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1 Introduction

In the last RAN4 meeting RAN4 agreed to evaluate the feasibility of the detection of out-of-sync (OOS) and in-sync (IS) based on hypothetical PDCCH BLER criterion [1]. The assumptions for evaluation in non DRX case were agreed in [2]. We also presented simulation results for non DRX case in [3]. In this paper we analyze the OOS and the IS requirements in DRX. 

2 Analysis of Requirements in DRX
The simulation results in [3] have shown that Qout and Qin can be defined in terms of hypothetical PDCCH BLER. The evaluation periods of 200 ms and 100 ms for Qout and Qin respectively are found to be feasible in non DRX mode. Furthermore our proposed Qout and Qin levels were 10% and 2% respectively [3].  
In DRX mode we suggest that:

· The same performance targets i.e. Qout (10%) and Qin (2%) levels used in non DRX also apply in DRX regardless of the DRX cycle length.  
· The Qout and Qin evaluation periods are extended as a function of DRX cycle length to achieve the Qout and Qin estimation accuracy equivalent to that of non DRX case.

The period of extending the evaluation period as a function of DRX cycle is also used for measurement requirements: cell search and RSRP/RSRQ in TS 36.133. However one main difference is that to comply with the true BLER, the Qout and Qin should be relatively more accurate compared to the neighbor cell measurements. Our analysis in [3] indicates that relatively large number of samples in the order of 20-25 and 10-15 for Qout and Qin respectively would be needed to match the accuracy of the true BLER. However, the samples are relatively shorter (e.g. 1 ms) compared to the one needed for cell search where the entire sub-frame is swept to track the cell timing. This means Qout and Qin evaluation periods can in principle be in the same order of magnitudes, which are defined for the neighbor cell measurement periods in DRX. This is further analyzed below: 

Proposed Qout and Qin Evaluation Periods in DRX:
Tables 1 and 2 express the proposed evaluation period of Qout (TEvaluate_Qout_DRX) and Qin (TEvaluate_Qin_DRX) evaluation periods respectively for DRX cycle up to 2.56 seconds. 
Similar to the measurement requirements in DRX, we suggest that up to certain lower DRX cycle, e.g. 40 ms, no relaxation is allowed. This is also the threshold used for measurement requirements in TS 36.133 in DRX. However at longer DRX e.g. 0.64 seconds we suggest that Qout and Qin evaluation periods are 5 and 3 times the DRX respectively. Since Qin evaluation period in non DRX is shorter therefore its period in DRX should also be shorter compare to that of Qout in DRX.  Therefore, Qin period is proposed to be 3 times the DRX cycle for DRX cycle larger than 40 ms. 

We feel that the proposed figures in tables 1 and 2 would ensure that Qout and Qin indications to higher layer are not extensively delayed. Otherwise radio link failure recovery performance is likely to be compromised. 
Need for Higher Layer Filtering:

Furthermore, due to other imperfections in reality the Qout and Qin would not perfectly match with the true BLER. This however can be compensated by the network controlled hysteresis counter, whose need is currently under discussion in RAN2. The hysteresis counter would ensure that the radio link failure timer (T310) is initialized after certain number of consecutive Qout reports from the physical layer. This will minimize the ping pong effect due to unnecessary initialization of the timer (T310). 

Furthermore, since Qout and Qin are fixed standardized values therefore higher layer filtering would enable some level of flexibility in terms of filtering for different service types. 
This mechanism of higher layer filtering comprising of timer and a hysteresis counter is also specified in WCDMA. We therefore recommend similar approach is also used in E-UTRAN. 
Table 1: Proposed Qout Evaluation Period in DRX
	DRX cycle length (s)
	TEvaluate_Qout_DRX  (s) (DRX cycles)

	≤0.04
	   0.2 (Note)

	0.08
	0.4 (5)

	0.16
	0.8 (5)

	0.32
	1.6 (5)

	0.64
	3.2 (5)

	1.28
	6.4 (5)

	2.56
	12.8 (5)

	Note: number of DRX cycle depends upon the DRX cycle in use


Table 2: Proposed Qin Evaluation Period in DRX
	DRX cycle length (s)
	TEvaluate_Qin_DRX (s) (DRX cycles)

	≤0.04
	   0.1 (Note)

	0.08
	0.24 (3)

	0.16
	0.48 (3)

	0.32
	0.96 (3)

	0.64
	1.92 (3)

	1.28
	3.84 (3)

	2.56
	7.68 (3)

	Note: number of DRX cycle depends upon the DRX cycle in use


3 Impact on RAN2 Specifications
Currently RAN2 is awaiting RAN4 feedback on the following OOS and IS related issues: 

· Value ranges of T310 timer used for radio link failure evaluation: 

· The ranges are dependent upon RAN4 Qout and Qin requirements especially those in DRX

· The need for higher layer filtering for RLF evaluation (i.e. the use of hysteresis counter along with timer T310) 
4 Summary and Recommendation
In this contribution we have proposed Qout and Qin evaluation periods for different DRX cycle lengths. 

Our analysis also reveal that both T310 timer and hysteresis counters, which form higher layer filtering, are needed to ensure some network controlled flexibility and to account for possible imperfections in Qout and Qin estimation.  
If an agreement is reached on these issues then we propose to send LS to RAN2 (and also to RAN1 for information) summarizing RAN4 agreements and recommendations.
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