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1. Introduction
This contribution discusses the D2D UE capability. How to separate the features of Rel-12 D2D will be discussed first, and then how to define the D2D frequency bands will be discussed.

2. Discussion
2.1. D2D features
Considering many discussions on PS and non-PS services in D2D SI/WI, it is natural to separate the features of discovery and communication. In other words, a D2D-capable UE supports only communication, only discovery, or both of them. Regarding the two communication modes, we think that the following agreements made in RAN1#76 imply that a D2D communication capable UE shall support both modes. In our understanding the agreement, a D2D communication capable UE shall be able to be a transmitting UE using Mode 1 when it is inside network coverage, and, at the same time, it also shall be able to be a transmitting UE using Mode 2 when it is at the edge-of-coverage and/or outside network coverage. The definition “edge-of-coverage” is not cleared specified, but we think that it can include the exceptional case which uses Mode 2 for the resource allocation.
Agreements (RAN1#76):
· From a transmitting UE perspective a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
· 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
· FFS: Definition of out-of-coverage, edge-of-coverage, in-coverage
It may be possible to separate the two discovery types in the supported features. On the other hand, the difference in the transmitter behavior in the two types may not be significant: The resource allocation within each discovery period would be identical, and the only difference is random selection vs. deterministic resource hopping across discovery periods. We note that the receiver behavior is expected to be identical in the two discovery types, i.e., a receiver UE blindly searches each reception pool with no knowledge about the discovery type used in the transmitters.
The D2DSS-related feature can be separated from the features of communication and discovery. For example, if a UE is intended to be operated only inside the coverage of synchronized networks, the D2DSS-related operations do not need to be implemented. It is noteworthy that, even a UE not capable of D2DSS can support inter-cell D2D in un-synchronized networks because high layer signaling provides the cell ID together with the resource pools of neighboring cells [1] and such a UE can receive D2D signals from neighboring cell UEs by using PSS/SSS/CRS. Details of D2DSS features can be different in discovery and communication. By the following agreement, D2DSS in discovery does not require any PD2DSCH-related operations, while a communication UE should be able to transmit PD2DSCH if it can transmit D2DSS. 
Agreement:

· Communication UEs transmitting D2DSS transmit PD2DSCH in in-coverage, out of coverage cases

· In coverage UEs participating only in discovery do not transmit PD2DSCH

Considering that D2DSS sequences are divided into two sets, D2DSSue_net and D2DSSue_oon, a UE capable of only discovery does not need to transmit/receive a D2DSS belonging to D2DSSue_oon. This leads to two different features, one for D2DSSue_net and the other for PD2DSCH. By the above agreement, supporting PD2DSCH means supporting D2DSS as well, thus the feature PD2DSCH can have D2DSSue_net and D2DSSue_oon as the prerequisite. It would be a natural consequence that a UE which is not capable of D2DSS cannot transmit or receive D2D communication when it is outside network coverage, but such a UE may be able to communicate with some out-coverage UEs if these out-coverage UEs are synchronized to the serving cell timing which is relayed by D2DSS transmitted from some other in-coverage UEs.
The above discussions lead to the D2D features listed in Table 1. Some D2D feature combinations are listed in Table 2, and we note that more combinations can be considered, e.g., Feature B+D in the future releases where discovery for out-NW UEs is necessary.
Table 1: List of the D2D features

	Feature
	Description

	D2DSSue_net (Feature A)
	The UE can transmit and receive D2DSS in D2DSSue_net.

	PD2DSCH (Feature B)
	The UE can transmit and receive D2DSS in D2DSSue_oon and PD2DSCH. The feature A is the prerequisite.

	D2D communication (Feature C)
	The UE can transmit and receive SA and data using Mode 1 and Mode 2.

	D2D discovery (FeatureD)
	The UE can transmit and receive discovery messages. FFS whether further separation is necessary for Type 1 and Type 2B.


Table 2: Examples of D2D feature combinations
	Example case
	Description

	Case 1: Discovery without D2DSS
	Feature D only. Inter-cell discovery can be supported by using neighboring cell’s PSS/SSS/CRS.

	Case 2: Discovery with D2DSS
	Feature A+D. Inter-cell discovery based on D2DSS is supported.

	Case 3: D2D communication without D2DSS
	Feature C only. Inter-cell communication can be supported by using neighboring cell’s PSS/SSS/CRS.

	Case 4: D2D communication with D2DSS
	Feature B+C (A is the prerequisite of B). Inter-cell communication based on D2DSS is supported. Communication outside network coverage is supported.

	Case 5: Discovery and communication without D2DSS
	Feature C+D. Inter-cell discovery and communication can be supported by using neighboring cell’s PSS/SSS/CRS.

	Case 6: Discovery and communication with D2DSS
	Feature B+C+D (A is the prerequisite of B). Inter-cell discovery and communication based on D2DSS is supported. Communication outside network coverage is supported.


Proposal 1: As the baseline, four D2D features are defined for D2DSSUE_net, PD2DSCH (including D2DSSue_net and D2DSSue_oon), D2D communication, and D2D discovery. Inter-cell D2D or out-coverage D2D can be supported by a proper combination of these features.
2.2. D2D frequency bands
In general, the eNB needs to know the D2D frequency bands supported by each UE. This knowledge is necessary especially for the assessment of impact across D2D and WAN which appears differently in the D2D reception and D2D transmission.
A. Issues in D2D receptions

It seems natural to define a list of frequency bands in which the UE can receive D2D. In defining the related UE capability, the impact of D2D reception on the WAN operation needs to be addressed together. First, in relation to WAN RX, the related agreement can be summarized as follows:
· For communication, receiving D2D in a FDD UL band may reduce the DL CA/MIMO capability [2].

· For discovery, receiving D2D in a FDD UL band requires “DL gap” in the paired DL band. FFS whether eNB can control the configuration of such DL gap [3].

One solution to reflect the agreement for communication can be to inform the network of the DL CA/MIMO capability which will be supported if the UE needs to participate in receiving communication in a certain frequency band. In other words, a UE reports the frequency band where D2D communication reception is supported with a certain DL CA band combination and MIMO capability. Detailed capability signaling design can be discussed in RAN2. In discovery reception capability, if it is supported for the eNB to control the configuration of “DL gap” for discovery [4], it can be useful if the eNB knows in which condition a certain UE requires such DL gap. We note that the discussed capability signaling for communication and discovery share the commonality that it describes the impact of D2D reception on WAN DL reception, so a common signaling structure may be feasible.
Proposal 2: For communication, a UE reports the frequency band(s) where it supports D2D communication reception per each supported band combination. It can be discussed whether the same capability signaling is also used to report the impact of D2D discovery on WAN DL reception.
Another issue is related to WAN TX as per the agreement of supporting “Simultaneous D2D RX on CC1 and WAN TX on CC2 from RAN1 perspective.” As this feature is related to the frequency separation and UE implementation, it seems reasonable to inform the network of the band combination in which this simultaneous operation is supported. To be specific, a UE can indicate a list of {CC1, CC2}, each of which represents the band combination in which the simultaneous D2D RX on CC1 and WAN TX on CC2 is supported (or such simultaneous operation is not supported equivalently). Based on this information, the eNB can decide in which combination of D2D RX and WAN TX UL scheduling restriction is necessary for a UE participating in D2D reception.
Proposal 3: A UE reports a list of band combinations, each of which represents the support (or no support) of simultaneous D2D RX and WAN TX.

B. Issues in D2D transmissions

The network needs to know the set of frequency bands on which a UE can transmit D2D. It can be further discussed whether a D2D-capable UE can transmit D2D on a carrier frequency if it can transmit WAN in the same carrier. If the answer is yes, no additional band combination signaling is necessary to indicate the carrier frequency in which D2D TX is supported.

In the last meeting, it was agreed to support “simultaneous D2D TX on CC1 and WAN TX on CC2 from RAN1 perspective.” As discussed in [5], the feasibility of such simultaneous TX is dependent of the TX timing of D2D and WAN. When the transmit timing of the two carriers is the same, it is basically the same as conventional UL CA from the RF point of view, so no specific issues are expected other than handling the power limited case which is discussed in [6]. On the other hand, supporting misaligned simultaneous transmission has been up to the UE capability so far. Multiple timing advance group (TAG) was introduced in Rel-11, and if two carriers belong to different TAGs in the UE capability, the UE can support simultaneous transmissions as far as the timing misalignment is not greater than 32.47 us. If UE is not able to support misaligned transmissions of WAN UL in the two carriers, the maximum supported timing misalignment is zero for the two carriers and it can be assumed that simultaneous TX of D2D and WAN is not supported with misaligned timing. To generalize this, it can be assumed that, for a given combination of two carriers, there is an upper bound and the UE can support simultaneous transmissions if the timing misalignment is not greater than the upper bound.
As an effort to minimize the related specification work, it can be the baseline to reuse the existing UE capability for the indication of D2D TX capability. In other words, a UE can transmit WAN in CC1 and CC2, it can transmit D2D in CC1 as long as the timing difference from the WAN TX in CC2 does not exceed the upper bound in the capability of the UE.

Proposal 4: As the baseline, it is assumed that a UE supports simultaneous TX of D2D on a carrier and WAN UL on another carrier if the two carriers belong to the supported band combination for WAN TX and the timing difference is less than the upper bound in its capability.

3. Conclusion
This contribution discussed several issues in the D2D UE capabilities. The proposals are summarized as follows:
Proposal 1: As the baseline, four D2D features are defined for D2DSSUE_net, PD2DSCH (including D2DSSue_net and D2DSSue_oon), D2D communication, and D2D discovery. Inter-cell D2D or out-coverage D2D can be supported by a proper combination of these features.

Proposal 2: For communication, a UE reports the frequency band(s) where it supports D2D communication reception per each supported band combination. It can be discussed whether the same capability signaling is also used to report the impact of D2D discovery on WAN DL reception.
Proposal 3: A UE reports a list of band combinations, each of which represents the support (or no support) of simultaneous D2D RX and WAN TX.
Proposal 4: As the baseline, it is assumed that a UE supports simultaneous TX of D2D on a carrier and WAN UL on another carrier if the two carriers belong to the supported band combination for WAN TX and the timing difference is less than the upper bound in its capability.
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