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1
Introduction

In RAN1#76bis there was substantial discussion in RAN1 about the need to define mandatory conditions for a D2D UE to operate in Mode 1 or Mode 2, while RAN2 had defined in-coverage and out-of-coverage behaviour in terms of what the UE may do. In this contribution we address open issues regarding the D2D operation under different coverage conditions, which include potential criteria for mode switching by the UE.
Moreover, in RAN1#76bis there was also discussion on potential need for UEs under coverage sharing information to out-of-coverage UEs in order to avoid interference towards the network. The following aspects have been identified in RAN1#76bis [1] and are discussed further in this contribution as it relates to D2D UE behaviour due to its coverage condition:
· Further investigation is needed until RAN1 #77 meeting about followings

· Information on the resources in which D2D transmission can/cannot occur can be forwarded by D2D UE who obtained it from eNB
· Interference from out of coverage D2D UE to LTE NW

· Necessity of this information

· Inter-cell resource alignment
2
D2D modes of operation and relation to coverage conditions
In RAN1#76bis [1], we have made agreements related to the operation of UEs under different modes, specifically:

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

At the same time, RAN2 has been working on similar issue, as seen in running CR 36.300 [2], where the RAN2 agreements in RAN2#85bis have been further clarified as following:
A UE is considered in-coverage if it has a serving cell (i.e. the UE is RRC_CONNECTED or is camping on a cell in RRC_IDLE). The following rules apply for the UE:

-
If the UE is out of coverage it can only use mode 2.

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

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

-
If the UE is in coverage it shall use only the mode indicated by eNB configuration unless one of the exceptional cases occurs. When an exceptional case occurs the UE is allowed to use mode 2 temporarily even though it was configured to use mode 1.

Editor’s Note: Criteria for the exceptional cases are FFS (e.g. if UE fails to establish an RRC Connection). RAN2 intends to define the exceptional cases rather than an edge-of-coverage “state”. 

Editor’s Note: How resource allocation mode is configured and changed is FFS.
When comparing RAN1 and RAN2 agreements, it is our view that there is no direct conflict between them under the understanding that the network is able to configure UEs in coverage to use either Mode 1 or Mode 2. For example, the conditions for utilization of Mode 1 can be specified to be as simple as “UE receives instruction to use Mode 1”, while it may be beneficial to add other conditions regarding authorization to use D2D in general, and reception of radio parameters defining the utilization of D2D communications under that particular eNB. In any case, the configuration options for the eNB itself should not be restricted and it should be really for the network/eNB to choose the most appropriate D2D operation. Preventing the eNB in configuring Mode 2 for certain UEs is clearly against this freedom for the network. 
Observation 1: RAN1 should not restrict the eNB operation regarding possible configurations of mode of operation for D2D UEs. 

Interference management has been raised as one reason to prevent UEs that are close to eNB to utilize Mode 2. However, this is dependent on parameters for cellular and Mode 2 operation, e.g. CP length, resource pool configuration with TDM or FDM multiplexing between cellular and D2D. In [3] we propose that power control for D2D operation should be supported for both communication modes and discovery types, which is also being considered under the ongoing evaluation of D2D impacts to WAN [4], together with other potential interference management techniques. Hence it is premature to say or even specify that under no circumstances Mode 2 operation would be possible in the vicinity of an eNB. 
In any case, it should be noted that if for some combinations of cellular and D2D parameters it would be desirable for the eNB to coordinate the mode the D2D UE is using according to the received cellular signal strength, this can be implemented using mechanisms that are already specified in LTE, for example event A1 in 36.331 [5]. This means that instead of defining a trigger for the UE to switch between modes as indicated in [6], the UE can simply provide enough information for the eNB to decide on the best mode for that particular UE.
Proposal 1: The eNB should be in charge of the proper selection of suitable mode of operation for D2D communications. The currently available radio link measurements and event triggers in 36.331 can be used by the eNB to gather information supporting the proper mode selection. 
3
Sharing information from in-coverage UEs to out-of-coverage UEs 

During RAN1#76bis the need to share information from in-coverage UEs toward out-of-coverage UEs in order to coordinate the usage of radio resources for D2D communications near the cell border has been discussed. The main objective of such information sharing is to align the radio parameters used by out of coverage UEs that are close to the network border to those radio parameters used by UEs under network coverage, which helps in avoiding unwanted interference from nearby out-of-coverage D2D transmissions. This situation is represented schematically in Figure 1. 
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Figure 1: Regions where D2D UEs are under different coverage situation and with varying capability to listen to in-coverage UEs.

However, it is important to take into account as well that D2D UEs are supposed to utilize pre-configured parameters when out-of-coverage [7], and hence any information shared by UEs in-coverage should not create conflicts that prohibit or create significant difficulties for out-of-coverage D2D communications. In particular, we need to ensure that out-of-coverage UEs that can listen to in-coverage UEs (orange /Region II UEs) can in addition to in-coverage UEs (blue/Region I UEs) also still communicate with out-of-coverage UEs that do not listen to any in-coverage UEs (green / Region III UEs), or that listen to configuration originated by another eNB.

In order to analyse the possible impacts to out-of-coverage UEs, we can classify information to be shared in two main categories:
a) Generic radio parameters: e.g. system bandwidth, CP length, resource pool configuration

b) Restrictions on the utilization of D2D resources: e.g. specific portions of resource pool that should not be used for transmission by D2D UEs, power control related information
If generic radio parameters are shared by in-coverage UEs, for example CP length, it is clear that UEs in Region I and II in Figure 1 can communicate with each other, but UEs in Region II and III are not able to communicate with each other if the shared generic radio parameters differs from the pre-configured ones for the Region III UEs. This brings severe impact to the reliability of out-of-coverage D2D communications, which is critical for Public Safety applications.

Observation 2: The in-coverage UE sharing of generic radio resource parameters that need to be aligned by all TX and RX UEs seems to make no sense at all as it might prevent communication between UEs in different coverage states. Such (generic) radio resource parameters include e.g. system bandwidth, CP length beside others as well as any additional Mode 2 resources on top of the pre-configured Mode 2 resources.
This issue is not necessarily present if the shared information constitutes only of restrictions on the utilization of D2D resources for transmission. Assuming the Mode 2 resource pool for transmission by in-coverage UEs is a subset of the pre-configured Mode 2 resource pool, both in-coverage and out-of-coverage UEs can listen to each other using Mode 2 D2D communications, regardless of the specific configuration used in the cell. This situation is illustrated in Figure 2. It is then natural that the information on the portion of Mode 2 resources that cannot be used for TX inside or in the neighbourhood of the cell can be forwarded without risk of conflict that would prevent successful D2D communication when out-of-coverage.
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Figure 2: Restrictions to Mode 2 resource pool for in-coverage UEs restrict the resources that can be used for TX when in-coverage. In any case, both in-coverage and out-of-coverage UEs are able to receive SA and data transmissions over the whole Mode 2 resource pool (when not conflicting with WAN transmissions).
Hence, we propose the following:
Proposal 2: Potential information sharing from in-coverage to out-of-coverage UEs should be limited to information related to additional restrictions on top of the preconfigured generic parameters, such as resource utilization restrictions or transmission power restrictions.
This type of radio information is not part of a synchronization procedure to be followed by out-of-coverage UEs, but in principle can be transmitted independently of D2DSS. Anyway, for proper indication of time-domain resource restrictions it is important that there is a common reference timing known by UEs receiving the shared information. Hence, if such information sharing is defined in Rel-12, it can be transmitted as part of regular D2D broadcast transmissions, and no specific physical channel needs to be defined. 
Proposal 3: In case a mechanism is defined to share information from in-coverage UEs to out-of-coverage UEs, it should be transmitted using regular D2D broadcast transmissions instead of a specific physical channel. 
4
Conclusions

In this contribution we discussed open issues regarding the D2D operation under different coverage conditions, which include potential criteria for mode switching by the UE. Also, we analysed the implications of UEs in-coverage sharing radio parameters for out-of-coverage UEs. We have made the following proposals and observations:
Observation 1: RAN1 should not restrict the eNB operation regarding possible configurations of mode of operation for D2D UEs. 

Proposal 1: The eNB should be in charge of the proper selection of suitable mode of operation for D2D communications. The currently available radio link measurements and event triggers in 36.331 can be used by the eNB to gather information supporting the proper mode selection.

Observation 2: The in-coverage UE sharing of generic radio resource parameters that need to be aligned by all TX and RX UEs seems to make no sense at all as it might prevent communication between UEs in different coverage states. Such (generic) radio resource parameters include e.g. system bandwidth, CP length beside others as well as any additional Mode 2 resources on top of the pre-configured Mode 2 resources.
Proposal 2: Potential information sharing from in-coverage to out-of-coverage UEs should be limited to information related to additional restrictions on top of the preconfigured generic parameters, such as resource utilization restrictions or transmission power restrictions.
Proposal 3: In case a mechanism is defined to share information from in-coverage UEs to out-of-coverage UEs, it should be transmitted using regular D2D broadcast transmissions instead of a specific physical channel. 
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