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1
Introduction
In the last RAN4 meeting, CR for radio link problem detection in LTE was agreed [1]. However, there are still some open issues, and further studies would be needed. The open issues are listed below:

· Details of test cases

· How to verify whether or not UE detect out-of-sync and in-sync
· How to consider actual PDCCH BLER

· Test coverage

· Definition of DRX state
· The definition for DRX state in TS 36.133 is slightly different from the one in TS 36.321.
This contribution discusses the open issues in order to make progress in this area.
2
Discussions

Open issues are listed and discussed in the following sections.
2.1. Details of test cases
2.1.1. How to verify whether or not UE detect out-of-sync and in-sync
In WCDMA, detections of out-of-sync and in-sync are tested by UE transmission power because UE shuts power off in case of out-of-sync and turns power on in case of in-sync. The tests are continuously conducted for out-of-sync and in-sync.
In LTE, however, the same approach as WCDMA would not be applicable, because the transmitter power is turned off within [40] ms after expiry of T310 timer as specified in section 5.3.11 in [2]. UE behaviours after expiry of T310 timer are quoted below [3]:
· If AS security has not been activated:
· perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause ‘other’;
· else:
· initiate the connection re-establishment procedure as specified in 5.3.7
It is true that out-of-sync could be detected by whether UE shut power off or not, but it would not be possible to verify both in-sync and out-of-sync behaviours continuously due to the connection re-establishment procedure. Therefore, we propose two separate test cases to verify out-of-sync and in-sync in the following:
Test case for out-of-sync
Figure 1 illustrates a test case for out-of-sync scenario, which are quite similar to the first half part of the test case for out-of-sync handling in WCDMA. When the power level varies down to a level below Qout, then UE would shut power off. In the tests, periodical signals, such as PUCCH format 2 (CQI) and Sounding RS, should be configured, and the periodicity should be set to 2 ms so that UE could transmit uplink signals continuously. It is noted that the tests should be finished after point C, because UE would initiate the connection re-establishment procedure. In the tests, N310 counter and T310 timer should be 0 and 0 ms, respectively, in order to shorten the testing time.
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Figure 1
Test case for in-sync

Figure 2 illustrates a test case for in-sync scenario. In the test case, T310 timer is set to “F – B” and it is tested whether UE shuts power off or not during the time period between B and G. If UE would not shut power off during the time period, then UE could pass the test. It would be impossible to identify the time when UE starts T310 timer, and therefore UL transmission power should be measured until point G. It could not be verified in this test whether UE start T310 timers during the time period between B and C, but it could be verified in the test case for our-of-sync. In the tests, periodical signals, such as PUCCH format 2 (CQI) and Sounding RS, should be configured, and the periodicity should be set to 2 ms so that UE could transmit uplink signals continuously.
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Figure 2
2.1.2. How to consider actual PDCCH BLER
In R4-083090, it was proposed that the definition of Qin/Qout metrics should depend on receiver performance, while it is the fixed value in TS 25.101. The rationale for this proposal is that enhanced receivers could achieve better cell coverage by decreasing the Qin/Qout values. If the Qin/Qout values were fixed, the cell coverage for the enhanced receivers would be the same as that for normal receiver. 

We basically support this proposal, because the enhanced receiver should enjoy benefits of its enhancement. However, it is strongly proposed that the maximum values for Qin/Qout should be defined as minimum performance so that network operators could design the cell coverage based on such values. It is true that PDCCH decoding performance could be verified by the demodulation performance requirements in Section 8.4 of TS 36.101, but we still believe that such maximum values would be very useful information for network operators.
2.1.3. Test coverage
As discussed in [4], Qin/Qout metrics would be channel bandwidth and transmit antenna configuration dependent. It implies that test cases for radio link problem detection should be specified for each channel bandwidth and each transmit antenna configuration to achieve better test coverage, because this requirement is quite important from cell planning point of view. On the other hand, it would not be preferable to increase a number of tests unnecessarily. Therefore we propose the following test cases in Table 1. 
Table 1
	#
	Channel Bandwidth
	Transmit antenna configuration
	DRX/No DRX
	Propagation conditions

	1
	5 MHz
	1x2
	No DRX
	AWGN

	2
	1.4 MHz
	2x2
	No DRX
	AWGN

	3
	20 MHz
	1x2
	No DRX
	ETU70

	4
	10 MHz
	2x2
	DRX
	ETU70

	5
	15 MHz
	1x2
	DRX
	EPA5

	6
	3 MHz
	4x2
	DRX
	EPA5


2.2. Definition of DRX state
Currently, performance requirements are specified for both when no DRX is used and when DRX is used in TS 36.133, but the definition of DRX state would not be clear in the specifications. Actually, the Active Time is defined in TS 36.321 [5] as follows: 

When a DRX cycle is configured, the Active Time includes the time while: 

-
the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the Contention Resolution Timer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request sent on PUCCH is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the explicitely signaled preamble (as described in subclause 5.1.4).

It is felt that the above definition of the Active Time would be slightly different from that of “when no DRX is used” in the RAN4 group, in which the definition of “when DRX is used” seems to mean that the DRX Inactivity Timer is running. We discuss this aspect in a separate document [6].
3
Conclusions
In this contribution, we discussed open issues on radio link problem detection in LTE. Two separate test cases were proposed to verify whether or not UE correctly detect out-of-sync and in-sync, because LTE UE would initiate the connection re-establishment procedure after T310 timer expires. We also proposed detailed test parameters in order to achieve sufficient test coverage for radio link problem detections.
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