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1.
Introduction

At RAN4#73 meeting D2D requirements for in-coverage scenario were discussed and agreements were reached. The agreements were captured in CR [1]. The objective of this contribution is to discuss the ProSe UE behaviour when a ProSe UE that is out-of-coverage detects a new cell on the cellular carrier. This contribution addresses issue pointed out in the LS [2] when a ProSe UE operates in a multi-carrier scenario. 
2.
ProSe UE in Out-of-Coverage
A ProSe UE which is out-of-coverage is required to scan for new cellular cells that it can connect to. The ProSe UE can be out-of-coverage for different periods, and the length of this period affects the total cell search delay. For example, if the ProSe UE has been out-of-coverage for very short time and it detects a cellular cell, then some of the old configurations may still be valid, e.g. frequency- and time synchronization. On the contrary, if the ProSe UE has been out-of-coverage for long time, the frequency- and time synchronization may have changed or the old configurations may not be valid any longer. This may lead to longer cell search time. There should be a time, ∆, up to which the ProSe UE remembers its old receiver configuration. Examples of such configurations are:

· Time and frequency configuration

· Intra-band center-frequency location

· Supported band configuration

Remembering these receiver configurations will lead to reduced cell search time up to a certain time. This may correspond to a neighbour cell search procedure and it may be possible to reuse some of the existing cell search requirements in this case. 
The second case is when the UE has been out-of-coverage for long time, e.g. more than X seconds that the UE has lost its old receiver configuration. This may correspond to an initial cell search procedure which will take even longer time, e.g. few seconds or minutes in the worst case. 
It was agreed at previous RAN4 meeting to allow the possibility for the operators to pre-configure ProSe UEs with some parameters that the UEs use when they are out of network coverage. Examples of pre-configured parameters that are configured for out-of-coverage scenarios are [3]:

 - P-Max-ProSe; parameter used to limit the maximum transmit power when the ProSe UE operates in out-of-coverage.
- additionalSpectrumEmissions-ProSe; parameter used to adjust the transmission to meet the region-specific regulatory emission requirements when ProSe UE operates in out-of-coverage. 
The problem may arise due to the pre-configured ProSe resources when it is in the vicinity of a new cellular cell or when it detects a new cell on the cellular carrier. This is explained below.
When the ProSe UE is camped on a cell or it has a serving cell (PCell), then the ProSe UE should use the radio resources indicated by its PCell. These are indicated by the eNB using the SIB or dedicated signaling. If ProSe UE continues to use the pre-configured radio resources which were derived particularly for the out-of-coverage scenario in in-coverage scenario, this may result in that the ProSe harming the cellular network.  Therefore there is a need for UE requirements to ensure that in out of network coverage the UE uses ProSe only where it is allowed to do so. 
The newly detected cell by ProSe may be of following types:

· intra-frequency cells (same carrier as that of the last serving cell)

· cells on a carrier preconfigured with ProSe resources for ProSe operation in out of network coverage. This carrier can be the same or different than the last intra-frequency carrier.  

· inter-frequency cells

· inter-RAT cells
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Figure 1: ProSe UE which has lost coverage to old cell, while being out of network coverage performing ProSe Communication with another ProSe UE using the pre-configured ProSe resources. 

3.
Cell detection requirements for ProSe UE in out-of coverage

In this section we discuss the time required for the ProSe UE in out-of-coverage to detect a cell on intra-frequency, configured inter-frequency or configured inter-RAT carriers or any non-configured carrier. 
3.1
Detection of intra-frequency cells or cells on preconfigured ProSe carrier by ProSe UE in out-of coverage

In this section it is assumed that the newly detected cell is an intra-frequency cell on the last intra-frequency carrier before entering ONC or the detected cell may belong to the carrier preconfigured with ProSe resources for ProSe operation in out of network coverage. The preconfigured ProSE carrier can be the same or different than the last intra-frequency carrier.  
The detected cell can be the same old serving cell ProSe UE was connected to earlier or it can also be a new cell on any of the two carriers. In order to detect the new cell, the UE receiver has to first find the location of center frequency and then detect the PSS/SSS in 6 RBs located in the centre frequency. For intra-frequency cells the center-frequency is located in the same position regardless of the band. Thus the new cell is detected quicker provided that the old measurement configuration is kept within the UE at this point in time, i.e. the old receiver configurations are still applicable. If this is the case, in our view the existing cell identification requirement can be reused for ProSe UE.
Figure 2 illustrates the events in a time-axis of a ProSe UE in an example scenario. At time T1, the UE loses its connection to PCell, i.e. it goes out of network coverage. T2 is the point in time when the UE loses its old receiver configuration or at which the old receiver configurations become invalid. If the UE has been out-of-coverage for long time, e.g. time greater than ∆1, that the old measurement configuration is not valid or lost, then the cell search procedure may take longer time and it may correspond to initial cell search procedure. 
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Figure 2: UE cell detection in out of coverage as function of time
This scenario can be compared to HO scenario and requirements defined clause 5.1.2.2 wherein the UE loses its connection to the old PCell for a short time. It this clause, a cell which has been unknown requires time to perform cell search. However, if the cell has been known for the last 5 seconds, then the cell may still be known at the UE since the center frequency is known. In this case the UE does only have to perform a measurement.   In addition to the intra-frequency cell search, if the UE has to perform search on carrier preconfigured with ProSe resources the total cell time needs to be scaled up by multiplying the intra-frequency cell search time with a factor of 2. This is because the UE will have to share its cell search resources for detecting the cell on up to two carriers in parallel. In case the preconfigured ProSe carrier is the same as the last intra-frequency carrier then the UE can detect the new cell over short time. But it is suggested to define one set of requirements applicable to both cases i.e. use scaling factor of 2.   
An intra-frequency cell or a cell on the carrier preconfigured with ProSe resources is considered detectable provided it meets the intra-frequency cell identification conditions specified in section 8.1.2.2.

· Proposal #1: The ProSe UE in out-of-coverage shall continuously search for any detectable cell on the last intra-frequency carrier. 
· Proposal #2: A ProSe UE which has been out-of-coverage for a time less than ∆1, where ∆1≤[5] s shall be capable of identifying a detectable cell on the last intra-frequency carrier or on the carrier preconfigured with ProSe resources within 2*TMeasurement_Period, Intra which is defined in clause 8.1.2.2.
· Proposal #3: If the ProSe UE has been out-of-coverage for a time greater than ∆1, where ∆1>[5] s, then the UE shall be capable of identifying a detectable cell on the last intra-frequency carrier on the carrier preconfigured with ProSe resources within 2*Tidentify_intra.
Regardless of what cell on intra-frequency or preconfigured ProSe carrier is detected, the ProSe UE shall stop using the pre-configured ProSe resources as it detects a new cellular cell. ProSe UE shall instead use the assigned radio resources by the new cell if it supports ProSe else it shall not use ProSe if ProSe is not supported in the new cell. 
3.2
Detection of inter-frequency cells by ProSe UE in out-of coverage

If the ProSe UE was configured with inter-frequency carriers for measurements by the old PCell then in out of coverage the UE should also continue searching inter-frequency cells on the previously configured inter-frequency carriers.

Similar to the discussion in previous section, if the ProSe UE has some prior knowledge about e.g. supported bands, center-frequency location etc. the new inter-frequency cell can be detected much faster. The UE may be able to keep some prior knowledge up to certain time, e.g. up to time T2 in Figure 2. 
In this case, the procedure becomes similar to neighbour cell search and then the existing requirement for inter-frequency cell search can be reused [4]. The difference, however, is that the UE performs neighbour cell search on inter-frequency cells using measurement gaps. Typically, measurement gaps of 6 ms every 40 ms are used for inter-frequency cell detection. It is notable that a ProSe UE which is already in out-of-coverage may be able to detect the new cell even quicker since it does not require any measurement gaps, i.e. it can search any time. 
An inter-frequency cell is considered detectable provided it meets the inter-frequency cell identification conditions specified in section 8.1.2.3.

· Proposal #4: The ProSe UE in out-of-coverage shall continuously search for any detectable cell on inter-frequency carriers configured by the last PCell. 
· Proposal #5: A ProSe UE which has been out-of-coverage for a time less than ∆1, where ∆1≤[5] s shall be capable of identifying a detectable cell on the last configured inter-frequency carrier corresponding to gap id #0 within as TMeasurement_Period, Inter which is defined in clause 8.1.2.3.
· Proposal #6: If the ProSe UE has been out-of-coverage for a time greater than ∆1, where ∆1>[5] s, then the UE shall be capable of identifying a detectable cell on the last configured inter-frequency carrier within Tidentify_inter. corresponding to gap id #0 as defined in 8.1.2.3.
Whenever inter-frequency is detected, the ProSe UE shall stop using the pre-configured ProSe resources as it detects a new cellular cell on any inter-frequency carrier. ProSe UE shall instead use the assigned radio resources by the new cell if it supports ProSe else it shall not use ProSe if ProSe is not supported in the new cell. 

3.3
Detection of inter-RAT cells by ProSe UE in out-of coverage

If the ProSE UE was configured with inter-RAT carriers for measurements by the old PCell then in out of coverage the UE should also continue searching inter-RAT cells on the previously configured inter-RAT carriers.

In this case the detected cell belongs to different RAT. In our view, the existing inter-RAT cell detection requirement defined in section 8.1.2.4 (Inter RAT measurements) [4] can also be reused provided that the UE has been in out of coverage for not more than ∆3. The neighbour cell search on inter-RAT cells is performed using measurement gaps. Typically, measurement gaps of 6 ms every 40 ms are used for inter-frequency cell detection.
An inter-RAT cell is considered detectable provided it meets the inter-RAT cell identification conditions for the relevant RAT as specified in section 8.1.2.4.

Assuming that a ProSe UE has been out of network coverage during time ∆1, where ∆1 <=[5] s, then the ProSe UE is able to detect inter-RAT cell on any of the configured inter-RAT carriers within the inter-RAT cell detection time defined for measurement gaps configuration # 0 in section 8.1.2.3
(E-UTRAN inter frequency measurements) in [4].
· Proposal #7: A ProSe UE which has been out-of-coverage for a time less than ∆1, where ∆1≤[5] s shall be capable of identifying a detectable cell on any of the last configured inter-RAT carrier corresponding to gap id #0 within TMeasurement_Period, RAT which is defined in clause 8.1.2.3.
· Proposal #8: If the ProSe UE has been out-of-coverage for a time greater than ∆1, where ∆1>[5] s, then the UE shall be capable of identifying a detectable cell on any of the last configured inter-RAT carrier within Tidentify_RAT. corresponding to gap id #0 as defined in 8.1.2.3.
Whenever inter-RAT is detected, the ProSe UE shall stop using the pre-configured ProSe resources as it detects a new cellular cell on any inter-RAT carrier. ProSe UE shall instead use the assigned radio resources by the new cell if it supports ProSe else it shall not use ProSe if ProSe is not supported in the new cell. 
3.4
Detection of cells by ProSe UE in out-of coverage after measurement configuration expires  

This section discussions on ProSe UE performing cell search on all supported carriers by the UE, i.e. not only the carriers which were configured for measurements by the last PCell. In this case, the ProSE UE has to search for cells on all supported frequency bands i.e. within each band it will search cells. For example in LTE the UE may have to detect PSS/SSS in every 100 KHz (channel raster). If PSS/SSS is detected then it knows where the centre frequency is because PSS/SSS are transmitted in the centre frequency and it will align its frequency- and time-synchronization towards that new cell. This corresponds to the initial cell search procedure and therefore requires no requirements. 

· Proposal #9: The ProSe UE in out of coverage shall search for any detectable cells on all supported carriers by the UE. However in this case no cell search requirements are specified. 
If any cell is detected as part of the initial cell search then the ProSe UE shall stop using the pre-configured ProSe resources. The ProSe UE shall instead use the assigned radio resources by the new cell if it supports ProSe otherwise it shall not use ProSe if ProSe is not supported in the new cell. 
3.5
Overall requirements for cell detection by ProSe UE in out-of coverage

As stated above that it is important that the pre-configured ProSe resources are only used when the UE is out of network coverage. But as soon as the ProSe UE detect any cell while being in out of network coverage, the ProSe UE should stop using the pre-configured resources in order to not harm or to reduce its negative impact on the that new cell. Therefore it is necessary that any new detectable cell is identified by the UE as quickly as possible. 

The overall ProSe UE procedure for detecting a cell and stopping the use of pre-configured resources for ProSe operation when the ProSe UE is in out of network coverage is as follows:

· The ProSe UE upon entering in out of network coverage at time T1 shall continuously detect cells belonging to:

· the intra-frequency of the last PCell or on the carrier preconfigured with ProSe resources,

· the inter-frequency carriers configured for measurements by the last PCell for gap Id # 0 defined in section 8.1.2.3,
· the inter-RAT carriers configured for measurements by the last PCell for gap Id # 0 defined in section 8.1.2.4.

· If the UE is unable to detect any cell on the intra-frequency or carrier configured with ProSe resources, the configured inter-frequency or the configured inter-RAT carriers by the last PCell, then the UE shall also continuously detect cells on carriers of all frequency bands supported by the UE. 

· If the UE is able to detect any cell on the intra-frequency- or ProSe configured carrier, the configured inter-frequency or the configured inter-RAT carriers or on any other carrier, then the UE shall stop using resources for ProSe pre-configured by the last PCell.
· If the newly detected cell supports ProSe then the UE may use radio resources assigned by the new cell for ProSe operation.
3
Conclusions
In this contribution we have discussed cell detection of ProSe UEs in out of network coverage scenario. We have proposed ProSe UE procedure for pre-configured ProSe resources upon cell identification and requirements on time for cell detection that may belong to the intra-frequency- or ProSe configured carrier, the configured inter-frequency or the configured inter-RAT carriers or on any other carrier.  The main objective of this contributions can be summarized as follows:
The ProSe UE upon entering in out of network coverage at time T1 shall continuously detect cells belonging to:

· the intra-frequency of the last PCell or on the carrier preconfigured with ProSe resources,

· the inter-frequency carriers configured for measurements by the last PCell for gap Id # 0 defined in section 8.1.2.3,
· the inter-RAT carriers configured for measurements by the last PCell for gap Id # 0 defined in section 8.1.2.4.

· If the UE is unable to detect any cell on the intra-frequency or carrier configured with ProSe resources, the configured inter-frequency or the configured inter-RAT carriers by the last PCell, then the UE shall also continuously detect cells on carriers of all frequency bands supported by the UE. 

· If the UE is able to detect any cell on the intra-frequency- or ProSe configured carrier, the configured inter-frequency or the configured inter-RAT carriers or on any other carrier, then the UE shall stop using resources for ProSe pre-configured by the last PCell.

· If the newly detected cell supports ProSe then the UE may use radio resources assigned by the new cell for ProSe operation.
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