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1. Introduction
The agreements from a couple of recent meetings related to multiplexing is summarized as follows

· FDM shall not be used for multiplexing D2D signal and cellular signal from individual UE perspective on a given carrier 
· From individual UE perspective, on a given carrier D2D signal reception and cellular UL transmission do not use full duplex

· TDM can be used for multiplexing D2D signal and cellular signal from individual UE perspective (at least within one carrier), including a mechanism for handling/avoiding collisions

Based on the agreement, the subsequent section discusses further points to be considered in D2D communication design.
2. Further consideration on multiplexing of D2D and Uu

2.1. Impact of D2D on existing operation using Uu link

As D2D is TDMed with Uu UL, it may cause some impacts on existing Uu UL transmission since some of Uu UL subframes assigned for D2D communication cannot be used for Uu UL transmission.
· WAN UL HARQ-ACK: Assuming that reception on eNB downlink is available, if HARQ ACK transmission falls onto D2D subframes, UE is not be able to report ACK/NACK for the received PDSCH (if D2D is prioritized) or D2D transmission/reception is interrupted (if Uu ACK/NACK is prioritized).. In any case, efficiency of multiplexing D2D and Uu is impacted, especially when a lot of subframes are used for D2D purpose (e.g., D2D communications). To handle this problem proper change in HARQ ACK timing is needed on the D2D SFs which conflict with HARQ ACK transmission. One possible change is that UE shift HARQ-ACK transmission to the next available UL subframe (see Figure 1). We note that some solution is already defined in TDD systems by using the DL HARQ reference UL-DL configuration as agreed in the TDD eIMTA discussions in RAN1#74.
· Semi-static WAN UL transmission: With proper eNB configuration, semi-static UL transmissions (such as SRS, SPS and CSI) can be scheduled not to overlap D2D subframes. However, depending on the flexibility of D2D subframe configuration, it can be difficult to avoid all the possible collision. A proper UE behavior needs to be defined to handle this problem.
· WAN UL multi-subframe transmission: In multi-subframe configuration with HARQ-ACK repetition and TTI bundling, it is likely that one or more subframes in a transmission interval collide with D2D subframes. For UEs located at the cell edge in the partial coverage scenario, it is especially probable to be configured to enable multi-subframe transmission.  For example, assuming WAN UL priority over D2D when collision between WAN and D2D occurs, several collision resolutions can be considered. One is to skip or drop D2D transmission in all of D2D resources selected in a certain rule basis; another is to drop D2D transmission only in the part of D2D resources which are collided with WAN UL transmission. For the compensation of depriving of Tx opportunity, high transmission probability in upcoming Tx opportunity (timing and resource) could be given the corresponding D2D UE. Further elaboration based on signal characteristics and its importance is FFS. 
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Figure 1: WAN UL HARQ ACK/NACK shifting
· D2D synchronization signal priority over WAN: In most cases, it’s natural that WAN UL should be protected from D2D communication. However, D2DSS should have higher priority over WAN UL because loss of D2D synchronization signal causes critical problem such as D2D link failure. Furthermore, sudden absence of D2DSS would also severe impact on subsequent links relying on this synchronization signal.
Proposal 1: Proper solution is needed to efficiently accommodate D2D communications while minimizing its impact on existing operations.
Proposal 2: Priority handling of D2DSS should be carefully addressed in consideration of link failure
2.2. Necessity of time synchronization at a cell-edge UE
Time synchronization between UEs inside network coverage and UEs outside network coverage is needed to enable easier TDM of the two links (Uu UL and D2D) at the UE inside network coverage. For this purpose, the information about on which subframe is in use for D2D reception and the synchronization reference signal should be delivered to UEs outside network coverage. 
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Figure 2: Impact of unsynchronized D2D communication on Uu UL

In Figure 2, it shows how unsynchronized transmission of D2D communication can block more than one Uu UL subframes. The subframe boundary is misaligned by approximately half subframe and two Uu UL subframes is blocked for D2D communication. 

Figure 3 shows an evaluation result of DL SINR degradation of UEs inside network coverage from D2D transmissions outside network in TDD.  From the original DL geometry in Appendix A, we took UEs with SINR below -6dB and randomly selected three UEs per a sector to be a D2D transmitter and set the rest of UEs as D2D receiver. Then we set each D2D transmitter start its transmission with probability P in each subframe in a fully uncoordinated manner and observed how DL geometry changes. As shown in Figure 3, as P increases (from 0 to 0.2), we can see that DL SINR of UEs in the cell edge becomes more impaired. From this result, it can be noted that for the cell edge users, uncoordinated D2D transmission outside network can be seen as unexpected interference resulting in non-negligible SINR degradation.
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Figure 3: Evaluation of the impact on WAN downlink

From the discussion above, we can derive a conclusion that it is beneficial that UEs outside network coverage are synchronized to Uu transmission timing for D2D communications. The synchronization can be achieved by a UE inside network coverage taking the role of SR-UE [1]. In terms of interference property, WAN UE interference suffered from in D2D Tx subframe is quite different from that from in D2D Rx subframe. Considering this point, interference characteristic between D2D Tx subframe and Rx subframe would be better to be separately managed.

Proposal 3: It is beneficial UEs outside network coverage are synchronized to Uu UL timing.  

2.3. Resource separation between D2D Tx and D2D Rx of UE in network coverage:

Based on the results of Figure 3, it was mentioned in previous section that interference management considering different interference characteristics would be beneficial. For example, resources for D2D communication for a UE inside network coverage can be separated into two parts; one is available for D2D Tx (from a UE inside network coverage to UE inside/outside network coverage) and the other is available only for D2D Rx (from UE outside network coverage to UE inside network coverage). This is because, the interference level caused by D2D Tx of a UE outside network coverage, that is,  D2D Rx interference level of the UE inside network coverage, is at a much lower level than the interference caused by D2D Tx of a UE inside network coverage. For the purpose of resource partitioning between D2D Tx and D2D Rx, a UE inside network coverage can report some information such as available resource and resource utilization. 

Proposal 4: Resource separation between D2D Tx and D2D Rx of UE in network coverage is supported for efficient relay operation.

3. Coexistence between WAN UE and D2D UE in adjacent carrier

This section discusses the coexistence issue between WAN UE and D2D UE in adjacent carrier and the full duplex operation issue in multiple carriers based on conclusion from RAN1#73.

Conclusions (from RAN1#73):

· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage). Use of DL subframes in the case of TDD can be studied further

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier.

3.1. Inter-device issue

Assume that there are two adjacent component carriers (CCs) and two UEs belongs to different component carriers as illustrated in Figure 4. If UE 1 transmits WAN or D2D signal at CC 1 with high power and UE 2 receives D2D signal with low power at CC2, then the D2D signal of UE 2 is interfered by the signal of UE 1 due to the out of band (OOB) emissions. This may be more serious if the two CCs belong to different operators because it is not straightforward to assume tight coordination, which would be helpful in resolving such a problem, across different operators. We note that this issue is similar to the inter-operator coexistence in using different TDD UL-DL configurations in the sense that signal transmission in one operator interferes with signal reception in another operator in an adjacent channel. So, further study seems necessary to check what condition is required to enable D2D communication assuming a different operator in an adjacent channel. 
Proposal 5: Adjacent channel coexistence issue between WAN and D2D communications should be investigated. 
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Figure 4: Two signals in two different CCs

3.2. Intra-device issue

In previous section, coexistence issue on inter-devices where the UEs belongs to different CC was discussed. 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 5. If a UE is CA capable and transmits WAN UL at CC1 and receives D2D signal at CC2, we have to consider how much frequency separation is needed to enable this full duplex operation. In other word, the feasibility of the full duplex operation across two CCs may be dependent of the amount of frequency separation of the two CCs. For example, if two CCs are in the same band, the full duplex operation can be limited due to the high self-interference. On the other hand, some power control scheme may be considered to make the full duplex operation possible. For example, the transmission power at CC1 of the UE could be reduce to certain level to reduce power leakage to CC2. We note that there may be some similarity to the case of aggregating different TDD UL-DL configurations where both full duplex and half duplex UEs (across two CCs) are considered. 
Proposal 6: Further study is needed under what condition a UE can operate WAN UL transmission and D2D reception simultaneously across two component carriers.
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Figure 5: Full duplex across two component carriers
4. Conclusion
This contribution discussed WAN UL impacts such as HARQ A/N, SPS and multi-subframe scheduling, D2DSS priority, synchronization to in-NW UE, resource separation between Tx and Rx, coexistence of adjacent carriers at inter/intra-device. Based on the discussion, we suggest addressing the following proposals.
Proposal 1: Proper solution is needed to efficiently accommodate D2D communications while minimizing its impact on existing operations.
Proposal 2: Priority handling of D2DSS should be carefully addressed in consideration of link failure

Proposal 3: It is beneficial UEs outside network coverage are synchronized to Uu UL timing.  

Proposal 4: Resource separation between D2D Tx and D2D Rx of UE in network coverage is supported for efficient relay operation.

Proposal 5: Adjacent channel coexistence issue between WAN and D2D communications should be investigated. 

Proposal 6: Further study is needed under what condition a UE can operate WAN UL transmission and D2D reception simultaneously across two component carriers.
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Appendix A: Simulation assumptions

	Carrier frequency
	700MHz

	Total # of UEs 
	1824= 57*32 

	Frequency offset
	0 Hz (not considered)

	Number of antennas
	1 Tx, 2 Rx

	System bandwidth
	10MHz

	Layout 
	19 sites, 3 sectors per sites, site 5,11,17 are enabled and the rest are disabled (set zero transmission power)

	ISD 
	1732m

	UE dropping 
	uniform drop (outdoor)

	Out-of-coverage criterion 
	-6dB geometry 

	Macro eNB-UE Channel model
	ITU urban macro model (referring to Table B.1.2.1-1 in TR36.814) 


Table 1. Simulation assumptions
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Figure 5. Geometry distribution
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