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1 Introduction

In order to facilitate network in providing ubiquitous coverage to the UE where ever possible, a mechanism is needed whereby UE physical layer is able to detect and report when it looses the cell coverage. This paper firstly identifies certain scenarios where the indication of coverage loss is beneficial for both UE and network operations. Various potential coverage loss criteria and mechanisms are addressed. 
2 Objective of Out of Coverage
An E-UTRA UE shall report neighbour cell measurements (e.g. RSRP, RSRQ, E-UTRA carrier RSSI) to support mobility [1]. In many scenarios these measurements can implicitly provide information about the coverage loss. For instance in a given radio conditions (e.g. geometry factor) due to different UE receiver performance the reported measurement quantity values could differ. The RSRP accuracy becomes significantly worse at low geometry or low SNR levels [2]. Due to this reason network cannot precisely judge if the out of coverage has occurred or not. 

There are situations where more explicit coverage loss indication is needed by the network. A similar concept called out of sync is also used in WCDMA [3-4]. One main objective of explicit out of coverage reporting would be to indicate the network that coverage loss occurs due to bad downlink. Without explicit reporting the network will not know whether for instance the missed ACK/NACK (of the DL transmitted packet) is due to bad downlink or uplink. It would be then up to the network implementation to either increase downlink power/resources or stop serving that UE. The collected statistics could also be used by the network to improve coverage and planning. 
3 Coverage Loss Scenarios
Some examples of coverage loss scenario where explicit out of coverage is needed are:
· E-UTRAN coverage border

· Poor coverage at the junction of irregular cell sizes
3.1 Coverage Border Scenario

Limited E-UTRAN coverage in some geographical vicinity may result in coverage boundaries. This may easily lead to a situation where a UE looses coverage when moving out of the E-UTRAN coverage borders. An explicit coverage loss indication in this scenario would make the network aware of the UE coverage status more clearly. This could help the network to improve the coverage, if possible, by employing suitable radio resource management techniques. On the other hand, a consistent coverage loss as depicted by the coverage loss criteria could allow the network to drop such a UE well in time thereby saving network resources.  
3.2 Poor Coverage Areas
E-UTRAN like any other cellular network is expected to offer ubiquitous coverage in all type of locations. However, there are at least some inevitable coverage spots, where good cell planning is very hard to realize in practice. These areas could be found at the intersection of very irregular cell sizes e.g. cells encompassing hilly and skyscrapers within a congested metropolitan region. Consistently ensuring good coverage in such awkward coverage spots could drain enormous network radio resources. However, an efficient radio resource management mechanism could react and improve the coverage on demand basis by allocating more resources etc. The realization of such a mechanism requires explicit UE feedback when its coverage falls below the desired level.
4 Limitation of Implicit Coverage Loss Indication

In such out of coverage scenarios the measured quantity (e.g. RSRP, RSRQ) may either be either out of the reporting range or the measured results incorporate large measurement uncertainties. As stated above due to different UE receiver performance the reported measurement quantity values could differ even at the same geometry. Hence in these circumstances, solely based on the UE measurement reports, the network may not correctly infer that the UE is out of coverage or not.   
5 Criteria for Explicit Out of Coverage Indication
The coverage loss criteria should be based on some physical layer measurement that UE should perform on some known downlink reference signals or on channel preferably transmitted consistently with constant power level. It should be noted that in WCDMA out of sync criteria is based on measured performance of the UE specific downlink physical layer channels such as F-DPCH or DPCCH channels [3-4]. But due to packet oriented transmission in LTE, coverage loss criteria based on UE specific channels, is not desirable. Instead, the decision should be based on signals, which are readily available to the UE, irrespective whether the UE is scheduled or not. Thus in LTE the out of coverage in common mode is desirable. The criteria should be based on some common known signals that ensures that UE is able to distinguish between good coverage (in coverage) and out of coverage. 
5.1 Analysis and Simulation Assumptions
The criterion to detect out of coverage is based on reference symbol error rate (RER). In the simulation out of coverage occurs when RER exceeds 30%. The evaluation (i.e. RER estimation) is done over 200 ms measurement period. The other simulation parameters are shown in table 1.
Table 1: Simulation parameters for in sync/out of sync detection
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	

	System bandwidth
	6 resource blocks
	

	In sync/Out of sync evaluation period (T)
	200 ms
	

	RS used for in sync/out of sync evaluation during period (T)
	324 symbols
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Both antennas with equal gain, no correlation between them.

	Propagation conditions [5]
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	Frequency band
	2.6 GHz
	

	Interference from other cells [Ioc] 
	-70 dBm
	AWGN


5.2 Simulation Results

Figure 1 shows the probability of out of coverage (i.e. when RER > 30%) for different reference symbol SNR. The figure shows that when evaluating out of sync criterion the UE is able to distinguish between different SNR levels especially in AWGN. The out of sync occurs at SNR = -10 dB in AWGN. 
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Figure 1: Out of coverage detection RER (RER > 30%)
The UE in out of sync will attempt to revert to in sync. Therefore, it has to evaluate in sync over the same period of 200 ms used for out of sync detection. As shown in figure 2 that when evaluating in sync criterion the UE is also able to distinguish between different reference symbol SNR levels especially in AWGN. The in sync occurs at around reference symbol SNR = -5 dB in AWGN.
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Figure 2: In sync detection based on RER (RER ( 30%)
6 Reporting Mechanism

The UE should be able to report to the network the events, which are related to both out of coverage and in coverage. As discussed above the UE physical layer shall constantly evaluate the coverage loss criteria over a certain specified time period. In case coverage loss occurs the UE shall report the results or the corresponding event to the network. 
But due to the poor downlink the UE would not be able to receive the UL scheduling grants that would be needed to report out of coverage to the network. One possibility could be that UE reports out of coverage by sending a unique pattern (UE specific) of signature sequences on RACH channel, e.g. 4 signature sequences sent in successive RACH time slots. The unique pattern could be derived by a suitable hashing function. The reception of this unique pattern would indicate to the network that a particular UE has lost coverage. 

Another possibility could be that network proactively assigns the UL scheduling grant when the reported measurements are at the minimum level and the network expect that UE is on the verge of loosing downlink coverage. The UE shall then report out of coverage via higher layer using this proactively assigned grant. However, this latter solution is less desirable as it could lead to the wastage of UL grants.
When downlink coverage improves the UE shall also report the in coverage. But this could be done through normal scheduling procedure by requesting UL grant and reporting to the network via RRC.
7 Summary
In this contribution we have identified some important scenarios where UE may involuntarily loose E-UTRAN coverage. In these circumstances it’s beneficial for the network to be made aware of the UE that looses coverage. We have identified that RS error rate (RER) can be used to detect out of coverage since this criterion allows the UE to distinguish between good and bad coverage scenarios. It is therefore recommended to further consider the presented criteria and methodology for defining downlink out-of-coverage mechanism in UE.
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