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[bookmark: _Ref462817227]Introduction
In RAN2#107bis meeting, it was agreed to have a further discussion on RACH and MRO related report contents.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][107#45][NR/SON] RACH and Mobility Robustness optimisation checking (CATT)
	Intended outcome: email discussion report
	Deadline: Thursday 10/03/2019
	- Check the feasibility of the parameters provided by RAN3

As part of the email discussion [1], many of the report contents of the RACH report were discussed and agreements are made in RAN2#108 meeting. According to the agreements, in this paper, we discuss the remaining open issues that require further discussion and decision.

[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion
[bookmark: _Toc12372235][bookmark: _Toc12372251]In the meeting RAN2#108 in Chongqing, companies have converged to the following agreements for the RACH report.
	1    One indicator is needed to differentiate the uplink carrier type, e.g. NUL/SUL for one RACH procedure. RAN2 can further discuss which of the following option is more desirable to capture the requirement through implicit method. NUL/SUL RACH carrier related info is included in the RACH report to implicitly indicate the uplink carrier type.
2    ‘Contention detection indication’ is included in the RACH report. ‘Contention detection indication’ is per RACH attempt granularity.
3    ‘Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts’ is included in the RACH report.
4     ‘The frequency (NR ARFCN) of tried SSBs’ is not included in the RACH report.
5	RAN2 confirm ‘Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold’ is included in the RACH report and this indication is per RACH attempt granularity.
6	RAN2 confirm ‘Elapsed time from the last measurement prior to the beam selection time’ is not included in the RACH report.
7	All RACH scenarios are applicable for RACH report.



We have provided some color coding to highlight which measurements were agreed with no open issues in our view (green) and which were agreed but there might be some open issues (yellow) to discuss and capture during the next meeting. The agreements in green color can be left out of discussion from here on in.  In the rest of the contribution, we discuss the measurements highlighted in yellow. 
Inclusion of a list of RACH reports
As part of the RAN2 107#45 email discussion, as well as agreements in RAN2#108 most companies preferred that the UE shall include the RACH report related information associated to each performed RACH procedure initiated by different use cases. To simplify the discussion, we number the possible RACH use cases:
a.	Initial access from RRC_IDLE;
b.	RRC Connection Re-establishment procedure;
c.	Handover;
d.	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
e.	UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
f.	Beam failure recovery;
g.	Request by RRC upon reconfiguration with sync;
h.	Transition from RRC_INACTIVE;
i.	To establish time alignment at SCell addition;
j.	Request for Other SI;


Some of these RACH attempts are made towards the serving cell itself (e.g., initial access, beam failure recovery, etc.) whereas some other RACH attempts are made towards the non-serving cell (target cell of a handover, failed re-establishment attempt). As the purpose of the RACH report is to aid the network in improving the RACH configuration, most companies converged to the point that the RACH report should be produced in such a way to collect information related to each performed RACH. 
[bookmark: _Toc23510083][bookmark: _Toc23513331][bookmark: _Toc23516255][bookmark: _Toc23950194][bookmark: _Toc23950236]In RAN2#108 it has been agreed that RACH report is applicable to all RACH scenarios. 
The potential signals used to indicate the availability of RACH report are RRCReconfigurationComplete, RRCSetupComplete, RRCResumeComplete and RRCReestablishmentComplete messages. All these messages are sent in response to a corresponding DL message and they are sent to the RRC i.e., CU-CP. Only few of the RA procedures are visible to the RRC i.e., for example, the RRC is unaware of the BFR procedure and there is no direct message from the UE to indicate that it has a RACH report available.
[bookmark: _Toc23510084][bookmark: _Toc23513332][bookmark: _Toc23516256][bookmark: _Toc23950195][bookmark: _Toc23950237]Availability indication and soliciting mechanism for the logged RACH report is a functionality of RRC signaling.
[bookmark: _Toc12372180][bookmark: _Toc12372201][bookmark: _Toc12372207][bookmark: _Toc20309897][bookmark: _Toc20754701][bookmark: _Toc20756368][bookmark: _Toc23418731][bookmark: _Toc23510085][bookmark: _Toc23513333][bookmark: _Toc23516257][bookmark: _Toc23950196][bookmark: _Toc23950238][bookmark: _Hlk490233163][bookmark: _Toc12372181][bookmark: _Toc12372202][bookmark: _Toc12372208][bookmark: _Toc20309898]RA procedures like Beam Failure Recovery (BFR) are invisible to the RRC and therefore, the existing mechanisms do not enable the UE to inform the network side’s RRC about such a report being available.
Hence logging RACH reports associated to RACH procedures performed invisible to the network side RRC (e.g., RACH for BFR procedure) may not be fetched by the network and later be replaced by a new RACH report (likely visible by the network side RRC). This issue can be resolved based on a list of RACH report provided by the UE. In other words, RACH report can be tailored in such a way to log multiple RACH reports. 
[bookmark: _Toc20309900][bookmark: _Toc20754709][bookmark: _Toc20756376][bookmark: _Toc23418723][bookmark: _Toc23435194][bookmark: _Toc23494217][bookmark: _Toc23510078][bookmark: _Toc23516266][bookmark: _Toc23770296][bookmark: _Toc23949121][bookmark: _Toc23949227][bookmark: _Toc23949398][bookmark: _Toc23950062][bookmark: _Toc23950188]The UE shall store more than one RACH procedure related RACH report and inform the network about such a report availability at once.
Later the availability of this list of RACH reports can be indicated to the network whenever an RRC signaling is initiated from UE or network side (e.g., one example, the availability of the list of RACH reports can be indicated to the network as part of RRC Reconfiguration Complete signal when UE performed a reconfiguration of RRC resources or performed a HO).  The schematic view of compiling a list of RACH report and signaling to the network is shown in the Figure 1.
[image: ]
Figure 1. Schematic view of handling a list of RACH Reports.
[bookmark: _Toc12372237][bookmark: _Toc12372253][bookmark: _Toc12372264][bookmark: _Toc12372273]The advantage of this method is that the number of RRC messages to collect the RACH report from the UE remains the same as that of the legacy. However, one limitation of this method may be requirement of a slightly larger memory compared to the legacy RACH report, to enable the UE storing/logging multiple RACH reports in a list.
UEInformationResponse-r16-IEs ::=		SEQUENCE {
	rach-ReportList						RACH-ReportList			OPTIONAL	
	nonCriticalExtension				SEQUENCE {}				OPTIONAL
}

RACH-ReportList	::=						SEQUENCE (size (1..MAXrachREPORT)) of RACH-Report

RACH-Report	::=					SEQUENCE {
		numberOfPreamblesSent-r16				NumberOfPreamblesSent-r16,
		absoluteFrequencyPointA-r16				ARFCN-ValueNR,
		perRACHAttemptInfoList-r16				PerRACHAttemptInfoList-r16
}
PerRACHAttemptInfoList-r16 ::=		SEQUENCE (SIZE (1.. preambleTransMax)) OF PerRACHAttemptInfo-r16
PerRACHAttemptInfo-r16 ::=				SEQUENCE {
	ssb-Index-r16					SSB-Index,
	contentionDetected-r16			BOOLEAN,
	ssbRSRPQualityIndicator-r16		BOOLEAN,
}
 









Figure 2. Potential format of RACH Report list as part of UE information response.
Based on the above analysis, we think that it should be possible for the UE to store more than one RACH procedure related RACH report and inform them to the network in a single indication. One can further discuss how many such RACH access related information can be included by the UE so that the UE memory impact can also be taken into account. For the sake of clarity, an exemplified illustration of the list of RACH report in ASN.1 format is shown in Figure 2.
One of the remaining issues to discuss is the number of RACH reports that UE can accumulate as part of RACH report list. This may be related to the UE’s constraints on memory consumption, hence we propose RAN2 discuss the maximum number of RACH reports to be collected in the list of RACH reports.
[bookmark: _Toc23435195][bookmark: _Toc23494218][bookmark: _Toc23510079][bookmark: _Toc23516267][bookmark: _Toc23770297][bookmark: _Toc23949122][bookmark: _Toc23949228][bookmark: _Toc23949399][bookmark: _Toc23950063][bookmark: _Toc23950189]RAN2 discuss and decide the maximum number of RACH reports in RACH Report list.
Another issue that may deserve further discussion is the UE action when UE moves from RRC_Connected mode to the RRC_INACTIVE or RRC_IDLE mode. UE may flush the list of the RACH reports or may keep the RACH report for a period of time, hopping to report the list of RACH reports to the network when it returns back to RRC_Connected mode.
[bookmark: _Toc23510080][bookmark: _Toc23516268][bookmark: _Toc23770298][bookmark: _Toc23949123][bookmark: _Toc23949229][bookmark: _Toc23949400][bookmark: _Toc23950064][bookmark: _Toc23950190]RAN2 discuss and decide the on the UE action when UE make transition from RRC_Connected to RRC_IDLE or RRC_INACTIVE mode. UE may flush the list of RACH report or keep it for a period of time.
Discussions on SUL/NUL indication in RACH report
As part of the RACH procedure, the UE selects the SUL or the NUL and it cannot switch between the two uplinks during the execution of a given RACH procedure. This is specified in the MAC specification [2].  Based on this, one can say that the UE either sends the preambles only in SUL or only in NUL for a given RA procedure. 
Generally, when the RA procedure is successful, the network gets to know whether the UE used the NUL or the SUL. Therefore, the network does not need any additional indication as to whether the UE used the SUL or the NUL.
[bookmark: _Toc20754694][bookmark: _Toc20756361][bookmark: _Toc23418729][bookmark: _Toc23513334][bookmark: _Toc23516258][bookmark: _Toc23950197][bookmark: _Toc23950239]The UE either sends all the RA preambles (until it succeeds or declares RLF) only in SUL or only in NUL for a given RA procedure.
[bookmark: _Toc20754695][bookmark: _Toc20756362][bookmark: _Toc23418730][bookmark: _Toc23513335][bookmark: _Toc23516259][bookmark: _Toc23950198][bookmark: _Toc23950240]When the RACH is successful the SUL/ NUL usage is visible to the network based on the frequency location wherein the RA preamble is received. Hence SUL/NUL indication is not required in RACH report
When the RA procedure fails, the UE declares RLF and based on some of the agreements from the SI phase and from the 107#45 email discussion, companies have agreed to include at least the beam identity and the number of RACH attempts will be included. In that scenario, the network do not have the knowledge of whether the UE tried to access the cell via SUL or via NUL. Therefore, we propose the inclusion of the SUL or NUL indicator in the RACH report and the entire RACH report as part of RLF report. However, in RRC_Connected mode UE may be configured with 4 different BWPs (while only one of them can be activated at a time), wherein each BWP may be allocated with different RACH resources from other BWPs. 
[bookmark: _Toc23516260][bookmark: _Toc23950199][bookmark: _Toc23950241]When the UE fails in RACH procedure, the SUL/NUL usage is not visible to the network. 
[bookmark: _Toc23516261][bookmark: _Toc23950200][bookmark: _Toc23950242]When the UE fails in RACH procedure, the activated BWP (in case the UE context is deleted after failure) is not visible to the network. 

Therefore, as agreed in the RAN2#108 (agreement #1), it is important that for the case of failed RACH procedure, UE provides SUL/NUL RACH frequency related information in a way that network could deduce the SUL/NUL usage as well as the BWP used by the UE when performing the RACH procedure (that was failed).  This might be more crucial when network removes the UE context and hence would not be aware of the activated BWP of the UE.
[image: ]
Figure 3. BWP in uplink and the required parameters to identify the used BWP in RACH report.
Therefore, we propose UE include the AbsoluteFrequencyPointA as well as MSG1-FrequencyStart as part of RACH related information when UE fails in RACH procedure, to enable the network deducing the SUL/NUL usage as well as the activate BWP when RACH has been performed.
[bookmark: _Toc23516269][bookmark: _Toc23770299][bookmark: _Toc23949124][bookmark: _Toc23949230][bookmark: _Toc23949401][bookmark: _Toc23950065][bookmark: _Toc23950191]RAN2 agree on including MSG1-FrequencyStart as part of RACH related information in the RACH report.
In our understanding, it is beneficial to include the entire RACH report as part of the RLF report if the RLF failure cause is the ‘random access’. This is simpler from the UE implementation perspective as the UEs need to implement only one variable associated to the RACH report which will be sent to the network both when the RACH procedure succeeds or when the RLF happens (by including the RACH report within the RLF report). This is more useful to the network as the network can learn about the cause for the RACH issues in depth. This is further discussed in [3].
Note that to support the content of the RCAH report under discussion in the running CR on NR SON [4], it is required that MAC entity in which the RACH is performed provide the required information to RRC layer. This information may include the index of the selected beam and an indication on the quality of the selected beam (i.e., whether the quality of the selected beam is above the L1 unfiltered threshold or not).
[bookmark: _Toc23770300][bookmark: _Toc23949125][bookmark: _Toc23949231][bookmark: _Toc23949402][bookmark: _Toc23950066][bookmark: _Toc23950192]RAN2 is requested to check and accept the annexed text proposal in 38.321 to support providing the required information from MAC entity to the RRC layer.

Other issues related to RACH report 
It has been agreed that all RACH accesses could generate the RACH report. One such procedure which uses RACH access is the BFR procedure. As part of the BFR related configuration, the network can configure either SSB related RACH resources or CSI-RS related RACH resources or both, see below the selected excerpts from RRC spec.
BeamFailureRecoveryConfig
The IE BeamFailureRecoveryConfig is used to configure the UE with RACH resources and candidate beams for beam failure recovery in case of beam failure detection. See also TS 38.321 [3], clause 5.1.1.
BeamFailureRecoveryConfig information element
-- ASN1START
-- TAG-BEAMFAILURERECOVERYCONFIG-START

BeamFailureRecoveryConfig ::=       SEQUENCE {
    rootSequenceIndex-BFR               INTEGER (0..137)                                                          OPTIONAL, -- Need M
    rach-ConfigBFR                      RACH-ConfigGeneric                                                        OPTIONAL, -- Need M
    rsrp-ThresholdSSB                   RSRP-Range                                                                OPTIONAL, -- Need M
    candidateBeamRSList                 SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR   OPTIONAL, -- Need M
/*Other parameters are skipped*/
    ...

}

-- TAG-BEAMFAILURERECOVERYCONFIG-STOP
-- ASN1STOP


candidateBeamRSList
A list of reference signals (CSI-RS and/or SSB) identifying the candidate beams for recovery and the associated RA parameters. The network configures these reference signals to be within the linked DL BWP (i.e., within the DL BWP with the same bwp-Id) of the UL BWP in which the BeamFailureRecoveryConfig is provided.

Based on this, it is clear that the CSI-RS based RACH access is possible in Rel-15 and hence it should be part of the RACH report.  
[bookmark: _Toc23950243]Beam failure recovery related RACH configuration includes CSI-RS based RACH resources. 
[bookmark: _Toc23950193]CSI-RS based RACH access information is included in the RACH report.

[bookmark: _Toc461106288]Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365][bookmark: _Toc12372239][bookmark: _Toc12372255][bookmark: _Toc12372266]In this contribution, the following observations were captured:
Observation 1	In RAN2#108 it has been agreed that RACH report is applicable to all RACH scenarios.
Observation 2	Availability indication and soliciting mechanism for the logged RACH report is a functionality of RRC signaling.
Observation 3	RA procedures like Beam Failure Recovery (BFR) are invisible to the RRC and therefore, the existing mechanisms do not enable the UE to inform the network side’s RRC about such a report being available.
Observation 4	The UE either sends all the RA preambles (until it succeeds or declares RLF) only in SUL or only in NUL for a given RA procedure.
Observation 5	When the RACH is successful the SUL/ NUL usage is visible to the network based on the frequency location wherein the RA preamble is received. Hence SUL/NUL indication is not required in RACH report
Observation 6	When the UE fails in RACH procedure, the SUL/NUL usage is not visible to the network.
Observation 7	When the UE fails in RACH procedure, the activated BWP (in case the UE context is deleted after failure) is not visible to the network.
Observation 8	Beam failure recovery related RACH configuration includes CSI-RS based RACH resources.
In this contribution, the following proposals were captured:
Proposal 1	The UE shall store more than one RACH procedure related RACH report and inform the network about such a report availability at once.
Proposal 2	RAN2 discuss and decide the maximum number of RACH reports in RACH Report list.
Proposal 3	RAN2 discuss and decide the on the UE action when UE make transition from RRC_Connected to RRC_IDLE or RRC_INACTIVE mode. UE may flush the list of RACH report or keep it for a period of time.
Proposal 4	RAN2 agree on including MSG1-FrequencyStart as part of RACH related information in the RACH report.
Proposal 5	RAN2 is requested to check and accept the annexed text proposal in 38.321 to support providing the required information from MAC entity to the RRC layer.
Proposal 6	CSI-RS based RACH access information is included in the RACH report.
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1 [bookmark: _Toc525610772]5.1.2	Random Access Resource selection
The MAC entity shall:
1>	if the Random Access procedure was initiated for beam failure recovery (as specified in subclause 5.17); and
1>	if the beamFailureRecoveryTimer (in subclause 5.17) is either running or not configured; and
1>	if the contention-free Random Access Resources for beam failure recovery request associated with any of the SSBs and/or CSI-RSs have been explicitly provided by RRC; and
1>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSList or the CSI-RSs with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the CSI-RSs in candidateBeamRSList is available:
2>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSList or a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the CSI-RSs in candidateBeamRSList;
2>	if CSI-RS is selected, and there is no ra-PreambleIndex associated with the selected CSI-RS:
3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the SSB in candidateBeamRSList which is quasi-collocated with the selected CSI-RS as specified in TS 38.214 [7].
2>	else:
3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB or CSI-RS from the set of Random Access Preambles for beam failure recovery request.
1>	else if the ra-PreambleIndex has been explicitly provided by PDCCH; and
1>	if the ra-PreambleIndex is not 0b000000:
2>	set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;
2>	select the SSB signalled by PDCCH.
1>	else if the contention-free Random Access Resources associated with SSBs have been explicitly provided by RRC and at least one SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs is available:
2>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.
1>	else if the contention-free Random Access Resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs is available:
2>	select a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
1>	else if the Random Access procedure was initiated for SI request (as specified in TS 38.331 [5]); and
1>	if the Random Access Resources for SI request have been explicitly provided by RRC:
2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SSB.
2>	select a Random Access Preamble corresponding to the selected SSB, from the Random Access Preamble(s) determined according to ra-PreambleStartIndex as specified in TS 38.331 [5];
2>	set the PREAMBLE_INDEX to selected Random Access Preamble.
1>	else (i.e. for the contention-based Random Access preamble selection):
2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SSB.
2>	if Msg3 has not yet been transmitted:
3>	if Random Access Preambles group B is configured:
4>	if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – preambleReceivedTargetPower – msg3-DeltaPreamble – messagePowerOffsetGroupB; or
4>	if the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size plus MAC subheader is greater than ra-Msg3SizeGroupA:
5>	select the Random Access Preambles group B.
4>	else:
5>	select the Random Access Preambles group A.
3>	else:
4>	select the Random Access Preambles group A.
2>	else (i.e. Msg3 is being retransmitted):
3>	select the same group of Random Access Preambles as was used for the Random Access Preamble transmission attempt corresponding to the first transmission of Msg3.
2>	if the association between Random Access Preambles and SSBs is configured:
3>	select a Random Access Preamble randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group.
2>	else:
3>	select a Random Access Preamble randomly with equal probability from the Random Access Preambles within the selected Random Access Preambles group.
2>	set the PREAMBLE_INDEX to the selected Random Access Preamble.
1>	if the Random Access procedure was initiated for SI request (as specified in TS 38.331 [5]); and
1>	if ra-AssociationPeriodIndex and si-RequestPeriod are configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB in the association period given by ra-AssociationPeriodIndex in the si-RequestPeriod permitted by the restrictions given by the ra-ssb-OccasionMaskIndex (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to subclause 8.1 of TS 38.213 [6] corresponding to the selected SSB).
1>	else if an SSB is selected above:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to subclause 8.1 of TS 38.213 [6], corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB).
1>	else if a CSI-RS is selected above:
2>	if there is no contention-free Random Access Resource associated with the selected CSI-RS:
3>	determine the next available PRACH occasion from the PRACH occasions, permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, corresponding to the SSB in candidateBeamRSList which is quasi-collocated with the selected CSI-RS as specified in TS 38.214 [7] (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the SSB which is quasi-collacted with the selected CSI-RS).
2>	else:
3>	determine the next available PRACH occasion from the PRACH occasions in ra-OccasionList corresponding to the selected CSI-RS (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers, corresponding to the selected CSI-RS; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected CSI-RS).
1>	indicate the selected beam index as well as the RS-type associated to the selected beam to upper layers
1>	indicate to the upper layers whether the selected beam is above the associated beam suitability threshold or not.
1>	perform the Random Access Preamble transmission procedure (see subclause 5.1.3).
NOTE:	When the UE determines if there is an SSB with SS-RSRP above rsrp-ThresholdSSB or a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS, the UE uses the latest unfiltered L1-RSRP measurement.
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