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1. Introduction
In RAN1#76, the following was agreed as a working assumption [1].
· In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized.
In RAN1 #76b, this was discussed further and the following observations were made.
· Companies are encouraged to consider possible options (including implementation-based mechanisms) for WAN protection in case D2D and WAN resources are FDMed from system perspective.
· Some possible options include: 
· Option 1) Power control for D2D signal transmission

· Note 1: Transmit power is controlled by eNB in Communication Mode 1 and discovery Type 2.

· Note 2:  Fixed power (non-UE specific) or open loop power control can be considered in Communication Mode 2 (if supported by in-coverage UEs) and discovery Type 1.

· Note 3:  Solutions to cope with D2D coverage difference when UE-specific transmit power control is applied is different should be considered.

· Option 2) RSRP measurement based resource selection restriction

· Option 3) Guard band between WAN and D2D resources Option 4) power boosting of WAN transmission 
· Others including combination between options are not precluded.
It seems this and any other working assumptions or agreements made so far don’t address a case of conflict between DL WAN reception and D2D reception (i.e. simultaneous reception by D2D UE of DL WAN signals and D2D signals). Therefore, this issue and other interference management considerations between D2D and WAN are discussed in this contribution.
2. Discussion
2.1. Conflict between DL WAN signals and D2D signals
DL WAN transmission and D2D transmission take place in different resources, but potential conflict arises for FDD system when a UE has limited receiving capability. Mandating D2D UEs to have a capability of simultaneous reception of DL WAN signal and D2D signal has both merits and demerits:
· Merits: The serving eNodeB can transmit control signals to a D2D-enabled UE in any DL subframe (if resource is available) regardless of whether the D2D UE is receiving D2D signals. A D2D UE doesn’t have to know whether its companion D2D UE will receive DL WAN signal in a DL subframe in which the D2D UE will transmit D2D signals to the companion D2D UE.
· Demerits: D2D-capable UE needs to have two receivers which can operate on DL and UL spectrums respectively at the same time. The UE hardware cost is increased.　This could be an obstacle in fast and wide spread of D2D-based commercial applications at reasonable costs in future markets.
Having the two receivers is a mandatory requirement for Dual-Connectivity UEs. Recent proposals of using UL spectrum for DL data transmission would also require UE to have two receivers in which each operates simultaneously on DL and UL spectrum, respectively. These UEs, if they are also D2D capable, can simultaneously receive D2D signals and DL WAN signals. However, if having two receivers is optional, D2D-activated UE with multiple receivers and with a single receiver will likely coexist in a cell. This could increase complexity of eNodeB’s management of radio resource for D2D communication. But this will mandate to support single-receiver UEs and mixture of UEs with different RX capabilities and to provide a conflict resolution scheme. Following the general principle of prioritizing WAN traffic, a D2D UE should receive DL WAN in the subframes it is configured. Since it needs to listen for PDCCH, it will have no subframe for D2D transmission. Some mechanism like DRX could be used to solve this issue.
To address this issue, we propose the following:
Proposal 1: For a D2D-capable UE with a single receiver, in case of collision of simultaneous reception of DL WAN and D2Dsignals, DL WAN reception would be prioritized. However, the UE cannot know when it will receive DL WAN signals, so the UE will be configured to listen to DL WAN signals in particular DL subframes (such as Subframes #0, #4, #5 and #9 for FDD). Some mechanism like DRX could be used for realizing D2D subframe listening without PDCCH monitoring.
Proposal 2: For a D2D-capable UE with multiple receivers, when D2D is activated, the UE always listens to DL WAN signals and D2D signals in subframes being active (not DRXed) for the UE. 
2.2. Discussion on power control for interference management
Besides the conflict problem mentioned above, interference problem may also occur in this scenario. If D2D and WAN resources are FDMed from system perspective, the in-band emission of D2D gives impacts to WAN performance. Especially, when D2D transmitter is near eNB, it will give much interference to WAN UL channel and PUCCH performance degrades quite significantly [3]. Thus, protection mechanism is required in Rel. 12 for WAN performance. Power control for D2D link is one of good candidates, which is widely used in CDMA and LTE system to resist near-far effect. Open loop power control could be used for UEs in coverage with configured power, including in both RRC idle and RRC connected states. For example, measurement report information, such as RSRP could serve as a reference for power control of D2D link. In detail, if the measurement report value is larger, it means the UE is near eNB and the eNB could reduce transmit power for D2D link by signaling to reduce the interference for WAN UL. Otherwise, the eNB could increase transmission power for D2D link by signaling to guarantee good D2D link performance without much considering the impact on WAN UL performance. On the other hand, small D2D transmit power will reduce the coverage or performance of D2D link. Therefore, open loop power control mechanism could serve as a start point for interference management for D2D link and WAN UL link. And further optimization could be made based on performance evaluation to achieve better tradeoff between D2D link performance and WAN UL performance.
Close loop power control is already used in LTE system for finer interference control. Transmit power control (TPC) signaling is included in all the scheduling formats for PUCCH or PUSCH power control. To keep up with power change of PUCCH and PUSCH by close power control and make good tradeoff between D2D link coverage and performance and impact on WAN UL performance, close loop power control mechanism could be designed based on available scheme in LTE specification for RRC connected UEs. On account of time scheduler of Rel.12 D2D work item, 2 bit TPC signaling could be reused in the DL grant of D2D link.
Based on above discussion, we propose:
Propose 3: Introduce power control mechanism for interference management between D2D and WAN.
2.3. Discussion on UL reference timing for interference management
If UL reference timing is not used for D2D transmission, the WAN UL transmission and D2D transmission will have different transmit reference timings. Thus, there is conflict between D2D transmission and/or reception and UL WAN transmission, especially when cell size is large [4]. Moreover, when TA is larger than 1 symbol, the interference issue could not be solved by D2D signal gap. To reduce the interference between WAN UL and D2D links, the realization method could be used, such as restricting scheduling D2D transmission/reception and WAN UL transmission for UE with larger TA with succeeding subframes. However, it will give some restriction for scheduling, which is not desirable for time sensitive service, such as voice service. Alternative, UL reference timing could serve as a time reference for D2D transmission for UEs in coverage with RRC connection. The interference could be effectively avoided by the alignment of reference timing. Furthermore, with UL reference timing, the D2D signal gap could be saved and then 10% D2D resource gain could be achieved as pointed out in the ongoing email discussion [76b-09].
Based on above discussion, we propose:
Propose 4: UL reference timing is used for RRC_CONNECTED UEs in coverage to reduce interference between D2D and WAN.
3. Conclusions
To facilitate interference management between D2D and WAN, we propose:
· For a D2D-activated UE with a single receiver, DL WAN reception is prioritized, or the UE listens to DL WAN signals in particular DL subframes (e.g. Subframes #0, #4, #5 and #9 for FDD). Some mechanism like DRX could be used for realizing D2D subframe listening without PDCCH monitoring.
· For a D2D-activated UE with multiple receivers, the UE always listens to DL WAN signals and D2D signals in “active” subframes. 
· Introduce at least open loop power control mechanism for interference management between D2D and WAN.

· UL reference timing is used for UEs in coverage to reduce interference between D2D and WAN.
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