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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]. Simulation assumptions for this evaluation were also agreed in RAN4 [2]. In this paper we provide results based on the agreed assumptions in [2].
2 Objective of the Study
The Qout and Qin which are the out of synch and in sync thresholds respectively will be defined in terms of hypothetical PDCCH BLER. Therefore the objectives of the study are to evaluate:

· How accurately UE can estimate the hypothetical PDCCH BLER in SIMO and transmit diversity i.e. to observe the difference between the actual BLER and the estimated hypothetical BLER for the given PDCCH formats. 
· Suitable Qout and Qin levels.

· The feasibility of OOS and IS durations: 200 ms and 100 ms respectively as suggested in [2]. 

The ultimate goal of this exercise is to define OOS and IS requirements i.e. Qout, Qin and their corresponding evaluation periods in [3].

3 Simulation Results
The link simulation results are based on the assumptions in [2]. No power boosting on reference symbol is used in the simulation. Furthermore, the evaluation is done assuming continuous reception scenario (i.e. non DRX case). The requirements in DRX are discussed and analyzed in a separate contribution [4].
The method to derive the estimated BLER is UE implementation dependent and is therefore details are not discussed. It is important that the estimated BLER closely matches with the true BLER. 
3.1 SIMO Results
Figures 1 and 2 provide link simulation results for out of sync detection and in sync detection for SIMO case (1x2 antenna configuration). The results show that for both OOS and IS, the estimated BLER matched with good accuracy. 
In fading (ETU5) for OOS detection beyond 10% target, it starts becoming more difficult for the UE to accurately predict the true BLER.  

The PDCCH performance target is 1%. Therefore UE should attempt to regain synchronization at slightly higher BLER level compared to the operating point (1%). As seen from the results the IS detection level at 2% seems feasible. 

 Figure 1: Accuracy of Out of Sync Detection Performance (SIMO)
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Figure 2: Accuracy of In Sync Detection Performance (SIMO)
3.2 Transmit Diversity (2x2) 
Figures 1 and 2 provide link simulation results for out of sync detection and in sync detection for transmit diversity scenario (2x2 antenna configuration). Behavior similar to that in case of SIMO is also observed in transmit diversity scenario. This means for both OOS and IS, the estimated BLER matched with good accuracy. 
Also in (2x2) case in fading (ETU5) for OOS detection beyond 10% target, it starts becoming more difficult for the UE to accurately predict the true BLER. This means OOS sync detection threshold (Qout) can be set at 10% hypothetical PDCCH BLER.
Regarding IS detection level for 2x2 case, as seen from the results the 2% seems feasible. 
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 Figure 3: Accuracy of Out of Sync Detection Performance (Tx-Diversity: 2x2)
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Figure 4: Accuracy of In Sync Detection Performance (Tx-Diversity: 2x2)

4 Summary and Recommendation
Based on the analysis and results presented in this paper we recommend that in non DRX case:

· Qout and Qin are defined in terms of hypothetical PDCCH BLER

· Qout target is set at 10%

· Qin target is set at 2%

· Qout and Qin evaluation periods of 200 ms and 100 ms respectively are suitable enough.
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