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1 Introduction

The requirements related to out of synchronization handling in E-UTRAN will be specified in section 6.4.1 in TS 36.101 [1]. RAN4 has received LS from RAN1 on recommended channel and signals, which can be used for radio problem detection [2]. It has also been briefly discussed in previous RAN4 meeting [3] but no consensus has so far been reached. 
RAN4 is therefore to investigate the suitable channel(s) and other performance aspects e.g. evaluation period for radio problem detection and radio problem improvement. We analyse various aspects of radio problem detection in E-UTRAN in this paper.

2 Radio Link Problem Detection Criteria
In the latest LS from RAN1 in [2] the main contents are:  
1. The downlink radio link quality of the serving cell shall be monitored by the UE for the purpose of indicating radio problem detection status to higher layers. The radio problem detection may be based on cell-specific reference signals.

2. In non-DRX mode operations, the physical layer in the UE shall every radio frame check the quality, measured over the previous [200ms] period, against thresholds (Qout and Qin) defined implicitly by relevant tests in TS 36.101.

3. The UE shall for every radio frame indicate radio problem detection to higher layers when the quality is worse than the threshold Qout and continue until the quality is better than the threshold Qin.

4. The radio problem detection criteria for UEs in DRX mode are FFS.

5. The start and stop of the radio problem detection monitoring are triggered by higher layers.

As noted above, RAN1 recommends the use of cell specific reference symbols for radio problem detection or the so-called out of sync detection. This would also apply for radio link improvement or the so-called in sync detection. 
We propose that cell specific or the so-called common reference symbols (CRS) SIR is solely used a criteria to determine radio link problem since received quality of reference symbol is fundamental to the decoding of control (e.g. PDCCH, PHICH) and shared channel (PDSCH). This will also simplify UE implementation compared to earlier discussions in which combination of channels for radio problem detection has been proposed. 
In the next sections we will analyze the suitability of using CRS SIR for the detection of radio link problem. 
3 Analysis of Radio Link Problem Detection Criteria
In this section we analyze whether CRS SIR based radio link problem detection is feasible or not. 
3.1 Simulation Model

The link level simulation parameters used to evaluate the suitability of CRS SIR for radio problem detection are provided in table 1. 
Table 1: Simulation parameters to analysis SIR based radio problem detection
	Parameters
	Value
	Comments

	Bandwidth for evaluation
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	Evaluation period
	200 ms
	

	Measurement sampling rate
	1 ms
	Every sub-frame

	L3 filtering
	N/A
	

	Transmit antenna
	1
	

	Receive antennas
	2
	SIR estimated per receive antenna

	DRX
	OFF
	DRX to be considered at later stage

	Propagation conditions
	AWGN and ETU 
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	Frequency band
	2.6 GHz
	

	Interference from other cells [Ioc] 
	-70 dBm
	AWGN


3.2 Simulation Results

Figures 1 and 2 provide simulations comparing ideal SIR with the estimated SIR in AWGN and TU70 channel models. The ideal SIR is based on the fact that it does not include any channel estimation noise. Furthermore as indicated in table 1 that SIR estimation is obtained by filtering over 200 ms where each sample is taken every sub-frame. 
We notice from these results that estimated CRS SIR matches quite well with the true SIR even at very low SIR values e.g. down to SIR = -10 dB. Since radio problem link would occur at lower geometry values therefore CRS SIR based radio problem detection criterion seems quite feasible. In addition an evaluation period of 200 ms as recommended by RAN1 in their LS also seems feasible. 
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Figure 1: Ideal CRS SIR versus estimated SIR in AWGN
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Figure 2: Ideal CRS SIR versus estimated SIR in TU70
4 Impact of Bandwidth and Antenna Configuration
In the previous section only 1 transmit antenna and bandwidth of 6 RB was considered to analyze the suitability of using CRS SIR for radio problem detection. 
In this section we study the impact of bandwidth and transmit diversity on PDCCH decoding, which in turn is influenced by the received quality of reference symbol. 
4.1 Simulation Parameters
The link level simulation parameters used to evaluate the impact of cell bandwidth and transmit antenna configuration on radio problem detection based on SIR are provided in table 2. 

Table 2: Simulation parameters to analysis SIR based radio problem detection
	Parameters
	Value
	Comments

	OFDMA symbols for PDCCH
	3
	

	Transmit diversity configuration
	2x2
	Low correlation

	SIMO
	1x2
	Low correlation

	Propagation conditions
	EPA and ETU 
	

	Doppler Frequency: ETU and EPA
	5 Hz and 70 Hz
	


4.2 Simulation Results
The link level simulation parameters used to evaluate the suitability of CRS SIR for radio
Figures 3 and 4 show PDCCH demodulation results with different bandwidths for SIMO (format 1) and transmit diversity (format 2) respectively; ‘r’ represents the lowest achievable coding rate, which varies with bandwidth. The formats are defined in TS 36.212 [4]. 
If we assume radio link problem (RLP) detection occurs at 10% PDCCH BLER. Then summary of results in terms of CRS SNR (approximate values) at the above RLP level is provided in tables 3. 
The results in the above table show that in a cell with larger bandwidth and with transmit diversity due to better SNR the radio link problem would occur at lower SNR levels if the requirements are defined as a function of bandwidth and transmit antenna configuration.

Table 3: Radio link problem level assuming at 10% PDCCH BLER 

	Bandwidth
[MHz]
	Radio link problem level: SNR [dB]

	
	EPA5
	ETU70

	
	SIMO
	Transmit diversity
	SIMO
	Transmit diversity

	1.4
	-3
	-3
	-3.5
	-3.5

	3
	-5
	-5.5
	-6.5
	-5.5

	10
	-6
	-6
	-7
	-6
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Figure 3: PDCCH decoding performance in SIMO
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Figure 4: PDCCH decoding performance in MIMO
5 Aspects of Requirements
As analyzed in section 3 that CRS SIR seems a feasible criterion for radio link problem detection. However the details of the estimation of CRS SIR including the sampling rate need not specified in the standard rather should be UE implementation specific. However the specification should cover the following aspects so that requirements are testable:
· Radio link problem (RLP) detection period e.g. 200 ms

· Radio link recovery (RLR) detection period e.g. 100 ms (i.e. less than 200 ms)

· SIR level corresponding to radio link problem

· SIR level corresponding to radio link recovery

Furthermore, both SIR levels (RLP and RLR) should be dependent upon cell transmission bandwidth and transmit antenna configuration. This is because the control channel decoding performance is heavily influenced by the system bandwidth and the transmit antenna configuration as analyzed in section 4. Therefore the RLP and RLR SIR levels would greatly vary for bandwidths between 1.4 MHz and 20 MHz. Thus in cell with larger bandwidth and transmit diversity the UE could stay in sync at lower SIR level compared to the one with shorter bandwidth and fewer antennas. 
Finally the requirements are DRX case should also be specified where longer filtering length needs to be considered. However, DRX case should be addressed once non DRX scenario is finalized. 
6 Summary
In this paper we have provided simulation results to evaluate the feasibility of using CRS SIR as a criterion to detect radio problem in non DRX scenario. Our analysis reveals that indeed CRS SIR is a robust metric to determine the radio link problem due to its good estimation even at very low geometry. We therefore recommend the use of CRS SIR for radio link problem detection and recovery. It is also suggested to that requirements are bandwidth and transmit antenna configuration dependent. The details of the requirements (i.e. performance figures) need to be further investigated. 
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