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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. In this contribution, we discuss the remaining open issues that require further discussions.

[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion
[bookmark: _Toc12372235][bookmark: _Toc12372251]The contents of the RACH information report comprise of the following:
	-	Indexes of the SSBs and number of RACH preambles sent on each tried SSB  listed in chronological order of attempts
-	The frequency (NR ARFCN) of tried SSBs
-	The beam quality of each tried SSB (i.e. beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR)
-	Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold
-	Elapsed time from the last measurement prior to the beam selection time
-	Number of RACH preambles sent on SUL
-	Number of RACH preambles sent on NUL
-	Total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA)
-	Contention detection indication
The above RACH information report should also applied to the SN node for MR-DC case.



We have provided some color coding to highlight which measurements were agreed (green) by most companies during the email discussion (as summarized by the rapporteur) and which were not agreed completely and can be discussed further (yellow). The ones that are not highlighted are not supported by most companies and hence can be left out of discussion from here on in.  In the rest of the contribution, we discuss the measurements highlighted in yellow. 
Measurements related to frequency associated to RACH resources
The discussion related to NR-ARFCN of SSB inclusion in the 107#45 [1] email discussion is provided below. The FFS based on this discussion is captured below.
Proposal 1-1: 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:
Option1: Explicit method 
One bit indicator is included in the RACH report to indicate the uplink carrier type and the indicator is per RACH procedure granularity.
Option2: Implicit method
NUL/SUL RACH carrier related info is included in the RACH report to implicitly indicate the uplink carrier type.
FFS: what type of NUL/SUL RACH carrier related info is needed in RACH report, e.g. NR ARFCN of used RACH resources or other RACH related info.
Proposal 1-4: ‘The frequency (NR ARFCN) of tried SSBs’ is not included in the RACH report.
FFS: whether any type of NUL/SUL RACH carrier related info is needed in RACH report can be further discussed, e.g. NR ARFCN of used RACH resources or other RACH related info. 

The SSBs’ frequency provides the DL indication of where the UE performed measurements on which the RACH transmission was performed.
[bookmark: _Toc20754690][bookmark: _Toc20756357]Currently agreed measurement, NR ARFCN of SSBs, provide the indication of frequency where the UE performed DL measurements to base its RA procedure.
However, in our understanding, there can be only one DL reference signal frequency location as part of the RA configuration i.e., there is only one NR ARFCN associated to the SSBs. If one considers the RRC Idle UEs and RRC Inactive UEs, they have only initial BWP based RACH configuration i.e., their DL SSB reference will be the one used for cell reselection related measurements. 
[bookmark: _Toc20754691][bookmark: _Toc20756358]There is only one DL SSB frequency related to RACH access for RRC Idle and RRC Inactive UEs and this SSB frequency is associated to the camping frequency used for intra-frequency cell reselection related measurements.
The RACH configuration can be provided to the RRC Connected mode UEs for various reasons including reconfiguration-with-sync procedure (handover) and beam failure recovery (BFR) procedure. However, the network is aware of the DL SSBs that the UE shall use for the RA procedure and hence there is no need for including the same information again. 
[bookmark: _Toc20754692][bookmark: _Toc20756359]The network is aware of the SSBs that the UE uses for performing random access when the UE is in RRC Connected mode and hence it is not required to be added to the RACH report again.
Based on this, we agree with the conclusion drawn by the rapporteur to not include the NR-SRFCN of tried SSBs in the RACH report. 
The UE can use the same DL SSBs to perform random access based on NUL (Normal uplink) or based on SUL (supplementary uplink). 
[bookmark: _Toc20754693][bookmark: _Toc20756360]The UE can perform random access based on NUL or SUL using the same DL SSB as the reference.
As part of the RACH procedure, the UE selects the SUL or the NUL and it cannot hop between the two 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.
[bookmark: _Toc20754694][bookmark: _Toc20756361]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.
When the Random Access procedure is initiated on a Serving Cell, the MAC entity shall:
1>	flush the Msg3 buffer;
1>	set the PREAMBLE_TRANSMISSION_COUNTER to 1;
1>	set the PREAMBLE_POWER_RAMPING_COUNTER to 1;
1>	set the PREAMBLE_BACKOFF to 0 ms;
1>	if the carrier to use for the Random Access procedure is explicitly signalled:
2>	select the signalled carrier for performing Random Access procedure;
2>	set the PCMAX to PCMAX,f,c of the signalled carrier.
1>	else if the carrier to use for the Random Access procedure is not explicitly signalled; and
1>	if the Serving Cell for the Random Access procedure is configured with supplementary uplink as specified in TS 38.331 [5]; and
1>	if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL:
2>	select the SUL carrier for performing Random Access procedure;
2>	set the PCMAX to PCMAX,f,c of the SUL carrier.
1>	else:
2>	select the NUL carrier for performing Random Access procedure;
2>	set the PCMAX to PCMAX,f,c of the NUL carrier.
…
1>	perform the Random Access Resource selection procedure (see clause 5.1.2).

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: _Toc20754695][bookmark: _Toc20756362]The network can derive the SUL or NUL usage based on where (SUL or NUL) the RA preamble was received. 
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 proposed the inclusion of the SUL or NUL indicator in the RACH report and the entire RACH report as part of RLF report. Therefore, we propose to discuss the inclusion of SUL/NUL indication based on the outcome of the discussion related to RACH contents in the RLF report.
[bookmark: _Toc20754703][bookmark: _Toc20756369]SUL/NUL indication or the associated NR-ARFCN of the RACH resources related to the RACH access shall be discussed in conjunction with the RLF report contents associated to RACH failure information.
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].
RA channel contention related measurements
There are two open issues related to RA channel contention related measurements.
1) Whether the contention detection per RACH access attempt is included in the RACH report
2) Whether the UE provides the number of fallbacks between CFRA and CBRA 

Contention detection report per RACH access attempt
Most companies have been supportive of the inclusion of an indicator as to whether the contention has been detected or not. The open issue is related to whether this indication is provided at the beam level or just as a single flag. 
Proposal 1-2: ‘Contention detection indication’ is included in the RACH report.
FFS: whether ‘Contention detection indication’ is per RACH attempt granularity or not can be further discussed.

All companies were in agreement on a related question wherein the UE is expected to provide the chronological order in which the UE performed the RA procedure.  
For Question1-2, based on the feedback from companies, we conclude the following:
For requirements 3), all companies (7) support the intention. Two companies show concerns on supporting ‘Chronological order of access of these SSBs’.
Proposal 1-3: RAN2 confirm ‘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

Based on this, we believe that adding an additional bit to indicate whether the UE detected contention on each of these attempts can be included. 
[bookmark: _Toc20754696][bookmark: _Toc20756363]The overhead of including the contention per RACH access attempt is very minimal as the UE anyway includes the SSB index and the number of RACH preambles sent on each tried SSB listed in the chronological order of attempt.
Additionally, this gives more information to the network as to how long the UE might have spent for the RACH purposes as more the number of contentions detected, longer the delay. This can be used for better CFRA allocation amongst beams at the HO purposes. 
[bookmark: _Toc20754697][bookmark: _Toc20756364]Information regarding contentions per beam provides the network an indication about the time the UE took to perform the RA procedure as more contentions refer to longer delay.
[bookmark: _Toc20754698][bookmark: _Toc20756365]Based on the contention detection per RACH access attempt level, the network can provide better CFRA allocations for the future UEs.
Based on the above reasoning, we propose to include the contention per RACH access attempt in the RACH report.
[bookmark: _Toc20754704][bookmark: _Toc20756370]Contention detection per RACH access attempt is provided in the RACH report.
 
Number of fallbacks from CFRA to CBRA
In our opinion, this information is indirectly captured in the chronological order of beams using which the UE performs the RA procedure. In that scenario, the network knows the beam order that the UE has used and the network also knows the CFRA related allocation and based on this the network can derive when the UE used the CBRA resources and when the UE used the CFRA resources.
[bookmark: _Toc20754699][bookmark: _Toc20756366]Based on the chronological order of the beams used by the UE for RA transmission and based on the knowledge of the CFRA allocation in different beams, the network can get to know the number of fallbacks from CFRA to CBRA.
However, this is true under one assumption under one specific scenario. The scenario under discussion is when the network has allocated CFRA resources and the network has also configured the SSB-threshold to access these beams. However, none of the beams are above this threshold and the UE still receives the beam for which the CFRA is allocated to be the strongest beam. In this scenario, from the MAC specification it is not mandatory for the UE to use the CFRA resources associated to that SSB. In such a scenario, even though the UE uses the beam for which CFRA is allocated, it is not guaranteed that the UE shall use the CFRA resources. However, we think that it is a very corner case scenario.
[bookmark: _Ref20754308][bookmark: _Toc20754700][bookmark: _Toc20756367]The scenario when the none of the SSBs are above the configured rsrp-ThresholdSSB, it is not clear if the network can assume that if the UE selects a SSB for which CFRA is allocated whether the UE shall use the CFRA resources or the CBRA resources.
If the chipset vendors wants to clarify that the UE shall use the CFRA resources then there is no issue (one can clarify this in the MAC spec). However, if the chipset vendors would like to have the implementation flexibility, then the network is unaware of the RA resources used by the UE.
[bookmark: _Toc20754705][bookmark: _Toc20756371]RAN2 to discuss the scenario mentioned in Observation 11 and conclude one of the following:
a. [bookmark: _Toc20754706][bookmark: _Toc20756372]MAC specification shall clarify the UE behavior explicitly in the associated scenario.
b. [bookmark: _Toc20754707][bookmark: _Toc20756373]There is not much benefit to the network despite knowing this information.
c. [bookmark: _Toc20754708][bookmark: _Toc20756374]The UE shall include the number of fallbacks from CFRA to CBRA in the RACH report.

Inclusion of list of RACH report 
In the email discussion 107#45, most companies preferred that the UE shall include the RACH report related information associated to each of the RACH procedure. Some of these RACH attempts are made towards the serving cell itself (BFR) whereas some other RACH attempts are made towards the non-serving cell (target cell of a handover). As the purpose of the RACH report is to aid the network in improving the RACH configuration, we believe that the RACH report should be produced associated to each of the RA procedure. 
[bookmark: _Toc20756375]The UE shall include the RACH report related information associated to each instance of the RACH procedure.
The messages 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: _Toc12372180][bookmark: _Toc12372201][bookmark: _Toc12372207][bookmark: _Toc20309897][bookmark: _Toc20754701][bookmark: _Toc20756368][bookmark: _Hlk490233163][bookmark: _Toc12372181][bookmark: _Toc12372202][bookmark: _Toc12372208][bookmark: _Toc20309898]RA procedures like BFR are invisible to the RRC and therefore, the existing mechanisms do not enable the UE to inform the RRC about such a report being available.
This can be resolved in two ways.
1) gNB-DU can indicate to the CU-CP every time the UE successfully performs the RA procedure and then the CU-CP can extract the RACH report from the UE.
a. The advantage of this method is that the RAN2 specification work needed is very minimal. 
b. The limitations of this method are that it increases the number of RRC messages over the air which could indirectly hamper the performance and it also increases the DU-CU communication overhead. This method also requires the approval from RAN3.
2) The UE stores a list of RACH report and informs the RRC during its next communication with network RRC layer.
a. 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.
b. The limitation of this method is that the UE memory required for this purpose is larger than the legacy as the UE needs to store multiple RACH reports 
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. 
[bookmark: _Toc20309900][bookmark: _Toc20754709][bookmark: _Toc20756376][bookmark: _Toc12372237][bookmark: _Toc12372253][bookmark: _Toc12372264][bookmark: _Toc12372273]The UE shall store more than one RACH procedure related RACH report and inform the network about such a report availability at once.
d. [bookmark: _Toc20756377]It is FFS as to how many RACH procedure related RACH report can be stored by the UE.
[bookmark: _Toc461106288]Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365][bookmark: _Toc12372239][bookmark: _Toc12372255][bookmark: _Toc12372266]In this contribution, the following observations were captured:
Observation 1	Currently agreed measurement, NR ARFCN of SSBs, provide the indication of frequency where the UE performed DL measurements to base its RA procedure.
Observation 2	There is only one DL SSB frequency related to RACH access for RRC Idle and RRC Inactive UEs and this SSB frequency is associated to the camping frequency used for intra-frequency cell reselection related measurements.
Observation 3	The network is aware of the SSBs that the UE uses for performing random access when the UE is in RRC Connected mode and hence it is not required to be added to the RACH report again.
Observation 4	The UE can perform random access based on NUL or SUL using the same DL SSB as the reference.
Observation 5	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 6	The network can derive the SUL or NUL usage based on where (SUL or NUL) the RA preamble was received.
Observation 7	The overhead of including the contention per RACH access attempt is very minimal as the UE anyway includes the SSB index and the number of RACH preambles sent on each tried SSB listed in the chronological order of attempt.
Observation 8	Information regarding contentions per beam provides the network an indication about the time the UE took to perform the RA procedure as more contentions refer to longer delay.
Observation 9	Based on the contention detection per RACH access attempt level, the network can provide better CFRA allocations for the future UEs.
Observation 10	Based on the chronological order of the beams used by the UE for RA transmission and based on the knowledge of the CFRA allocation in different beams, the network can get to know the number of fallbacks from CFRA to CBRA.
Observation 11	The scenario when the none of the SSBs are above the configured rsrp-ThresholdSSB, it is not clear if the network can assume that if the UE selects a SSB for which CFRA is allocated whether the UE shall use the CFRA resources or the CBRA resources.
Observation 12	RA procedures like BFR are invisible to the RRC and therefore, the existing mechanisms do not enable the UE to inform the RRC about such a report being available.
In this contribution, the following proposals were captured:
Proposal 1	SUL/NUL indication or the associated NR-ARFCN of the RACH resources related to the RACH access shall be discussed in conjunction with the RLF report contents associated to RACH failure information.
Proposal 2	Contention detection per RACH access attempt is provided in the RACH report.
Proposal 3	RAN2 to discuss the scenario mentioned in Observation 11 and conclude one of the following:
a.	MAC specification shall clarify the UE behavior explicitly in the associated scenario.
b.	There is not much benefit to the network despite knowing this information.
c.	The UE shall include the number of fallbacks from CFRA to CBRA in the RACH report.
Proposal 4	The UE shall include the RACH report related information associated to each instance of the RACH procedure.
Proposal 5	The UE shall store more than one RACH procedure related RACH report and inform the network about such a report availability at once.
a.	It is FFS as to how many RACH procedure related RACH report can be stored by the UE.
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