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1. Introduction
In the last RAN4 meeting, some details on radio link monitoring (RLM) were presented in [1] for information purposes.  In this contribution, we provide some discussion points on certain aspects of RLM, namely reporting interval, Qin/Qout definition, and RLM testing.
2. RLM Reporting Interval
In [1], it is stated:
The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the serving cell.
We believe that for the purpose of clarity, we should also state the reporting interval.  A reporting interval of 10-20 ms showed sufficient performance in [2], where the biggest gain in estimation accuracy versus complexity was seen for a 10 ms interval (N=20 in Table 2 of [2] for Teval = 200ms).  Thus, we propose to add the reporting interval of 10 ms (or once every radio frame, which is consistent with the current agreement in TS 36.213) to the draft requirements, i.e.

The UE shall estimate the downlink radio link quality every radio frame and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the serving cell.
3. Qin/Qout Definitions

In [1], it has been agreed that Qin and Qout should be defined as follows:

The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to a [10%] block error rate of a hypothetical PDCCH transmission with parameters specified in Table 7.1. 

The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to a [2%] block error rate of a hypothetical PDCCH transmission with parameters specified in Table 7.2
It was brought up by several companies in the last RAN4 meeting [3] that the assumptions on PCFICH would also need to be specified to ensure consistent UE behavior.    Note that the successful decoding of PDCCH is dependent on the correct decoding of PCFICH, and it therefore makes sense to include the assumption on PCFICH boosting (e.g. maximum boosting for best reliability) in the hypothetical PDCCH transmission, especially for the case when the PCFICH errors influence the PDCCH BLER (see figure below).  
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The results submitted by companies [4][5] on the feasibility of using this “hypothetical PDCCH” approach need not change,  except for possibly adding some extra margin to take into account the PCFICH errors.  We can thus modify [1] into:
The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to a [10%] block error rate of a hypothetical PCFICH/PDCCH transmission with parameters specified in Table 7.1. 

The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to a [2%] block error rate of a hypothetical PCFICH/PDCCH transmission with parameters specified in Table 7.2
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols
	[2]; BW >= [10] MHz

[3]; BW <= [5] MHz

	Aggregation level
	8

	Ratio of PCFICH RE energy to average RS RE energy
	[4] dB (or infinite if using current assumption)

	Ratio of PDCCH RE energy to average RS RE energy
	[4] dB for 1x2

[1] dB for 2x2 and 4x2














Table 7.1 PDCCH transmission format for out-of-sync
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	[2]; BW >= [10] MHz

[3]; BW <= [5] MHz

	Aggregation level
	4

	Ratio of PCFICH RE energy to average RS RE energy
	[4] dB (or infinite if using current assumption)

	Ratio of PDCCH RE energy to average RS RE energy
	[0] dB for 1x2

[-3] dB for 2x2 and 4x2














Table 7.2 PDCCH transmission format for in-sync

4. RLM Testing
Considering the analogous definition of Qin/Qout metrics on the CQI definition, one could possibly use CQI-type testing methodologies for RLM.  Below is a proposed test scenario that could potentially capture the important aspects of the definition of Qin and Qout:

1. Test equipment generates varying SNR in conditions following e.g. a bowl shaped shaped profile that goes from in-sync conditions to out-of-sync conditions, and then back to in-sync conditions.

2. Test eNB provides 1A and 1C grants continuously for each subframe and computes the BLER of each over the past 200 ms and 100 ms, respectively.

3. Once the Qout threshold is exceeded for Format 1A, the UE should shut off its transmitter within L3dur+[40+x] ms, where L3dur is the L3 filter duration, [40] ms is the requirement, and x is some margin, which could be zero.

4. Afterwards, once the Qin threshold is then met for Format 1C, the UE should resume transmission within L3dur+x ms.  

Using this approach allows the verification of the definition and requirements for RLM while taking into account the possible PCFICH/PDCCH decoding performance variations among UEs.  It would be interesting to get other companies’ opinions on the feasibility of this approach, especially from test equipment vendors.  
5. Conclusions
In this contribution, we have 3 proposals related to RLM:
· We propose that the RLM reporting interval be specified as 10 ms 

· We propose that PCFICH boosting assumptions be specified in the Qin/Qout definitions, and we propose this to be the maximum boosting of 4 dB

· We outlined a possible RLM testing procedure, which involves a varying SNR profile and PDCCH BLER measurement procedures, which accommodates possible decoding performance differences of different UEs
6. References

[1] R4-082657 “Radio Link Monitoring Requirements”, Ericsson.
[2]  R4-082301, “Simulation results for out-of-sync and in-sync detection,” Motorola

[3] “Report of the 3GPP TSG RAN WG4 meeting # 48bis", MCC
[4]  R4-082439, “Radio link problem detection,” Nokia
[5] R4-082489, “Evaluation of Out-of-Sync and In-Sync Detection in E-UTRAN,” Ericsson
[L3dur+x] ms





In-sync indication





UE resumes transmission





UE shuts off transmitter





[L3dur+40+x] ms





…





Out-of-sync indications





L3dur =2








10ms





Format 1A error rate over past 200 ms 





Format 1C error rate over past 100 ms 





2%





10%





Measured �PDCCH error 





In-sync





-5





Out-of-sync





-10





t (ms)





-12





0 





SNR (dB)





UE indications











