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1 Introduction

The work item description [1] says that user-perceived non-availability of connection, e.g. at lack of coverage, frequent connection recovery or frequent handover should be considered in the QoS use case section. It is also explained that this could partly also involve measurements defined in coverage optimisation use case. In this contribution we examine possible use cases for LTE of the non-availability of a connection specifically with regard to the connection establishment phase, and propose to introduce relevant measurements currently not covered in the existing MDT measurements.
2 General
There are many aspects regarding measuring the non-availability of a connection for a UE. It deals with both coverage of common channels and connection procedures. Basic functionality has been included in Rel-10 by introducing measurements primarily for detection of coverage holes by the means of signal quality and signal strength measurements. This could also give some hints regarding the coverage of common control channels but not a complete picture. What have not been considered in Rel-10 are issues related to assure and verify the users’ (and devices’) accessibility to the network, i.e. discovering problems during connection establishment. Currently this cannot be verified by Immediate and Logged MDT measurements defined in Rel-10. 
Proposal 1: It is proposed to specify accessibility measurements to provide important measures of user-perceived non-availability of connection
3 Accessibility measurements
There are several steps that need to be traversed before a UE would get access and establish a connection to the network, see e.g. Table 1. This is of utter importance to operators and users that connections can be established so users can get their services and operators can get revenues. Problems such as coverage issues or high interference at one or more of the steps in Table 1 can sometime be detected by network but not all of them. Accessibility measurements for MDT could involve (and be triggered by) certain protocol events such as e.g. Pre-amble transmission (RACH) and RRC Connection Setup message (CCCH). The issues that require UE involvement would require radio interface specification. In current 3GPP specifications the UE can measure and report some RACH problems but only when the outcome becomes successful. There are also already a RLF failure
 reporting defined but RLF can only happen when RRC connection is established. Hence, there is a need to further enhance the UE accessibility measurements and the following subsections describe two cases. Together with measured events at the network side MDT measures for discovering accessibility problems would be available. 
Table 1: A typical message sequence chart for access (note: not complete) 
	Message sequence
	Comment

	UE ( eNB
	Pre-amble transmission (RACH)

	eNB ( UE
	Timing Adjustment and UL Grant (DL-SCH)

	UE ( eNB
	RRC Connection Request message (CCCH) which includes either TMSI or random reference (TMSI if attached for MME selection)

	eNB ( UE
	RRC Connection Setup message (CCCH) for the selected UE identity in the RRC Connection Request message

	UE ( eNB
	RRC Connection Setup Complete message (DCCH)


Proposal 2: It is proposed that measurements of certain events during RRC connection establishment procedures would be part of MDT accessibility measurements
3.1 Preamble transmission (RACH)

In the running CR [4] it is captured that “UL coverage problems where the eNB/RNC cannot receive UE transmissions of UL data or signalling, e.g., reflected by condition where RLC or RACH preamble maximum number of transmission is reached are in the scope of RLF report.” We will further describe some more details concerning RACH below.

Issues concerning Random access can be divided into three basic issues: 
a) The random access is received by the network but the response cannot be detected by the UE; or 
b) The random access from the UE cannot be detected by the network;
c) The random access from the UE is detected in the network but there are not enough resources to let UE continue with the access.
To be able to assess RACH detection failures the UE needs to measure and report the failures to the network. In Rel-9 there is a RACH reporting procedure by which non-successful RACH attempts are reported only when a successful RACH procedure occurs [2]. The mechanism was defined for SON. However, non-successful RACH procedures that e.g. timed out are not reported at all, thus the network cannot know about how many non-successful RACH-attempts there are. Cases where there is a high load on RACH which may or may not create a significant amount of RACH interference by e.g. connection-trigger happy applications could not be discovered but also cases where high general interference or coverage related RACH issues, such as wrong preambles are used, would not be detected either by existing RACH measurements. It is therefore suggested that the current reporting of #RACH preamble transmissions are enhanced for MDT purposes to also be reported in case of unsuccessful RACH procedures (pre-amble transmission), i.e. at expiry of T300 or when it ends due to a higher layer intervention. The measurements should of course include location data as defined for MDT.
Examples of data logged can be:

- Number of preambles sent (already defined in Rel-9 RACH report)
- Contention detected (already defined in Rel-9 RACH report)
- Max Tx Pwr used
- T300 timeout

- Higher layer termination
Proposal 3: To improve the RACH failure observability possibilities it is suggested to improve the existing measurements of RACH performance
Proposal 4: Number of RACH preamble transmissions in both successful and unsuccessful RACH procedure is logged by the UE and reported by the MDT reporting procedure. Additional cause values and parameters are FFS.
3.2 RRC Connection Setup (CCCH)
Another problem area is detecting issues that involve uplink and downlink protocol events where the network cannot determine if it is the UL and/or DL common control channels causing the problems. One example here is the protocol event “UE reception of RRC Connection Setup message” since if the problem of reception is in DL, i.e. the PDCCH or the DL radio connection, or if the problem is in the UL cannot reliably be determined by the network. To be able to determine the cause of the problem, the UE needs to perform measurements and register events and report them to the network. That is, if the UE can decode the RCC Connection Setup message and the RRC Connection Setup Complete message is sent, then it is possible to exclude PDCCH problems if the UE reports such events. Thus, if the NW can get this type of information from the UE about failed accesses/attempts it would be possible to detect and narrow down the possible causes of accessibility problems to DL or UL so the bad connections could be solved providing better coverage/capacity and user perceived QoS.

Proposal 5: Successful and non-successful reception of RRC Connection Setup is logged by the UE and reported by MDT reporting procedure. 
3.3 General Measurement quantities and reporting

The reporting of the events could be number of attempts, successful and unsuccessful, current radio environment (to better assess coverage of control channels), location information, time stamp, etc. 

Proposal 6: It proposed that other relevant additional parameters are logged in addition to successful and non-successful events such as location information, radio environment, etc.

The reports could be similar to that used to report RLF failure, RACH, etc.
4 Conclusion

In this paper we have based on LTE described a few cases where MDT accessibility measurements can provide necessary means to determine common control channel coverage as well as QoS assessment by registering certain protocol events as the basis. The examples given are enhancements to existing “RACH report” feature but also to use the RRC connection Setup Message event since  both creates error events that currently cannot be determined by eNB measurements not by existing “RACH report” feature solely. 
The proposals are:
Proposal 1: It is proposed to specify accessibility measurements to provide important measures of user-perceived non-availability of connection

Proposal 2: It is proposed that measurements of certain events during RRC connection establishment procedures would be part of MDT accessibility measurements

Proposal 3: To improve the RACH failure observability possibilities it is suggested to improve the existing measurements of RACH performance

Proposal 4: Number of RACH preamble transmissions in both successful and unsuccessful RACH procedure is logged by the UE and reported by the MDT reporting procedure. Additional cause values and parameters are FFS.
Proposal 5: Successful and non-successful reception of RRC Connection Setup is logged by the UE and reported by MDT reporting procedure. 

Proposal 6: It proposed that other relevant additional parameters are logged in addition to successful and non-successful events such as location information, radio environment, etc.
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� RLF would only be reported during an RRC connection, i.e. when entered RRC_CONNECTED state at reception of RRC Connection setup message (at which RRC connection Setup complete message would be sent been sent to the lower layers in the UE).
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