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[bookmark: OLE_LINK11]At the RAN1#89 meeting, the following agreements were reached [1]: 
· For sidelink communication in FeD2D, Remote UE does not transmit SLSS/PSBCH
· FFS for the case when Relay and Remote UEs use different asynchronous reference cells 
· FFS on Remote UE’s SLSS/PSBCH transmission for sidelink discovery in FeD2D 
· SLSS/PSBCH format in Rel-12/13 can be reused for FeD2D at least for 6 PRB bandwidth limited UEs.
· FFS for 1 PRB BW limited UEs 
In this contribution, we further discuss the issues of synchronization enhancement to support wearable, IoT and enhanced relay use cases. The potential enhancement aspects and the above FFSs for sidelink synchronization signal/PSBCH and synchronization procedure are discussed. 
Discussion on synchronization aspects for feD2D
In this section, we discuss potential synchronization enhancements.


Figure 1: the scenarios for feD2D
As shown in figure 1, different use cases have vastly different requirements in terms of coverage. For example, the wearable devices will have several meters coverage, whereas the IoT devices will have coverage similar or larger than the D2D communication. These different coverage requirements imply that the synchronization requirements are not the same for all use cases. 
Enhancement on the synchronization procedure
Procedure for the relay UE
For communication:
Since the relay UE is always in-coverage, the D2D synchronization procedure mechanism can be the baseline. For IoT case, larger coverage is required. And also, there are some coverage enhancement cases and requirements where the remote UE will be out-of-coverage or under bad eNB coverage. Hence the relay UE should transmit SLSS/PSBCH with certain density. The Rel-12 40ms SLSS/PSBCH periodicity can be the baseline. For the wearable case, since the distance between relay UE and remote UE is relatively small, the remote UE may be assumed to always be in the network coverage. Both the relay UE and the remote UE can then use the cellular DL timing. Whether the SLSS/PSBCH is transmitted can depend on the eNB configuration. In addition, since the wearable UE remains within the vicinity of the relay UE, the SLSS/PSBCH density can be reduced to save power for both the relay UE and the remote UE. If the transmission of SLSS/PSBCH is configured, the periodicity also can be configured to reduce the power consumption since the remote UE can maintain the timing from the eNB. 
Proposal 1: The SLSS/PSBCH transmission can be enabled or disabled. 
For discovery: 
Some bandwidth limited remote UEs may be deployed, and may use different bandwidth part of the relay UE. Thus, the relay UE cannot only transmit the SLSS/PSBCH on its center 6PRB, but needs to send it on each discovery subband. Thus, depending on the remote UE capability (wideband or reduced bandwidth), the SLSS/PSPBCH frequency location might change.
Proposal 2: For discovery:
· If the remote UE is wideband, SPLSS/PSBCH is transmitted in the center 6 PRBs
· If the remote UE is a reduced bandwidth UE, SLSS/PSBCH needs to be transmitted on each discovery resource. 

Procedure for the remote UE
For communication:
For the IoT case, having the remote UE transmitting SLSS/PSBCH extends the sidelink coverage. For wearables, the distance between the remote and the relay UE does not vary much and is small (several meters). Thus, only the relay UE needs to transmit synchronization signals. The remote UE does not have to transmit synchronization signal, which can reduce its power consumption and complexity. 
Proposal 3: A wearable remote UE does not transmit SLSS/PSBCH
When a remote UE needs to communicate with a relay UE that uses a different timing (e.g., in the case of asynchronous network, when using a different reference cell), the remote UE should first shift its timing reference to the relay UE timing in order to be able to communicate with it without any interruption.
Proposal 4: When Relay and Remote UEs are in asynchronous reference cells, the remote UE first shifts its synchronization reference to the one used by the relay UE. 

For discovery: 
For discovery, if the remote UEs are out-of-coverage, the SLSS/PSBCH need to be transmitted. If the remote UEs are in-coverage:
· For the IoT case, legacy design can be reused with SLSS/PSBCH being transmitted every 40ms in each discovery period. If the discovery message is used to broadcast short information, the legacy behavior where the UE transmits one SLSS/PSBCH in the discovery resource can be used. 
· For the wearable case, similar to communication, the remote UE does not transmit SLSS/PSBCH. 
Proposal 5: SLSS/PSBCH transmission by the IoT remote UE follows the existing procedures.
Enhancement on the synchronization signal/PSBCH
Sidelink transmission differentiation
One question that RAN1 needs to answer is whether and how to differentiate synchronization for relay UEs from D2D and V2V. D2D sidelink communication is used for public safety traffic. V2X sidelink communication is used for commercial / safety related traffic. The synchronization signals of V2X (i.e. LTE subframe 5 synchronization signal) is different from that of D2D (i.e. LTE subframe 0 synchronization signal), thus there is no risk of a PS UE using the synchronization signals of a V2X UE.
FeD2D communication will be mostly used for commercial traffic, and has very different characteristics than D2D public safety (mostly voice) and V2X traffic. Furthermore, for feD2D, the cellular uplink and sidelink share the same frequency resources. The same uplink frequency resource may be used for these three types of traffic, thus it is necessary to differentiate them. In particular, synchronization sources should be differentiated in order to avoid any confusion, just like D2D and V2X synchronization sources are differentiated.
The different traffic transmission by sidelink could be differentiated in different ways:
· Option 1: define the SLSSID for feD2D within the following range: {336… 671}. Different SLSSIDs are used to differentiate the feD2D.
· Option 2: no change the SLSS of feD2D, but a different predefined CRC mask for PSBCH is used.
Both these options are suitable to differentiate the synchronization sources.
Proposal 6: Differentiation of SLSS/PSBCH FeD2D transmissions from existing sidelink SLSS/PSBCH transmissions is needed.
[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed the issue of synchronization enhancement to support wearable, IoT and enhanced relay use cases. According to the discussion, we have the following conclusions: 
Proposal 1: The SLSS/PSBCH transmission can be enabled or disabled. 
Proposal 2: For discovery:
· If the remote UE is wideband, SPLSS/PSBCH is transmitted in the center 6 PRBs
· If the remote UE is a reduced bandwidth UE, SLSS/PSBCH needs to be transmitted on each discovery resource. 
Proposal 3: A wearable remote UE does not transmit SLSS/PSBCH
Proposal 4: When Relay and Remote UEs are in asynchronous reference cells, the remote UE first shifts its synchronization reference to the one used by the relay UE. 
Proposal 5: SLSS/PSBCH transmission by the IoT remote UE follows the existing procedures.
Proposal 6: Differentiation of SLSS/PSBCH FeD2D transmissions from existing sidelink SLSS/PSBCH transmissions is needed. 
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