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Introduction
In RAN2 #105 in Athens, and as part of NR MDT it has been agreed that without the need for prior configuration by the network, the UE logs establishment failures as in LTE [1].
Agreements of NR MDT
· Logged MDT, Immediate MDT and accessibility report should be supported for NR MDT. LTE MDT measurements/failures could be the baseline
 
· for RLF report and accessibility measurements, UE logs these measurements without the need for prior configuration by the network. Upon UE entering connected state, the UE firstly sends available indicator(s) to the network, and then the network can command the UE to send the measurements


[bookmark: _Hlk513657944]It has not been yet investigated what information the UE reports and the failure cases the triggers the logged measurements. As in LTE, we assume that at least cell level measurement of the failed cell and the neighbouring cells as well as information related to the RACH attempts are reported. In this contribution, we discuss NR specific features that needs to be addressed in the accessibility measurement.
[bookmark: _Ref178064866]Discussion
As mentioned above, in RAN#105 it has been agreed to support accessibility measurement as part of MDT in IDLE and INACTIVE mode. Hence, accessibility measurements should logged upon failure detection of two procedures - RRC connection establishment (when an IDLE UE tries to transition to CONNECTED state) and RRC connection resume (when an INACTIVE UE tries to transition to CONNECTED state) procedures covered in sections 5.3.3 and 5.3.13 of TS 38.331 respectively. 
[image: ]
Figure 2.1: Procedures for UEs coming from (a) IDLE mode and (b) INACTIVE  
Use cases for logging an accessibility report
IDLE to CONNECTED transition
When NAS requests AS to setup an RRC connection (and the UE has acquired essential system info) the UE submits an RRCRequest message to the lower layers and start timer T300. In the successful case the UE receives an RRCSetup in response while timer T300 is running and transmits and RRCSetupComplete. Accessibility problems are typically detected by the expiry of timer T300 before RRCSetup is received, which may happen, for example, if the UE reaches the maximum number of random access attempts, or after a successful random access procedure the UE transmits the RRC message and does not receive a response (which may occur in case the network has not detected the message or the UE has not detected the response before the timer expired). In our view, at least upon the expiry of timer T300 and accessibility report should be logged in NR.
Accessibility measurements are logged upon the expiry of timer T300.

INACTIVE to CONNECTED transition
This case may either be triggered by AS (e.g. RNA update) or NAS (UL data to transmit, response to paging, etc.). When NAS requests AS to resume an RRC connection or when an RNA update is triggered (and the UE has acquired essential system info) the UE submits an RRCResumeRequest message to the lower layers and start timer T319. In the successful case the UE receives an RRCResume in response while timer T319 is running and transmits and RRCResumeComplete. Accessibility problems are typically detected by the expiry of timer T319 before RRCResume is received, which as in the previous case may happen, for example, if the UE reaches the maximum number of random access attempts, or after a successful random access procedure the UE transmits the RRC message and does not receive a response (which may occur in case the network has not detected the message or the UE has not detected the response before the timer expired). In our view, at least upon the expiry of timer T319 and accessibility report should be logged in NR.
Accessibility measurements are logged upon the expiry of timer T319.
RAN2 could also discuss the relevance of logging information upon the detection of other failure cases during resume or setup procedure e.g. when cell reselection occurs while timer T300 or T319 expires. Even though these are not accessibility problems, they might still be relevant connection resume/establishment problems e.g. due to a possibly wrong misconfiguration of cell reselection / idle measurements parameters or due to the presence of a malicious fake base station. In the resume procedure, for example, other cases may happen such as the reception of an RRCReject, RRCSetup, an indication from lower layers that integrity protection has failed, etc.
Discuss other uses cases leading to connection resume/setup failure (cell reselection while timer T319/T300 is running, indication from lower layers of integrity protection failure while timer T319 is running, etc.).

0. Content of accessibility report  

As shown in figure 2.1-a, RRCRequest is used to request the network for the establishment of an RRC connection when UE is in IDLE mode and RRCResumeRequest message is used to establish/resume a connection when the UE is in INACTIVE mode (Figure 2.1-b). Note that RACH procedure is initiated prior to both messages (in IDLE or INACTIVE modes) to provide the uplink time synchronisation as well as uplink grant for the UE. Once the UE receives the RAR message (including the uplink grant and TA), it initiates the establishment procedure and starts the T300 or T319 timers if UE is in IDLE or INACTIVE mode respectively. Upon expiration of establishment timers, accessibility measurements should be logged to be transmitted to the network when UE finally connects. In LTE, the content of the connection establishment failure report (so-called ConnEstFailReport) is shown in the Figure 2.2.


ConnEstFailReport-r11 ::= 				SEQUENCE {
	failedCellId-r11					CellGlobalIdEUTRA,
	locationInfo-r11					LocationInfo-r10				OPTIONAL,
	measResultFailedCell-r11				SEQUENCE {
		rsrpResult-r11							RSRP-Range,
		rsrqResult-r11							RSRQ-Range				OPTIONAL
	},
	measResultNeighCells-r11				SEQUENCE {
		measResultListEUTRA-r11				MeasResultList2EUTRA-r9			OPTIONAL,
		measResultListUTRA-r11				MeasResultList2UTRA-r9			OPTIONAL,
		measResultListGERAN-r11				MeasResultListGERAN				OPTIONAL,
		measResultsCDMA2000-r11				MeasResultList2CDMA2000-r9		OPTIONAL
	}	OPTIONAL,
	numberOfPreamblesSent-r11			NumberOfPreamblesSent-r11,
	contentionDetected-r11				BOOLEAN,
	maxTxPowerReached-r11				BOOLEAN,
	timeSinceFailure-r11				TimeSinceFailure-r11,
	measResultListEUTRA-v1130			MeasResultList2EUTRA-v9e0		OPTIONAL,
	...,
	[[	measResultFailedCell-v1250		RSRQ-Range-v1250				OPTIONAL,
Figure 2.2: content of accessibility measurement report so-called ConnEstFailreport

In LTE the contents of ConnEstFailReport comprises the measurement of the failed cell, measurement of the neighbouring cells as well as some details of RACH procedure. In our view at least the same content should be supported in NR.
[bookmark: _Hlk7608686]For NR, at least the same information as in ConnEstFailReport of LTE is logged upon resume or establishment failure (expiry of T300 or expiry of T319).
In addition, there are some NR specific features to be considered.
A first difference is the fact that in LTE the transition from IDLE, with resume or establishment procedure relies on the same timer T300, while in NR timer T319 has been defined for resume. In both cases, the UE notifies upper layer and NAS recovery is triggered. While in the case of connection establishment (expiry of T300) the UE did not have already a context established, in the second case the UE has an established context. Network could benefit in knowing whether the report is generated due to a failed resume or failed establishment e.g. by introducing an indication in the failure report of which timer has expired. Another alternative could be to rely on the network side to identify the UE (e.g. during the IDLE to CONNECTED transitions after NAS recovery is triggered) and verify whether the UE had a stored context or not (e.g. using the UE identifier exchanged during the procedure). These different solutions may either have RAN2 and/or RAN3 impact and should be discussed.
Proposal 1 Discuss how the network distinguishes the failure report triggered by resume failure (expiry of T319) and establishment failure (expiry of T300).

Other aspects in NR to consider could be the usage of beam measurements that may have impact on the performance of establishment procedure (e.g. calculation of cell quality derivation, beam selection upon random access procedure). The above-mentioned aspects are highlighted in the following sections.

NR beam impacts on establishment failure
Another difference in NR compared to LTE is the need to perform beam measurements on reference signals (SSBs) to derive cell quality and decide which cell to camp and during the establishment/resume procedures (as part of the random-access procedure, where beam selection is needed before the UE selects a RACH resource).

[bookmark: _Toc869291][bookmark: _Toc887653][bookmark: _Toc994085]The SSB reference signal is used by UE to perform establishment procedure in NR in IDLE and INACTIVE modes.
To exemplify, as shown in figure 2.1.1, the coverage area of cell-A can be derived based on the coverage area of SSB beams A1 to A3 and the coverage area of cell-B can be derived based on the coverage area of SSB beams B1 to B3. Generally, when the UE calculates the quality of the cells, it needs additional configuration on how to combine these beam level measurements into a cell level quality measurement. This is captured in the section 5.5.3.3 of the NR RRC specification [2]. In summary, the cell quality can be derived either based on the strongest beam or based on the average of up to ‘X’ strongest beams that are above a threshold ‘T’. These options can assist to prevent potential ping-pong handover that can arise when only the strongest beam is used for cell quality derivation when the UE is in connected mode. However, an averaging based configuration can result in a UE being in a sub optimal cell, in particular when establishing a connection in idle mode. In the end, the agreement was that the network can configure the UE with any of these options depending on which option suits best in terms of the radio condition within the cell’s coverage area. In addition, in our understanding network can learn to optimize these configuration parameters based on the accessibility measurements. 
[bookmark: _GoBack]Therefore, we propose to study how logging beam level measurement as part of accessibility measurement can assist the operators in configuring the cell quality derivation parameters (e.g., X and T) to help the UEs being connected to the optimal cells. Hence similar enhancement in RLF report (that is under investigation in RAN3 [3]) can be applied to the ConnEstFailReport. However, since the IDLE/INACTIVE mode UEs only use the SSB beams, beam level measurement for ConnEstFailReport can be limited only to the SSB beams.

[bookmark: _Toc869293][bookmark: _Toc887655][bookmark: _Toc994087]In NR, the UE can be configured to either consider a single strongest beam as the cell level representation or perform averaging of the top ‘X’ beams with measurement quality above a certain threshold ‘T’.
Cell quality derivation parameters can affect the establishment procedure at cell selection and RACH procedure.

[image: ]

[bookmark: _Toc869304][bookmark: _Toc869305][bookmark: _Toc528753839][bookmark: _Toc528782170][bookmark: _Toc528830547][bookmark: _Toc528830807][bookmark: _Toc528835226][bookmark: _Toc528851389][bookmark: _Toc528869706][bookmark: _Toc528871119][bookmark: _Toc186066][bookmark: _Toc869306][bookmark: _Toc887672][bookmark: _Toc994096]RAN2 discuss how to use SSB beam level measurements in ConnEstFailReport.
Impact of RACH procedure on establishment failure
Generally, during the establishment procedure, when the best cell is known to the UE (that can vary based on cell quality derivation parameters X and T), UE initiates the RACH procedure to receive the uplink time synchronization as well as uplink grant to start transmission of RRC Request/Resume Request messages in IDLE/INACTIVE modes. As one can see in Figure 2.1, one of the core component of establishment procedure is the random access procedure. Therefore, the establishment/resume failure can happen due to the failure in RACH procedure (e.g. if the UE reaches the maximum number of RACH attempts), or establishment timer expires before reaching the maximum number of RACH attempts. These two cases are shown in the figure below:
[image: ]

Notice that failure is declared when the UE reaches a maximum number of RACH attempts except if some timers are running. Therein, both T300 and T319 timers are included i.e. the lower layers (in this case MAC) notify RRC of a random access failure which could stop the timer T300 (or T319, if this is a resume procedure) and the connection establishment/resume failure is declared.

Proposal 2 Establishment / resume failure is declared if lower layers indicate random access failure while timer T300 or timer T319 is running.


In the following we list main causes that may result prolonging the RACH procedure and establishment failure accordingly.  
i) Unsuccessful RACH transmission in uplink
ii) Being not successful in decoding RAR in RAR time window 
iii) Expiry of the contention resolution timer before decoding the MSG4
iv) Mismatch between TC-RNTI or the UE identity transmitted in MSG3 compared to the TC-RNTI and/or UE identity decoded in MSG4.
Having LTE as baseline, as part of ConnEstFailReport, UE reports the number of RACH attempts, its transmission power status, as well as a contention detection flag (indicating whether a contention is detected or not). Note that the field “numberOfPreamblesSent” included in the RACH report includes both retransmissions with power ramping (e.g. due to non-received RAR) and retransmissions due to non-successful contention resolution.
The field numberOfPreamblesSent counts both RACH retransmissions with power ramping (e.g. due to non-received RAR) and retransmissions due to detection of contention.

However, considering the above-mentioned issues in RACH failure, the RACH attempts at every step may have a direct impact on the RACH performance and hence reporting the details of the beam selection in each attempt would help the operators to identify the root causes of RACH failure and possibly improve the RACH performance via optimization of cell quality derivation parameters (e.g., beam suitability threshold), initial transmission power, and etc.  
The detail of our proposal for RACH report as part of RACH optimization is extensively discussed in a separate paper [4]. With the same reasoning, here we propose to study the beam selection history in RACH procedure and possibly include the same information as RACH report in the ConnEstFailReport message.

RAN2 investigate considering the same content as RACH report content in NR in ConEstFailReport as part of accessibility measurement.

 On the ongoing discussions in RAN3
Apart from the potential enhancement on the content of the ConnEstFailReport highlighted above, discussions on the MRO and RACH optimizations is ongoing in RAN3 WG. Considering the similarities between ConnEstFailReport and RLF and RACH report, hence the content of the RLF report (as part of MRO) and RACH report (as part of RACH optimization), the discussion on the content of ConnEstFailReport as part of accessibility measurement can be harmonized with the outcome of the RAN3 WG discussions on the MRO and RACH optimization.   

Add an FFS to harmonize the accessibility report with the content of the RLF report and RACH report once the RAN3 has discussed the enhancements of RLF and RACH reports for NR.
Conclusion
In section 2 we made the following observations:

1. The SSB reference signal is used by UE to perform establishment procedure in NR in IDLE and INACTIVE modes.
In NR, the UE can be configured to either consider a single strongest beam as the cell level representation or perform averaging of the top ‘X’ beams with measurement quality above a certain threshold ‘T’.
Cell quality derivation parameters can affect the establishment procedure at cell selection and RACH procedure.
The field numberOfPreamblesSent counts both RACH retransmissions with power ramping (e.g. due to non-received RAR) and retransmissions due to detection of contention.
Based on the discussion in section 2 we propose the following:
1. Accessibility measurements are logged upon the expiry of timer T300.
1. Accessibility measurements are logged upon the expiry of timer T319.
1. Discuss other uses cases leading to connection resume/setup failure (cell reselection while timer T319/T300 is running, indication from lower layers of integrity protection failure while timer T319 is running, etc.).
1. For NR, at least the same information as in ConnEstFailReport of LTE is logged upon resume or establishment failure (expiry of T300 or expiry of T319).
1. Discuss how the network distinguishes the failure report triggered by resume failure (expiry of T319) and establishment failure (expiry of T300).
1. RAN2 discuss how to use SSB beam level measurements in ConnEstFailReport.
1. Establishment / resume failure is declared if lower layers indicate random access failure while timer T300 or timer T319 is running.
1. RAN2 investigate considering the same content as RACH report content in NR in ConEstFailReport as part of accessibility measurement.
1. Add an FFS to harmonize the accessibility report with the content of the RLF report and RACH report once the RAN3 has discussed the enhancements of RLF and RACH reports for NR.
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