



To convert this to a capability in 38.306 there could be a need add some clarifications, such as need to support features such as random access group B and that it can be configured as part of a preamble group as discussed in RACH Indication and Partitioning WI. 
[bookmark: _Toc92795846]Clarifications on capability for msg3 repetition should be introduced.
With these changes, we think that the example below can be taken as a baseline:


	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	msg3Repetition-r17
Indicates support of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI. The UE supports the following for repetition of msg3 in the 4-step random access procedure:
-	Determining PRACH resource to signal msg3 repetitions;
-     Configuring Random access preamble group B;
-     Signalled as part of a preamble group; 
-	CFRA/reconfig with sync part (as RAN2 will agree above)
A UE supporting this shall also support pusch-RepetitionTypeA-r16.
	
	No
	No
	



[bookmark: _Toc92795853]RAN2 to take capability signaling of msg3 repetitions as baseline.



4 Conclusion
In the previous sections we made the following observations: 
Observation 1	It could be beneficial for the UE to be able to switch from legacy random access to random access signalling Msg3 repetitions.
Observation 2	Prioritized random access is introduced to increase likeliness of random access success through higher ramping steps and lower backoff.
Observation 3	The rationale for introducing prioritized random access can be applied to msg3 repetitions.
Observation 4	For CBRA it is clear for the network and UE what RAR should be transmitted, received and interpreted for performing or not performing msg3 repetitions.
Observation 5	RAN1 has introduced a capability for msg3 repetitions.
Observation 6	Clarifications on capability for msg3 repetition should be introduced.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss switching behaviour related to 4-step random access indicating Msg3 repetitions.
Proposal 2	If the UE is prioritized, the UE can be configured to select msg3 PRACH resources.
Proposal 3	CFRA for Msg3 (PUSCH scheduled by RAR) is only applicable to reconfiguration with sync.
Proposal 4	CFRA for Msg3 (PUSCH scheduled by RAR) can be enabled by the network signalling how the UE shall interpret RAR in the CFRA/RACH-ConfigDedicated configuration.
Proposal 5	Introduce a flag in CFRA configuration on how RAR shall be interpreted for CFRA.
Proposal 6	Take the RRC excerpt as a baseline for introducing Msg3 repetitions for CFRA.
Proposal 7	RAN2 to take capability signaling of msg3 repetitions as baseline.
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