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1 Introduction

In RAN1#89 meeting, agreements about feD2D Sidelink design aspects for 1 PRB BW limited UEs 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 the Sidelink design aspects for 1 PRB BW limited UEs. 

2 Discussion on Sidelink Design Enhancements

At RAN1#88bis meeting, the following agreement was made on bandwidth capabilities of evolved ProSe UE-to-Network Relay UE and evolved ProSe Remote UEs.

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
A synchronization source transmits at least a feD2D synchronization signal and an in-coverage Relay UE can serve as the synchronization source for in-coverage evolved ProSe Remote UE.  For Sidelink communication in feD2D, evolved ProSe Remote UE does not transmit SLSS / PSBCH. Moreover, for Sidelink discovery in feD2D it has not been decided on whether it needs to handle evolved ProSe Remote UE’s SLSS / PSBCH transmissions. Nevertheless, D2D SLSS / PSBCH format defined in Rel-12/13can be reused for feD2D 6 PRB bandwidth limited UEs.

Starting at RAN1#90, RAN1 can study whether 1 PRB bandwidth limited UEs can be supported by reusing solutions similar to the ones defined for 6 PRB case for the physical layer design.

The synchronization source can be any node (e.g. eNB or UE) that transmits a D2D synchronization signal. In Rel-12/13, when the synchronization source is eNB, it reuses as much of the Rel-8 primary synchronization signal (PSS) and secondary synchronization signal (SSS) as possible. That said, the Sidelink ID (SLID) is determined by the PSSS and SSSS, which is similar to the physical cell ID, except for the additional information it carriers pertaining to whether the device  is within in-coverage of eNB or out-of-coverage, which is determined by the range of SLID.  The PSSS and SSSS signals are transmitted in two adjacent SC-FDMA symbols in the same subframe.

For the D2D SLSS / PSBCH format defined in Rel-12/13, a D2D synchronization source transmit at least a D2D SLSS / PSBCH that may be used by a UE to obtain time and frequency synchronization.  Moreover, before transmitting the D2D synchronization signal, the D2D UE scans for the synchronization sources. If a synchronization source is detected, then the UE can synchronize its receiver to it before it transmits the D2D synchronization signal. However, if a synchronization source is not detected, then a UE may still transmit the D2D synchronization signal. In this case, the UE may (re)select the D2D synchronization source it uses as the timing reference for its transmissions of the D2D synchronization signal, if the UE detects a change in the D2D synchronization sources, based on some criterions. Moreover, the Rel-12/13/14 Sidelink synchronization signal is designed for 6 PRBs bandwidth. Nevertheless, for Sidelink synchronization signal for 1 PRB bandwidth limited UEs, some design aspects for SLSS/PSBCH may be required.

3 Synchronization for limited bandwidth UEs

For the Rel-15 feD2D, it is important to address energy efficiency for low power, low rate and low complexity Remote UEs (E.g. wearables), which are almost always in close proximity to a smartphone that can serve as a Relay UE [2]. 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. 

The Rel-12/13 synchronization procedure consists of the following steps:

1. In order to demodulate the D2D data, the receiver has to synchronize in time and frequency to the transmitter

2. The synchronization procedure evaluations the coverage situation of the transmitting UE:

a. If both UEs are in-coverage of the same cell or of two synchronized cells, then synchronization is provided by eNBs

b. If UEs are in different non-synchronized cells or at least one UE is out-of-coverage, then it’s a synchronization (e.g. random SLSS ID) where some UEs will transmit synchronization signals

3. Selection of synchronization source

a. A D2D UE becomes a synchronization source when it meets the criterion for RSRP if in-coverage or synchronization threshold value if out-of-coverage 

4. Transmits the synchronization signal

a. UE transmit the synchronization signals

The synchronization procedure is time consuming, and even more for 1 PRB bandwidth limited UEs that would also need to scan multiple frequency bands to detect the synchronization sources. Moreover, some aspects of D2D SLSS / PSBCH format defined in Rel-12/13cannot be reused for feD2D 1 PRB bandwidth limited UEs due to its narrow bandwidth. Therefore, some additional synchronization enhancement would be needed to improve the process for performing selection of the synchronizations source. 

Observation 1: The bandwidth capability of bandwidth limited UEs would not be the same as Rel-12/13 D2D because it requires a smaller bandwidth capability.

Observation 2: 1 PRB bandwidth limited UEs cannot be supported by reusing solutions similar to the ones defined for 6 PRB.

Proposal 1: For 1 PRB bandwidth limited UEs some synchronization enhancement would need to be introduced to improve the procedure for performing selection of the synchronizations source.

For 1 PRB bandwidth limited UEs, to reduce time consumption in the synchronization procedure, additional enhancement may be considered when determining the selection of the synchronization source for 1 PRB bandwidth limited UEs of type, e.g. eNB or UE. In this scenario, the Remote UE has both DL and SL reception capabilities, it can receive/transmit signals on Sidelink with the Relay UE and for the in-coverage Remote UE and it may also communicate with eNB on Uu downlink and uplink. However, for Sidelink communication, the Remote UE does not transmit SLSS / PSBCH. A synchronization source transmits a synchronization signal in which an in-coverage Relay UE serves as the synchronization source for the Remote UEs as shown in Figure 1.  It may be more effective for the Remote UE to be configured to receive the SLSS from the Relay UE with higher priority. 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. For this example, additional information could be provided for the synchronization procedure. So, instead of scanning multiple synchronization sources, it may be easier to  select / reselect based on some synchronization source group that is configured to perform a pre-selection of synchronization sources based on some criterion, e.g. type synchronization source, synchronization timing, and proximity to synchronization source. The synchronization receiving UE would select a synchronization source from the synchronization source group in accordance with the criterion. In general, it means that the Relay UE may notify the bandwidth limited UE of the synchronization source group to select / reselect. A “group” of synchronization sources can be identified by Remote UEs, where how to identify the group is subject to further discussions. Other methods for providing additional information are not precluded. 
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Figure 1: Bandwidth limited UEs with bi-directional mode for feD2D

Proposal 2: Additional information would need to be provided to bandwidth limited UEs for synchronization source selection. 

The bandwidth limited UEs uses a narrow band physical downlink/uplink channel over 180 kHz (1 PRB) bandwidth. The downlink of e.g. NB-IoT is based on OFDMA with the same 15 kHz subcarrier spacing as LTE. The slot, subframe, and frame duration are 0.5 ms, 1 ms, and 10 ms, respectively, identical to those in LTE. In essence, the NB-IoT carrier uses 1 PRB in the frequency domain, i.e., twelve 15 kHz subcarriers for a total of 180 kHz. NPSS and NSSS are used by an NB-IoT UE to perform cell search, which includes time and frequency synchronization and cell identity detection. Since LTE synchronization sequences occupy 6 PRBs, they were not reused for NB-IoT, so a new design was introduced. Narrowband primary synchronization signal (NPSS) is transmitted in subframe #5 in every 10 ms frame, using the last 11 OFDM symbols in the subframe. Narrowband secondary synchronization signal (NSSS) has 20 ms periodicity and is transmitted in subframe #9, also using the last 11 OFDM symbols that consist of 132 resource elements overall. Nevertheless, the Sidelink synchronization sequences also occupy 6 PRBs, so similar analysis as for NB-IoT could be applicable for the bandwidth limited UEs, so a new SLSS / PSBCH physical layer design would need to be introduced. Moreover, the 1 PRB bandwidth limited UEs cannot process the 6 PRBs PSSS/SSSS and PSBCH.

Proposal 3: For 1 PRB bandwidth limited UEs a new SLSS / PSBCH physical layer design would need to be introduced.

Based on this, a SLSS / PSBCH physical layer design for 1 PRB bandwidth limited UEs could be to introduced that uses 1 PRB in the frequency domain and a new design for synchronization sequences that occupy 1 PRB.

Proposal 4: A new physical layer design could be introduced that uses 1 PRB in the frequency domain and new synchronization sequences.

4 Conclusions

In this contribution, we discussed the Sidelink design aspects for 1 PRB BW limited UEs and provide the following observations and proposes:

Observation 1: The bandwidth capability of bandwidth limited UEs would not be the same as Rel-12/13 D2D because it requires a smaller bandwidth capability.

Observation 2: 1 PRB bandwidth limited UEs cannot be supported by reusing solutions similar to the ones defined for 6 PRB.

Proposal 1: For 1 PRB bandwidth limited UEs some synchronization enhancement would need to be introduced to improve the procedure for performing selection of the synchronizations source.

Proposal 2: Additional information would need to be provided to bandwidth limited UEs for synchronization source selection. 

Proposal 3: For 1 PRB bandwidth limited UEs a new SLSS / PSBCH physical layer design would need to be introduced.

Proposal 4: A new physical layer design could be introduced that uses 1 PRB in the frequency domain and new synchronization sequences.

References

[1] Chairman's Notes, RAN1#89, Hangzhou, P.R. China, 15th – 19th May, 2017.

[2] R1-1707206, “Considerations on synchronization aspects for feD2D”, ZTE

