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1. Introduction
There are a couple of agreements related to the resource allocation for D2D synchronization.
RAN1#76bis

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

RAN1#77

Agreements:
· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery

· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals

· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB
· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling

· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured

· FFS: If all discovery UEs transmit D2DSS
RAN1#78

Agreements:
· For PD2DSCH,

· Only transmitted from synchronization source

· QPSK modulation

· TBCC

· 16bits CRC

· Message scrambling sequence is derived from PSSID

· Multiplexed in the same PRBs with D2DSS

· FFS: Symbols used only for D2DSS and PD2DSCH within a subframe

In this contribution, the details of resource allocation for D2D synchronization signals and channels are discussed.
2. Discussion
2.1. Configurable D2DSS transmission period
Generally, it is understood that a short D2DSS transmission period is necessary for communication (especially the communication with out-coverage UEs using a pre-configured D2DSS transmission period) while the discovery period is much longer. Therefore, it will cause unnecessary battery consumption, if a UE transmitting only discovery is required to transmit D2DSS much more frequently than the discovery period. Considering these aspects, it is reasonable that the D2DSS transmission period is configurable. Here, the set of configurable D2D transmission periods includes “one short D2DSS transmission period for communication (e.g., 40 ms or 80 ms)” and “all the discovery pool periods”. When both communication and discovery are configured, UEs participating only in discovery may transmit D2DSS only with the configured discovery pool period.
Proposal 1: D2DSS period is configurable. The set of configurable D2D transmission periods includes “one short D2DSS transmission period for communication (e.g., 40 ms or 80 ms)” and “all the discovery pool periods”. 
2.2. Determining which resource to use for D2DSS transmission
An out-coverage UE uses periodically occurring synchronization resources for D2DSS transmission and reception. Such an out-coverage UE performs the same synchronization procedure in the partial coverage scenarios where the out-coverage UE sometimes needs to be synchronized to D2DSS transmitted from an in-coverage UE. This implies that the D2D synchronization resources, which are preconfigured for an out-coverage UE, should appear only in D2D subframes from the network point of view. In TDD case, if subframe #n is an uplink subframe, it is guaranteed that subframe #n+10 is also an uplink subframe. This leads to the D2D synchronization resource structure where the gap between two synchronization resources should be a multiple of 10 ms. Figure 1 illustrates an example where the period of the synchronization resource is 40 ms and 4 resources occur within a period with 10 ms gap. In the example, the in-coverage UE is connected to a TDD cell having UL/DL configuration #1 and is configured with D2DSS transmission at subframe #3 with 40 ms period which is denoted as “synchronization resource #0” in this figure. The out-coverage UE is synchronized to the D2DSS from the in-coverage UE, and it transmits its D2DSS using the next one “synchronization resource #1” for other out-coverage UEs not receiving D2DSS from the in-coverage UE. As observed in this figure, D2DSS transmission from the out-coverage UE always occurs subframe #3 which is an uplink subframe, so DL reception of that in-coverage UE is never interfered with by D2DSS transmissions.
Proposal 2: D2D synchronization resources occur with a gap of a multiple of 10 ms in a period. 
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Figure 1: An example of using D2D synchronization resources in TDD partial coverage scenarios.

As captured in the agreement in RAN1#76bis, it is FFS what timing offset is between the D2DSS transmission resource and the D2DSS reception resource. For an independent synchronization source (ISS) which is a UE that does not derive its transmit timing from PSS/SSS or other UE’s D2DSS, the D2DSS TX resource can be randomly selected. The resource selection would not affect the performance because it is probable that no WAN or D2D is ongoing in the proximity of an ISS. The issue is on a UE synchronized to D2DSS transmitted from another UE, and in order to avoid potential D2DSS resource collision, we propose to adopt a deterministic resource selection for the D2DSS transmissions in a non-ISS UE. Figure 2 illustrates an example where a deterministic selection can be helpful. There are four synchronization resources in each period in this figure, and UE1 transmits D2DSS in resource #1 following eNB’s configuration or being an ISS. UE2 receives D2DSS from UE1 in resource #1 and selects it as the transmit timing reference. At the same time, it transmits D2DSS in resource #2. Then, let’s consider UE3 which is synchronized to UE2 and transmits its own D2DSS. If UE3 selects resource #1 which is already used for UE1’s D2DSS transmission, these D2DSSs will collide with each other at UE2, thereby degrading the synchronization performance of UE2. Therefore, a method is necessary to avoid this synchronization resource collision. One simple way is to use the synchronization resource next to the one in which its timing reference is being transmitted. In other words, if a UE is synchronized to D2DSS received in resource #n, it selects resource #((n+1) mod N) for its D2DSS transmission resource when it becomes a synchronization source. Here, N denotes the number of synchronization resources in a period. We note that the advantage of this behavior is independent of whether the synchronization procedure is hierarchical with the use of the stratum level or flat with no use of the stratum level. We also note that this D2DSS selection procedure is necessary only for UEs outside network coverage because the eNB will indicate the resources used for D2DSS transmissions for in-coverage UEs.
Proposal 3: When an out-coverage UE is synchronized to D2DSS received in resource #n, it selects resource #((n+1) mod N) for its D2DSS transmission resource where N is the number of synchronization resources in a period.
[image: image2.emf]UE1 UE2 UE3

1 1 2 1 2

Synchronization 

resource

UE3 needs to avoid 

using this SF for its 

D2DSS TX


Figure 2: An example of using a deterministic synchronization resource selection to avoid inter-D2DSS interference.

It also needs to be decided in which subframe a D2DSS can be transmitted. If it is configurable, signaling needs to be defined to indicate the subframe index of a certain D2DSS subframe. RRC signaling can be used for UEs inside network coverage and PD2DSCH can be used for UEs outside network coverage. Alternatively, the index of D2DSS subframe can be fixed in the specification to omit this signaling. If this is the case, the D2DSS subframe should be a UL subframe in as many TDD UL/DL configurations as possible. Subframe #2 can be a choice, but it may cause too many collisions with cellular HARQ-ACK especially when the cell configures UL/DL configuration #5 as the DL HARQ reference configuration. From this, subframe #3 can be a suitable choice because it is UL subframe except in UL/DL configurations #2 and #5 that are not expected to be widely used for D2D.

Proposal 4: D2DSS subframe is configurable or fixed to subframe #3.

2.3. PD2DSCH transmission period
One remaining issue is how to define the PD2DSCH transmission period. If the PD2DSCH transmission period is longer than that of D2DSS, the time mask [1] needs to be defined to multiplex D2DSS and other D2D channels in a subframe. This is because the transmission power can be different between D2DSS and other D2D channels. Furthermore, since the synchronization latency increases, the D2D performance will also be degraded. Considering these aspects, it is reasonable that the PD2DSCH transmission period is the same as that of D2DSS.
Proposal 5: PD2DSCH transmission period is the same as that of D2DSS. 

2.4. Collision handling between D2DSS and other D2D channels
In general, there can be a case where D2DSS resource is collided with other D2D resources, especially when the periodicity of D2DSS resource is different with those of other D2D resources. To be specific, the resource periods of other D2D channels are defined such that they can follow the UL HARQ timeline of the cell which is dependent of the duplex mode and TDD UL/DL configurations, with consideration for the aspect of TDM multiplexing between WAN UL and D2D. For example, in a cell using TDD UL/DL configuration #0 whose UL HARQ timeline has 70 ms periodicity, the length of the resource pool subframe bitmap is 42 which corresponds to 70 ms (6 UL subframes per radio frame) [2]. However, in this example, if the D2DSS transmission period is defined as either 40 ms or 80 ms, the collision between D2DSS and other D2D channels can occur. In order to resolve this issue, the dropping rule can be introduced. For example, when D2DSS transmission collides with transmission of another D2D channel in a UE in a carrier, it can be defined that D2DSS transmission is prioritized in order to maintain the synchronization performance. This D2DSS prioritization can be extended to potential D2DSS transmissions from other UEs. For example, when a UE is scheduled to transmit another D2D channel in a subframe which is also configured as D2DSS subframe but not used as its own D2DSS transmission subframe, the UE can drop the D2D transmission in order to protect D2DSS from interference caused by the in-band emission. We note that this is in line with the following agreement in that a UE cannot transmit D2D signal in a subframe used for its reception:

Agreement from RAN1#76bis

· 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).
Proposal 6: A UE does not transmit any D2D signal/channel other than D2DSS/PD2DSCH in a subframe configured as the synchronization resource.
3. Conclusion
This contribution discusses D2D resource allocation for synchronization signals and channels. The discussion can be summarized as follows: 
Proposal 1: D2DSS period is configurable. The set of configurable D2D transmission periods includes “one short D2DSS transmission period for communication (e.g., 40 ms or 80 ms)” and “all the discovery pool periods”. 
Proposal 2: D2D synchronization resources occur with a gap of a multiple of 10 ms in a period. 

Proposal 3: When an out-coverage UE is synchronized to D2DSS received in resource #n, it selects resource #((n+1) mod N) for its D2DSS transmission resource where N is the number of synchronization resources in a period.
Proposal 4: D2DSS subframe is configurable or fixed to subframe #3.

Proposal 5: PD2DSCH transmission period is the same as that of D2DSS. 

Proposal 6: A UE does not transmit any D2D signal/channel other than D2DSS/PD2DSCH in a subframe configured as the synchronization resource.
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