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1. Introduction
According to the Minutes of RAN1 #74bis and the Draft agenda for 3GPP RAN1 #75 Meeting, this contribution addresses some issues regarding D2D Synchronization Signal (D2DSS) and Physical D2D Synchronization Channel (PD2DSCH).
2. D2DSS
2.1. Resource allocation for synchronization
A D2D frame will be divided into two regions: one for Physical D2D Broadcasting Channels and the other for synchronization management as in Figure 1.
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Figure 1. Resource allocation for synchronization.
Resource for synchronization management in Figure 1 will be occupied by the following signals and channel.
· D2DSS
· Primary D2D Synchronization Signal (PD2DSS)
· Secondary D2D Synchronization Signal (SD2DSS)
· PD2DBCH
2.2. Roles of D2DSS
What should be done using the D2DSS? 
Among other things, followings should be performed with the help of D2DSS.
· Signal detection and automatic gain control (AGC)
· Automatic frequency control (AFC)
· Frame timing acquisition
· Timing adjustment (TA)
Signal detection and AGC
In order to minimize quantization error, we need to condition input signal level of analog-to-digital converter (ADC). Unlike LTE UE-side AGC with slow settling time, which tracks downlink signal from eNB, one-shot fast AGC is required to support subframe-by-subframe basis D2D communications. A number of repeated short OFDM symbols would be enough for this operation. AGC should be performed in the time domain before FFT.
AFC
SNR loss due to the frequency error is proportional to the square of the fraction of the subcarrier spacing [1]
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The subcarrier spacing of LTE is much narrower than WLAN (WLAN: 312.5 kHz, LTE: 15 kHz). Therefore, with the same amount of frequency error, WLAN is more advantageous than LTE. In this reason AFC is necessary in D2D to reduce SNR loss by compensating the frequency offset.
In the time domain frequency synchronization using repeated short OFDM symbols, the maximum frequency error that can be estimated is
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where [image: image5.png]


 is symbol length and [image: image7.png]


 is sampling frequency.
If we assume two successive identical short OFDM symbols (e.g., 1/4 symbol length with respect to LTE OFDM symbol) and 700 MHz carrier frequency, the maximum frequency error that can be estimated is 30 kHz.
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With regard to 700 MHz carrier frequency, [image: image10.png]30 kHz



 frequency offset corresponds to 42.86 ppm. Since the frequency offsets of transmitter and receiver clock may be opposite direction, the allowable frequency error before AFC will be marginally 20 ppm. Therefore, we can use oscillator with 20 ppm error.
Under the AWGN assumption, the performance of time domain AFC using repeated OFDM symbols shows that at high SNR the variance of estimator is proportional to 
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where [image: image13.png]


 is the number of samples for accumulation. What means is that the more samples in the sum, the better the quality of the estimator.
Frame timing acquisition
A time domain matched filter correlating the input signal with known short OFDM training symbol can be used to detect frame timing. 
Proposal 1: AGC, AFC, and frame timing acquisition should be done in the time domain using a number of short identical OFDM symbols.
Proposal 1a: Short OFDM symbol length and the number of identical short OFDM symbols should be determined according to the above observations and the response to the R1-134930 from RAN4.
TA
In D2D communications, it is a frequent situation that a UE (UE1) derives synchronization (frequency/time) using received D2DSS from a synchronization source (SS1) and relays it to another UE (UE2) as in Figure 2.
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Figure 2. Synchronization relay.
Taking the synchronization relay into account, the propagation delay will be accumulated as the number of hops increases. Therefore, we need a TA procedure, where a serviced SS transmits TA request to the serving SS and then serving SS replies with measured TA value as in Figure 3. Here, serviced SS derives synchronization using received D2DSS and serving SS transmits D2DSS
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Figure 3. TA procedure.
TA should be used to align frame timing with respect to D2DSS transmission (TA required for SS). Individual D2D broadcasting should be transmitted at [image: image17.png]T1-T2



 where [image: image19.png]


 (TA not required for UE). Applying TA to every D2D links not only causes too much complexity but also is impossible. In LTE eNB is the single point receiver of frequency multiplexed uplink transmissions, whereas in D2D every UEs are receivers.
In LTE PRACH, ZC sequence is used to estimate propagation delay after FFT (frequency domain operation).
Proposal 2: TA is necessary and should be done using a ZC sequence.
2.3. Waveforms of D2DSS
First, we need to define what kind of functionalities among the AGC, AFC, frame timing acquisition, and TA belong to PD2DSS and SD2DSS. As discussed earlier, AGC, AFC, and frame timing acquisition should be performed in the time domain (before FFT) using repeated identical short OFDM symbols. Also, we have noted that ZC sequence is good for TA measurement in the frequency domain (after FFT).
In order to generate [image: image21.png]1/L



 length short OFDM symbols, M-sequence of length [image: image23.png]


 (SD2DSS sequence) can be mapped to every [image: image25.png]Lth



 REs. [image: image27.png]LN,



 and the number of short OFDM symbols are FFS. Also, ZC sequence of length [image: image29.png]


 (PD2DSS sequence) can be used for TA but the subcarrier spacing, CP length, and guard time of PD2DSS are not necessarily the same as the LTE PRACH. We may use much shorter CP length/guard time and the same subcarrier spacing used in the PUSCH rather than PRACH.
Figure 4 shows the waveforms of PD2DSS using ZC sequence of length [image: image31.png]


 and SD2DSS using M-sequence of length [image: image33.png]


. PD2DBCH is in between SD2DSS and PD2DSS. Next chapter deals with PD2DBCH.
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Figure 4. Waveforms of PD2DSS and SD2DSS.
Proposal 3: PD2DSS should be used for TA.
Proposal 4: SD2DSS should be used for AGC, AFC, and frame timing acquisition.
3. PD2DSCS
3.1. PD2DBCH structure
Most of the PUSCH structure should be reused for PD2DSCH.
3.2. Messages on PD2DSCH
In addition to PD2DSS and SD2DSS, we need PD2DSCH carrying information required to support synchronization management in terms of the following aspects: 
· To support synchronization and TA procedure
· To support network-wide synchronization and half-duplex
· To support synchronization between multiple SSs with different timing references
Synchronization and TA procedure
1) UE monitors whether synchronization is established or not by detecting periodic transmission of SD2DSS and PD2DSCH.
2) Any UE can be SS either by its own decision or by the request of any other UE. Every UE or SS can request periodic transmission of SD2DSS and PD2DSCH from its neighbor UE by using PD2DSCH. An SS which is going to have run out of power can request SS role transfer to neighbor UE which has enough power capacity.
3) Every SS can request TA using PD2DSCH together with PD2DSS to a serving SS providing periodic SD2DSS and PD2DSCH.
4) On reception of TA request, serving SS measures propagation delay using received PD2DSS.
5) Serving SS informs serviced SS of measured propagation delay using PD2DSCH.
6) Serviced SS adjusts its frame timing.
Therefore, the following information should be included in PD2DSCH.
· SS ID
· SS type
· Power supply type
· TA request
· TA reply 
· Periodic SD2DSS and PD2DSCH transmission request
Network-wide distributed synchronization and half-duplex
To support network-wide synchronization, any UE can transmit SD2DSS and PD2DSCH periodically but not necessary every frame. A UE which transmits SD2DSS and PD2DSCH at every [image: image36.png]


th frame can be called SS.
Since D2D communication operates in half duplex mode, UEs will either transmit or receive at any given time but not both. Therefore, there are cases where a SS (SS1) deriving synchronization using SD2DSS and PD2DSCH from another SS (SS2) and relays it to its neighbor UEs by transmitting periodic SD2DSS and PD2DSCH as in Figure 5. If the relay SS (SS1) transmits SD2DSS and PD2DSCH at every frame, it cannot derive synchronization from another SS (SS2). Therefore, SD2DSS and PD2DSCH should not be transmitted at every frame. This is also viewed as “network-wide distributed synchronization approach” in the sense that there are multiple non-particular UEs transmitting periodic SD2DSS and PD2DSCH.
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Figure 5. Network-wide distributed synchronization with half-duplex.
Therefore, the following information should be included in PD2DSCH.
· Periodicity of SD2DSS and PD2DSCH transmission
Synchronization between multiple SSs with different timing references
In Figure 6, UE1 has multiple SSs (SS1 and SS2) which are periodically transmitting SD2DSS and PD2DSCH with different timing references. In this case, UE has to decide which SS to adopt for synchronization and then relay it to the other side to make sure of network-wide synchronization alignment between two different timing references. There should be a ground rule to choose one between them. SS with network connectivity (SS type), power capacity (Power supply type), or hop count could be taken into account for decision.
Network-wide synchronization between multiple SSs can be established with the following procedure.
1) UE1 receives two different synchronization references from SS1 and SS2 (left side of Figure 6).
2) UE1 chooses higher priority SS. In Figure 6, the priority of SS1 is higher than SS2 due to the connection to the network.
3) UE1 issues PD2DSCH to SS2 to request stopping periodic transmission of SD2DSS and PD2DSCH. In this case PD2DSCH has to be transmitted in accordance with SS2 timing.
4) SS2 becomes UE2 (right side of Figure 6).
5) UE1 becomes SS3 with the help periodic transmission of SD2DSS and PD2DSCH from SS1.
6) UE2, which was SS2, acquires synchronization using SD2DSS and PD2DSCH using SD2DSS and PD2DSCH from SS3, which was UE1.
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Figure 6. Synchronization between multiple SSs.
Therefore, following information should be included in PD2DSCH.
· Stop request of periodic transmission of SD2DSS and PD2DSCH
· Number of hops
Proposal 5: PD2DSCH should include information such as: 
SS ID, SS type, Power supply type, TA request, TA reply , Periodic SD2DSS and PD2DSCH transmission request, Periodicity of SD2DSS and PD2DSCH transmission, Stop request of periodic transmission of SD2DSS and PD2DSCH, Number of hops, etc.
Proposal 6: Most of the PUSCH structure should be reused for PD2DSCH.
4. Conclusions
Based on the discussions above, we propose
Proposal 1: AGC, AFC, and frame timing acquisition should be done in the time domain using a number of short identical OFDM symbols.
Proposal 1a: Short OFDM symbol length and the number of identical short OFDM symbols should be determined according to the above observations and the response to the R1-134930 from RAN4.
Proposal 2: TA is necessary and should be done using a ZC sequence.
Proposal 3: PD2DSS should be used for TA.
Proposal 4: SD2DSS should be used for AGC, AFC, and frame timing acquisition.
Proposal 5: PD2DSCH should include information such as: 
SS ID, SS type, Power supply type, TA request, TA reply , Periodic SD2DSS and PD2DSCH transmission request, Periodicity of SD2DSS and PD2DSCH transmission, Stop request of periodic transmission of SD2DSS and PD2DSCH, Number of hops, etc.
Proposal 6: Most of the PUSCH structure should be reused for PD2DSCH.
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