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1
Introduction
In the RAN1#73 a way forward on D2D signal transmission timing was presented [1] and further the following was agreed regarding the transmission timing for ProSe operation.

“In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:

· 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.
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D discovery signal outside NW coverage, Options 3,4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage
Further study is required for the transmission timing in cases when a synchronisation reference does not exist.”

In this contribution we discuss the synchronization/transmission timing for Prose discovery transmissions when the UEs are served and controlled by E-UTRAN thus being within NW coverage.
2
Discussion
Periodic uplink resources are allocated for ProSe UE discovery in a semi-static manner as agreed in RAN1#74. [2] Furthermore, resources within one period of the allocation are divided into time-frequency resources where the division can be FDM and/or TDM. That allows to multiplex multiple discovery messages in the frequency domain in one time instant (i.e., TTI) to enable multiple ProSe-enabled UEs to transmit discovery messages simultaneously which has benefits in terms of minimizing impact onto legacy operation and onto UE power consumption compared to pure TDM approach. On the other hand, that definitely sets tight requirements for the receiving UEs as they need to be able to detect and decode discovery messages from multiple sources (i.e., Tx UEs) simultaneously. To facilitate processing efficiency in the receiving UE, the characteristics of the discovery message transmissions transmitted simultaneously should be similar and pre-provisioned by E-UTRAN for each ProSe UE. Essentially, this means preconfiguration of parameters, like bandwidth of the discovery message (amount of PRB pairs); MCS and payload size used for the data part; reference symbol sequence and possible scrambling codes for this; etc. Also, the synchronization of the discovery messages transmissions is an important aspect to consider. Unlike UL transmissions to the eNB, discovery message transmissions cannot be synchronized simultaneously towards one Rx UE only as there are multiple of those trying to decode discovery messages simultaneously.
As presented above, the options 1 and 5 are considered for further study in case of ProSe discovery signal transmission when the UE is served by the E-UTRAN. An external synchronization reference like GNSS (option 5), is not considered to be well suited for the considered scenarios/use cases since GNSS is not an option for indoor UEs which would already exclude a vast number of potential ProSe devices. Furthermore, in the considered scenarios (i.e., UEs served by E-UTRAN) a synchronization source is already available from the E-UTRAN, making it redundant to utilize another external source only for the synchronization purposes also considering the increase this would cause in UE power consumption. Moreover, as discussed in [3] ProSe should be able to be operated in different cells and even in different PLMNs which are not necessarily synchronized to GNSS.
Proposal 1: Using an external synchronization source is not considered for ProSe operation when served and controlled by E-UTRAN.

When considering the ProSe discovery operation on E-UTRAN resources and the intention to multiplex multiple discovery messages from multiple UEs in the frequency domain simultaneously, it is desirable that all UEs use the same transmission power for discovery message transmissions and not the calculated UL transmission power for normal uplink transmissions. The reasoning is that in this case regardless of the UE position in the cell, the maximum available radio range (in case of free space propagation environment) will be the same for each UE. Correspondingly with the timing, it’s considered that discovery message transmissions should have a common timing among Tx UEs, i.e., each discovery message transmission is transmitted at the same time regardless of the UE position in a cell (still assuming that each UE transmits with the same transmission power). This can be achieved by means of UL synchronization, i.e., using the PUSCH transmission timing associated with the given cell as given in option 1.3 above. Furthermore, the discovery signal transmission timing should be provided by the network to a given UE (where the UE adjusts its UL timing) or derived by the UE itself by dividing the UL timing adjustment (TA) value by 2 resulting in the same transmission timing as for the eNB DL signal. The exact transmission time instant could be further adjusted by the eNB according to the network situation with an offset value common to ProSe UEs. This is seen as reasonable in order to enable sufficiently fast network control for ProSe related transmissions.
The rationale to synchronize the discovery message transmissions come from consideration about discovery range which can be maximized when a common transmission timing is applied when assuming that discovery transmissions are multiplexed in frequency domain in uplink subframe. In figure 1 below, the worst case synchronization of discovery message transmissions scenario from UE receiver point of view is shown (assuming difference in received power levels is not an issue).
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Figure 1. The worst case scenario in terms of synchronization of discovery message transmissions.

If the Tx UEs transmit discovery messages according to options 1.1 or 1.2 above, i.e., downlink timing reference with a common offset value, the transmission time difference between the UEs depend on their position in the cell and may be in order of multiple micro seconds in case of scenario 5 (Urban macro with 1732m ISD) which is mandatory for public safety studies. In figure 2 below, the achievable maximum range is depicted versus the time difference between Tx UEs transmitting discovery messages assuming normal CP length (i.e. as an analysis method it’s considered that from how far the signals can be transmitted that they arrive within the CP at the receiver). It can be seen that already with 2us time difference (roughly 4 TA steps) between the transmissions the maximum achievable range is limited to roughly 200 meters, whereas with the same transmission time, the maximum achievable range is 800 meters.
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Figure 2. Achievable maximum range vs. Tx time difference for ProSe discovery

Proposal 2: Apply a common transmission timing for ProSe discovery transmissions when UEs are served and controlled by E-UTRAN.
When a common transmission timing is applied for ProSe discovery transmissions, the legacy uplink transmissions in adjacent subframes (i.e., TTI-1 and TTI+1 of the discovery TTI) should be taken into account to avoid potential partial overlapping between ProSe transmissions and legacy transmissions in time domain.
3
Conclusions

In this contribution we discussed the ProSe UE discovery synchronization aspects and came up with the following proposals:
Proposal 1: Using an external synchronization source is not considered for ProSe operation when served and controlled by E-UTRAN.
Proposal 2: Apply a common transmission timing for ProSe discovery transmissions when UEs are served and controlled by E-UTRAN.
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