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1. Introduction

The following aspects for D2D communications were identified in RAN1#74 for further study/decision:

· Method for achieving synchronisation

· Method for scheduling / resource allocation

· Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 

· Under network coverage, are at least some of the D2D link transmissions scheduled?

· Whether any closed loop physical layer feedback is used, and if so, what (e.g. for support of HARQ, power control etc)

· Agreement: Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 

· Physical channel design: 

· Signal structure based on existing LTE signals/channels?

· If based on existing LTE signals/channels,

· 
is the D2D link based on existing UL signal structure and/or DL signal structure? 

· MCS selection 

· Power setting/control

· Handling of interference coordination
· Method of multiplexing between D2D and Uu
The following aspects for D2D synchronization were identified in RAN 1#74 for further study/decision:

· Synchronisation signal(s) design
· Resources used for synchronisation
· Which UEs need to transmit synchronisation signals
· Synchronisation procedure
· Synchronisation accuracy requirements
· Handling of timing advance when in (partial) network coverage
· Need for and size of guard periods for tx/rx switching
· Agreement: Assume 624Ts for both tx-rx and rx-tx switching. 
· Time required for AGC
This contribution discusses about D2D communication signal formats. 
2. Physical signal format for D2D communications
2.1. Inside network coverage
PUSCH based D2D communication signal format is preferred since PAPR is an issue for UE signal transmission and the resources of D2D communication are shared with WAN UL resources in network coverage. As discussed in [1], PUSCH timing for D2D communication signal transmission is beneficial for Uu and D2D multiplexing. 
Even if PUSCH timing is used for D2D communication, the agreed 20us transmission-reception switching period needs to be considered when D2D or WAN transmission operation is changed to D2D reception operation or vice versa. It is desirable that the placement of the guard period is the first and/or the last symbol in D2D subframe to minimize WAN impact. As illustrated in Figure 1, the receiver UE requires some guard period if WAN UL or D2D signal transmission is scheduled in the adjacent subframes.
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Figure 1. D2D communication signal timing within network coverage

The guard period in first symbol of D2D subframe may not be necessary for following cases: 1) if a D2D transmission UE is keeping transmission operation, 2) if a D2D reception UE does not transmit the last symbol due to cell-specific SRS configuration. The last symbol of D2D subframe is usable if there is no transmission at the next subframe. Considering these points, it is desirable that D2D transmission UE transmits all symbols of D2D subframe, and D2D reception UE uses the boundary symbols opportunistically.
Proposal 1: A D2D transmission UE transmits the entire symbols in the D2D subframe, but a D2D reception UE uses the boundary symbols opportunistically.
Even though placing the guard period, it is questionable that D2D signal can be directly receivable after the guard period. In contrast to cellular communication, in D2D communication a pilot (e.g. PSS/SSS, CRS) is not consistently transmitted for time/frequency synchronization since D2D communication is inherently burst operation. For the fine tuning of time/frequency synchronization and AGC training, some preamble transmission at the first symbol of D2D subframe is needed. In order to design a preamble structure for D2D communication, the preamble length can be dependent on system bandwidth since AGC training duration can be dependent on system bandwidth. For example, if 100 samples is required for AGC training, 3.25 us (=100 Ts) is needed for 20 MHz bandwidth, but 54.2 us is needed for 1.25MHz bandwidth. Based on this, after Tx/Rx switching period, most of the remaining part of the first symbol in D2D subframe may not be received on small bandwidth system. Therefore, the number of receivable samples in the first symbol of D2D subframe depends on system bandwidth.
Observation 1: After the guard period, direct reception may not be possible due to the absence of AGC training. 
Observation 2: AGC training period can be dependent on system bandwidth.
If the boundary symbols is fully or partially usable at receiver side, codeword or preamble mapping can be considered. When codeword is mapped in the boundary symbols, a modified interleaver to map redundancy bits to the first and the last symbol of a D2D subframe was proposed to alleviate the impact of receiver puncturing in [2]. However, a new interleaver should be implemented for D2D, and it is not clear how to confine the systematic bits on the non-punctured symbols in various cases. 
Instead of codeword mapping in the boundary symbols, a reference signal or a preamble can be mapped on the boundary symbols for multiple purposes: fine synchronization, AGC training, and supplementary DMRS. D2D receiver UE may observe some timing misalignment between its own D2D symbol timing and arrived D2D signal symbol timing due to the PUSCH timing difference and the propagation delay between the transmitter and receiver. For example, if there are two UEs have the same PUSCH timing with 1km apart from each other, about 3.33 us timing misalignment can be occurred even if the transmitter and receiver are perfectly synchronized. Timing misalignment may cause performance degradation. According to the evaluation results in [3] and [4], discovery signal detection performance degrades significantly in the presence of only 2 us timing synchronization error. This timing misalignment can be corrected at the receiver by using a reference signal transmitted in the first symbol as illustrated in Figure 2, where as a preamble SRS is assumed because the SRS can be recoverable even though receiving a fractional reception. It is noteworthy that the SRS with repetition factor 2 has a property that same sequence is two times repeated in time domain. This property is beneficial to receiver UE even though the boundary symbol is not fully usable because the first part among the repeated sequence can be considered as a CP. When a D2D reception UE receives a fraction of SRS, after the fine tuning of timing by using the preamble, complete recovery without ICI is possible for supplementary DMRS. Figure 3 shows the recovery procedure of the fractional reception of SRS in the first symbol. The receiver UE copies its wholly received (second) SRS block and then recovers the SRS in frequency domain by FFT.
Observation 3: A fractional reception of SRS due to the guard period in D2D signal reception can be demodulated by using the repeated property of a SRS block in time domain.

Observation 4: SRS transmission in the first and the last symbol of D2D subframe can be used for multiple purposes: fine synchronization, AGC training, and supplementary DMRS.
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Figure 2. An illustration of fine timing adjustment using the SRS transmission in the first symbol
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Figure 3. Recovery procedure of a fractional reception of SRS
2.2. Outside network coverage
The same signal format as inside network coverage can be used in outside network coverage to have commonality. On the other hand, the symbol level synchronization alignment with WAN UL may not be needed (or less required) in outside network coverage. Therefore, a different signal format with that of inside coverage may be applied in outside network coverage. For example, applying a constant symbol offset for example 0.5 symbol length, more symbol can be available when the first (or last) symbol is not used to reserve guard interval as shown in figure 4. 

Observation 5: The same signal format as inside network coverage can be used in outside network coverage to have commonality. However, the symbol level synchronization alignment with WAN UL may not be needed (or less required) in outside network coverage. Hence, a different signal format with that of inside coverage may be applied in outside network coverage.
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Figure 4 an example of D2D signal format outside network coverage
3. Evaluation results
In this section, we compare the proposed D2D signal format with legacy PUSCH format. Evaluation assumptions are summarized in appendix A. In all evaluation, we assume that 12 SC-FDMA symbols are available for codeword mapping in the legacy format, 10 SC-FDMA symbols are available for codeword mapping and 2 symbols are used for preamble (SRS) in the proposed format. At the receiver side, we assume that all symbols (no partial puncturing) are available in a subframe for both legacy and proposed formats. n figures 5, we show preliminary link-level results to compare the ideal case (i.e. no timing error and no codeword puncturing in the boundary symbols) with the proposed format according to the change of frequency offset. At low frequency offset, the legacy format outperforms the proposed format under the ideal situation. However, if partial puncturing due to the guard period is applied the performance gap between the legacy format and the proposed format would be reduced because the legacy format’s effective code rate will increase. Also, if there exists a residual timing error, the proposed format can perform better as the receiver can adjust the reception timing by using the SRS in the first symbol. At high frequency offset, the increased RS density of the proposed signal format results in the enhanced performance since the effective channel with high frequency offset is seen as a highly fluctuated channel in time domain so increasing the time-domain RS density becomes more beneficial. 
As discussed in [5], we propose a similar signal format discovery, and thus we evaluate link level performance for discovery case as well. Note that in discovery case the information bit length and allocated RBs are reduced comparing with communication case. Figure 6 shows the link level performance of discovery for several frequency offset. In discovery case, the performance gap would be negligible at low frequency offset and the proposed format outperforms the legacy format at high frequency offset due to the same reasons with communication case. 

Based on the results, the following observations are made:

Observation 6: The proposed D2D signal format has small performance loss compared with ideal legacy format (no puncturing) at low frequency offset and the proposed D2D signal format outperforms the ideal legacy format at high frequency offset. 
Proposal 2: The first and last symbols are used for SRS transmissions in D2D subframe.
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Figure 5. Link level evaluation results for D2D communication
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Figure 5. Link level evaluation results for D2D discovery

4. Conclusion
In this contribution, we discussed D2D communication signal format. Based on the discussion presented, we summarize our views through the following proposals and observations:
Proposal 1: A D2D transmission UE transmits the entire symbols in the D2D subframe, but a D2D reception UE uses the boundary symbols opportunistically.

Observation 1: After the guard period, direct reception may not be possible due to the absence of AGC training. 
Observation 2: AGC training period can be dependent on system bandwidth.

Observation 3: A fractional reception of SRS due to the guard period in D2D signal reception can be demodulated by using the repeated property of a SRS block in time domain.

Observation 4: SRS transmission in the first and the last symbol of D2D subframe can be used for multiple purposes: fine synchronization, AGC training, and supplementary DMRS.
Observation 5: The same signal format as inside network coverage can be used in outside network coverage to have commonality. However, the symbol level synchronization alignment with WAN UL may not be needed (or less required) in outside network coverage. Hence, a different signal format with that of inside coverage may be applied in outside network coverage.
Observation 6: The proposed D2D signal format has small performance loss compared with ideal legacy format (no puncturing) at low frequency offset and the proposed D2D signal format outperforms the ideal legacy format at high frequency offset. 
Proposal 2: The first and last symbols are used for SRS transmissions in D2D subframe.
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Appendix A. Link simulation assumption  

	Carrier frequency
	700MHz (communication), 2GHz (discovery)

	System bandwidth
	10MHz (50RBs)

	Number of antennas
	1 Tx, 2 Rx

	Receiver type
	MRC

	Frequency hopping
	No hopping

	Channel model 
	ITU UMi 

	Synchronization 
	Perfect time synchronization

Frequency offset : 0~600 Hz

	Mobility
	Dual mobility

60km/h (communication)

3km/h (discovery)

	Data format (communication)
	Payload size
	328 bits 

	
	Allocated BW
	9RBs

	
	Code rate
	Legacy: 0.13
Proposed: 0.16

	Data format (discovery)
	Payload size
	104 bits

	
	Allocated BW
	2RBs

	
	Code rate
	Legacy: 0.18

Proposed: 0.22



