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The introduction of Multiple PRACH Enhancements brings some discussion about how a failed single PRACH transmission should be handled in the absence of a defined fallback procedure. Furthermore, the CFRA case of BFR is discussed in this contribution.
[bookmark: _Ref178064866][bookmark: _Ref117485385]Discussion
2.1 CFRA for BFR and CHO
During RAN2#123 the case of CFRA for BFR was discussed, and the following agreement was made:
RAN2#123: CFRA with Msg1 repetition for BFR and with PDCCH order are not supported (can be revisited if there is consensus to support this)
During RAN2#123bis there was no discussions on this particular matter and we would like to discuss a similar case to the CFRA for BFR.
CFRA will be used to allocate resources to a UE for a future event, e.g. beam failure or conditional handover. It would be possible to allocate one or several RACH resources to enable the use of different repetition factors in the case that UE needs to use them in the future. Two alternatives have earlier been proposed for these cases:
Alternative 1: The network allocates several resources to a UE by means of RRC signaling and the UE has the possibility to choose among these based on the conditions at the time of access.
Alternative 2: The network allocates one resource to the UE by means of RRC signaling and the UE has no choice at the time of access. This alternative could further be divided among 2a and 2B
	2a) The network continuously updates the allocated RACH resource by means of MAC signaling to ensure that the selected repetition factor is suitable for the radio environment.
	2b) The network provides no further guidance and the firstly chosen RACH resource with corresponding repetition factor has to cover for all cases.
After agreements made in RAN2#123 referred above and during email discussions before RAN2#124 it seems as the continuous update is not preferred from a majority of companies. Thus, only option 2b) above seems supported at current time.
[bookmark: _Toc148952103]No agreement excludes the use of CFRA for CHO or BFR if one repetition is configured through RRC.
It is our view that even if one specific repetition factor through RRC is the only option to configure, it would still add value to the functionality. The reason for this is that it is not clear how networks will use the repetitions, and the way that the RACH Partitioning Framework is used the number of partitions will increase exponentially. This may lead to networks only configuring one repetition factor. And even if more repetition factors are available, for the purpose of CFRA it may be enough with just allocating one.
[bookmark: _Toc148952104]A UE could do BFR without modification of PDCCH Order, thus respecting previous RAN2 agreements.
[bookmark: _Toc148952109]CFRA for Beam Failure Recovery and Conditional Handover is supported through RRC signaling with one repetition factor.
2.2 Legacy Random Access Procedure Failures
Previous RAN2 meetings has agreed that no fallback procedure is defined from single PRACH to multiple PRACH transmissions.
RAN2#121bis-e: RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS
This comes from the fact that it would involve both RRC and MAC and thus impact specifications heavily. Furthermore, it is now assumed to be treated by legacy behavior, i.e. a failed random access procedure triggers radio link failure in RRC with associated actions.
[bookmark: _Toc148952105]A failed (legacy) Random Access procedure will make RRC re-evaluate conditions, and potentially (if indicated by RSRP thresholds) trigger a new Random Access procedure with multiple PRACH transmissions.
By the existing logic, it seems like the previous Random Access procedure did not succeed due to radio characteristics, and thus it would be beneficial to further increase the probability to use multiple PRACH transmissions. A way of doing this could be to apply a penalty to the measured RSRP value, to further increase the likelihood of using multiple PRACH transmissions.
[bookmark: _Toc148952110]For a UE capable of multiple PRACH transmissions that has made a failed single PRACH transmission random access procedure, instead of triggering actions related to radio link failure, a new attempt with a higher chance of multiple PRACH random access procedure can be done.
After a failed attempt on single PRACH, a new attempt would be beneficial to be done with multiple PRACH transmissions (since single PRACH has just failed), so specifying to use multiple PRACH directly seems beneficial from a technical point of view. However, since there already exists selection procedures for multiple PRACH it would be beneficial to use these, to minimize specifications impact.
[bookmark: _Toc148952106]Selecting multiple PRACH after a failed single PRACH attempt could be done according to different options:
A) A penalty is applied to the RSRP threshold that is used to trigger multiple PRACH transmission to increase the probability to use multiple PRACH.
B) Multiple PRACH is automatically selected with a certain repetition factor
C) A combination; Multiple PRACH is selected based on RSRP modification from A) but at least with a configured repetition factor (e.g. at least 2, but more if RSRP modification and thresholds suggests it).
[bookmark: _Toc148952107]Fallback from lower to higher number of repetitions is already supported, so defaulting to lowest number of repetitions is enough, to minimize specification impact.
The triggering of this in the RRC specification could be handled based on the technical proposal in ANNEX – TP for Multiple PRACH trigger when single PRACH fails.
[bookmark: _Toc148952111]For a failed random access procedure with single PRACH transmissions, a multiple PRACH capable UE shall automatically perform multiple PRACH transmissions with the lowest repetition factor.
2.3 Individual RSRP thresholds
Furthermore, if the RSRP thresholds are the only instruments to steer the number of Multiple PRACH transmissions, it might be necessary to include some options to individually steer UEs depending on success rate of the access. Since all UEs in the case of RSRP thresholds will use a set of thresholds reported in the System Information, these will be the same for all UEs. Since the RSRP only measures the downlink signal strength, it would not reflect the actual quality in the UE radio characteristics. For this reason, two UEs with the same RSRP, might not have the same preconditions for random access success rate.
[bookmark: _Toc142574024][bookmark: _Toc148952108]Two UEs with the same RSRP might not have the same conditions for success of a random access procedure.
For this reason, we propose that the network can assign an individual RSRP threshold to a UE, by means of RRC signaling after a successful RACH procedure. The individual threshold could be used by the network to adapt to the specific radio characteristics of a single UE and could be conditional on that the UE has been static (TA value has not changed).
[bookmark: _Toc142574028][bookmark: _Toc148952112]Individual RSRP thresholds could be configured for a UE.

During RAN2#123bis, the following agreement was done:
	RAN2#123bis: Separate SI-RequestResources is configured for different repetition number (2,4,8), under a common SI-RequestConfig which is different from legacy SI-RequestConfig



It can be observed for the agreement that the different repetitions are signaled in SI-RequestResources for all repetitions (2,4,8). However, current SI-RequestResources only indicates one ra-AssociationPeriodIndex, while the set of ROs might span more than one association period for the case of Multiple PRACH Transmissions. This could be handled by one of the options below:
[bookmark: _Hlk149729652]Opt A) Collision handling in RAN1 specification handles this with a restriction that multiple PRACH transmissions are restrained in the indicated association period in one si-RequestPeriod.
Opt B) The ra-AssociationPeriodIndex denotes the first association period in every si-RequestPeriod, and the UE implicitly determines a number of association periods starting from the indicated association period within si-RequestPeriod for the multiple PRACH transmissions. 
Opt C) Multiple PRACH transmissions can be performed in ROs in the indicated association period in more than one si-RequestPeriod.
[bookmark: _Hlk149731713]Opt D) a UE doesn't expect a configured PRACH repetition factor for SI request to be larger than the number of ROs permitted by ra-ssb-OccasionMaskIndex in an association period.
Specification needs to be updated with information about multiple association periods.
RAN2 to discuss the alternatives described and the impact on RAN1/RAN2 specifications.
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Conclusion
[bookmark: _Hlk76116627]In the previous sections we made the following observations: 
Observation 1	No agreement excludes the use of CFRA for CHO or BFR if one repetition is configured through RRC.
Observation 2	A UE could do BFR without modification of PDCCH Order, thus respecting previous RAN2 agreements.
Observation 3	A failed (legacy) Random Access procedure will make RRC re-evaluate conditions, and potentially (if indicated by RSRP thresholds) trigger a new Random Access procedure with multiple PRACH transmissions.
Observation 4	Selecting multiple PRACH after a failed single PRACH attempt could be done according to different options: A) A penalty is applied to the RSRP threshold that is used to trigger multiple PRACH transmission to increase the probability to use multiple PRACH B) Multiple PRACH is automatically selected with a certain repetition factor C) A combination; Multiple PRACH is selected based on RSRP modification from A) but at least with a configured repetition factor (e.g. at least 2, but more if RSRP modification and thresholds suggests it).
Observation 5	Fallback from lower to higher number of repetitions is already supported, so defaulting to lowest number of repetitions is enough, to minimize specification impact.
Observation 6	Two UEs with the same RSRP might not have the same conditions for success of a RACH attempt.

Based on the discussion in the previous sections we propose the following:
Proposal 1	CFRA for Beam Failure Recovery and Conditional Handover is supported through RRC signaling with one repetition factor.
Proposal 2	For a UE capable of multiple PRACH transmissions that has made a failed single PRACH transmission random access procedure, instead of triggering actions related to radio link failure, a new attempt with a higher chance of multiple PRACH random access proedure can be done.
Proposal 3	For a failed attempt with single PRACH transmissions, a multiple PRACH capable UE shall automatically perform multiple PRACH transmissions with the lowest repetition factor.
Proposal 4	Individual RSRP thresholds could be configured for a UE.
[bookmark: _In-sequence_SDU_delivery]
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[bookmark: _Ref148605212]ANNEX – TP for Multiple PRACH trigger when single PRACH fails
	1. [bookmark: _Toc60776825][bookmark: _Toc131064482]5.3.10.3	Detection of radio link failure
The UE shall:
1>	if any DAPS bearer is configured and T304 is running:
2>	upon T310 expiry in source SpCell; or
2>	upon random access problem indication from source MCG MAC; or
2>	upon indication from source MCG RLC that the maximum number of retransmissions has been reached; or
2>	upon consistent uplink LBT failure indication from source MCG MAC:
3>	consider radio link failure to be detected for the source MCG i.e. source RLF;
3>	suspend the transmission and reception of all DRBs and multicast MRBs in the source MCG;
3>	reset MAC for the source MCG;
3>	release the source connection.
1>	else:
2>	during a DAPS handover: the following only applies for the target PCell;
2>	upon T310 expiry in PCell; or
2>	upon T312 expiry in PCell; or
2>	upon random access problem indication from MCG MAC while neither T300, T301, T304, T311 nor T319 are running and SDT procedure is not ongoing; or
2>	upon indication from MCG RLC that the maximum number of retransmissions has been reached while SDT procedure is not ongoing; or
2>	if connected as an IAB-node, upon BH RLF indication received on BAP entity from the MCG; or
2>	upon consistent uplink LBT failure indication from MCG MAC while T304 is not running:
3>	if the indication is from MCG RLC and CA duplication is configured and activated for MCG, and for the corresponding logical channel allowedServingCells only includes SCell(s):
4>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
3> if the random access procedure was not performed with multiple PRACH transmissions the UE is capable of multiple PRACH transmissions and MAX_RETRIES_COUNTER <= MAX_VALUE
	4> Increase MAX_RETRIES_COUNTER with 1;
	4> Initiate the Random Access procedure (TS 38.321 [3], clause 5.1);
3>	else:
4>	consider radio link failure to be detected for the MCG, i.e. MCG RLF;
4>	discard any segments of segmented RRC messages stored according to 5.7.6.3;
NOTE:	Void.
4>	if AS security has not been activated:
5>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other';-
4>	else if AS security has been activated but SRB2 and at least one DRB or multicast MRB or, for IAB, SRB2, have not been setup:
5>	store the radio link failure information in the VarRLF-Report as described in clause 5.3.10.5;
5>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'RRC connection failure';
4>	else:
5>	store the radio link failure information in the VarRLF-Report as described in clause 5.3.10.5;
5>	if T316 is configured; and
5>	if SCG transmission is not suspended; and
5>	if the SCG is not deactivated; and
5>	if neither PSCell change nor PSCell addition is ongoing (i.e. timer T304 for the NR PSCell is not running in case of NR-DC or timer T307 of the E-UTRA PSCell is not running as specified in TS 36.331 [10], clause 5.3.10.10, in NE-DC):
6>	initiate the MCG failure information procedure as specified in 5.7.3b to report MCG radio link failure.
5>	else:
6>	initiate the connection re-establishment procedure as specified in 5.3.7.
A L2/L3 U2N Relay UE shall:
1>	upon detecting radio link failure:
2>	it either indicates to upper layers (to trigger PC5 unicast link release) or sends Notification message to the connected L2/L3 U2N Remote UE(s) in accordance with 5.8.9.10.
The UE shall:
1>	upon T310 expiry in PSCell; or
1>	upon T312 expiry in PSCell; or
1>	upon random access problem indication from SCG MAC; or
1>	upon indication from SCG RLC that the maximum number of retransmissions has been reached; or
1>	if connected as an IAB-node, upon BH RLF indication received on BAP entity from the SCG; or
1>	upon consistent uplink LBT failure indication from SCG MAC:
2>	if the indication is from SCG RLC and CA duplication is configured and activated for SCG, and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2>	else:
3>	consider radio link failure to be detected for the SCG, i.e. SCG RLF;
3>	if the SCG is deactivated:
4>	stop radio link monitoring on the SCG;
4>	indicate to lower layers to stop beam failure detection on the PSCell;
3>	if MCG transmission is not suspended:
4>	initiate the SCG failure information procedure as specified in 5.7.3 to report SCG radio link failure.
3>	else:
4>	if the UE is in NR-DC:
5>	initiate the connection re-establishment procedure as specified in 5.3.7;
4>	else (the UE is in (NG)EN-DC):
5>	initiate the connection re-establishment procedure as specified in TS 36.331 [10], clause 5.3.7;




