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1 Introduction

Rel-12 ProSe Discovery requirements were specified for in coverage operation only while ProSe Direct Communication requirements were specified for both in coverage and out of network coverage operation. RAN1 and RAN2 have discussed further enhancement for D2D including D2D Discovery in out of coverage and also multicarrier operation. The RAN1/RAN2 agreements have been summarized in [1]. The main differences in Rel-13 D2D Discovery compared to Rel-12 Discovery are the following:
· Multicarrier carrier D2D Discovery Operation
· Inter-frequency and inter-PLMN D2D Discovery Operation
· TDD Operation; when extending the new requirements, also TDD requirements shall be defined.
In this contribution we analyse what RRM requirements need to be defined for Rel-13 D2D Discovery in out of coverage. 
2 Discussion on RRM Requirements for Discovery operation in Out of Coverage
In this section we use Rel-12 D2D requirements as baseline and analyse how those are impacted if they are extended to out of coverage. 
2.1 UE Transmit Timing Requirements
The Rel-12 ProSe Communication UE transmit timing requirements are specified in Section 11.2 of [2]. As the ProSe UE is out of network coverage (in any cell selection state), UE cannot derive the transmit timing from the serving eNB. For example, no timing advance commands can be received as in in-coverage operation. Instead UE may need to derive the transmit timing from other neighbour ProSe references which are detectable. Further enhancement introduced in Rel-13 D2D is not expected to have any impact on this method of acquiring transmit timing. Thus we propose that:

·  Proposal #1: Rel-12 ProSe Direct Communication UE transmit timing requirements (in Section 11.2) in any cell selection state are reused for Rel-13 Direct Discovery in any cell selection state.
2.2 Initiation/Cease of SLSS Transmissions 
Rel-12 ProSe Communication UE requirements on SLSS transmissions are specified in section 11.3 of [2]. The requirement in this section specifies maximum time allowed for a UE to perform measurements on a selected ProSe reference whose timing is known and to evaluate whether to initiate or cease SLSS transmissions. Similar to ProSe Direct Communication behaviour, also the ProSe Direct Discovery UEs will transmit SLSS signals in a periodical manner (depending on the configuration). If ProSe Discovery UE is capable of measuring on a ProSe synchronization reference using the same physical resources as ProSe Communication UE, then no impact is expected on this requirement due to additional improvements. Provided that this is the case, then existing ProSe Communication requirements may be reused for ProSe Discovery.  In addition to the requirement on evaluation time, the same pre-conditions for SLSS transmission (e.g. syncTxThreshOoC ) as defined in clause 11.3.1 could be used.
· Proposal #2: Rel-12 ProSe Direct Communication UE requirements on initiation/cease of SLSS transmissions (in Section 11.3) in any cell selection state are reused for Rel-13 Direct Discovery in any cell selection state. 

2.3 Measurements for ProSe in Out of Coverage

The requirements in section 11.4 require the ProSe UE to continuously search for any detectable E-UTRA cell on the downlink carrier frequency associated with the preconfigured ProSe carrier frequency. The rationale for defining this requirement was to avoid causing any interference on any other cells on Prose configured carrier. Thus it is a very important requirement and a similar requirement shall be defined also for the ProSe Discovery UEs when operating in out of network coverage. The existing requirements in clause 11.4.2 specifies a maximum time within which the cell shall be identified provided that the cell is detectable. The maximum time depends on whether the ProSe UE is performing any ProSe transmission or reception. Our view is that this requirement can be reused for ProSe Discovery operation in out of network coverage. 
· Proposal #3: Rel-12 ProSe Direct Communication UE requirements on cell identification on preconfigured ProSe carrier (in Section 11.4) in any cell selection state are reused for Rel-13 Direct Discovery in any cell selection state.
2.4 Selection/Reselection of ProSe Synchronization Reference
The requirements in section 11.5 in [2] are related to measurements performed by a ProSe UE on candidate ProSe synchronization sources. A maximum detection time of synchronization sources is specified provided that SCH Es/Iot condition and maximum drop rate conditions are met. The UE is also required to perform measurements on up to 6 identified synchronization sources and also the measurement period is specified. It is natural to require the ProSe Discovery UE to measure on identified synchronization sources in order to support selection/reselection similar to ProSe Communication UE. Thus in our view, also this part of the requirement can also be extended to ProSe Discovery UEs in out of network coverage operation.
· Proposal #4: Rel-12 ProSe Direct Communication UE requirements on measurements for selection and reselection of ProSe synchronization references (in Section 11.5) in any cell selection state are reused for Rel-13 Direct Discovery in any cell selection state.
2.5 Other aspects to consider for Out of Coverage D2D Discovery
TDD

The current ProSe Communication requirements are defined only for FDD as there were no TDD bands approved at that time. But TDD bands do exist for ProSe Discovery and therefore corresponding TDD requirements shall be developed for out of coverage operation.
· Proposal #5: The new out of coverage requirements for ProSe Discovery needs to be defined for both FDD and TDD. 
1 Rx Capability
Unlike ProSe Communication UE, the ProSe Discovery UE is not required to have 2 Rx chains. It was observed in [3] that the detection delay may need to be extended for ProSe Discovery UEs because of single RF chain. Our view is that capabilities of ProSe Discovery UEs have been taken into consideration when the in-coverage requirements were defined. For instance, the requirements on initiation/cease of SLSS transmission in clause 8.10.2.1 specifies evaluation time which allows the UE to measure the RSRP of a cell to evaluate initiation/cease of SLSS. This time was derived by taking into account single Rx capability of ProSe Discovery UE. Thus the measurement requirements already derived for in-coverage may be reused. 
Interruption
In Rel-12 ProSe Communication in out of network coverage, no interruptions were defined as the UE is completely out of network coverage from cellular perspective on the ProSe carrier and ProSe can only be operated on a single carrier. The UE is, however, required to continuously search on any detectable cells on that carrier. 
The enhanced Rel-13 ProSe Discovery UE now supports multicarrier operation and inter-PLMN ProSe Discovery. The interruption due to multicarrier was briefly discussed at RAN4#76 meeting and it was mentioned that there is no need to define interruption requirements since UE is out of coverage and cellular operation is not affected. Below we provide our view on interruption. 
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Figure 1: Two examples of usage of gaps for D2D Discovery in out of coverage. 
RAN2 has introduced gaps which can be used for D2D Discovery operation by reusing the receiver chain [4]. The gaps which are controlled by the eNodeB is on per UE basis as exemplified below. 
In scenario A of Figure 1, the Discovery UE is assumed to have a single Rx chain. The purpose of using gaps in this scenario is to share the receiver chain between two or more configured carriers. In this example scenario A, there are two carriers (A and B) available wherein carrier A is configured for WAN and carrier B is configured for sidelink operation. The network can configure the UE to switch reception from carrier A to carrier B for duration of the gap. During this duration, UE will only receive on carrier B. This length of existing gap which is mainly used for mobility is 6 ms. In this scenario, carrier A will be interrupted only during frequency retuning at beginning and end of gap. But that interruption can be avoided by ensuring that retuning is done as part of the gap. Our companion paper [5] discusses the gaps on more detail with respect to the RAN2 LS. 
· Proposal #6: Frequency retuning is done within the configured gap for ProSe when operating in out of network coverage. 
In scenario B of Figure 1, Discovery UE is assumed to have dual receiver chains and is configured with 3 carriers; A, B and C. Carrier C is configured for sidelink operation. It shall be noted that per component carrier gaps are possible with current specification, i.e. reusing the spare receiver chain from one carrier on another carrier is not possible today. This is currently being discussed in RAN4 under a separate study item. RAN2 gap configurations are only allowed on per UE basis and thus multicarrier operation in out of coverage by reusing spare receive chains are not possible. This also means that a Prose Discovery UE cannot be in-coverage on one carrier and out of coverage on a ProSe carrier simultaneously. 
Inter-PLMN operation:
As mentioned in section 1, Rel-13 D2D Discovery UE does also support inter-PLMN operation. 
Our view is that the interruption discussion from above may also be valid for inter-PLMN Discovery operation since the gaps are configured by the serving on UE basis. It is always the serving eNB that can provide the requested gaps and the serving eNB is therefore always aware of which carrier UE intends to use the gaps on and when it intends to use the gaps.  
· Proposal #7: Proposal #6 also applies for the inter-PLMN operation. 
3 Summary
In this contribution we have analysed Rel-12 ProSe out of network coverage requirements from a ProSe Discovery perspective. It has been observed that most ProSe Communication requirements in out of coverage can be reused for Discovery. Nevertheless, the new enhancements to ProSe Discovery create some confusion on UE behaviour which needs to be studied and clarified. The main observations and proposals from this contribution are:

· Proposal #1: Rel-12 ProSe Direct Communication UE transmit timing requirements (in Section 11.2) in any cell selection state are reused for Rel-13 Direct Discovery in any cell selection state.
· Proposal #2: Rel-12 ProSe Direct Communication UE requirements on initiation/cease of SLSS transmissions (in Section 11.3) in any cell selection state are reused for Rel-13 Direct Discovery in any cell selection state. 

· Proposal #3: Rel-12 ProSe Direct Communication UE requirements on cell identification on preconfigured ProSe carrier (in Section 11.4) in any cell selection state are reused for Rel-13 Direct Discovery in any cell selection state.

· Proposal #4: Rel-12 ProSe Direct Communication UE requirements on measurements for selection and reselection of ProSe synchronization references (in Section 11.5) in any cell selection state are reused for Rel-13 Direct Discovery in any cell selection state.

· Proposal #5: The new out of coverage requirements for ProSe Discovery needs to be defined for both FDD and TDD. 
· Proposal #6: Frequency retuning is done within the configured gap for ProSe when operating in out of network coverage. 
· Proposal #7: Proposal #6 also applies for the inter-PLMN operation. 
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