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[bookmark: OLE_LINK11]At the last RAN1#88bis meeting, the following agreements were reached [1]: 
· Evolved UE-to-NW Relay UEs support all DL/UL/SL system bandwidth capabilities (i.e. system BW from 1.4MHz and above is supported)
· BW limitations are supported for Remote UEs
· RAN1 focuses on UEs that can transmit and receive in at least 6 PRBs at the upcoming meetings (till RAN1#89).
· RAN1 can study whether 1 PRB BW limitation can be supported by reusing solutions similar to the ones defined for 6 PRB case at least for physical layer design
· In-coverage Relay UE can serve as a synchronization source for in-coverage Remote UE.
In this contribution, we further discuss the issues of synchronization enhancement to support wearable, IoT and enhanced relay use cases. The potential enhancement aspects 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 signal/PSBCH
Sidelink IoT use case
For low cost sidelink IoT devices, the synchronization enhancement design is contingent on the supported minimum bandwidth that will be specified. In LTE Uu link based (e)MTC and NB-IoT, the bandwidths for synchronization are 6PRB and  1PRB respectively. RAN1 has agreed to focus on the 6PRBs system/minimum bandwidth for sidelink IoT devices until RAN1#89 meeting, while 1PRB system/minimum bandwidth is still open. The minimum bandwidth for sidelink IoT devices is 1.4MHz (i.e. 6PRBs), so there is no need to enhance the synchronization signal. If a smaller 1PRB bandwidth is supported for NB-IoT devices, the synchronization signal and PSBCH need to be redesigned for a bandwidth lower than 6PRBs. 
Observation 1: For 6PRB bandwidth limited case, no strong motivation to enhance the sidelink synchronization signal.
Another issue for sidelink IoT is the coverage requirement. If an additional coverage requirement is defined/specified for sidelink IoT, synchronization and PSBCH enhancements should be considered. 
Proposal 1: For sidelink IoT use cases, the sidelink synchronization signals are kept the same. 
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. And for feD2D, the cellular uplink D2D resource can also be used as D2D. 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 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 SLSSID: {336… 671}. This means for D2D and V2X, the SLSSID = x, while the SLSSID of feD2D is x+336. Different SLSSID can be used to differentiate the feD2D with D2D and V2X.
· Option 2: no change the SLSS of feD2D, use some predefined CRC mask for PSBCH to differentiate the feD2D with D2D and V2X. 
· Option 3: use different PSBCH packet size. The PSBCH packet size of D2D and V2X are 40 and 48 bits respectively. We can define the feD2D PSBCH packet size e.g. 42 bits. 
Among the above three options, Option 1 uses different SLSS, options two and option 3 use different PSBCH. It seems option 2 is a simpler way.
Proposal 2: Consider how to differentiate the transmission from Rel-15 FeD2D, Rel-12/13 D2D and Rel-14 V2V/V2X by synchronization.
[bookmark: _Ref129681832]Enhancement on the synchronization procedure
Procedure for remote UE
For wearables, the usual distance between remote and relay UE does not change much. In addition, the distance between the remote and relay UE is quite small (e.g., several meters). Thus, only the relay UE needs to transmit synchronization signals. The remote UE does not have to transmit synchronization signal, which reduces its power consumption and complexity. The same situation exists for low cost IoT case, if the distance between remote UE and relay UE is limited. 
Proposal 3: Low complexity remote UEs do not transmit synchronization signal and PSBCH channel.
Procedure for relay UE
Since the relay UE is always in-coverage, the D2D synchronization procedure mechanism can be the baseline. Whether other enhancement to support group mobility and relay based resource allocation are needed can be further studied. 
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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: 
Observation 1: For 6PRB bandwidth limited case, no strong motivation to enhance the sidelink synchronization signal.
Proposal 1: For sidelink IoT use cases, the sidelink synchronization signals are kept the same. 
Proposal 2: Consider how to differentiate the transmission from Rel-15 FeD2D, Rel-12/13 D2D and Rel-14 V2V/V2X by synchronization.
Proposal 3: Low complexity remote UEs do not transmit synchronization signal and PSBCH channel.
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