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1. Introduction
In RAN4#49, a CR on radio link monitoring (RLM) [3] requirements was agreed upon for populating the core-requirements section in [1]. In this contribution, a proposal for developing the test cases is made. 
2. RLM requirements

The UE requirements for radio link monitoring are specified in Section 7.6 of [1]. To summarize the expected UE behavior:

1. Qout is defined as the signal conditions leading to a PDCCH BLER of at least 10% corresponding to an “out-of-sync” format. Qin is defined as the signal conditions leading to a PDCCH BLER of lower than 2% corresponding to a “in-sync” format. 

2. The UE should evaluate the radio link against Qout/Qin once every radio frame for non-DRX mode and once every DRX cycle when DRX cycles are enabled.

3. The Layer 1 shall generate an out-of-sync indication, an in-sync indication or no indication. Two indications shall be separated by at least max(10, DRX_cycle_length).

4. Upon Layer 3 receiving N313 consecutive out-of-sync indications, T310 timer shall be started. Subsequently, Layer 1 shall use the evaluation periods and indication reporting intervals used in non-DRX mode.

5. If N313 consecutive in-sync indications are received before expiry of T310 timer, T310 shall be reset.

6. Upon expiry of T310 timer, the UE shall shut the transmitter off within 40 ms. 
3. Difference between UTRA and E-UTRA
In UTRA, the UL transmit power is tied to out-of-sync and in-sync event detection. If an out-of-sync is detected, the UL transmit power has to be turned off within 40 ms of detection of the event. After T310 is started, if consecutive in-syncs are received before the expiration of the timer, the UE transmit power has to be turned back on. Section 6.4.4 of [4] describes the minimum requirement for handling of output power and a test case is provided. In Fig. 1, the signal levels used in the test case is shown. The DPCCH signal level is first much higher than the Qin threshold and is next dropped to a level between Qin and Qout at time instant A. The UE is not expected to respond to this change. Subsequently, at time instant B, the signal level is dropped to lower than Qout, and the UE is expected to detect this event within Toff = 160 ms (Layer 1 evaluation period) + 40 ms which corresponds to time instant C. At time instant D, the signal level is increased to higher than Qout, but below Qin. The UE is not expected respond to this change. Finally, at time instant E, the signal level is increased to higher than Qin, and the UE transmitter should be turned back on within Ton = 160 ms (Layer 1 evaluation period) + 40 ms which corresponds to time instant F.

However, in E-UTRA, the UE is expected to turn off the UL transmit power only after the expiry of T310 timer. Therefore, testing for out-of-sync and in-sync events through the UL transmit power behavior is not feasible in a single test. In the next section, we describe an approach for addressing this issue.
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Figure 1. Ior level function for UTRA out-of-sync and in-sync test from 25.101
4. Proposed test case
The UE is configured to transmit on UL (eg. periodic CQI reporting) prior to time instant A in relation to Figure 1. PDCCH BLER is scheduled on the DL during connection. The UE is scheduled a PDSCH transmission with very small transport block size (TBS) such that the BLER conditioned on correct PDCCH reception is very low (~10e-4) at the Qout signal level. This is to ensure that the decoding failure of PDSCH is limited by the error event of PDCCH decode such that NACK reports sent by the UE on UL can be used to compute actual PDCCH BLER. The signal quality is set high on the UL such that there is no loss of transmission. PDCCH that matches Format 1A as specified in [1] in terms of the number of symbols used, power boost, aggregation level is used for testing out-of-sync. PDCCH that matches Format 1C as specified in 36.133 in terms of the number of symbols used, RE power boost, aggregation level, etc. is used for testing in-sync.
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Figure 2. Ior level function for the proposed RLM test

Testing for out-of-sync detection:

· In the test, the signal level is varied at time instants A and B as shown in Fig. 2.

· N313 is set (eg. 11) by higher layer signaling.  T310 is set to zero. 
· Define time instant B’ = B + one Layer 1 evaluation period (200 ms) and time instant C = B’ + (N313-1)*10 ms. 
· The UE is expected to declare an RLF at time instant C and turn UL transmit power off within 40 ms of time instant C. In addition, the number of NACKs in between B’ and C are counted towards computing PDCCH BLER.  The computed BLER – over a duration of (N313-1)*10 ms -- corresponding to actual PDCCH decodes should exceed 10%. 
(Note that this is a sample estimate of the BLER from NACKs over 100 ms of time and can 
therefore be unreliable. But, this aspect can be factored 90% success criterion that RAN5 will 
adopt in testing.)
· The run is counted as a success if the UE shuts off the transmit power before the expected instant and the PDCCH BLER (determined from the NACKs) exceeds 10%. The test should check that the UE satisfies this behavior at least 90% of the time.

· The signal level Ior2 is expected to provide sufficient hysteresis (eg. 10% BLER SINR point – 4 dB) for the chosen propagation channel.

Testing for in-sync detection:

· In the test, the Ior level is varied at time instants A, B, D and E as shown in Fig. 2. 
· Define E’ = E + one L1 evaluation period for in-sync (100 ms).  

· N315 is set (eg. 1) and define time instant F = E’ + (N315-1)*10 ms. 
· The T310 timer is set equal to time from A—F + a small implementation margin (eg. 10 ms). So, the UE should not declare an RLF event as the signal level improves above Qin before T310 expires.
· The UE is expected to reliably determine that Qin criterion holds and it is not expected to turn the UL transmit power off in the interval E’ to F. The test should check that the UE satisfies this behavior at least 90% of the time.

· The signal level Ior4 is expected to provide sufficient hysteresis (eg. 2% BLER SINR point + 2 dB) for the chosen propagation channel. 

4. Comments on test design
In this section, we further discuss the advantages of the proposed test methodology and the problems associated with not incorporating the BLER accuracy verification of out-of-sync. 
4.1 Testing without BLER verification
If the out-of-sync test does not check for the associated BLER level, there are significant drawbacks as listed below.
· We do not have a means to test whether the UE implementation is checking for the estimated BLER level for the defined formats or just performing a wideband RS-SINR level thresholding. In RAN4#47, there was an overwhelming opposition for using RS-SINR levels for defining Qout/Qin as different levels would then need to be defined for different transmit antenna configurations, different BWs and different propagation channels. It was therefore agreed that, BLER levels on hypothesized PDCCH formats would be used for checking against Qout/Qin.
· The Ior levels at transitions in the test need to be carefully chosen. Extensive simulations towards alignment of PDCCH performance between different companies necessary to set the signal levels. Also, we need make an assumption on the number of PCFICH hypotheses considered in actual PDCCH decoding (just like that done for developing PDCCH demodulation requirements) and estimating PDCCH BLER in these simulations.

4.2 Testing with BLER verification as proposed

Clearly, there are many advantages if BLER corresponding to the out-of-sync state is checked. Extensive simulations are not necessary for choosing test signal levels for out-of-sync. Ior2 and Ior4 are the primary design SINR points.
· Also, there is no need to make an assumption on how many PCFICH hypotheses are considered in PDCCH decoding in setting the signal level Ior2 – this could be left for the implementation. 
· For choosing Ior4, a large hysteresis (eg. 4 dB) can be allowed for as PDCCH BLER is being explicitly tested and again an explicit assumption on the number of PCFICH hypotheses considered in PDCCH demodulation results can be avoided. 
Therefore, a tight alignment between PDCCH results from different companies is not necessary if the proposed method is adopted. Essentially, the out-of-sync test then becomes more of a consistency check to ensure that a UE vendor is implementing a BLER estimator that accurately reflects their own PDCCH demodulator implementation. It is therefore better to incorporate BLER level verification as part of the out-of-sync test as it makes designing the test points easier.
5. Reference test channel
The PDCCH BLER performance is a function of input SINR level, transmit antenna configuration (SIMO, SFBC, SFBC-FSTD), BW and propagation channel (eg. delay spread, Doppler). AWGN channel has a frequency-flat response and the PDCCH codeword is interleaved over the entire BW. The PDCCH BLER performance can be significantly different (offset by a few dB, say at 1% BLER) for an AWGN channel relative to a frequency selective channel (eg. EVA 0 Hz) even when wideband SINR is identical. But, an AWGN channel has significant advantages over a non-zero Doppler channel in terms of total test times (and therefore the associated test cost). So, a static (zero Doppler) channel that is frequency selective can be chosen for RLM tests. For example, we can use the 9-tap channel model for EVA as in [2], but with zero Doppler for this purpose. The test times, which are dependent on the number of trials to complete to achieve a certain degree of statistical significance, are expected to be similar for static channel and AWGN.
Based on this, and the need to test different transmit antenna configurations, the suggested test cases are summarized in Table 1.

	Parameters
	Details

	Propagation channel
	EVA 0 Hz

	Transmission modes
	SIMO, SFBC

	Channel BW
	1.4 MHz, 10 MHz

	Number of tests
	4

	Discontinuous reception (DRX)
	OFF

	Layer 3 filtering
	N313 set to a medium value (eg. 11) to enable NACK counting, N315 set to 1

	T310 timer
	Chosen separately for out-of-sync and in-sync tests


Table 1. RLM test case summary
6. RAN4 simulation effort

As described earlier, Ior2 and Ior4 are the two primary design levels for the test that need to determined. Since, the PDCCH BLER feature is being tested, a tight alignment between simulation results from different companies is not necessary for choosing Ior2. For choosing Ior4, design level can be derived from simulation results from different companies without tight alignment (eg. worst-case SINR value + 2 dB margin). These levels can be set based on one iteration of simulations for alignment purpose and even if there is no close alignment, due to the reasons explained earlier, the tests can be finalized in RAN4#50. The cases listed in Table 1 correspond to four tests for which Ior2 and Ior4 levels need to be designed and completed within RAN4#50 timeframe for Stage II-A RRM tests.
7. Conclusions
A proposal for test case development for RLM requirements was made in this contribution.
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