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1 Background
The D2D study item has the mandate to investigate “the possible impacts on existing operator services (e.g. voice calls) and operator resources” [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

· Impact of increased number of resources required for broadcast communications without feedback and possibly discovery

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

· Impact of transmit timing misalignment between D2D and cellular UL transmissions
In this paper, we discuss briefly all the issues mentioned above. We also provide a detailed analysis of the timing misalignment consequences.
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). With non-orthogonal multiplexing, the eNB may reuse the same resources for D2D and cellular UEs as long as there is enough separation to limit the interference. Cellular and D2D resources overlap with non-orthogonal resource allocation. Figure 1 illustrates the two resource multiplexing policies.
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Figure 1. Orthogonal and non-orthogonal resource allocation.

Non-orthogonal multiplexing 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. The approach is slightly more complex since it requires managing 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.
2.2 Broadcast without feedback & discovery

As discussed in [4], enabling HARQ can enhance broadcast communications by facilitating early transmission and link adaptation. This improves system and user throughput: without HARQ, the transmitting UE has to assume the worst case and transmits conservatively. Using HARQ, the transmitting UE can be more aggressive. As explained in [4], there can be a 5× increase in throughput for some broadcast communications. Other feedback mechanisms can also significantly improve control: for instance, closed-loop power control is an efficient mechanism to limit interference. Consequently, without feedback, the eNB needs to over-allocate resources for unicast services transmitted using broadcast. 

It has also been discussed to perform transmission without first performing discovery. This process can be inefficient: one of the reasons is that without discovery, the UE has no idea to whom it is transmitting. Therefore, it cannot perform even crude link adaptation: for instance, for a unicast service, assume that a UE is discovered with a received SINR of 20 dB. This information can be used to select a relatively high MCS level. Without discovery, broadcast communications would be based on the worst link condition.
In addition, for UEs in partial coverage, where they cannot get network commands directly but can get signals from in-coverage UEs, the discovery process can help them discover such neighboring in-coverage UEs and benefit from resource allocation commands coming from the network. This would save resources as well. Consequently:
Proposal 2: closed-loop feedback and discovery are supported for broadcast D2D communication.
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. A comprehensive analysis of contention-based D2D transmission is presented in [5] and shows that the system performance throughput is lower with contention-based than with scheduling-based transmissions. This well-known result is, however, only half of the story: 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, and the cellular throughput is higher, since the eNB only allocates the appropriate amount of resources for the D2D UEs. 

Proposal 3: within network coverage, only scheduling-based resource allocation is supported.
3.2 Timing

3.2.1 Overview
Timing has been discussed since RAN1 #73, and has been going on ever since. The discussion has been on the value of T2, with T1 and T2 defined as follows:
· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference

· T2 is an offset which is positive, negative, or zero.

The T1 and T2 values are illustrated in Figure 2 [1]. In essence, T2 can conceptually be viewed as the D2D equivalent of timing advance.
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Figure 2. Illustration of T1 and T2.
For UEs in idle mode, it was agreed to use T2=0. For UEs in connected mode, the discussion is ongoing. 
Here, we provide an analysis of the impact of using a T2 value different than 0 for a FDD system for both D2D communication and discovery for RRC-connected UEs. We show that having T2=0 leads to serious scheduling restrictions, and can sometimes cause large interference on the cellular system.
3.2.2 Illustration of the problems:
Setting T2=0 can cause two problems: it creates some artificial scheduling restrictions, and increases interference. These two issues are shown below.
Let’s first have a look at the scheduling limitations. Assume that in subframe N, a RRC_Connected D2D UE transmits a D2D discovery signal with T2=0, and in subframe N+1, the same UE transmits an uplink cellular signal with the timing advance TA. As seen in Figure 3, the D2D transmission in subframe N overlaps with the uplink transmission in subframe N+1.
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Figure 3. Illustration of the problem with T2=0.
Consequently, if a UE transmits a discovery signal in subframe N, it cannot transmit an uplink signal in subframe N+1 when T2=0.
The interference problem is as follows: consider the scenario shown in Figure 4, where two UEs are on diametrically opposite ends of a cell with a distance of 2d.
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Figure 4. Example deployment for the problem with T2=0.

Assume UEB is in the RRC_CONNECTED state and free-space. When UEA transmits a discovery signal to UEB, the signal is received 3( from the beginning of the subframe at UEB, where (=d/c and c is the speed of light. Due to a scheduled uplink transmission, UEB must begin the transmission process s+( before the start of the next subframe, where s is the switch time from receive and transmit.
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Figure 5. Example deployment for the problem with T2=0.

Using the notation in the figure, the duration of a discovery signal should be shortened by t=4(+s or equivalently t=4d/c+s. It appears that for d larger than 4 km, t is larger than one symbol duration. Note that this analysis is valid for UEA either in RCC_Connected or RRC_Idle mode.
Several solutions are investigated to solve these two problems:

· Option 1: introduce scheduling restrictions on cellular communications
· Option 2: have a shorter discovery signal to avoid overlap

· Option 3: choosing a different T2 value

In Option 1, the eNB evaluates in subframe N-3 whether the UE is transmitting a D2D discovery signal in subframe N. If it does, the eNB then avoids scheduling a cellular uplink transmission on the following subframe (N+1), as shown in Figure 6. This solution would actually be quite complicated to implement: it requires the eNB to know in subframe N-3 if the UE is transmitting discovery signals in subframe N. If discovery signals are randomly transmitted, then the eNB would be notified by the UE whether this particular UE intends to transmit a discovery signal, thus requiring extra signaling. Even if a deterministic pattern were used for transmitting a discovery signal, the eNB would be required to perform an additional check before scheduling a given UE on a particular subframe. Another scheduling issue is if a UE is receiving a discovery subframe in subframe N and then has to transmit in subframe N+1.  In order to meet uplink timing requirements, the UE may have to drop symbol(s) while receiving the discovery subframe. The consequence can be degraded discovery performance. Scheduling at the eNB may be difficult because the eNB may be unaware of the discovery reception in subframe N. 
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Figure 6. eNB scheduling for option 1
Option 2 requires having a shorter D2D discovery signal: instead of using 13 symbols, the discovery signal may only occupy 12 or fewer symbols. There are several problems with this approach: first, as previously documented in [3], fitting a discovery in one subframe is quite tight. In practice, this means that the discovery signal has to occupy more than 1 PRB. While RAN1 is still waiting from guidance from RAN2, it is likely that a discovery signal will need 2 to 4 PRBs when transmitted in a single subframe with 13 symbols in a subframe. If more symbols are eliminated, more PRBs for one D2D discovery signal may be needed. As a result, fewer D2D discovery signals would be multiplexed in one subframe; thereby increasing the overhead for D2D discovery.
With option 3, other T2 values could be chosen. In particular, choosing T2=TA (notations of Figure 3) leads to perfect alignment of the cellular and D2D discovery signals, as shown in Figure 7. In essence, the D2D discovery timing is adapted to the actual timing advance for the UE. Note that regardless of the cell radius, 13 symbols for the discovery signal can always be used. Note also that this solution helps with the interference problem. While it does not address interference from UEs in the RRC_Idle state, option 3 at least eliminates interference from the UEs in the RRC_Connected mode.
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Figure 7. Signal alignment with T2=TA.
Option 3 appears to be the best technical option, therefore the following is suggested:

Proposal 4: for D2D UEs participating in the discovery process in the RRC_Connected state, T2 is set to the timing advance

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: closed-loop feedback and discovery are supported for broadcast D2D communication.
Proposal 3: within network coverage, only scheduling-based resource allocation is supported.
Proposal 4: for D2D UEs participating in the discovery process in the RRC_Connected state, T2 is set to the timing advance
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