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Discussion
1 Introduction
This paper discusses D2D capability signaling with multi-carrier support capabilities taken into account.   
2 Discussion

2.1 D2D operations by multi-carrier capable UE.
D2D operation (reception and transmission) can take place on serving (primary or secondary serving frequency band) or non-serving frequency band, depending UE capabilities. For example, the D2D operation may run by using extra RF and baseband capabilities which can be otherwise used for cellular communication. Or, D2D operation may be enabled by dedicated RF and band operation optimized for D2D communication. Such operation scenarios shall be supported in standardization and this is related to UE capabilities. 

Observation1
UE may support D2D operation only on serving frequency or also on non-serving frequency, depending on UE capabilities.

Such UE capabilities should be known to network such that network can properly take care of the UE to ensure the continuity of D2D operations and cellular communication as well: in case UE supports D2D operation on a specific band or band combination, if network configures the UE to operate on a band/band combination where D2D operation is not possible, the D2D operation will be suspended. 

The most essential UE capabilities related to D2D operation is supported D2D band/band combination information. Since the D2D operation should coexist whenever in network coverage, the D2D band/band combination capabilities shall take into account the existing band/band combination capabilities for cellular communication. This means that the supported D2D band/band combination needs to be appended to the existing capability signaling such that the meaning of existing band/band combination signaling is still effective when introducing the extended capability signaling which allow for signaling supported D2D band/band combination information from UE, Then upon receiving the extended capability signaling from UE, network can easily identify the supported band/band combination that take both cellular and D2D operation jointly into account. .    

Proposal 1
Existing band/band combination signaling is slightly extended to be able to indicate supported D2D band/band combination in addition to existing band/band combination capability signaling. 

2.2 RAN1 working assumption and requested RAN2 actions
In the last RAN1 WG meeting, the following working assumptions on reception were made:

· 
A) For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· 
B) For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
When RAN WG informed RAN2 WG of these working assumptions, they requested the following actions to RAN2 WG: 

· 
1) To investigate impact on UE capability signalling of restriction on cellular operation when D2D is operated

· 
2) [Public safety UEs are assumed to be able to simultaneously perform cellular on DL carrier and D2D on associated UL carrier for FDD band]

· 
3) For discovery, non-public safety UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· 
4) There is no simultaneous operation of CA and D2D required for Rel-12 D2D communication if we assume 2 DL CA capable UEs

2.3 D2D TX capability signaling
Assuming that WAN TX RF circuit capable of transmitting on a certain band can be also used for D2D TX on the same band, we observe the chance that existing UL capability may be reused to indicate D2D TX capability signaling. For example, if a UE indicates that it is capable of UL CA over CC1 and CC2, it means that it is capable of supporting WAN TX over either of two CCs and D2D TX over another, for which simultaneous transmission is supported. 
However, it should be questioned if the assumption above is always true only for all bands that UE supports. If there is the case that UE cannot perform D2D TX on some bands that UE supports for WAN TX though, UE needs to indicate to network those bands on which UE supports D2D TX but WAN TX. If there is another case that UE cannot support WAN TX but supports D2D TX on some bands, those bands may also needs to be signaled. 

From the observation and the question above, it seems simpler and more flexible that D2D TX capability is indicated to network as a separate capability in conjunction with existing supported band combination signaling, than reusing existing UL capability signaling without modification. For example, if UE indicates to network the support of the band combination+D2D TX capability such as {(DL_1, DL_2), UL_1), D2D_TX_2}, this means that CA operation with 2DL CA over band1 and band2 + 1UL over band2 can be performed simultaneously with D2D TX operation over band2. 
Proposal2
D2D TX capability is indicated to network as a separate capability in conjunction with existing supported band combination signaling, where the D2D TX capability is indicated per band. 
If UE supports simultaneous D2D TX over multiple bands, UE can simply list up the supported band. For example, if UE can indicate to network the support of the band combination+D2D TX capability such as {(DL_1, DL_2), UL_1), (D2D_TX_2, D2D_TX_3)}, this means that CA operation with 2DL CA over band1 and band2 + 1UL over band2 can be performed simultaneously with D2D TX operation over band2 and band3. 

2.4 D2D RX capability signaling

Assuming that some WAN RX RF circuit can be tuned for D2D RX depending on RF circuit capability and implementation, existing WAN RX capability may be somehow reused to indicate D2D RX capability. However we observe that the existing UE capability signaling is not enough for network to know for which band UE can reuse/tune WAN RX RF for D2D RX. For example, let us see the case for a UE that it supports WAN RX for band1 and band2, and RF circuit used for WAN RX over band1 can be tuned for D2D RX over band3 whilst RF circuit used for WAN RX over band2 cannot be used for D2D RX over band3. In this case, UE cannot indicate this supported band combination by existing WAN RX capability signaling. 

From the observation above, it needs to introduce D2D RX capability as a separate capability, in conjunction with existing supported band combination signaling. For example, if UE indicates to network the support of the band combination+D2D RX capability such as {(DL_1, DL_2), UL_1), D2D_RX_2}, this means that CA operation with 2DL CA over band1 and band2 + 1UL over band2 can be performed simultaneously with D2D RX operation over band2 (here D2D TX capability is not mentioned).
Proposal3 
D2D RX capability is indicated to network as a separate capability in conjunction with existing supported band combination signaling, where the D2D RX capability is indicated per band.
If UE supports simultaneous D2D RX over multiple bands, UE can simply list up the supported band. For example, if UE can indicate to network the support of the band combination+D2D RX capability such as {(DL_1, DL_2), UL_1), (D2D_RX_2, D2D_RX_3)}, this means that CA operation with 2DL CA over band1 and band2 + 1UL over band2 can be performed simultaneously with D2D RX operation over band2 and band3.  

2.5 Some further consideration in D2D capability signaling
The following table shows the cases under consideration in which case simultaneous operation of indicated operations on CC1 and CC2 take place. 
	
	CC1
	CC2

	Case 1
	WAN TX
	D2D TX

	Case 2
	WAN TX
	D2D RX

	Case 3
	WAN RX
	D2D TX

	Case 4
	WAN RX
	D2D RX

	Case 5
	D2D TX
	D2D TX

	Case 6
	D2D TX
	D2D RX

	Case 7
	D2D RX
	D2D RX


Case1/3/4/5/7
No special issue is identified from RAN2 point of view
Case 2/6: WAN TX on CC1 and D2D RX on CC2 / D2D TX on CC1 and D2D RX on CC2
When a full duplex operation of WAN TX on CC1 and D2D RX on CC2 happens as in case2, self interference from CC1 to CC2 may happen, depending on carrier separation between two CCs and UE’s duplexer structure. This means that for a given D2D RX capability in combination with existing UE capabilities provided, the possible operation between full-duplex and half-duplex would be different depending on each band combination. This issue needs input from RAN1/4 before RAN2 take any action.

In case 6, similar issue identified in case2 also applies. 

Observation2 
Additional UE capability signaling may need to be introduced to indicate possible operation between full-duplex and half-duplex per each band combination, depending on further input from RAN1/4. Here the duplex characteristic is between WAN and D2D or between D2Ds over multiple carriers.
3 Conclusion
Proposal 1
Existing band/band combination signaling is slightly extended to be able to indicate supported D2D band/band combination in addition to existing band/band combination capability signaling. 

Proposal2
D2D TX capability is indicated to network as a separate capability in conjunction with existing supported band combination signaling, where the D2D TX capability is indicated per band. 

Proposal3 
D2D RX capability is indicated to network as a separate capability in conjunction with existing supported band combination signaling, where the D2D RX capability is indicated per band.

Observation2 
Additional UE capability signaling may need to be introduced to indicate possible operation between full-duplex and half-duplex per each band combination, depending on further input from RAN1/4. Here the duplex characteristic is between WAN and D2D or between D2Ds over multiple carriers.
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