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1 Introduction

In RAN1 #89 meeting, agreements about feD2D synchronization are provided as following [1]:

Agreement

· 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 discuss design aspects of SLSS transmission by Remote UEs for discovery, differentiation of asynchronous reference cells and differentiation of SLSS.

2 Discussion on Remote UEs SLSS transmission for Sidelink discovery 

For the Rel-12/13D2D, there are two types of Sidelink signals for synchronization:

· Sidelink Synchronization Signals (SLSS) for synchronization in time and frequency 

· Master Information Block Sidelink (MIB-SL), providing additional information

For the SLSS there are primary Sidelink synchronization signals (PSSS) and secondary Sidelink synchronization signals (SSSS) and the MIB-SL is transmitted over the PSBCH. For Sidelink communication it concerns an SLSS and the MIB-SL message (the MIB-SL message includes sl-bandwidth for transmission bandwidth configuration that corresponds to resource blocks, inCoverage flag, etc.).  For Sidelink discovery, the synchronization information concerns only an SLSS, unless it’s the public safety (PS) related discovery, in that case, some additional configuration parameters would be necessary (E.g. the MIB-SL message would be necessary). 

A UE may assume that the synchronization signals are transmitted by an eNB (dedicated signaling) or are SLSS signals transmitted by a UE and eNB broadcasts (in-coverage) or pre-configures a threshold value (out-of-coverage) for the UEs to judge whether to transmit SLSS. The synchronization information transmitted by the UE may be derived from information/ signals received from eNB (in-coverage) or received from a UE acting as a synchronization reference for the transmitting UE. 

For the Rel-15 feD2D, the UEs can be configured to transmit the SLSS for discovery and communication. However, it have already been agreed that for Sidelink communication, Remote UEs will not transmit SLSS. In general, consideration needs to be taken for the case of limited bandwidth UEs feD2D (e.g. devices occupying 6 PRBs and limited bandwidth UE occupying 1 PRB). However, in the discovery case, the period of transmission of Sidelink discovery signals are longer than that of Sidenlink communication signals,. 

On the other hand, there are two types of ProSe direct discovery models defined in [2] which are Model A and Model B for the discovery procedure. For Model A would be used for the Relay UE to announce (“I am here”) to the monitoring Remote UEs and Model B would be used for the Remote UE to solicit ("who is there?" / "are you there?") to UEs and UEs responding to Remote UE.

Considering these aspects, there may be some cases where other UEs other than the Relay UE may also need to discover the Remote UE. Therefore, Rel-15 feD2D should support Remote UE’s SLSS / PSBCH transmission for Sidelink discovery.  Nevertheless, the Remote UEs configured to transmit the SLSS may possible be able to skip the SLSS transmission by its own decision. For example, if a Remote UE can detect SLSS from the Relay UEs, then they will stop SLSS transmission and synchronize to one of the Relay UEs.
Proposal 1: For the Rel-15 feD2D, Remote UE’s SLSS / PSBCH transmission for Sidelink discovery should be supported.

3 Differentiation of asynchronous reference cells

It have already been stated that a UE may assume that the synchronization signals are transmitted by an eNB (dedicated signaling) or are SLSS signals transmitted by a UE and eNB broadcasts (in-coverage) or pre-configures a threshold (out-of-coverage). The synchronization information transmitted by the UE may be derived from information/ signals received from eNB (in-coverage) or received from a UE acting as synchronization reference for the transmitting UE. In addition, in the bidirectional relaying case, the Remote UEs receiver chain may be switched between DL and SL for discovery and communication. Using the same principle, synchronization signals / SLSS and MIB-SL (if applicable) signals can be transmitted by an eNB (dedicated signaling) or transmitted by a Relay UE to a Remote UE as shown in Figure 1.
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Figure 1: Synchronization signals are transmitted by an eNB and Relay UE to Remote UE (W-UE)

It is possible that the Relay UE connected in reference cell (eNB1) and Remote UE can be connected in reference cell 1 (eNB2). This means that the Remote UE will use the timing reference of eNB2. Considering this, the Remote UE tries to decode the Sidelink signals from other resources with different timings, as the Remote UE may not know whether the Relay UE is located in reference cell 1 or reference cell 2. Since the Remote UE doesn’t know whether the Relay UE is located in reference cell 1 or reference cell 2, the process can be rather time and energy consuming for the Remote UE, especially for limited bandwidth UEs. Considering this, the configuration could be based on some criterion. It may be more effective for the Remote UE to be configured to receive the SLSS from the Relay UE with higher priority, especially in the case of 1 PRB limited bandwidth UEs. When the SLSS of Relay UE is not detected, then the Remote UE could be configured to receive the other synchronization signals, e.g. eNB synchronization signal or other UE synchronization signals as the next priorities. In general, it means that the Remote UE can be configured to receive the SLSS from the Relay UE with higher priority, which can be differentiated by the feD2D SLSSID (e.g. Relay UE) having priority over the SLSSID of the eNB as well as that of other UEs. In other words, SLSSID identifies a cell and is used by the receiving UE to detect asynchronous neignbouring cells, and by transmitting UEs to extend the synchronization signals beyond the cell’s coverage areas.

Proposal 2: Sidelink communication in Rel-15 feD2D should be supported for the case when Relay and Remote UEs use different asynchronous reference cells.

4 Differentiation of Sidelink Synchronization Signals

The Rel-12/Rel-13/Rel-14 D2D services mostly included commercial services and Public Safety that would be of interest to operators and users. For the Rel-15 feD2D, it is important to support low complexity Remote UEs (E.g. wearables and IoT devices), which are almost always in close proximity to a smartphone that can serve as a Relay UE [3], which is applicable to mostly commercial services. The bandwidth capability of bandwidth limited UEs would not be the same as Rel-12/13/14 D2D because it requires a smaller bandwidth capability. In order to support the bandwidth capability of bandwidth limited UEs, PSDCH should occupy 1 PRB per slot in a single subframe with PSDCH payload needing to be reduced to fit the proper PRB allocation. Also, the synchronization signals of Rel-14 V2X are already differentiated from Rel-12/13/14 D2D. Considering these aspects, it would be good to differentiate Rel-12/13/14 D2D from Rel-15 feD2D. In particular, by having the synchronization sources differentiated, it would assist in avoidance of any conflict (e.g. D2D resources), similar to that of Rel-12/13/14 D2D and Rel-14 V2X synchronization sources being differentiated.

Nevertheless, three options were suggested in [4] on how to differentiate Rel-12/13/14 D2D from Rel-14 V2X from feD2D. Based on the three options, we prefer option 1, which uses different SLSS. Using this method would mean that the SLSSID for feD2D would need to be defined and different SLSSID can be used to differentiate among them. On the other hand, other methods are not precluded. 

Proposal 3: Differentiation of Sidelink synchronization signals among Rel-12/13/14 D2D, feD2D and Rel-14 V2X should be supported. 

5 Conclusions

In this contribution, we discussed the synchronization design enhancements aspects for Rel-15 feD2D and propose the following:

Proposal 1: For the Rel-15 feD2D, Remote UE’s SLSS / PSBCH transmission for Sidelink discovery should be supported.
Proposal 2: Sidelink communication in Rel-15 feD2D should be supported for the case when Relay and Remote UEs use different asynchronous reference cells.

Proposal 3: Differentiation of Sidelink synchronization signals among Rel-12/13/14 D2D, feD2D, and Rel-14 V2X should be supported. 
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