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1 Introduction

At the RAN1#88bis and RAN1#89, the sidelink synchronization enhancements for wearable and IoT use cases were further discussed within framework of the study item on “Further enhanced Device-to-Device communication for wearable IoT and Relays” [1]:
RAN1#88bis Agreements

	Agreement
· 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

Agreement
· Two types of Remote UEs are considered
· Type 1 – UEs that have DL and SL reception capabilities 

· Type 2 – UEs that do not have SL reception capabilities

· Low complexity Remote UEs can have single RX chain
· In unidirectional relaying case, the chain can be fixed to DL or FFS switched to SL for discovery

· In bidirectional relaying case, the receiver chain may be switched between DL and SL for discovery and communication

· In-coverage Relay UE can serve as a synchronization source for in-coverage Remote UE


RAN1#89 Agreements
	Agreement
· In-coverage Relay UE can serve as a synchronization source for in-coverage evolved ProSe Remote UE.

· For sidelink communication in FeD2D, evolved ProSe Remote UE does not transmit SLSS/PSBCH;

· FFS for the case when evolved ProSe UE-to-Network Relay UE and evolved ProSe Remote UEs use different asynchronous reference cells.

· FFS on evolved ProSe 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 continue discussion on general sidelink synchronization enhancements applicable to any UE category, while synchronization aspects relevant to the support of UEs with 1 PRB bandwidth limitation are presented in [13]. In addition, sidelink enhancements for discovery and communication for wearable and IoT use cases are provided in our companion contributions [6]-[13]. The analysis of performance benefits from the considered sidelink enhancements is presented in [3]-[5].
2 Discussion on Sidelink Synchronization Enhancements

The synchronous sidelink discovery and communication can operate in partial network coverage, within, or outside network coverage scenarios, thanks to the sidelink synchronization procedure that defines UE synchronization and transmission behavior in different scenarios. Since Rel.12, all devices follow common sidelink synchronization procedure, which prioritizes eNB as a synchronization reference for all in-coverage UEs. For wearable/IoT use cases, the existing sidelink synchronization procedure need to be revised in order to reflect the fact that in-coverage eRelay UE can serve as a synchronization source for in-coverage eRemote UE and that for sidelink communication in FeD2D, eRemote UE does not transmit SLSS and PSBCH.
2.1 Sidelink Synchronization Procedure Enhancements

According to the R12/R13 sidelink synchronization procedure, the following synchronization source priority order is used for synchronization source (re)-selection:

Table 1: LTE R12/R13 – Priority for Synchronization Source Selection

	Priority Rules: eNB > InC UE with SLSS_id_net > OoC UE with SLSS_id_net > OoC UE with SLSS_id_oon


The RSRP criterion is used as a tie breaking rule if synchronization sources have equal priority. 

The R12/R13 sidelink synchronization procedure needs to be updated to enable InC eRelay UE serving as a synchronization source for InC eRemote UE, which is precluded by current synchronization procedure for in-coverage UEs. At the same time this mode is beneficial at least for the case when eRemote UEs are in enhanced coverage mode or eRemote UEs are in close proximity to eRelay UE.

One of the mechanisms to support this is to modify sync priority rules by setting equal priority levels for eNB and InC UE (or even InC UE with SLSS_net ≥ eNB). 

The following tie breaking rules can be considered in case of equal priorities:

· Tie breaking rule is left up to UE implementation;

· Tie breaking rule is based on S-RSRP(PSBCH) threshold or SD-RSRP(Discovery) or any other PC5-RSRP threshold (characterizes proximity of eRelay UE);

· Tie breaking rule is based on path switch criteria (path switching conditions between cellular and sidelink links), configured by eNB or based on linked state of eRemote UE to eRelay UE;

· Tie breaking rule based on Uu-RSRP of eRemote UE < Threshold (e.g. eRemote UE is in enhanced coverage mode);

· Tie breaking rule is based on relationship between Uu RSRP of eRelay and eRemote UE (e.g. eRelay UE is in more favored Uu conditions: Uu-RSRP of eRelay UE > Uu RSRP of eRemote UE);

Instead of using strict tie braking rule it is also possible to change synchronization source priority order based on predetermined conditions (e.g. linked state of eRemote UE) or by RRC configuration signaling where priority of synchronization source can be indicated. This mechanism can be applicable under certain conditions: 

· eRelay UE uses the same cell as a synchronization reference (serving cell), i.e. intra-eNB scenario only;

· Applicable to UEs with restricted RX chain capabilities.
From eRelay UE synchronization perspective, the procedure developed in R12/13 can be reused. Additional assistance information can be provided by eRelay UE to eRemote UE in order to assist with sidelink synchronization.

In our view, the specific modification of sidelink synchronization source selection procedure can be discussed in a normative phase. It may also need to be further aligned with future RAN2 WG discussions on group mobility/handover and path switching conditions (transmission timing). In particular, the sidelink synchronization source selection should not lead to asynchronous transmission timings in asynchronous deployment scenarios in case of group handover or path switching or contradict these procedures.
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Figure 1: Sidelink synchronization procedure and its relationship with path switching or group handover.
Observation 1
· Sidelink synchronization procedure needs to be modified to support in-coverage eRelay UE serving as a synchronization source for in-coverage eRemote UE.

· Sidelink synchronization procedure needs to be aligned with group handover and path switching concepts being developed by the RAN2 WG (especially in case of asynchronous deployment scenarios).

· Enhancements of synchronization procedure such as synchronization source priorities or conditions for in-coverage eRelay UE to serve as a synchronization source for in-coverage eRemote UE can be discussed in normative phase.
Proposal 1
· Specific solutions for modification of sidelink synchronization procedure are discussed during the normative phase jointly with RAN2 WG.

2.2 SLSS/PSBCH Transmission by eRemote UEs
2.2.1 Communication
It was agreed that for sidelink communication in FeD2D, eRemote UE does not transmit SLSS/PSBCH. One aspect that needs to be separately analyzed is eRemote UE behavior for the case when eRelay and eRemote UEs have different synchronization references, e.g. served by different eNBs which transmission timing is not aligned in time. It should be noted that this particular scenario is not desirable for sidelink implementation due to higher complexity. Based on the LTE R12 discussions, in this case each UE was supposed to use its own transmission timing reference, while for reception the transmission timing of the transmitter was assumed. This solution means that from receiver perspective each node needs to track the synchronization reference of the transmitter as well as timing of its own synchronization reference.

In case if legacy procedure is preserved and SLSS is not transmitted by eRemote UE, the only option for eRelay UE to acquire timing of eRemote UE is to synchronize to serving eNB of eRemote UE or rely on SLSS transmitted by UEs having the same serving cell as eRemote UE. From eRemote UE perspective, it can still use both SLSS from eRelay UE or PSS/SSS from serving eNB of eRelay UE. However given that eRelay UE can serve as a synchronization source it may be possible that eRemote UE simply uses eRelay UE transmission timing, although it is a timing of neighbor cell with respect to eRemote UE. As we discussed in the previous section this issue can be addressed through modification of synchronization procedure and definition path switching / handover / eRelay UE selection.

Observation 2
· The case when eRelay UE and eRemote UEs use different asynchronous reference cells can be resolved if eRelay UE can serve as a synchronization reference in certain conditions.
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2.2.2 Discovery

Whether eRemote UE needs to transmit SLSS/PSBCH for discovery needs to be separately analyzed for each discovery model and scenario.

Discovery model specific analysis

For Model-A discovery (announcement), eRelay UE sends discovery message and thus discovery is not affected by eRemote UE capability to transmit SLSS/PSBCH.

For Model-B discovery (request and solicitation), eRemote UE sends request discovery message (“looking for eRelay”) and awaits solicitation message from eRelay UE (“ready to serve as eRelay”).
For Model-C discovery (request), if it is introduced, eRemote UE sends request discovery message (“looking for eRelay”) while eNB profides eRelay UE discovery information.
Therefore SLSS transmission by eRemote UE is relevant to discovery Model B and C, since other UEs need to receive discovery message from eRemote UE and thus need to be synchronized first.

Deployment specific analysis
In-coverage of synchronous networks, the additional transmission of SLSS by eRemote UE is not needed given that eRelay UEs can acquire the same timing from serving eNB. In asynchronous networks, eRelay UEs can acquire neighbor cell timing either from neighbor eNB or SLSS. The SLSS based synchronization can suffer if eRemote UE does not transmit SLSS.
In partial coverage scenario, there is no need for SLSS transmission by eRemote UE, given that it anyway needs to follow timing of in-coverage eRelay UE.
In out of coverage scenario, eRemote UE should be able to transmit SLSS in order to be discoverable and communicate with other out of coverage UEs.

Based on the analysis we conclude that in order to support Model B or Model C discovery in asynchronous networks SLSS transmission by eRemote UE is beneficial. In addition, SLSS transmission is needed for OoC operation.
Observation 3
· Transmission of SLSS/PSBCH by eRemote UEs can be beneficial in asynchronous networks for Model-B and Model-C discovery.
Proposal 2
· Support SLSS/PSBCH transmission by eRemote UEs as an UE capability.
2.3 Synchronization Resource Allocation

For sidelink synchronization in R12/R13, the transmission of SLSS/PSBCH is fixed to the central part of sidelink carrier bandwidth. For BL UEs such SLSS transmission format may cause channel switching within sidelink frequency carrier. Given that BL UEs have bandwidth restrictions, it will require frequent retuning of RF chain to the central part of the spectrum to monitor SLSS transmissions and keep synchronization, resulting in additional power consumption at eRemote UE side, as well as unnecessary system overhead due to retuning gaps. Although the retuning within a carrier may take a few symbols it may require definition of new physical structure. In order to avoid this, eRelay UE can provide synchronization additional SLSS/PSBCH signals in the part of the spectrum where eRelay UEs communicate with eRemote UEs. These signals can be transmitted in addition to SLSS transmission in the center of the sidelink system bandwidth and in general can be eRelay UE specific or specific for each bandwidth partition (sub-band). This option can be used in case of localized resource allocation and can provide UE-specific or resource specific SLSS signal in the frequency region where communication happens.
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Figure 2: SLSS transmission in multiple frequency channels.

Proposal 3
· Enable SLSS / PSBCH transmission on multiple frequency channels within sidelink system bandwidth.

2.4 Synchronization Assistance

For eRemote UE, instead of frequent monitoring of multiple eNB references in a background mode, it may be easier to rely on sync assistance information shared by eRelay UE, which is anyway expected to perform cell selection and reselection procedures and RRM measurements. In this case the “paired” mobility mode may be defined to significantly reduce power consumption of eRemote UE (wearable/MTC terminal). In addition as it was discussed earlier, it can help to avoid situations, when eRelay and eRemote UEs switch to different synchronization sources based on legacy sidelink synchronization procedure. If eRelay changes cell (synchronization reference) it may communicate this information to eRemote UE. In addition, eRelay UE can forward information about neighbor cells and sidelink resource configuration to eRemote UE(s). eRemote UE(s) can use this information to either switch back to the cellular communication link (i.e. eNB) or reconfigure parameters for sidelink communication.
In [14], it was proposed to share timing advance information by eRelay UE for the purpose of using UL transmission timing on sidelink. The use of UL transmission timing on sidelink may increase the spread in terms of sidelink transmission and therefore it is not desirable from the perspective of the sidelink transmission timing as well as for reception. However it can be beneficial for eRemote UE uplink transmission on Uu interface, especially if eRemote UE performs path switching from PC5 to Uu.
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Figure 3: Synchronization Assistance and TA Sharing.
Proposal 4
· In-coverage eRelay UE provides synchronization assistance information to eRemote UE(s)
· Details of synchronization assistance information forwarded by eRelay UE to eRemote UE(s) e.g. neighbor cell information, serving cell ID, sidelink SIBs are discussed during WI phase.
· In-coverage eRelay UEs share timing advance information with eRemote UEs that can be used for UL transmission with serving eNB of eRelay UE.
3 Summary on Sidelink Synchronization

In this contribution, we provided our views on sidelink synchronization enhancements for wearable and IoT use cases. We observe that for bandwidth limited eRemote UEs with single RX chain, it is beneficial to follow synchronization of eRelay UE, propagating eNB timing. eRelay UEs can assist in many synchronization functions to eRemote UEs for cell selection/reselection during handover or path switching between Uu and PC5 air-interfaces. We observe that modification of legacy sidelink synchronization procedure is needed to provide synchronization from eRelay to in-coverage eRemote UEs. In addition, we notice that eRemote UE sidelink synchronization can be simplified if eRelay UEs transmit SLSS inside of the sidelink frequency bandwidth used for communication with eRemote UEs. 
Based on the presented analysis we have the following set of proposals:
Proposal 1
· Specific solutions for modification of sidelink synchronization procedure are discussed during the normative phase jointly with RAN2 WG.
Proposal 2

· Support SLSS/PSBCH transmission by eRemote UEs as an UE capability.
Proposal 3

· Enable SLSS / PSBCH transmission on multiple frequency channels within sidelink system bandwidth.
Proposal 4
· In-coverage eRelay UE provides synchronization assistance information to eRemote UE(s)

· Details of synchronization assistance information forwarded by eRelay UE to eRemote UE(s) e.g. neighbor cell information, serving cell ID, sidelink SIBs are discussed during WI phase.
· In-coverage eRelay UEs share timing advance information with eRemote UEs that can be used for UL transmission with serving eNB of eRelay UE.
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