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1. Introduction
Several working assumptions and agreements have been made to define D2DSS transmission conditions:
Working assumption (RAN1#76bis):
· A synchronization source transmits D2DSS periodically
· D2DSS period is not smaller than 40 ms

· FFS whether D2DSS period is configurable/pre-defined, e.g., depending on scenarios

Agreement (RAN1#76bis):

· 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

Agreements (RAN1#77):
· 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

This contribution discusses the details necessary to define under which condition a UE transmits D2DSS. 
2. Conditions for D2DSS Transmissions
2.1. UEs inside network coverage
For UEs inside network coverage, conditions for D2DSS transmissions are basically defined from eNB signaling. In the agreement in RAN1#77, both SIB and dedicated RRC signaling can be used to configure D2DSS sequences to be used for transmissions. In addition, the agreement is saying that eNB can instruct a UE to transmit D2DSS for Type 2B discovery, and it is our understanding that this instruction should use dedicated signaling because of the UE-specific nature of Type 2B discovery. From these agreements, it can be claimed that eNB can instruct D2DSS transmission (with the D2DSS sequence to use) using both SIB and dedicated signaling. Furthermore, it will be straightforward to extend this signaling to encompass all the D2D operations including D2D communications.
When a UE receives dedicated signaling instructing D2DSS transmissions, it shall transmit D2DSS accordingly regardless of any other D2DSS-related signaling it can receive via SIB. We note that this instruction can be implicit, for example, a UE transmits D2DSS if it receives signaling for D2DSS sequences and D2DSS resources via dedicated signaling.
When a UE receives SIB instructing D2D transmissions, all the SIB-receiving UEs may transmit D2DSS which may be unnecessarily excessive in some cases. So, an additional condition can be considered to avoid such cases. To be specific, RSRP from the serving cell can be used such that only the UEs having RSRP lower than a network-configured threshold transmit D2DSS. The main motivation of this is to stop D2DSS transmissions from UEs close to the eNB whose D2DSS transmission are not much useful for the UEs in the neighboring cells or outside network coverage.
Proposal 1: Both dedicated signaling and SIB can be used for eNB to instruct D2DSS transmissions.

Proposal 2: eNB can configure a threshold such that UEs having RSRP less than the threshold transmit D2DSS.
One open issue in the D2DSS transmission condition is how to interpret the RAN1#77 agreement on the same D2DSS configuration between communication and discovery (copied from chairman’s note of RAN1#78):

[image: image1]
It is generally understood that a short D2DSS period is necessary for communication (especially the communication with out-NW UEs using a pre-configured D2DSS period) while the discovery period is much longer. Thus, it will cause unnecessary battery consumption if a UE transmitting only discovery is required to transmit D2DSS much more frequently than the discovery period. In order to solve this issue under the agreement of using the same D2DSS transmission configuration between discovery and communication, we propose to allow a discovery-only UE to select its own D2DSS transmission subframes among the entire D2DSS subframes configured in the cell. For example, such a UE can transmit D2DSS just before the start of the discovery resource pool relevant to its transmission as illustrated in Figure 1. Based on this discussion, “D2DSS transmission configuration” in RAN1#77 agreement can be understood as “configuration in which D2DSS transmission is allowed,” not necessarily implying that the UE shall transmit D2DSS in everywhere indicated by the configuration.
Proposal 3: In order to align D2DSS transmission period with its discovery transmission period, a UE participating only in discovery transmissions can select a subset of the configured D2DSS subframes for its D2DSS transmission.
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Figure 1. An illustration of selecting D2DSS subframes by a UE participating discovery only.
Down-selecting D2DSS transmission subframes as in Figure 1 results in D2DSS power fluctuations. This may be problematic to an out-NW UE which determines from the received D2DSS strength the D2DSS to be used as the timing reference and whether to become a synchronization source. One way of solving this problem is to confine D2DSS received power measurement to a certain time resource where no power fluctuation occurs. For this purpose, the D2D-silent duration (or time-to-scan), which was proposed to enable detecting asynchronous D2DSS with reduced interference [1], can be used. The time-to-scan can be properly configured such that it does not include the subframes where D2DSS transmissions with a shorter overlap with those with a longer period.
2.2. UEs outside network coverage
It was agreed that received D2DSS strength can be used to determine whether to transmit D2DSS as in the RAN1#76bis agreement. This is beneficial in that a UE very close to another UE already transmitting D2DSS may skip its own D2DSS transmission, thereby reducing its battery consumption. Multiple threshold values including the infinity can be defined and one of them can be preconfigured for the UEs. It is our understanding that this threshold test is not for defining whether a UE detected a D2DSS; otherwise, the infinite threshold will imply that a D2DSS can never be detected. In other words, the purpose of this threshold test is to decide whether a UE detecting a D2DSS can also transmit its own D2DSS.

Proposal 4: Values other than the infinity can be the received D2DSS signal strength threshold which determines whether an out-NW UE detecting a D2DSS can also transmit its own D2DSS.
Details of the synchronization procedure are discussed in the companion paper [2, 3], and one relevant discussion topic is which UE can be the independent synchronization source (ISS). According to the evaluation results in [2], allowing non-data TX UEs to become ISS unnecessarily increases the number of D2DSS sequences each RX UE needs to track. Therefore, the existence of D2D data can be a condition of transmitting D2DSS when no other D2DSS is detected.
Proposal 5: An out-NW UE detecting no D2DSS can transmit D2DSS only when it has D2D data to transmit.
Another topic is under which condition a UE transmits D2DSS in D2DSSue_net or D2DSSue_oon. It is obvious that a UE operating Mode 1 communication will transmit D2DSS in D2DSSue_net. When a UE operates Mode 2 communication, it can be the basic principle that D2DSS in D2DSSue_net (actually the D2DSS sequence configured by the network) is transmitted whenever the UE uses the resource pool configured by the network. For example, as mentioned in [4], a UE once configured with Mode 1 but operating Mode 2 in the exceptional case may use Mode 2 resources provided by the current cell. This implies that a UE in the exceptional case still considered itself as an in-NW UE which using a network-configured resource, therefore, it is reasonable for the UE to transmit D2DSS in D2DSSue_net. If this is the case, the UE can transmit D2DSS in D2DSSue_oon only if it exits from the exceptional case and finds no further network connection. We note that the exceptional case only available to an RRC_CONNECTED UE, and some other criterion (e.g., RSRP or RSRQ threshold) might be needed for an RRC_IDLE UE to decide whether to use D2DSS in D2DSSue_oon.
Proposal 6: It needs to be clarified that a UE shall use D2DSS configured by the network when it uses D2D resources provided by the network (e.g., during the exceptional case). Further discussion is necessary on the exact condition of using D2DSS in D2DSSue_oon.
3. Conclusion
This contribution discussed the details of the conditions for D2DSS transmissions. The discussion is summarized in the following proposals:
Proposal 1: Both dedicated signaling and SIB can be used for eNB to instruct D2DSS transmissions.

Proposal 2: eNB can configure a threshold such that UEs having RSRP less than the threshold transmit D2DSS.
Proposal 3: In order to align D2DSS transmission period with its discovery transmission period, a UE participating only in discovery transmissions can select a subset of the configured D2DSS subframes for its D2DSS transmission.
Proposal 4: Values other than the infinity can be the received D2DSS signal strength threshold which determines whether an out-NW UE detecting a D2DSS can also transmit its own D2DSS.
Proposal 5: An out-NW UE detecting no D2DSS can transmit D2DSS only when it has D2D data to transmit.
Proposal 6: It needs to be clarified that a UE shall use D2DSS configured by the network when it uses D2D resources provided by the network (e.g., during the exceptional case). Further discussion is necessary on the exact condition of using D2DSS in D2DSSue_oon.
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Agreement from RAN1#77:


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





RAN1 understands “D2DSS transmission configuration” in this agreement to include at least the D2DSS sequences. 





Alt 1:


D2DSS resource periodicity and transmission periodicty are both the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery


E///, Sharp


Alt 2:


D2DSS resource periodicity is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery, but the D2DSS transmission periodicity may be different between D2D discovery and D2D communication


LGE 


Alt 3:


Both D2DSS resource periodicity and transmission periodicty can be different between D2D discovery and D2D communication if NW supports both D2D communication and discovery


QC


Alt 4:


D2DSS transmission configuration for a given UE is the same between D2D discovery and D2D communication if NW the UE supports both D2D communication and discovery


Samsung





Revisit it in RAN1 #78bis meeting
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