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1. Introduction
In the last meeting RAN1 #76, the following was agreed regarding D2D synchronization resources [1]:

Agreement:

· D2DSS of synchronization source derived from eNB is different to D2DSS of synchronization source not derived from eNB 
Agreement:

· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 

· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm

· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source

· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

· For in-coverage

· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB

· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 

· FFS whether any special UE reporting is needed to assist the eNB

· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted

· Consider interference impact to cellular in such cases. 

· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS
Agreement:
· For out-of-coverage UEs

· Synchronization resources that occur periodically are used for transmitting D2DSS 

· FFS whether PD2DSCH (if supported) is transmitted

· Size of a synchronization resource is FFS

· It is fixed in specification

· Periodicity of synchronization resources is pre-configured 

· Whenever a D2D Synchronization Source transmits on a synchronization resource, it transmits at least D2DSS on the synchronization resource, and receives at least D2DSS on other synchronization resource(s) (which may or may not be pre-configured)

· Which synchronization resource is used for transmission is FFS

· FFS: timing offset between transmit and receive resources

· FFS: possible mechanism to handle the case of other out-of-coverage UEs transmitting on the same synchronization resource as the UE is transmitting on. 

· Working Assumption: For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame

In this contribution, resource allocation for D2D synchronization signals and channels are discussed.
2. Discussion
2.1. Determining which UE to transmit D2DSS
It is agreed in the last meeting that if a UE is within network coverage, eNB can configure one or more UEs to become synchronization source. This configuration can include  some parameter related to D2DSS transmission (e.g., time/frequency resource location, D2DSS sequence, transmission power and so on). It is also possible more than one UE is chosen to transmit D2DSS with same resource configuration or the resource allocation is cell-specific. In the aspect of eNB controllability, however, UE specific resource allocation is preferable. eNB also can configure a specific D2DSS sequence or a range of D2DSS sequence to a UE. When a range of D2DSS sequence is used, the UE can choose one sequence within the range to use for its D2DSS transmission, which may be more suitable for the operation in edge-of-coverage where UE-specific control may not be feasible.
UEs outside network coverage, on the other hand, can make a decision to become an independent synchronization source and reserve some periodic resource for D2DSS transmission in a distributed manner. To support this, sensing and contention based election can be used. If a UE wins the contention, the UE can select one of the possible time/frequency resource sets for D2DSS transmission. Other UEs, upon hearing D2DSS sent from the UE, can also become synchronization source by either selecting orthogonal resource set or relaying the received D2DSS. Detailed procedure regarding sensing and contention can be found in our companion contribution [2].
When a UE is located at the edge of network coverage,  the election procedure and distributed resource allocation defined for outside network may not be needed if enough D2DSSs to cover the edge UEs are sent from UEs inside network coverage and the UEs at the edge of coverage can also relay the D2DSSs they received. However if there is a UE who cannot detect D2DSS due to lack of connections, distributed method used for out of coverage UEs is needed to support those UEs. Thus, in principle the edge of coverage UE operation is the same as out of coverage UEs. The difference is that PSS/SSS can be regarded as a D2DSS sent from independent synchronization source in this case and resource configuration and available D2DSS sequences can be carried on SIB. 
Since synchronization source which is eNB has the higher priority over synchronization source which is UE, if a UE detects PSS/SSS, the UE will synchronize itself to eNB and use eNB timing for D2DSS transmission. If UE mobility is considered, it is possible the UE once inside network coverage becomes at the edge of coverage and vice versa. In this case, if the resource allocation has finite validity duration, it should be decided whether the resource allocation remains until the validity duration expires or not. It would be beneficial if the UE can use the same resource allocated from the eNB after it moves to the edge of network coverage.
Proposal 1: Within network coverage, the eNB configures a UE to transmit the D2DSS. Outside network coverage, a distributed rule needs to be defined to determine which UE transmits the D2DSS in which resources. This rule should ensure the interference coordination between two closely located synchronization clusters.
2.2. Resource allocation for synchronization signal
If a UE is within network coverage, as discussed in the previous section, eNB allocates resources used for D2DSS transmission in cell specific or UE specific manner. Time/frequency resources can be configured for the UE at the time of designation. The configuration may reserve periodic time/frequency resources, as it is typically assumed that D2DSS is transmitted in a periodic manner.  The transmission period of D2DSS can be set to, for example, 100msec in order to allow the initial access delay comparable to the delay requirement of VOIP as well as maintain a reasonable level of overhead (e.g., less than 10%) caused by it. Since combining D2DSS separated by such a long period is difficult and not so useful, it is more desirable to repeat D2DSS within the same subframe. The detailed structure of D2DSS and its repetition scheme are discussed together with PD2DSCH design in [3]. To enable control information transfer right after achieving synchronization, resources for scheduling assignment can follow D2DSS/PD2DSCH as shown in Figure 1.
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 Figure 1. Example resource allocation of D2DSS/PD2DSCH along with scheduling assignment pool
Assuming that D2DSS can be relayed at most to the stratum level N (the value of N is FFS), if a UE is at the edge of network coverage or outside network coverage detect synchronization source, the UE may act as a D2DSS relay. Figure 2 shows an example of resource allocation for D2DSS relaying. The relaying transmission of D2DSS can basically be in the form of SFN. In other words, the time/frequency resource of D2DSS of stratum level n is predetermined from the reception of D2DSS of stratum level (n-1). Regarding the relaying timing, it may be possible that the relaying transmission immediately follow after the SR-UE’s transmission of D2DSS as in Figure 2(a) or after a certain time gap as in Figure 2(b). How to define the time gap is FFS. The processing time required to prepare the relaying operation also needs to be considered. 
However, it can be more useful to design D2DSS transmission pattern so that SF(s) used for D2DSS appears with some time interval for less impact on WAN communications. In addition, it can prevent D2DSS SF is configured on DL SFs in TDD system. The maximum possible number of consecutive UL SFs is limited in TDD systems and it could be difficult to reserve multiple consecutive SFs for D2DSS transmission.[image: image2.emf]D2DSS/PD
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Figure 2. D2DSS relaying

Proposal 2: the time/frequency resource of D2DSS of stratum level n is predetermined from the reception of D2DSS of stratum level (n-1).
If multiple resources are assigned for D2DSS transmission within a D2DSS period, a UE should be able to derive the index of the resources so that it can properly determine using which resource it transmit/relay D2DSS. Therefore, the resource index can be implicitly or explicitly delivered to the receiving UE. One example of explicit implication is carrying stratum level information on PD2DSCH when resource index is tied to the stratum level. 
For better detection of D2DSS, UE can perform muting on resources reserved for D2DSS transmission. By doing so, it can be avoided that D2D transmission of the UE interferes with D2DSS transmission of other UEs, and vice versa. For example, if the stratum level of the UE is n, it should transmit its D2DSS on D2DSS SF assigned for stratum level n and mute its D2D transmission on the D2DSS SFs assigned for other stratum levels (0, …, n-1, n+1, ..N)If a UE is at the edge of network coverage or outside network coverage, resources used for sensing and contention should be additionally defined. Figure 3 presents an example of resource allocation supporting this procedure. By using sensing and contention, time synchronization within a D2D cluster and possibly among closely located D2D clusters can be achieved.  In this figure, we assumed UE #1 and UE #2 start SR-UE election procedure sequentially and UE #2 picks a larger number for its back-off timer. Since UE #1 does not receive any D2DSS sent from other synchronization source, it decides to become a SR-UE itself and attend the contention. By attending the contention, it means the UE chooses a random back-off timer and starts to decrement it by one if it senses no D2DSS during a back-off slot. One back-off slot may consist of more than one symbol. Decrementing the timer continues until it reaches zero. Upon the expiration of back-off timer, UE #1 starts D2DSS transmission and reserves some periodic time resources marked as time resource set 1. Which resource to use can be contained in PD2DSCH and be broadcasted. UE #2 on the other hand, during its back-off procedure, receives D2DSS transmitted from UE #1. It then decides whether to join the contention or not. If UE #2 decides to join the contention, provided that the contention happens only on the time resource sets not taken by UE #1 (which is time resource set 1 in the Figure 3). SR-UE #1 and SR-UE #2 can coexist by sharing the resource in TDMed manner even they are closely located to each other. 
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Figure 3. Time synchronization between closely located clusters

It should be also noted that the duration of D2DSS transmission can be flexible so that the subframe timing between interfering clusters can be synchronized while avoiding collision between potential SR-UEs. The duration of D2DSS transmission can be adjusted for instance by adapting the number of repetitions: For example, we can define normal transmission of D2DSS as 7 times repetition, and for some exceptional cases such as when back-off timer expires in the middle of a subframe whose boundary is set by a precedent SR-UE, 7+n times repetition is allowed. The number of n depends on how many symbols are left to the starting point of the next subframe from the point the UE’s back-off timer expires. In Figure 3, SR-UE #2 at the first time of D2DSS transmission adjusted its duration to make its subframe boundary well aligned to the SR-UE #1’s and to preempt the resource. If we assume one back-off slot consists of 2 SC-FDMA symbols and one subframe of 14 SC-FDMA symbols, the D2DSS duration is extended for another 4 symbols to fill up the gap. 
For UEs at the edge of network coverage, the reference timing can be provided by eNB and the contention occurs according to eNB’s timing. With cluster #1 replaced by eNB, figure 3 can be seen as time synchronization between UEs at the edge of coverage. 
Proposal 3: SR-UEs closely located to each other can coexist by sharing the resource in TDMed manner.
3. Conclusion
This contribution discusses D2D resource allocation for synchronization signals and channels. The followings are proposed:
Proposal 1: For UEs outside network coverage, a distributed rule needs to be defined to determine which UE transmits the D2DSS in which resources. This rule should ensure the interference coordination between two closely located synchronization clusters.

Proposal 2: The time/frequency resource of D2DSS of stratum level n is predetermined from the reception of D2DSS of stratum level (n-1).
Proposal 3: Synchronization clusters closely located to each other can coexist by sharing the resource in TDMed manner.
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