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1. Introduction

In RAN1 #74bis, the following working assumptions for D2D data communication physical channel were made: 

Working Assumption:

· PUSCH structure is reused for D2D data communication physical channel, including:

· 24 bit CRC is inserted

· Turbo coding is used

· Rate matching is used for bit size matching and possibly for generating multiple transmissions.

· Scrambling is to be used for interference randomization.

· PUSCH DMRS is transmitted

· Possible additional RS is FFS

· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details FFS
In addition, for D2D control signalling, the following observations and conclusions were made: 

Observations for further discussion at RAN1#75:
Control signalling contents on D2D link may include (depending on the scenario):

· resource allocation (within any available resources for D2D communication)

· MCS indication

· other items FFS

D2D resource configuration signalling is also needed…

Conclusions:

For transmission of control signalling on D2D link, FFS between: 

· Separate physical channel for control signalling, e.g. similar to PUCCH

· Multiplex control signalling into data channel, e.g. similar to UCI piggybacking on PUSCH, or at MAC level, or via DMRS. 

· FFS whether there could be only control signalling in this case

This contribution discusses D2D communication physical channel design. We first discuss D2D signal format. To minimize Uu impact and tx/rx switching operation, reference signal mapping in boundary symbols in D2D communication subframe is proposed. Then, D2D control information signaling methods are discussed. Some other issues are also discussed. 
2. D2D communication physical channel design
D2D signal format: As discussed in [1], the first and/or the last symbol in D2D subframe may not be fully used since the boundary symbols may include Tx-Rx switching guard period and/or AGC training period. If the boundary symbols in D2D subframe 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 1, 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 2 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 1: 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 2: 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 1. An illustration of fine timing adjustment using the SRS transmission in the first symbol
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Figure 2. Recovery procedure of a fractional reception of SRS
Control Channel Design: D2D control channel conveys some D2D control information (D2D CI) to indicate the format of D2D data channel, for example, RA, MCS, NDI, UE ID, TX power, and etc. An FDM-based control channel design like PUCCH is not suitable because the transmitter cannot maintain the single carrier property which was the important motivation of the working assumption made in RAN1#74bis. Therefore, it is preferable to multiplex D2D CI into D2D data channel. Here, the UCI piggyback method can be reused for D2D CI multiplexing in D2D data subframe. There are two type of UCI piggyback methods that are CQI/PMI type and A/N and RI type. In CQI/PMI type piggyback method, D2D CI resources can be placed at the beginning of PUSCH data resources and mapped sequentially to all SC-FDMA symbols on one subcarrier before continuing on the next subcarrier. D2D data can be rate-matched around the D2D CI resources. In A/N and RI type piggyback method, D2D CI resources can be placed around DMRS, so as to benefit from the best possible channel estimation. When D2D CI is multiplexed within D2D data subframe, guard period issue should be taken into account. Figure 3 illustrates an example of CQI/PMI type piggyback with considering the guard period in the boundary symbols. If the first and the last symbol is not fully usable and if CQI type D2D CI piggyback method is used, D2D CI should be confined within fully usable symbols area. Between the two methods, the A/N and RI type piggyback is preferred because of better channel estimation performance for CI which has been exploited in LTE PUSCH. Figure 3 shows an example of A/N and RI type D2D CI piggyback method. The boundary symbols are assumed to be SRS transmission as discussed earlier.
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Figure 3. An example of D2D CI multiplexing (Normal CP) – A/N, RI type piggyback
Among the CI contents, RA is hard to share the same time resource with D2D data because the information on RA is spread over the allocated bandwidth together with D2D communications by the SC-FDMA modulation. In other words, a receiver UE has to know the bandwidth of D2D communication channel before it begins demodulation. Thus, unless a receiver UE blindly detects the bandwidth of the D2D channel (e.g., by using the preamble transmitted in the first symbol), RA information needs to be delivered to the receiver UE in a separated time instance. One possible solution is to define a scheduling device which sends resource grant to the transmitters as discussed in [5], and the receiver UE can read the grant from the scheduling device to get the RA information of each D2D communication channel. The other CI like MCS, RV, NDI, UE ID, TX power, and etc. can be multiplexed into the D2D communication channel by following the above-mentioned piggyback method, and this implies that the scheduling device only controls the resource allocation part of each D2D transmitter while the remaining parts are self-controlled by the D2D transmitter. For each component of D2D CI, 
· MCS: For the control overhead reduction, the set of applicable MCS can be restricted.
· RV: This is not needed if the incremental redundancy is not used.

· NDI, UE ID: These are related to the issue which of the previously received signals can be combined with the newly received one. They can be separated in the D2D CI or merged into a single D2D CI field. We note that the D2D UE ID is likely to be very long, so a kind of hashing function seems necessary.

· Tx power: This information may be helpful when the receiver UE determines its own transmit power by assessing the pahtloss from the transmitters it observes. 
Observation 3: Unless a receiver UE blindly detects the bandwidth of the D2D channel (e.g., by using the preamble transmitted in the first symbol), RA information needs to be delivered to the receiver UE in a separated time instance.
Proposal 1: When D2D CI is multiplexed with D2D data, it is preferred that D2D CI resources is placed around DMRS, so as to benefit from the best possible channel estimation.
PUSCH piggyback type D2D CI multiplexing is preferred. D2D CI resources can be placed around DMRS, so as to benefit from the best possible channel estimation
RS sequence design: RS sequence can be designed for UE-specific or UE-common. When UE specific RS sequence is used, RS sequence information can be indicated by eNB or cluster head, or the RS sequence is a function of Tx UE ID. If UE common RS sequence is used, a predetermined sequence ID can be used or indicated by eNB or cluster head that should control resource allocation without collision. When we design RS sequence, it is not desirable that D2D reception UE blindly detects Tx UE’s RS sequence because it will degrade decoding performance as well as increase blind decoding complexity.
Observation 4: Designing RS sequence, it is not desirable that D2D reception UE blindly detects Tx UE’s RS sequence because it will degrade decoding performance as well as increase blind decoding complexity.
CP length: Synchronization performance for D2D UEs may be degraded by unstable synchronization reference or high interfered environments. This synchronization performance is related to synchronization channel design and synchronization procedure. If outside network coverage UEs have larger synchronization error than that of inside coverage UEs, an extended CP can be used in D2D subframe of outside coverage UEs in order to handle larger synchronization misalignment. 
Observation 5: If outside network coverage UEs have larger synchronization error than that of inside coverage UEs, an extended CP can be used in D2D subframe of outside coverage UEs in order to handle larger synchronization misalignment.
Other issues: If a transmitter UE is equipped with the multi-antenna transmission capability, spatial domain processing can be considered. As no PMI/RI feedback is expected in Rel-12, an open-loop scheme like random beamforming. For example, the transmitter UE can apply different precoder in different time/frequency resources. This precoder granularity can be pre-determined or indicated by D2D CI. If multiple subframes are used for the same D2D data transmission, the precoder assumption across these subframes can be studied further. 

Observation 6: If a transmitter UE is equipped with the multi-antenna transmission capability, PRB bundling granularity in time and/or frequency domain can be pre-determined or indicated by D2D CI. 
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. In figures 4, 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. 
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Figure 4. Link level evaluation results for D2D communication

Based on the results, the following observations and a proposal are made:

Observation 7: 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.
4. Conclusion
In this contribution, we discussed D2D communication physical channel design. Based on the discussion presented, we summarize our views through the following proposals and observations:
Observation 1: 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 2: 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 3: Unless a receiver UE blindly detects the bandwidth of the D2D channel (e.g., by using the preamble transmitted in the first symbol), RA information needs to be delivered to the receiver UE in a separated time instance.
Observation 4: Designing RS sequence, it is not desirable that D2D reception UE blindly detects Tx UE’s RS sequence because it will degrade decoding performance as well as increase blind decoding complexity.
Observation 5: If outside network coverage UEs have larger synchronization error than that of inside coverage UEs, an extended CP can be used in D2D subframe of outside coverage UEs in order to handle larger synchronization misalignment.
Observation 6: If a transmitter UE is equipped with the multi-antenna transmission capability, PRB bundling granularity in time and/or frequency domain can be pre-determined or indicated by D2D CI. 

Observation 7: 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 1: When D2D CI is multiplexed with D2D data, it is preferred that D2D CI resources is placed around DMRS, so as to benefit from the best possible channel estimation.
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 

	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 

	Data format 
	Payload size
	328 bits 

	
	Allocated BW
	9RBs

	
	Code rate
	Legacy: 0.13
Proposed: 0.16



