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1. Introduction
A list of issues in coexisting D2D and WAN over multiple carriers were discussed in [1] using the following table:

	
	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


In RAN1#77, the following working assumption was made focusing on coexisting WAN RX and D2D RX (i.e., Case 4):

Working assumption with a condition to reception of reply LSs:
· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· Send LS to RAN2, RAN4, and SA2

· RAN2: 

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

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

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

· RAN4:

· RAN1 asks feasibility and implication of simultaneous reception of cellular on DL spectrum and D2D associated UL spectrum for FDD band

· RAN1 asks feasibility and implication of single receiver chain switching between cellular spectrum and D2D reception associated UL spectrum for FDD band

· SA2:

· [Public safety UEs are assumed to be able to simultaneously perform cellular on one carrier and D2D on another carrier]

This contribution discusses remaining issues in operating D2D in the multi-carrier context.
2. Coexistence between WAN and D2D on multiple carriers
2.1. Case 1: WAN TX on CC1 and D2D TX on CC2
It could a reasonable assumption that a UE capable of UL CA over CC1 and CC2 is also capable of supporting this case. If so, no additional capability signaling is necessary in terms of the band combinations in which D2D TX is supported: The network can assume that, if a given band combination is supported for UL CA at a UE, the UE can transmit either D2D or WAN in each band in the band combination. However, it may not be always true due to any regulation or implementation issue. Also, if a new capability signaling is introduced for D2D, it could be more straightforward to treat this issue with any other D2D capability issues using this new signaling. So, the capability issue related to Case 1 can be discussed with the inputs from other WGs.
When a UE transmits WAN and D2D at the same time, the sum of transmission power may exceed UE’s maximum transmit power. In this case, the maximum power needs to be properly distributed to WAN and D2D transmissions. In light of the WAN prioritization over D2D assumed in Rel-12 D2D, it is reasonable to allocate the transmission power first to WAN and use the remaining power for D2D. This power allocation sometimes leads to very big difference between the transmission power of WAN and D2D which may not be supported in the UE implementation. It would be reasonable to drop the D2D transmission if this situation happens, and RAN4 feedback seems necessary on this issue.
Another issue in this case is that D2D TX may not be subframe-aligned with WAN TX due to different TAs, e.g., if DL-timing is used for D2D as shown in Figure 1. This issue can be handled in relation to the UE capability on the multiple TA. For example, a UE not supporting multiple TA on the two CCs (including two CCs in the same band) is unable to transmit WAN and D2D with misaligned subframe, so D2D transmission can be dropped. When a UE supports multiple TA on the two CCs (i.e., CC1 and CC2 belong to different TAGs), it may be able to handle the subframe misalignment as far as the difference is within a certain limit (e.g., 32.47us assumed in multiple TAG operations).
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Figure 1: Subframe misalignment between WAN TX and D2D TX.
The issue of the power limitation needs to be considered in the subframe misalignment case as well if simultaneous WAN and D2D transmissions are supported with misaligned subframes. In Figure 1, the sum of transmit power may exceed UE’s maximum power in the time duration A. In case of normal carrier aggregation, proper power reduction according to pre-defined rule will be performed. However, in case of carrier aggregation of D2D and WAN, slightly different solution could be applied. Considering the WAN prioritization over D2D again, it is natural to drop D2D transmission if transmit power is limited under the overlapping case of WAN and D2D signal. Other alternative solutions are possible such as D2D signal power reduction only in overlapped duration or in whole subframe n or in both subframe n and subframe n+1.

Proposal 1: Inputs from other WGs are needed to see whether a D2D-capable UE can transmit D2D (WAN) in a carrier whenever it can transmit WAN (D2D) in that carrier.
Proposal 2: When the sum of WAN TX power and D2D TX power exceeds UE’s maximum power at a time instance, UE’s power is allocated to WAN TX first. RAN4 input is necessary to conclude on simultaneous WAN and D2D transmissions with a large power difference.
Proposal 3: D2D TX is dropped if it uses DL timing but WAN TX is scheduled at the same subframe in a carrier belonging to the same TAG.

Proposal 4: Further study is necessary on whether a UE can simultaneously transmit WAN and D2D with misaligned timing when the two transmissions occur in different TAGs. If possible, further study is necessary on how the power limitation issue can be solved.

2.2. Case 2: WAN TX on CC1 and D2D RX on CC2 
Based on the agreement in RAN1 #73, a full duplex operation in a given carrier is not possible, but it may be possible in different carriers. Consider a full duplex operation in different CCs as depicted in Figure 2. There can be self-interference from CC1 to CC2 but D2D RX in CC2 may be possible depending on the separation between CC1 and CC2 and UE’s duplexer structure. For example, if two CCs are in the same band, the full duplex operation is impossible due to the high self-interference. Even when two CCs are in different bands, the full duplex operation may be possible only when the two bands are well-separated in the frequency domain. One possible way of handing this issue would be to define a UE capability signalling on the full or half duplex operation for each band combination configured for D2D and WAN.
Proposal 5: It needs to be decided under what condition a UE can operate WAN TX and D2D RX simultaneously across two component carriers, and RAN4 input is necessary.
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Figure 2: Full duplex across two component carriers
2.3. Case 3: WAN RX on CC1 and D2D TX on CC2 

This can be considered as normal UE operation in that LTE UE can receives DL signal and transmit UL signal at the same time.

2.4. Case 4: WAN RX on CC1 and D2D RX on CC2 
This case is already covered by the working assumption in RAN1#77. 
2.5. Case 5: D2D TX on CC1 and D2D TX on CC2 
This case is similar to Case 1. Hence there would be similar issues such as total transmit power limitation under overlapping signal case, different TA issue due to SF misalignment. Furthermore priority between D2D signals need to be defined to decide whether to drop a D2D signal or reduce transmission power if collision happens. One example would be the prioritization in the order of D2DSS, SA, communication data, and discovery in consideration of the delay requirement and impact on the receiver UEs.
2.6. Case 6: D2D TX on CC1 and D2D RX on CC2 
This kind of capability needs to be introduced in order to support D2D operation across carriers including the inter-PLMN D2D. For example, the inter-operator D2D can be implemented such that D2D signal transmission is performed on CC1 of one operator and D2D signal reception is performed on CC2 of another operator. However it is not always necessary to perform two operations at the same time. That is, timing of transmission from CC1 and reception from CC2 do not have to be the same subframe. If they happen in the same subframe, the solution for Case 2 can be reused.
2.7. Case 7: D2D RX on CC1 and D2D RX on CC2 
Similarly to Case 6, this kind of capability needs to be introduced in order to support D2D operation across carriers. Inter-operator D2D operation can be implemented such that D2D signal reception is performed on CC1 of one operator and D2D signal reception is performed on CC2 of another operator. For the reason discussed in Case 6, timing of reception from CC1 and reception from CC2 do not have to be the same subframe such that the UE can switch a single RX chain between the two CCs.
3. Conclusion

This contribution discussed several remaining issues in operating D2D in the multi-carrier cases. The proposals are summarized as follows:
Proposal 1: Inputs from other WGs are needed to see whether a D2D-capable UE can transmit D2D (WAN) in a carrier whenever it can transmit WAN (D2D) in that carrier.
Proposal 2: When the sum of WAN TX power and D2D TX power exceeds UE’s maximum power at a time instance, UE’s power is allocated to WAN TX first. RAN4 input is necessary to conclude on simultaneous WAN and D2D transmissions with a large power difference.

Proposal 3: D2D TX is dropped if it uses DL timing but WAN TX is scheduled at the same subframe in a carrier belonging to the same TAG.

Proposal 4: Further study is necessary on whether a UE can simultaneously transmit WAN and D2D with misaligned timing when the two transmissions occur in different TAGs. If possible, further study is necessary on how the power limitation issue can be solved.

Proposal 5: It needs to be decided under what condition a UE can operate WAN TX and D2D RX simultaneously across two component carriers, and RAN4 input is necessary.
______________________________________________________________________
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