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1. Introduction

In RAN1 #78 [1], it was agreed that the D2D resource allocation can be indicated by a subframe bitmap as following:
Agreement:
· Transmission and reception resource pool for SA, Discovery, and Mode 2 data of a cell is indicated using

· subframeBitmap: 

· 1 indicates subframe with D2D resources

· 0 indicates subframe with no D2D resources

· offsetIndicatorInitialization: Offset indicator used to determine the start of a resource pool 

· The indicator is from SFN 0 of FFS between

· Serving cell or neighboring cells 

· Only serving cell

· Granularity of 1 sub-frame

· RAN2 can choose to signal this parameter using 2 offsets

· The granularity of one of the two offsets does not need to be 1 subframe

· prbLength: length of a D2D allocation in PRB 

· Does not represent the total D2D allocation in a sub-frame

· startPRB: D2D transmissions on a subframe can occur on PRB index greater than or equal to this value and less than startPRB+prbLength 

· endPRB: D2D transmissions on a subframe can occur on the PRB index lesser than or equal to this value and greater than endPRB-prbLength 

· Subframe bitmap details:

· For FDD, subframeBitmap refers to contiguous set of uplink subframes. 

· For TDD, subframeBitmap refers to contiguous uplink sub-frames of a TDD configuration

· TDD configurations that the UEs are to assume for the neighboring cells are signalled

· FDD: subframe bitmap length is 40

· TDD (Working Assumption):

· config 1-5: subframe bitmap length is twice the number of uplink sub-frames within a radio frame

· config 6: subframe bitmap length is 30

· config 0: subframe bitmap length is 42

· FFS whether any limitations are applied to the subframe bitmaps (e.g., limitations to the number of used subframes in the subframe bitmap)

· FFS in RAN2 the details on how the subframe bitmaps and pools are signaled

· FFS if the pre-configured pools are FDD or TDD, and how this is signaled, if needed

In this contribution, we discuss potential mechanisms to avoid collision between WAN and D2D services, and consequently the limitations of the subframe bitmap for D2D resource allocation. 
2. D2D and WAN co-existence with collision avoidance
At least for in-network coverage UEs, the allocation of D2D resources will have impact on the WAN operation. From the UE’s perspective, in a UL subframe, a UE cannot transmit UL signal at WAN side if the UE needs to transmit or receive D2D signal. Thus, the D2D and WAN UL resources should be orthogonal to each other whenever possible.

Using FDD cell as an example, there is a fixed 4ms timing between a PDSCH transmission and the corresponding HARQ-ACK feedback, and between a PUSCH scheduling by a PDCCH/EPDCCH or a PHICH indication and the corresponding PUSCH transmission. If the same HARQ-ACK timing is maintained on a FDD cell, it will cause many issues.

As shown in Figure 1, if a PDSCH is transmitted in subframe n-4, and the subframe n is configured as a D2D resource, the UE cannot handle WAN UL and D2D service simultaneously. The UE has to choose between WAN and D2D services. If the UE reports HARQ-ACK on LTE UL, it has to ignore the D2D communications in the given subframe. If the UE performs D2D transmission or reception, it has to discard the LTE UL transmission in the given subframe. 
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Figure 1. Potential collision issues between a D2D resource and a WAN transmission
Similarly, if a PUSCH is scheduled by PDCCH/EPDCCH or a PHICH in subframe k, and the subframe k+4 is configured as a D2D resource, the UE either transmits the PUSCH and ignores the D2D or performs the D2D communication and discards the PUSCH transmission in the given subframe.

For PUSCH transmission, the eNB may avoid such collision by scheduling implementations. However, if the PDSCH has to be disabled to avoid collision with D2D resources, the same number of DL subframes has to be disabled as the number of subframes allocated for D2D resources. This will cause degraded peak rate performance and scheduling flexibility. Thus, it is important to support HARQ-ACK reporting of all DL subframes of the FDD cell in UL subframes that are not configured as D2D resources.

To avoid collision between D2D and WAN [2], especially the important UCI transmissions on LTE UL, the HARQ-ACK timing of the FDD cell may be modified based on the D2D subframe bitmap configuration. To reuse existing mechanisms, the FDD-TDD CA DL association set may be used. Thus, a TDD UL/DL configuration may be applied as a DL-reference configuration so that all UL subframes in the reference configuration are orthogonal to the D2D resources indicated by the subframe bitmap. This ensures the HARQ-ACK of all DL subframes can be reported without interfering with D2D services. As an example, Figure 2 shows how UL/DL configuration 1 is applied on the FDD cell UL carrier to avoid collision between WAN UCI reporting and D2D services. Note the DL and special subframe of the TDD configuration are used as normal UL subframes for WAN transmissions if they are not configured as D2D subframes.
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Figure 2. Example of applying FDD-TDD CA method for D2D and WAN coexistence on a FDD cell
Similarly, the existing eIMTA concept may be extended to a TDD cell with D2D proximity service. A DL HARQ reference configuration can be configured on a TDD cell so that the PDSCH HARQ-ACK reporting is limited to the UL subframes defined by the DL HARQ reference configuration. The other UL subframes in a TDD cell may be allocated for D2D proximity services. Figure 3 shows an example, a DL HARQ reference configuration with configuration 2 is configured on a TDD cell with configuration 1. Since all HARQ-ACK can be reported in UL subframes 2 and 7, subframes 3 and 8 can be allocated for D2D proximity services.
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Figure 3. Example of applying eIMTA method for D2D and WAN coexistence on a TDD cell
Because there is only 1 UL subframe in TDD UL/DL configuration 5, complete avoidance of D2D and WAN UL reporting is not possible. Thus, some priority handling methods can be specified for UL/DL configuration 5 as special cases of D2D and WAN coexistence. Two options may be considered
· Option 1: The UE gives LTE WAN traffic with higher priority, and the D2D communications in the given subframe should be ignored.

· Option 2: The UE gives D2D traffic with higher priority, and the WAN UL transmission is dropped. 

Proposal 1: For in-network coverage UEs, at least the PDSCH HARQ-ACK reporting timing may be modified to avoid collision between WAN transmission and D2D services. 

· Existing mechanisms may be reused as simple extensions.

3. D2D subframe bitmap limitations

The D2D subframe bitmaps were discussed in detail in RAN1 #78. For FDD, subframeBitmap refers to contiguous sets of uplink subframes. For TDD, subframeBitmap refers to contiguous uplink sub-frames of a TDD configuration. For FDD, the subframe bitmap length is 40. For TDD, as a working assumption, the bitmap length depends on the UL/DL configuration of the serving cell, i.e. for configuration 1-5, subframe bitmap length is twice the number of uplink sub-frames within a radio frame; for configuration 6, subframe bitmap length is 30; and for configuration 0, subframe bitmap length is 42.
In this section, we discuss the limitations applied to the subframe bitmaps considering WAN and D2D coexistence.

For out of coverage UEs, there is no WAN connection. Thus, no limitation is needed for the D2D subframe bitmap. 
For in-network coverage UEs, to make sure HARQ-ACK reporting can be supported by a valid TDD configuration, some limitations may be applied to the subframe bitmap of D2D resource allocation for a FDD cell and a TDD serving cell with UL/DL configuration belonging to {0, 1, 2, 3, 4, 6}, e.g. 
· Subframe 2 cannot be configured as D2D resource. 
To provide more flexibility of D2D resource allocation, and to consider potentially unsynchronized adjacent networks and possibly different offset values (offsetIndicatorInitialization) in the bitmap, the TDD UL/DL configuration for WAN HARQ-ACK timing may also include an offset value. Consequently, the limitations of the subframe bitmap may be relaxed for a FDD cell, e.g. 
· Any UL subframe may be configured as D2D resource provided that at least a subframe with the same subframe index is not configured as D2D resource in each radio frame included in the subframe bitmap.

For a TDD serving cell with UL/DL configuration 5 the restriction does not apply because D2D and WAN collision cannot be fully avoided and priority handling should be defined.
Proposal 2: Some subframe bitmap limitations should be applied at least for in-network coverage UEs for a FDD cell and a TDD serving cell with UL/DL configuration belonging to {0,1,2,3,4,6}. 
· In each radio frame included in the subframe bitmap, at least a subframe with the same subframe index is not configured as D2D resource.

Furthermore, if pre-configured D2D pools are configured, D2D and WAN coexistence methods should be considered, especially the likelihood of a UL subframe is used for WAN UCI feedback. Thus, the pre-configured D2D pools should be configured in the UL subframes that are most unlikely to be included in the DL-reference configuration for a FDD or TDD cell with D2D proximity service. For example, subframe 0,1,5,6 for a FDD cell, or the last UL subframe in each radio frame or periodicity in a TDD configuration belonging to {0, 1, 2, 3, 4, 6}.

Proposal 3: If pre-configured D2D pools are configured, D2D and WAN coexistence methods should be considered, especially the likelihood of a UL subframe is used for WAN UCI feedback.
4. Conclusion
In this contribution, we discuss the D2D and WAN co-existence issues, especially on how to avoid collision between WAN transmission and D2D transmission/reception. The co-existence considerations require some limitations on the D2D subframe bitmap for D2D resource allocation. And we propose: 
Proposal 1: For in-network coverage UEs, at least the PDSCH HARQ-ACK reporting timing may be modified to avoid collision between WAN transmission and D2D services. 

· Existing mechanisms may be reused as simple extension.

Proposal 2: Some subframe bitmap limitations should be applied at least for in-network coverage UEs for a FDD cell and a TDD serving cell with UL/DL configuration belonging to {0,1,2,3,4,6}. 
· In each radio frame included in the subframe bitmap, at least a subframe with the same subframe index is not configured as D2D resource.

Proposal 3: If pre-configured D2D pools are configured, D2D and WAN coexistence methods should be considered, especially the likelihood of a UL subframe is used for WAN UCI feedback.
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