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1 Introduction

During drive-tests of an experimental LTE public safety network, the following situation was observed:

After encountering bad radio conditions (e.g. tunnel…), the UE was not able to re-establish quickly the connection although the radio conditions were back to normal. The person performing the drive test usually made a hard reset (on the UE after few tenths of seconds or few minutes… and the UE was then able to connect with no delay. 
The drive-tests were done with a single RAT (E-UTRA) UE supporting a single frequency band. The trial network is made of a single tri-sector eNodeB located on the roof of a building.

After some analysis (detailed in section 2.1), it appeared that this behavior may be linked with the requirement to consider the cell as barred in case the acquisition of the essential system information is not possible during an RRC connection re-establishment procedure.

It is believed that this behavior was not noticed up to now since, in commercial network deployment, most UEs are multi-RAT, support multiple frequency bands. Moreover, most E-UTRA networks are deployed in dense area with good coverage of 2G/3G networks. These conditions significantly increase the probability of success of the RRC re-establishment procedure which prevent the UEs to stay into the RRC_IDLE state during the 300s the initial cell is barred.
For Public Safety networks, the situation is different since - in many cases - PS network is the only available network as described in section 2.2.
A proposal to prevent in real life situation the issue encountered during drive-test is described in section 2.3.

2 Discussion
2.1 Analysis
2.1.1 Assumptions 

An LTE-only UE supporting a single frequency band is deployed in the coverage area. There is one 3-sector-LTE eNB providing LTE coverage. UE only supports the frequency band in use in that the cell. 

2.1.2 Use case (and UE behaviour according to 36.331 and 36.304)
1. UE is turned ON, and UE attaches to the cell. The UE can then moves to RRC_CONNECTED normally (i.e. the cell becomes serving cell for the UE).

2. The attenuation between the UE and cell is increased, so that UE suffers from no-coverage situation. This (eventually) causes UE to detect Qout condition and start the T310 timer. 

3. When T310 expires, the UE declares RLF and attempts re-establishment procedure.

4. Upon initiating re-establishment procedure, UE starts the T311 timer and cell selection (to find a suitable cell). It also treats the previous LTE cell as barred based on the following (36.331, section 5.2.2.5):
[image: image1]Below is an extract from TS 36.304 describing how the UE shall treat a cell considered as barred and the associated duration (300s): 
[image: image2]
5. Since the UE is unable to find any cell (since there is only the one LTE cell that has coverage), it will enter RRC_IDLE

6. In RRC_IDLE, UE continues to do cell selection to find a suitable cell (36.304, section 5.2.3).

7. Since the UE will have the information from the previous cell, it may first attempt the b)-part. Since that will not work the UE will instead attempt a), i.e. Initial Cell Selection. Still, the cell shall be treated as barred.

8. Once it deems no suitable cell is found, it shall enter “Any cell selection” mode (See picture in section 5.2.2 of 36.304)

9. Now, in “Any Cell Selection”, UE will still consider barring as valid, since UE searches for an acceptable cell, which cannot be a barred cell (acceptable cell definition is in section 4.3 of 36.304): 
[image: image3]
· NOTE that the UE will also stay in “Any Cell Selection” as long as it cannot find a(ny) cell (36.304, section 5.2.8 copied below)


[image: image4]
· Based on above UE will consider the cell in question to barred, according to current specifications.
· Given the assumptions in 2.1.1, the UE is unable to reach the RRC_CONNECTED state before the expiry of the 5 minute timer.

The figure below depicts the use case observed during the drive tests.
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The figure below depicts a similar use case (same starting point) and same evolution of the radio propagation conditions). however, it is assumed that the UE is multi-RAT/mult-Band in a dense deployment area (typical commercial deployment)
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2.2 Typical Public safety network deployment vs. commercial network deployment
The mechanism described in the above section ensures that the UE which has lost a cell is not allowed to establish or re-establish connection with this cell before 5 minutes. Instead, it should select or re-select another cell (on the same frequency or not, depending on the value of the field intraFreqReselection or even a cell with a different RAT).
In commercial network, where the density of cells is high (and often with multi-RAT) to cope with the capacity requirement, this mechanism is adequate.

The situation is different for public safety network:
· Public safety networks aim to offer a nationwide coverage. With the propagation benefit of being deployed in low frequency band (e.g. 400MHz in Europe), there might be some rural area with low population density where the Public Safety network is the only available network for its members.
· In case of large disaster (e.g. hurricane Katrina), all the existing infrastructures are out-of-order. The coverage for the public safety users is ensured by a fast deployable network which is the only network available during the early phase of the rescue.
In case a public safety user meets bad reception conditions, the mechanism defined in TS36.331 & 36.304 may require the UE to treat the only available cell as barred for 5 minutes. This is obviously not desirable in an emergency situation where it is expected that the UE can re-select the cell as soon as the reception quality has improved.

It shall be noted however that this situation is not specific to Public Safety: a commercial UE –even supporting multi-RAT – may be forced to wait for 5 minutes if it is in an area where only one LTE cell is available (greenfield deployment).
2.3 Proposed change

In UTRAN specification [5], the time duration while the UE shall not attempt to select or re-select a cell barred or treated as barred is a parameter TBarred, which is broadcasted in the system information.
Similar approach was proposed for E-UTRAN ([1], [2]) but it was finally concluded ([3]) that the value does not need to be configurable and a value of 300s was proposed ([4]).

To ensure E-UTRAN specifications can be adopted for public safety networks, it is proposed to make the current 300s value configurable as in UTRAN specifications.

Following the approach in [2], it is proposed that the TBarred parameter is broadcasted in SIB1. A list of values – smaller than 300 seconds – is proposed below. The value of 300s is kept as the default value.

t-Barred-v1210





ENUMERATED {












s0, s1, s3, s10, s30, 












s100, s300}

DEFAULT s300,
3 Conclusion

It is proposed to replace the value of 300s of the section 5.3.1 in TS36.304 by a configurable value TBarred to cover the public safety use case.
If agreed, CRs to TS36.331 and 36.304 will be prepared.
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acceptable cell:


An "acceptable cell" is a cell on which the UE may camp to obtain limited service (originate emergency calls and receive ETWS and CMAS notifications). Such a cell shall fulfil the following requirements, which is the minimum set of requirements to initiate an emergency call and to receive ETWS and CMAS notification in a E-UTRAN network:


-	The cell is not barred, see subclause 5.3.1;


-	The cell selection criteria are fulfilled, see subclause 5.2.3.2;








5.2.8	Any Cell Selection state


In this state, the UE shall attempt to find an acceptable cell of any PLMN to camp on, trying all RATs that are supported by the UE and searching first for a high quality cell, as defined in subclause 5.1.2.2.


The UE, which is not camped on any cell, shall stay in this state until an acceptable cell is found.











When cell status "barred" is indicated or to be treated as if the cell status is "barred",


-	The UE is not permitted to select/reselect this cell, not even for emergency calls.


-	The UE shall select another cell according to the following rule:


-	If the cell is a CSG cell:


-	the UE may select another cell on the same frequency if the selection/reselection criteria are fulfilled.


-	else


-	If the field intraFreqReselection in field cellAccessRelatedInfo in SystemInformationBlockType1 message is set to "allowed", the UE may select another cell on the same frequency if re-selection criteria are fulfilled.


-	The UE shall exclude the barred cell as a candidate for cell selection/reselection for 300 seconds.


-	If the field intraFreqReselection in field cellAccessRelatedInfo in SystemInformationBlockType1 message is set to "not allowed" the UE shall not re-select a cell on the same frequency as the barred cell;


-	The UE shall exclude the barred cell and the cells on the same frequency as a candidate for cell selection/reselection for 300 seconds.


The cell selection of another cell may also include a change of RAT.








5.2.2.5	Essential system information missing


The UE shall:


1>	if in RRC_IDLE or in RRC_CONNECTED while T311 is running:


2>	if the UE is unable to acquire the MasterInformationBlock or the SystemInformationBlockType1:


3>	consider the cell as barred in accordance with TS 36.304 [4]; and


3>	perform barring as if intraFreqReselection is set to allowed, and as if the csg-Indication is set to FALSE;


2>	else if the UE is unable to acquire the SystemInformationBlockType2:


3>	treat the cell as barred in accordance with TS 36.304 [4];
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