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1 Introduction

In RAN1#76bis, the discussion on definition of in/edge/out of coverage UEs was started. This discussion was motivated by the RAN1 WG agreements made during the study item phase stating that:

· D2D communication capable UE shall support at least Mode 1 for in-coverage;
· D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage.
The discussion on definition of in/edge/out of coverage D2D UEs is tightly coupled with the D2D resource allocation modes. During the RAN1#76bis meeting the definition was not decided due to lack of consensus, however it was agreed that:

· Mode 1 shall be used for D2D transmission under the conditions configured by NW for using Mode 1.

At the same time, the RAN2 WG reached the following agreement with regard to D2D resource allocation modes:

· A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE).

· If a UE is out of coverage it can only use mode 2.

· If a UE is in coverage it may use mode 2 if the eNB configures it accordingly.

· If a UE is in coverage it may use mode 1 if the eNB configures it accordingly.

4a) If the UE is instructed to use mode 1, there may be exceptional cases where the UE is allowed to use mode 2 temporarily (criteria are FFS (e.g. if UE fails to establish an RRC connection.))

4b) We intend to define the exceptional cases rather than an edge-of-coverage “state”.
In this contribution, we consider potential scenarios for network operation, discuss D2D resource allocation modes configured by network, conditions for using Mode-1 and potential “exceptional cases” as well as provide our views on in/edge/out of coverage definitions.
2 D2D Resource Allocation Modes and Network Scenarios

In general, there may be four scenarios foreseen in future network deployments for D2D communication:

· Scenario 1. Network supporting Mode-1;
· Scenario 2. Network supporting Mode-2;
· Scenario 3. Network supporting Mode-1 and Mode-2;
· Scenario 4. D2D disabled network.
For proper D2D and cellular operation, the resource allocation mode should be a network/operator-specific (i.e. not cell-specific) configuration, although the mode may be broadcasted by each cell. If it is not the case, it may lead to uncontrollable system wide interference, especially given that inter-cell coordination is out of scope of the LTE Rel.12.
The UE may also support Mode-1, Mode-2, Mode 1&2 or have no any D2D capability. The resource allocation mode supported by given UE may significantly depend on the target use case and network deployment scenarios. For instance, the public safety (PS) use case requires operation in within/partial/out of coverage scenarios. Therefore, the Mode-2 may be sufficient for PS use case, assuming that PS networks are Mode-2 capable (i.e. Scenario 2 or Scenario 3). In Mode-1 capable networks, PS terminal may need to support both modes assuming that operation in partial and out of coverage scenarios is required for PS UEs. It should be also emphasized that Mode-2 operation within and out of network coverage may require substantially different UE functionality and behavior at least in terms of synchronization procedure and amount of spectrum resources that can be used for D2D communication, etc. 

Observation 1
· Mode-2 requires different UE functionality for within/partial/out of coverage scenarios.
· The seamless operation of two resource allocation modes (Mode-1 and Mode-2) in multiple deployment scenarios may require significant specification and implementation efforts.
3 RSRP Criterion for D2D Resource Allocation Mode Switching
In [2], it was proposed to use RSRP threshold in order to define conditions when D2D capable UE “shall use” Mode-1 (eNodeB controlled) and Mode-2 (UE controlled) for D2D communication. In this section, we analyze this aspect in application to different network scenarios assuming that D2D capable UE supports both resource allocation modes and out of network coverage operation.
Mode-1 supporting networks
In Mode-1 networks, the D2D capable UE needs to acquire information about D2D reception resources (e.g. SA resources) but does not need to know about Mode-1 transmission resources since those are controlled and signaled to UE by eNodeB. The information about D2D reception resources may be provided to D2D capable UE using SIB signaling. Therefore the UE should be able to receive D2D traffic once the SIB signaling is decoded. For D2D transmission in Mode-1 networks the UE need to acquire RRC_CONNECTED state in order to transmit on direct links under eNodeB control. Therefore in Mode-1 networks, there is no need to define RSRP threshold in order to trigger D2D communication using Mode-1. However, the UE behavior for the cases when UE cannot get RRC_CONNECTED state (e.g. refused by eNodeB) needs to be defined by RAN2 WG. In addition if Mode-1 network supports public safety service, the UE switching mechanism from Mode-1 to Mode-2 may need to be defined for public safety UEs moving from in-coverage to out of coverage and from Mode-2 to Mode-1 when UE moves from out of coverage to in-coverage. For this purpose, the eNodeB may additionally allocate Mode-2 transmission resources to be used in a transition region. In total, two Mode-2 D2D transmit pools can be identified in this case: 1) partial coverage transmission pool (Mode-2) and 2) out of coverage transmission pool (Mode-2). The 1st pool may need to be signaled by eNodeB to authorized public safety terminals only, while the second one may be pre-configured or predefined by specification. It is up to eNodeB implementation in this case whether Mode-2 partial coverage transmission pool is a part of the signaled in SIB D2D reception resources or separately configured. In the first case, the both types of UEs will need to process D2D reception region broadcasted through SIB in order to receive traffic from D2D transmitters. In case, when resources are separately configured the UEs supporting partial and out of coverage functionality may need to process both configured types of resources (i.e. Mode-2 transmission resources and D2D reception resources broadcasted in SIB).

In this case, the triggering of UE mode switching procedure from Mode-2 to Mode-1 for UEs supporting out of coverage functionality may be based on the RSRP threshold.
Mode-2 supporting networks

In Mode-2 networks, the resource allocation mode switching for public safety D2D-capable UE is not needed. The switching should be discussed only in the context of D2D transmission resource pool switching, i.e. transition from the out of coverage (pre-configured or predefined by specification) to in- or partial coverage Mode-2 resources (configured by eNodeB). This transition depends on the UE capability to receive information about Mode-2 resources configured by eNodeB (this information can be acquired either directly from eNodeB or through SIB forwarding by UEs synchronized to eNodeB). The transition between pools in this case will be defined by synchronization procedure.
Observation 1
· In Mode-1 networks, the autonomous resource selection and transmission by D2D capable UEs is prohibited within DL network coverage. The RSRP threshold can be used to trigger procedure for UE switching from Mode-2 to Mode-1.
· In Mode-2 networks, there is no need for RSRP threshold to initiate mode switching. The switching may be considered only in the context of resource pool that can be driven by synchronization procedure.
On RSRP threshold interpretation (cell specific or network specific)

The signaling of RSRP threshold may lead to the large number of exceptional cases that may need to be defined in the specification. First of all, it needs to be clarified if RSRP threshold is cell specific or network specific (e.g. operator specific) parameter and whether UE needs to apply RSRP threshold for the serving cell only or each detected cell on a given carrier. According to the proposal in [2], the RSRP threshold can be pre-configured. The pre-configured threshold cannot be cell-specific and therefore UE needs to compare it with the RSRP level from the strongest detected cell.

Proposal 2
· RSRP threshold is independent from any particular cell (i.e. cell agnostic) on a given carrier and predefined in the specification.
On implicit signaling of resource allocation mode by means of RSRP
At second, the RSRP criterion may be potentially utilized by the network to implicitly control the D2D communication mode. For instance, it can be used to:

· enable Mode-1 only operation within network coverage (e.g. RSRP Threshold = - infinity or receiver sensitivity);
· enable Mode 2 only operation within network coverage (e.g. RSRP Threshold = + infinity or max eNB TX Power);

· support both modes (i.e. Mode-1 and Mode-2) and enable autonomous switching between two modes at the UE side when certain conditions are met (e.g. RSRP is within or outside of the pre-configured range).
On the other hand, this approach to control D2D resource allocation mode has several drawbacks and may lead to many exceptional cases. For instance in networks supporting single resource allocation mode, i.e. Mode-1 or Mode-2 only, there is no need to use RSRP criteria for in-coverage UE, since only one mode is enabled. In addition, terminals supporting only Mode-1 do not need this criterion unless network wants to prohibit Mode-1 usage below given RSRP range.
The RSRP threshold for the sake of mode switching may be needed in the set of the exceptional scenarios:
· Network supports Mode-1 only. However due to public safety requirement to enable direct mode in partial coverage scenario, the NW may need to define conditions when it allows using Mode-2 for D2D capable public safety UEs. Such exceptional conditions may be configured in order to reduce uncontrollable D2D interference from out of coverage UEs (e.g. located in the proximity of cell boundary) to the in-coverage D2D or cellular UEs. The interference impact on cellular UEs needs to be separately considered depending on the FDD or TDD spectrum. In FDD, since D2D transmitter is out of coverage it is unlikely to create strong interference towards eNB. The significant cell-edge problem may exist in TDD case, if out of coverage D2D UEs transmit on DL cellular resources.
· Network supports Mode-1&2. UE supports at least Mode-2 and NW allows using Mode-2 only if RSRP to the serving/strongest cell is below the configured RSRP threshold. In this scenario, there is no much sense to mix Mode-1 and Mode-2 resources, since the main motivation for using Mode-1 is to avoid the interference issues with help of eNB control/network assistance. However Mode-2 resources may be a subset of Mode-1 resources and Mode-2 can be used as a fallback solution in some of the exceptional scenarios.

On the exceptional cases in Mode-1&2 capable networks when RSRP criteria is used
The usage of RSRP threshold in Mode-1&2 capable networks may lead to service discontinuity and exceptional behaviors. For instance, if UE operating in Mode-2 attempts to switch to Mode-1 when RSRP condition is satisfied, but cannot acquire RRC_CONNECTED state due to for example cell barring, its behavior need to be specified. The following cases may be considered for UE supporting Mode-1&2:

· Option 1. Continue operation in Mode-2 using Mode-2 resources configured by eNodeB. In Mode-1 networks, this behavior may be not acceptable from the network interference management point of view since the cell is already loaded and thus it may slow down network performance by injecting new interference.
· Option 2. Continue attempts to get RRC_CONNECTED state and pause D2D transmissions unless connected. The performance on the direct link may be degraded and transmission may be delayed for a long time.
· Option 3. Cell baring indicator is ignored by public safety UEs and special procedure and/or signaling/resources are specified in order to facilitate fast acquisition of RRC_CONNECTED state.
· Option 4. UE tries to get connected to other cells to initiate Mode-1 operation. Clearly this may not be guaranteed and UE may create additional interference to the barred cell.

One more exception may happen when UE gets RRC_CONNECTED or already RRC_CONNECTED, but eNodeB did not allocated UE-specific Mode-1 resource for D2D communication due to high loading / high priority WAN traffic or UE missed the corresponding transmission from eNodeB. In this case, the UE may halt D2D operation or operate in fallback mode using Mode-2 resources, if allocated by eNB. Alternatively, UE may use the resources previously allocated/indicated by eNodeB. The handling of this exceptional case may require specification of additional signaling and new UE behavior.
Another open questions that need to be discussed is whether RRC_CONNECTED UE can operate using Mode-2 assuming that Mode-1 conditions (e.g. RSRP threshold) signaled by the network are satisfied. The following options may need further consideration:

· Option 1. UE can continue operate Mode-2, if eNB allocated Mode-2 resources or does not prohibit such behavior for RRC_CONNECTED UEs or explicitly allows such operation using dedicated signaling.

· Option 2. UE is prohibited to operate Mode-2. This may cause the D2D transmission discontinuity, however ensures that impact on Mode-1 D2D and cellular traffic is minimized and does not exceed the predefined level that eNB is expecting. 
· Option 3. UE can continue to operate Mode-2, if additional conditions configured by eNB for this exceptional case are satisfied (e.g. UE should transmit on Mode-2 resources, UE transmit power is reduced to ensure that the interference towards eNB is not higher comparing to the moment when RSRP threshold is reached or this interference does not exceed predefined level).
On the usage of Mode-1 by RRC_CONNECTED UE 
Another exceptional case is whether RRC_CONNECTED UE can use Mode-1 operation if conditions (e.g. RSRP range) configured by the network for Mode-1 are not satisfied (e.g. Mode-2 conditions are met) and the terminal supports only Mode-1 D2D operation or terminal prefers to use Mode-1 due to significantly worse interference conditions in Mode-2 resources (e.g. Mode-2 resources are highly congested). In this case, the RRC_CONNECTED state and explicit signaling from eNodeB may have higher priority, than Mode switching conditions configured by the eNodeB.
Observation 2
· The signaling of RSRP threshold for the sake of Mode-1 and Mode-2 switching is not needed for Mode-1 only and Mode-2 only networks.

· The signaling of RSRP threshold for the sake of UE mode switching may lead to multiple exceptional cases.

· In Mode-1 capable networks supporting public safety services, the RSRP criterion may be used as a validation metric to check if UE is approaching out of network coverage or to initiate the UE switching from Mode-2 to Mode-1.
Proposal 3
· Explicit signaling is used to indicate if Mode-1, Mode-2 or both modes are supported by the cell (network).

· In case of Mode-1 capable network, the RSRP measurements are used to validate that terminal supporting both modes is approaching out of network coverage and may initiate switching to Mode-2 operation. In addition, the RSRP threshold may be used to trigger the procedure for switching from Mode-2 to Mode-1.
On the detection of the D2D TX Mode switching by D2D receiver

If autonomous mode switching based on signaled RSRP value is enabled then it may create additional problem for D2D receiver, if SA reception pools for Mode-1 operation and Mode-2 are not common. In particular, the D2D receiver may need to be aware about D2D TX switching from Mode-1 resource pool to Mode-2 resource pool or vice-versa. Up to date, it was not discussed whether the D2D resource pools for Mode-1 or Mode-2 occupy the same spectrum resources or not. Note that there is no motivation to configure two pools together on the same spectrum resources for within network coverage operation, since eNodeB may not be able to control the interference on Mode-1 resources in this case. It means that D2D receiver may need to monitor two pools. For instance it will need to decode scheduling assignments on Mode-1 and Mode-2 resources which may or may not be aligned. If different pools are configured by eNodeB, the additional transition pool may need to be indicated in order to implicitly inform receivers about mode switching from Mode-1 to Mode-2 and vice versa. The transition (mode-switching) resources may be allocated within Mode-1 resources in order to indicate transition to Mode-2 and within Mode-2 resources in order to indicate transition to Mode-1. Alternatively the higher layer mechanism may need to be defined to inform D2D receivers about mode switching or information about mode switching may be explicitly or implicitly conveyed in scheduling assignment signaling.
Observation 3
· RAN 1 WG needs to discuss the potential allocation options for Mode-1 and Mode-2 resources (e.g. orthogonal, semi-orthogonal, fully overlapped, etc.).
· The mechanism to inform D2D receivers about D2D TX mode switching may need to be defined depending on the outcome of the discussion on resource allocation for different modes.
4 Conclusions

In this contribution, we discussed potential scenarios for network operation, D2D resource allocation modes configured by network, conditions for using Mode-1 and potential “exceptional cases”. According to the discussion presented above, the need to define RSRP threshold may depend on the D2D network type (Mode-1, Mode-2, Mode-1&2 capable or D2D disabled). For Mode-1 only capable networks, the additional signaling of RSRP threshold for the sake of autonomous Mode switching at UE side seems not justified due to several reasons. First of all, out of coverage UEs moving towards network cannot do such switching until they acquired information about Mode-1(2) resources configured by the network and are able acquire RRC_CONNECTED state. On the other hand, in-coverage UEs moving towards out of coverage can switch to Mode-2 using higher layer procedures such as RLF, RLM or explicit signaling between UE and eNodeB. The existing higher layer procedures and potential modification to speed up transition between two modes may need further consideration in RAN2. In addition, the predefined value of RSRP threshold can be used instead of signaling to validate if UE is out of coverage. For Mode-2 only networks, the RSRP threshold for the sake of UE mode switching is not needed since only one mode is configured by the network. The only switching that may need to be considered is switching between in-coverage and out of coverage Mode-2 resources. This switching may depend on detection of in-coverage synchronization sources forwarding information about Mode-2 resources and out of coverage synchronization sources using preconfigured resource pool. In addition, the RSRP based switching may cause a lot of exceptional cases that need to be further discussed in RAN1 WG and RAN2 WGs.
In order to avoid confusing discussions on the need of RSRP threshold for the sake of RSRP-based switching of D2D resource allocation mode at UE side, the RAN 1 needs to agree or identify prioritized network deployment scenario to be standardized for D2D communication in Rel.12. In addition, RAN1 needs to decide more on the details of Mode-1 and Mode-2 resource configuration. Based on discussion we have following proposal.
Proposal 4
· RAN1 needs to discuss the baseline D2D deployment scenario taking into account the input from network operators and prioritize the work accordingly.

· At least in Rel.12, given that public safety use cases have higher priority in Rel.12 the following may be proposed:

· From the network perspective, the Mode-1 capable networks should be considered with higher priority.

· From the UE perspective, the Mode-1 functionality is defined for within coverage and the Mode-2 functionality is defined for partial and out of coverage.

· From specification perspective, the D2D capable UE is not mandated to support both modes, although the seamless operation between two modes, if supported by D2D capable UE and network, is defined.
· Predefined RSRP threshold is considered for triggering UE mode switching procedure when it approaches network from the edge or out of network coverage.
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Appendix A - Considerations on In/Out of Network Coverage Definition

In this section, we discuss how to define in-coverage, edge-of-coverage and out-of-coverage UEs for public safety terminals supporting D2D communication in basic cellular deployment. In our view, the following factors should be considered to derive proper definition:

· Synchronization (coverage/range) – processing of eNB PSS/SSS and CRS signals to acquire network synchronization and perform RSRP measurements. It can be argued, that synchronization area is a function of processing time, since eNB signals are periodically transmitted and thus the accumulation can be applied to get synchronized. However in latter case, the UE may not be able to extract D2D system configuration settings (e.g. Mode-2 resource allocation) and therefore the ability to synchronize with the network can be used as necessary but not sufficient condition for in-coverage and edge of coverage definition.

· DL coverage - reception of broadcast system information related to D2D resource allocation (e.g. discovery, communication data and control). The reception of the system broadcast information (SIBs) requires successful decoding of PDCCH (except MIB). In cellular setup, the quality of PDCCH decoding is controlled by radio link monitoring (RLM) procedure. However, it should be noted that RLM procedure rely on BLER metric of a hypothetical PDCCH transmission. The BLER should be less than Qin = 2% for in-sync or exceed Qout = 10% for out of sync. The RLM is based on CRS processing to derive DL link quality which is a function of interference level. Although it is unlikely that out-of-sync can be caused by interference since out-of-sync SNR operating point is relatively low (e.g. -8 -9dB) still it may be the case.
· DL and UL coverage - communication with eNB – capability to reliably communicate with eNB assumes, that data can be exchanged in both DL and UL transmission directions and thus RRC connection can be established. 

Several factors such as synchronization range, capability to receive broadcast system information and establish bi-directional communication with eNB should be considered for in/edge/out of coverage definition and mode switching.

5 Appendix B - Definitions

In this section, we discuss potential definitions that can be used for in/edge/out of coverage UEs. Note that these definitions are not supposed to be defined in the specification but rather serve for the purpose of establishing common ground for discussion and specification of UE behavior.

5.1 In Coverage

The in-coverage UE is able to synchronize with at least one of the cells, decode system information and establish RRC connection with eNB. Therefore the UE capability to acquire RRC_CONNECTED state may be considered as a metric to declare that UE is in-coverage. In-coverage UEs can be either determined by RRC_CONNECTED state or by RRC_IDLE state when UE has both DL and UL coverage, that may be determined based on RSRP measurements. The RRC_IDLE in-coverage terminal can successfully decode system information signaling to acquire information about allocated D2D resources.

5.2 Edge of Coverage

Edge of coverage UEs are UEs capable to detect and synchronize with eNB timing as well as successfully decode system information about D2D resource configuration, and characterized by low RSRP value preventing those from communication with eNodeB (e.g. have DL coverage but not UL coverage). Additionally, it can be an UE which derives timing from synchronization sources propagating timing and D2D resource configuration used by eNB but cannot directly detect and synchronize with the cell.

5.3 Out of Coverage

Out of coverage UEs are UEs that fail to detect and synchronize with any cell or synchronization source relaying information about in-coverage D2D resources. Out of coverage UEs cannot acquire information about network D2D resources and therefore use preconfigured D2D resources for communication.
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