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1.
Introduction

At the RAN#63 plenary a new WI was agreed to study D2D co-existence.  One of the objectives of the WI specific to RAN4 is to “Define Tx and Rx RF requirements for the UE” [1]. At RAN4#72 discussion of the impact of D2D functionality on UE RF requirements was provided in [2] and [3]. In addition at the RAN plenary meeting #65, an exception sheet of outstanding impacts was agreed to including D2D UE RF impacts as detailed in [4]. This contribution discusses the potential impacts of the out-of-coverage D2D transmissions on other co-located networks.  

2.
D2D Deployment Scenarios and Use Cases
As detailed in [2], there are 3 possible coverage scenarios for D2D communication as detailed below and illustrated in Figure 1.

-
In-network coverage. In this scenario all UEs communicating are under LTE coverage.

-
Out-of-network coverage (OOC). In this scenario no UEs communicating are under LTE coverage.

-
Partial coverage. In this scenario at least one UE communicating is under LTE coverage, and at least one UE communicating is not under LTE coverage. This corresponds to the UE-to-network relay priority defined in [2].
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Figure 1 – The defined coverage scenarios. From left to right: Partial (UE relay) coverage, In-network coverage, and Out-of-network coverage.

In the RAN Work Item Description for D2D [1], an objective was set that “The specified solutions should enable device to device discovery and communication on the same or on different LTE carrier(s) than that used for WAN communication by the UE, for both FDD and TDD.”

As such, proposed Public Safety (PS) implementations of multicarrier D2D includes scenarios in which the PS D2D service can be allocated on a separate carrier from the commercial legacy LTE cellular network, as well as PS service possibly being allocated on a different PLMN from the cellular network [5], [6].  Figure 2 below illustrates these possible scenarios [6].
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Figure 2:  Coverage Scenarios in a Public Safety deployment with two carriers
The four coverage scenarios being considered are:

A.
The UE is in NSPS cell coverage 
B.
The UE is in both NSPS and operator cell coverage

C.
The UE is in operator cell coverage

D.
The UE is out-of-coverage
Scenarios C and D are of concern for the scenario in which the D2D device is out of its serving PLMN and or carrier coverage. 

If a D2D device transmits in an OOC region from its serving carrier it may still be in coverage of another LTE carrier, another RAT or another PLMN on the same carrier frequency. In many geographical areas, there are very few frequency blocks allocated across a given nation or full geographic region. Most bands are licensed by geographic area with licensees concatenating different parts of a frequency band to create a nationwide footprint or footprint across a geographical region. Band 26 which has been selected as one of the first D2D bands to be supported is an example of this type of situation.

If a ProSe enabled UE had a  previous LTE connection that enabled off network operation and the UE changes geographic location to an area in which it cannot detect LTE coverage then there is no existing method for the D2D UE to know if it is authorized to operate in that geographic area. 
In RAN2 the current definition of D2D in-overage has been defined based on the detection of SIB1 on a ProSe carrier [7]. If a UE detects a cell on the ProSe Carrier that fulfils this criteria (of SIB1 of that cell) it considers itself in coverage of that cell and therefore stops using preconfigured resources. It should also be noted that in RAN4, for Release 12, requirements will be developed for D2D UE`s configured with the PCell, thus cell detection with respect to OOC will be for cells on the serving carrier – i.e. on the carrier of the PCell [8].  
Based on this definition a D2D UE will be considered as OOC if it cannot detect the presence of another LTE carrier or of another RAT. A key concern is that the licensee of the non-ProSe carrier (i.e victim network) has no control on the transmit power or number of D2D UE’s entering into its network. As such the non-ProSe carrier must trust the configuration of the ProSe UEs which the NSPS operator has provided. Furthermore the transmit power of the ProSe enabled UE can be set in an open-loop manner, restricted only be any pre-configured limits set by the ProSe serving carrier. 
Observation #1

· A victim non-ProSe carrier has no control on the transmit power or number of D2D enabled UE’s entering its network coverage area.
Observation #2

· The non-ProSe carrier must trust the configuration of the ProSe UEs which the NSPS operator has provided. 
Observation #3

· In RAN2 the current definition of D2D in-overage has been defined based on the detection of SIB1 on a ProSe carrier. In RAN4, for Release 12, requirements will be developed for D2D UE`s configured with the PCell. 
In order to address the possible interference from OOC ProSe UE’s onto other licensed LTE carriers or other RAT’s, a number of options are possible as outlined below:

1. A D2D device only transmits when in coverage of its serving PLMN and carrier. The obvious advantage of this approach is that is eliminates all possibility of OOC interference from ProSe enabled UE’s. However the support for Public Safety D2D services will not be present in OOC scenarios, negating one of the primary rationales for implementing a ProSe capability.
2. An alternate approach would be to allow a Prose enabled UE to transmit in OOC coverage scenarios but with the onus being on the ProSe enabled device to ensure that it is not interfering with other licensed networks or other RATs. Initially the D2D UE could check for presence of other LTE carriers. If the D2D UE cannot detect the presence of any LTE carriers (i.e. the SIB based detection criteria discussed above), the D2D UE could then implement a listen-before-talk or channel sensing mechanism based on energy detection and only transmit in OOC if the detected RSSI is below a defined pre-configured threshold. The power level chosen for the D2D transmission could be based on a pre-configured power setting or a D2D specific MPR or A-MPR setting.
3. A third option is to only support ProSe enabled transmissions in pre-configured geographical regions. For example, the pre-configuration could be comprised of a list of allowed geographical areas. If the D2D UE finds itself outside of this area (i.e. it has valid location information but outside the allowed area), it can consider the pre-configuration invalid and stop any D2D transmission until it enters another location that is inside the valid area.  The determination by the D2D UE of its location can be based on GPS or other non-LTE based positioning technologies.  In addition if the D2D UE has the capability of detecting other RAT’s it could possibly determine local PLMN’s or country codes through the use of alternate RAT’s. The details of such pre-configuration for the ProSe UE will need to be investigated in RAN2 and/or SA. As in option 2, the pre-configured D2D transmit power could be based on RAN4 defined D2D MPR or A-MPR specifications.  
Table 1 below summarizes  the above of options to mitigate the impact of ProSe transmission on non ProSe enabled networks. 

Table 1: Options to mitigate impact of OOC D2D transmissions
	
	Option
	Advantages
	Disadvantages

	1
	The D2D UE only transmits when in coverage of a serving PLMN and carrier, i.e.  D2D is restricted to LTE licensed areas


	Eliminates OOC interference to other co-located LTE networks and other co-located RATs.
	Does not support PS D2D service for OOC scenario



	2
	The D2D UE implements a listen-before-talk mechanism based on energy detection and only transmits in the OOC area if the detected RSSI is below a certain threshold. 
	Tx power of D2D could be configured as an MPR or A-MPR in RAN4


	Additional complexity in D2D UE

	3
	Only support D2D in pre-configured geographical regions – based on GPS  
	Tx power of D2D could be configured as an MPR or A-MPR in RAN4


	Does not support locations in which GPS is absent. Will require specification by SA or RAN2.


Given the limited time available in Release 12 it is recommended that option 1 or 2 be considered for Release 12, with option 3 or other options being considered in subsequent releases.
Proposal #1

Given the limited time available in Release 12 it is recommended that option 1 or 2 be considered for Release 12, with option 3 or other options being considered in subsequent releases.

3
Conclusions
The following observations and proposal should be taken into consideration with respect to the maximum transmit power allowed for D2D UE’s in out-of-coverage scenarios.
Observation #1

· A victim non-ProSe carrier has no control on the transmit power or number of D2D enabled UE’s entering its network coverage area.
Observation #2

· The non-ProSe carrier must trust the configuration of the ProSe UEs which the NSPS operator has provided. 
Observation #3

· In RAN2 the current definition of D2D in-overage has been defined based on the detection of SIB1 on a ProSe carrier. In RAN4, for Release 12, requirements will be developed for D2D UE`s configured with the PCell. 
Proposal #1

Given the limited time available in Release 12 it is recommended that option 1 or 2 be considered for Release 12, with option 3 or other options being considered in subsequent releases.
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