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1.
Introduction

At RAN4#73 meeting D2D requirements for in-coverage scenario were discussed and agreements were reached. The agreements were captured in CR [1]. A way forward document was also agreed to work on the requirements for ProSe synchronization procedure [2] in future meetings. Thus this contribution discusses requirements on ProSe synchronization sources.
2.
Requirements for an RRC Connected UE to transmit D2DSS

The UE is required to perform cell measurements (RSRP/RSRQ) on the serving cell and numerous neighbour cells. The UE uses these measurements to evaluate the serving cell criterion (S-criterion), i.e. whether the received signal from the serving cell is strong enough and of acceptable quality. The UE may remain connected to its current serving cell or re-select to a new cell depending on outcome of S-criterion evaluation. The UE may also use these measurements for functionalities such as mobility and ANR. 
RAN1 has discussed and agreed on criteria for when a ProSe UE inside of network coverage can become a synchronization source [4]. The criteria is triggered when the received RSRP from the serving cell goes below a certain threshold, i.e. when no cellular cells are not detectable by ProSe UE. 
In typical cellular scenarios where the network is limited by the coverage, the RSRP level of coverage limited UEs are around -125 dBm (10%-tile) as shown in Figure 1. This number could define the threshold at which the ProSe UE is allowed become a synchronization source. 
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Figure 1: Received RSRP distribution of UEs in a coverage-limited network. 

· Proposal #1: The minimum configurable cellular RSRP threshold for an in-coverage ProSe UE to become a synchronization source is defined as [-125] dBm. 
In this case, triggering condition is fulfilled and the ProSe UE may become a ProSe synchronization source according to RAN1 agreements [4]. 

The ProSe UE may then start to transmit D2DSS signal with a periodicity of 40 ms. S-RSRP is the measurement used to measure on D2DSS. RAN1 has agreed on the D2DSS signal design in [4] and it is necessary that RAN4 defines relevant requirements. 
After a ProSe UE decides to become a ProSe synchronization source, the first D2DSS transmission should take place within a certain time. This time depends on the configured D2DSS transmission frequency and the state of the ProSe UE. 
It is agreed in RAN1 to fix the D2DSS transmission periodicity to 40 ms ProSe synchronization sources. Taking into account some margins wherein the UE is not aware of the exact timing of D2DSS transmission, it reasonable to propose that for a ProSe UE in RRC_CONNECTED state, the first D2DSS transmission may take place within 80 ms, i.e. 2* D2DSS periodicity. It is notable that this type of requirements were also discussed and proposed in [3]. 

On the contrary, when a ProSe UE stops acting as a synchronization source a maximum time requirement for a ProSe synchronization source to cease its D2DSS transmission needs to be defined to avoid unnecessary interference caused by ProSe. Ceasing the D2DSS transmission may be more straight forward and it should be possible to stop the transmission (turn off) in shorter time, e.g. 40 ms. The criteria for when a ProSe UE stops acting as synchronization source is agreed in RAN1 [4]. 
· Proposal #2: After the RSRP fulfils the conditions for the RRC_CONNECTED UE to become a SS, the first D2DSS transmission of a ProSe synchronization source shall take place within [80] ms.

· Proposal #3: After the RSRP ceases to fulfil the conditions for the RRC_CONNECTED UE to become a SS, the D2DSS transmissions shall cease within [40] ms. 
3.
Requirements for an RRC IDLE UE to transmit D2DSS 

The ProSe UE in RRC_IDLE state may also become a ProSe synchronization source. The main difference here is that the UE is in IDLE state and therefore may not perform cell measurements as frequently as an UE in RRC CONNECTED mode. According to existing requirements, a UE in IDLE mode shall perform RSRP and RSRQ measurements and evaluate the serving cell cratering using the S criterion at least every DRX cycle. 
ProSe synchronization source triggering conditions also apply for RRC_IDLE state UEs. Therefore similar requirements as defined in section 2 for first D2DSS transmission and requirement on ceasing the D2DSS transmission are required also for a RRC_IDLE mode UE. However, these time requirements may depend on the DRX cycle, as follows:

· Proposal #4: After the RSRP fulfils the conditions for the RRC_IDLE UE to become a SS, the first D2DSS transmission of a ProSe synchronization source shall take place within [2*DRX cycle] ms.

Also here, it is reasonable to assume that ceasing (turning off) the D2DSS transmission can be performed in less time. 

· Proposal #5: After the RSRP ceases to fulfil the conditions for the RRC_IDLE UE to become a SS, the D2DSS transmissions shall cease within [DRX cycle] ms. 
Requirements for an OoC UE to transmit D2DSS

The triggering conditions for a ProSe UE in out of coverage to become a synchronization source is based on received S-RSRP measurements which is based on D2DSS. The triggering condition is defined in RAN1 [4] and requirements to transmit D2DSS are proposed to be defined for OoC UEs as below. 
The operators have the possibilities to pre-configure the ProSe UEs with ProSe resources which are intended to be used in out of network coverage. Requirements on ceasing the D2DSS transmissions as soon as the UE stops acting as synchronization source is particularly of importance for OoC UEs as this may help in reducing the interference caused by pre-configured ProSe resources on neighbouring cells. A separate contribution discusses this topic more in detail [4].
With respect the same motivation presented in previous sections, following proposals are presented:

· Proposal #6: After the S-RSRP fulfils the conditions for the UE to become a SS, the first D2DSS transmission of a ProSe synchronization source shall take place within [80] ms.
On the contrary, when a ProSe UE stops being a synchronization source a maximum time requirement for a ProSe synchronization source to cease its D2DSS transmission needs to be defined to avoid unnecessary interference caused by ProSe. The criteria for when a ProSe UE stops acting as synchronization source is agreed in RAN1 [4]. 

· Proposal #7: After the S-RSRP ceases to fulfil the conditions for the UE to become a SS, the D2DSS transmissions shall cease within [40] ms. 
4.
Conclusions
In this contribution we have studied the requirements for a ProSe UE to become a synchronization source and requirements to be applied for the starting the D2DSS transmission and ceasing D2DSS transmission. The outcome of this contribution is summarized in following proposals:
· Prooposal #1: The cellular RSRP threshold for an in-coverage ProSe UE to become a synchronization source is defined as [-125] dBm. 

· Proposal #2: After the RSRP fulfils the conditions for the RRC_CONNECTED UE to become a SS, the first D2DSS transmission of a ProSe synchronization source shall take place within [80] ms.

· Proposal #3: After the RSRP ceases to fulfil the conditions for the RRC_CONNECTED UE to become a SS, the D2DSS transmissions shall cease within [40] ms. 
· Proposal #4: After the RSRP fulfils the conditions for the RRC_IDLE UE to become a SS, the first D2DSS transmission of a ProSe synchronization source shall take place within [2*DRX cycle] ms.

· Proposal #5: After the RSRP ceases to fulfil the conditions for the RRC_IDLE UE to become a SS, the D2DSS transmissions shall cease within [DRX cycle] ms. 
· Proposal #6: After the S-RSRP fulfils the conditions for the UE to become a SS, the first D2DSS transmission of a ProSe synchronization source shall take place within [80] ms.

· Proposal #7: After the S-RSRP ceases to fulfil the conditions for the UE to become a SS, the D2DSS transmissions shall cease within [40] ms. 
5.
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