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1 Background
The D2D work item has the mandate to study and minimize the impact of D2D on cellular traffic, spectrum and on the QoS of other services from the same operator [1]. This contribution lists some of the impacts D2D will have on existing cellular systems. These impacts need to be taken into account to ensure a healthy coexistence of these two systems. They include, amongst others:
· Resource usage:
· Impact of orthogonal/non-orthogonal resource multiplexing between D2D and cellular communications

· Interference:
· Impact of performing contention-based D2D transmission within network coverage 

· Impact of misalignment between D2D and cellular UL transmissions
· Misalignment between discovery and UL cellular transmissions of a UE

· Misalignment between CP lengths used for D2D (UE1) and cellular communications (UE2)

· Impact of time collision between cellular UL and D2D transmissions 

· PUCCH/RACH/SRS
· PUSCH (including retransmissions) disturbing the synchronous nature of UL HARQ
In this contribution, we discuss briefly these issues. 
2 Resource usage

2.1 Resource multiplexing between D2D and cellular communications

With cellular and D2D communications coexisting, there can be two types of resource multiplexing: orthogonal and non-orthogonal. With orthogonal multiplexing, certain RBs or subframes are solely allocated to the D2D system. The interference to the cellular system is minimized, but the resource cost of supporting D2D can be high, especially under certain design decisions (large proportion of D2D UEs). Non-orthogonal multiplexing in which cellular and D2D resources overlap can provide better system throughput since the eNB can allocate the same time frequency-resource to one D2D UE and one cellular UE as long as there is enough distance separation between those UEs. Figure 1 illustrates the two resource multiplexing policies.
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Figure 1. Orthogonal and non-orthogonal resource allocation.

The non-orthogonal approach is slightly more complex since the eNB manages the interference level. However the potential system level gains are significant. Therefore, we propose the following:
Proposal 1: Non-orthogonal resource multiplexing between cellular communications and D2D should be considered.
3 Interference

3.1 Contention-based D2D transmission within network coverage

If resources are not time-division-multiplexed, contention-based D2D transmissions might degrade cellular communications quality due to interference. In addition, with contention-based resource allocation, there cannot be any QoS guarantee: this may cause severe voice quality degradation in case of a large number of collisions. For public safety, the consequences can be dire: (e.g., a marksman not getting a “don’t shoot” command in time). The only way to alleviate this concern is to over-provision the resources for D2D, which results in lowered cellular throughput. With a scheduling-based approach, there is no such issue. The cellular throughput is higher since the eNB only allocates the appropriate amount of resources for the D2D UEs. As described in Section 3.3, PUCCH performance might be affected more in the case of contention-based compared to scheduling-based resource allocation.
Proposal 2: Within network coverage, only scheduling-based resource allocation is supported.
3.2 Misalignment between D2D and cellular UL transmissions
Two sources of misalignment between D2D and cellular UL transmissions are considered here, namely: 1) misalignment between discovery and UL cellular transmissions of a UE; 2) misalignment between CP lengths used for D2D (UE1) and cellular communications (UE2).
3.2.1 Misalignment between Discovery and UL Cellular Transmissions of a UE
It has been agreed that the RRC_Connected UEs transmit discovery signals according to DL timing (i.e., TA=0). This will result in an overlap when an UE transmits an UL cellular signal after transmitting D2D discovery signal. Such interference can be avoided by imposing scheduling restrictions on cellular transmissions (degrading UL cellular experience) or by shortening discovery signal (degrading discovery performance). 
3.2.2 Misalignment between CP lengths used for D2D (UE1) and cellular communications (UE2)

If cellular and D2D UE are multiplexed in the frequency domain and use normal and extended CPs, respectively, the receiving D2D UE experiences interference due to ICI as described in [2]. TDM or D2D power control can be solutions to this issue [2].
Proposal 3: Interference on cellular communications due to misalignment in transmit timing or CP length between D2D and cellular UL transmissions should be minimized.
· D2D power control should be considered for reducing impact of misalignment due to different CP lengths used in cellular and D2D transmissions.
3.3 PUCCH and D2D Collision in Time

In this section, we distinguish between the following situations:
· Situation 1: mode 1 D2D communications or type 2A discovery
· Situation 2: mode 2 D2D communications or type 1/2B discovery
Since legacy UEs do not support discovery, they may have to transmit PUCCH on a discovery subframe. PUCCH decoding performance can be degraded due to interference of concurrent D2D transmissions mainly from D2D UEs close to the eNB [3]. In addition, due to a potentially large timing difference, there can be significant interference: D2D discovery signals may prevent the eNB to correctly receive the PUCCH because of large ICI/ISI.
In Situation 1, the network can easily manage this potential PUCCH performance degradation by resource allocation for D2D transmissions. For Situation 2, the problem can be alleviated by mechanisms such as D2D power control (with the cost of reducing D2D range) or restricting scheduling for legacy UEs (with the cost of rate loss or delay). 
Note that if the Rel-12 UE does not have a discovery transmission at the instance its PUCCH occurs at a discovery subframe, the Rel-12 UE can avoid such a time collision of its PUCCH and other UEs’ discovery signals by sending its PUCCH in the next non-D2D uplink subframe as described in [4]. 

Proposal 4: D2D impact on PUCCH should be minimized. Rel-12 UEs should not send the PUCCH on discovery subframes.
Note that other UL signals like RACH and SRS may also be handled similar to the way PUCCH is protected for Rel-12 UEs.  
3.4 Impact of D2D Transmissions on cellular UL HARQ timeline
Assume the UL packet is scheduled to be transmitted on a PUSCH on subframe n. The interference between D2D discovery signals and PUSCH is likely to be significant, and would often prevent the PUSCH to be correctly received at the eNB.

This problem would likely occur in the following cases:

· A transmission was scheduled on subframe N with semi-persistent scheduling

· A retransmission of a previous packet is scheduled on subframe N due to the synchronous nature of UL HARQ

For legacy UEs this event usually leads to loss of performance similar to the discussion in Section 3.3 Rel-12 UEs (not necessarily D2D-capable) can manage the problem For instance by deferring the HARQ process as described in the following:
When having to send a packet, the UE first checks if the subframe is a D2D discovery subframe. If it is not, it transmits the packet on a PUSCH using existing Rel-11 procedures. If it is a D2D discovery subframe, the HARQ process is deferred: the UE does not transmit its scheduled PUSCH, and does not expect an ACK/NAK from the eNB. On the next subframe where the synchronous HARQ transmission m is to occur, the UE transmits the redundancy version it was supposed to transmit in subframe n, the discovery subframe. 

At the eNB, the eNB checks if the subframe n is a discovery subframe. If not, it proceeds with the Rel-11 procedure. If it is, the eNB defers the HARQ processes from Rel-12 UEs: it does not attempt any decoding in subframe n, nor does it generate any ACKs/NAKs for that subframe. On the next subframe where the synchronous HARQ transmissions are to occur (subframe m), the eNB expects the transmissions that would have happened in subframe n. With this HARQ process deferral for Rel-12 UEs, a HARQ transmission will not be subject to D2D interference but there is a slight increase in total transmission time.

Proposal 5: Cellular UL HARQ process for Rel-12 UEs should be put on hold on the discovery subframe.

4 Conclusion

Some potential impacts of introducing D2D on cellular communications are listed and suggestions to minimize the ramifications provided: 
Proposal 1: Non-orthogonal resource multiplexing between cellular communications and D2D should be considered.
Proposal 2: Within network coverage, only scheduling-based resource allocation is supported.
Proposal 3: Interference on cellular communications due to misalignment in transmit timing or CP length between D2D and cellular UL transmissions should be minimized.

· D2D power control should be considered for reducing impact of misalignment due to different CP lengths used in cellular and D2D transmissions.
Proposal 4: D2D impact on PUCCH should be minimized. Rel-12 UEs should not send the PUCCH on discovery subframes.
Proposal 5: Cellular UL HARQ process for Rel-12 UEs should be put on hold on the discovery subframe.
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