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1. Introduction

In RAN1 # 76, following working assumptions were made:

Working Assumption for both communication and discovery:

From the perspective of a single UE:

· No DTX period is introduced solely to aid switching for the case when a UE switches from uplink transmission to D2D reception 

· In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized

· The last symbol(s) of a D2D transmission can consist of a gap

· The size of the gap is FFS between ½, 1 and 2 symbols – revisit at RAN1#76bis

· FFS whether the size can depend on cell size – revisit at RAN1#76bis

· FFS whether the gap is created by puncturing or rate matching

· FFS whether, and if so how, the receiver is made aware of the presence (and length if variable) of the gap

· FFS in which circumstances the gap exists

· No DTX period is introduced solely to aid switching for the case when a UE switches from D2D transmission to D2D reception, nor from D2D reception to D2D transmission. 

In RAN1 #76bis, following working assumptions and agreements were made: 

Agreement:

· At least for UEs which are not out-of-coverage, the size of the gap agreed in RAN1#76 for both communication and discovery is 1 symbol at the end of every D2D transmission which does not use uplink timing advance

· FFS whether a “D2D transmission” can in some cases be considered to have a duration of more than one subframe, and if so, in which cases. 

· Hanbyul (LGE) to prepare a list of all relevant cases to identify which ones need a gap and which do not – for email discussion until RAN1#77.

· Gap is created by puncturing.

· There is no explicit signalling of the presence/absence of the gap

Agreement:

· For discovery only

· At least if message is not smaller than 104 bits, CRC is 24 bits

· Message scrambling is independent of any ID of the transmitting UE

Agreement: 

· For Discovery and data communication and SA

· No modification to (PUSCH) interleaver 
In this contribution, we discuss discovery physical layer design. 
2. Subframe format for D2D discovery MAC PDU transmission
As agreed in RAN1 #76bis, the gap size is one symbol. Our preference is the gap is placed only in the last subframe among one discovery period. Thus, the last symbol is available when the next subframe is D2D subframe using T2=0 in FDD or T2=624Ts in TDD. The first symbol is also not fully usable. In reply LS on AGC [1], an LTE UE employs AGC period up to 70us. Based on these observations, we propose a D2D discovery signal format which is based on a modification to LTE PUSCH. As discussed in [2], it is beneficial to place SRS transmissions at the first and last symbol of D2D subframe. The reasons can be summarized as follows:

· These symbols are not fully usable in some cases due to the guard period and AGC. A modification to the current PUSCH interleaver was proposed in [3] in order to alleviate the impact of receiver puncturing, but it is not clear how to confine the systematic bits on the non-punctured symbols in various cases.

· Evaluation results in Section 3 show that using these two symbols as supplemental reference signal is more robust against the frequency offset and the error in blindly detecting the used RS sequence.

· The analysis in [2] shows that the time-domain SRS waveform is a repetition of a signal block, and this nature simplifies the operation of partial puncturing in the first or last symbol.

The signal transmission and reception in the first symbol is the same as those for D2D communications. So, the full SRS transmission is possible at the transmitter and the receiver can utilize the usable samples in an opportunistic manner. On the other hand, the case of the last symbol is different from that of D2D communications due to the timing difference between communication and discovery. So when the next subframe is WAN SF or D2D subframe using TA and the size of TA< 1 symbol, we propose to puncture the last symbol of a D2D discovery subframe. 
 Figure 1 shows the proposed discovery signal format for the normal CP case when the next subframe is also D2D subframe using T2=0 in FDD or T2=624Ts in TDD. Two symbols of PUSCH DM RS are maintained and two symbols at the subframe boundary are used for SRS transmissions. The coded discovery information bits are mapped to the remaining 10 symbols following the procedure of LTE PUSCH. 

Proposal 1: D2D discovery MAC PDU is transmitted with the DL subframe timing received at the transmitter UE by using a modified PUSCH format:

· The first symbol is used for the full SRS transmission.

· When the next subframe is WAN or D2D subframe using T2=TA, and TA<1 symbol, the last symbol is punctured.
· When the next subframe is D2D subframe using T2=0 in FDD or T2=624Ts in TDD, the last symbol is used for the full SRS transmission. 
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Figure 1. Proposed discovery signal format for normal CP in D2D discovery subframe 
If information bit size of discovery MAC PDU is large, for example it is over 200 bits, multiple-subframe structure where multiple subframes are continuously allocated for a D2D discovery MAC PDU transmission can be considered to ensure sufficient coding rate and sufficient SNR. In this case, the AGC training is only needed in the first subframe and there is no need to guard period between subframes for handling timing misalignment between WAN and D2D discovery. Thus, in the multiple-subframe structure, the available number of REs for data mapping can increase since the boundary symbols between subframes is usable for data mapping. However, this structure may not be always possible in TDD.

Observation 1: If information bit size of discovery MAC PDU is large, multiple-subframe structure for discovery MAC PDU transmission can be considered.  
2.1. Demodulation reference signal and scrambling sequence
The initialization value for the RS sequence can be configured by the eNB so that inter-cell RS interferences can be suppressed when neighboring cells configure non-overlapping resources for discovery. We note that the initialization value needs to be configured for each discovery resource pool in order to enable inter-cell discovery.

Regarding the cyclic shift (CS) of the RS sequence, random selection of CS value at the transmitter, which requires blind detection of CS of DMRS, was proposed in [4] in order to reduce the impact of DMRS collision. In other words, the transmitter UE selects one CS value out of a pre-defined set, so the receiver UEs have more chance to correctly decode the discovery message even when two different transmitters use the same discovery resource. Although this approach has potential to improve the overall performance of discovery, especially type 1 discovery, the following issue for the practical implementation should be taken into account. 
One issue is the UE implementation complexity. CS blind detection means that a UE should perform channel estimation several times for each discovery resource. If we have one-RB-pair size of discovery message with 100-RB system bandwidth and if one of 8 CS values can be used for each discovery message transmission, the receiver UE should perform CS blind detection 800 times, which does not seem practical. In general, it is desirable to have a certain limit on the number of CS blind detections per subframe, and the number of blind detections per discovery resource can be determined based on this limit and the number of discovery resources per subframe. For example, if the number of CS detection is limited to 100 in a subframe, only one CS value will be possible per discovery resource when there are 100 resources per subframe but 4 CS values will be usable per discovery resource when there are 25 resources per subframe.

It also needs to be decided how the scrambling sequence is determined for discovery signal. Let us recall that LTE scrambling sequence generator is re-initialized every subframe based on subframe index, cell ID and RNTI. Among them, cell ID and RNTI are signaled by eNB. For discovery, cell ID and RNTI of a discovery signal transmit UE cannot be informed to receiver UE, virtual ID based scrambling should be applied. However, only virtual ID based scrambling parameter initialization leads to using same scrambling sequence for all UEs. This cannot achieve interference randomization effect. Likewise DMRS CS, scrambling sequence should be randomly selected by transmit UE in pre-determined sets for interference randomization. To achieve interference randomization effect without additional blind decoding for scrambling sequence, we propose that scrambling initialization parameter is function of DM RS CS value. When a receiver UE tries to detect DM RS CS value blindly, the scrambling sequence initialization parameter of discovery codeword can be also detected by DM RS CS value. For time randomization, subframe index is also used for determination of scrambling sequence initialization for discovery.  
Proposal 2: DM RS initialization value is configured by the eNB for each discovery resource pool.
Proposal 3: Random selection of DM RS CS is supported with consideration of the CS blind detection the complexity limit in the receiver UE.
Proposal 4: Scrambling sequence initialization parameter for discovery codeword is determined by virtual ID, DM RS CS, and subframe index.  

3. Evaluation results
In this section, we evaluate the effectiveness of using additional RS symbols in discovery signal format. For the simplicity of the evaluation, we assume that all the 14 SC-FDMA symbols of normal CP are fully usable for transmission and reception. Two RS formats are compared in this section, the 2-RS format that is equivalent to the current PUSCH and the 4-RS format where the first and last symbols are used as additional RS transmissions similarly to Figure 1. As a result, 10 and 12 SC-FDMA symbols are available for codeword mapping. We note that, if a part of the last symbol is punctured as discussed in Section 2, the 4-RS format, which already has the mechanism of using the partial SC-FDMA symbol, will be relatively less impacted compared to the 2-RS format unless a method of mapping discovery message to a partial SC-FDMA symbol is newly introduced. The subsequent subsections mainly evaluate two aspects, the impact of the frequency offset and the blind detection of RS sequence.

3.1. Impact of the frequency offset
It was shown in [5] that the maximum frequency error between two network-connected UEs is given in the following table.

Table 1: Maximum frequency offset between the transmitter and receiver

	
	Maximum frequency error
	Maximum frequency offset at 700 MHz
	Maximum frequency offset at 2 GHz

	Two UEs have the same frequency reference cell
	0.2 PPM
	140 Hz
	400 Hz

	Two UEs have different frequency reference cell (wide area eNB)
	0.3 PPM
	210 Hz
	600 Hz

	Two UEs have different frequency reference cell (medium range/local area eNB)
	0.4 PPM
	280 Hz
	800 Hz


Both slot-level frequency hopping and non-hopping schemes are evaluated. In order to compensate the channel variance due to the frequency offset, following frequency offset compensation method is used:

1. Perform frequency domain channel estimation using 2 RS symbols. (#3 and #10 for 2-RS format (non-hopping case), #0 and #3 for 4-RS format (hopping and non-hopping case.)
2. Calculate the average phase difference between RS symbols within assigned bandwidth and derive symbol-level phase difference. 

3. Compensate phase difference for each symbol of received signal.

4. Perform frequency/time domain channel estimation for re-generated received signal.
Time domain linear interpolation and slot averaging are also evaluated as the channel estimation method whenever applicable; we note that the interpolation and frequency offset compensation cannot be applied for the slot-hopping case with the 2-RS format, so the interpolation and frequency offset compensation are applicable for hopping & non-hopping cases in the 4-RS format and non-hopping case in the 2-RS format. 

Figures 2 shows link-level BLER performance for the agreed evaluation assumption (i.e. 104bits+24bits CRC) for discovery payload. In this figure, “NH” and “H” mean non-hopping and hopping case, respectively. “NFOE” and “FOE” mean no frequency offset estimation and frequency offset estimation (& compensation), respectively. “LI” and “SA” mean linear interpolation and slot averaging for channel estimation, respectively. Regarding the number of RS symbols, 2-RS format has  better performance at zero frequency offset since 2-RS format has lower coding rate due to low RS density, while 4-RS format with slot hopping provides significant performance gain (about 2dB at 1% BLER) at high frequency offset compared with 2-RS formant with non-hopping. 
Figure 3 shows link-level BLER performance for larger size payload (i.e. 232bits+24bits CRC) with consideration on response LS in [6]. The effective coding rate is around 0.5. In this figure, we observe that the slot hopping gain decreases. However, 4RS format has still beneficial for high frequency offset since the channel estimation performance dominates performance in the lack of error correcting coding capability. We note that the required SNR for 1% BLER for the higher coding rate is around 10dB, in other words, the operating SNR range for the increased message bit size only for 2 PRBs seems too high. This implies that we may need to take larger PRB size into account to ensure sufficient discovery coverage if such a large discovery message size is assumed.
As observed in evaluation results, we note that even though frequency offset estimation is applied, the proposed 4RS structure is still beneficial. However, the frequency offset estimation and compensation operations may result in increase of receiver complexity. In every discovery subframe and every discovery resource, doing such operation may not be feasible. 

Observation 2: 4-RS format is more robust that 2-RS format when the frequency offset is high.

Observation 3: Slot hopping can provide performance benefit, especially when 4-RS format is used.
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Figure 2. Link level evaluation results for D2D discovery (low coding rate)
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Figure 3. Link level evaluation results for D2D discovery (high coding rate)

3.2. CS value selection and scrambling sequence
The common RS sequence for discovery signal may be considered because anyone can receive and read the discovery signal, while RS collision causes severe performance degradation. As mentioned above, CS random selection can be considered to handle the RS collision case, and joint decoding performances without interferences are shown in previous section. In this section, we evaluate joint decoding performance for interference environment. For this evaluation, we assume that there is an interfering UE in the same time/frequency resources with 10dB interference to noise ratio (INR) and 0Hz frequency offset, perfect CS detection is assumed. We compare three cases: 1) using same CS value for RS and same scrambling sequence for data (denoted as “SS”), 2) using different CS and same scrambling sequence (denoted as “DS”), and 3) using different CS and different scrambling sequence (denoted as “DD”). Figure 6 shows that using different CS value between signal and interference in case of resource collision has significant performance gain than using same CS value. In addition, additional gain (about 0.8 dB at 10% BLER) can be achieved by using different scrambling sequence.  According to Figure 6, it can be considered as a simple solution for mitigating impact by RS collision that CS value for RS is randomly selected and the scrambling sequence for discovery data can be associated with the CS value.
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Figure 6. Joint decoding performance in interference environment 
Observation 4: Different selection of DM RS CS between UEs has significant performance gain from using same DM RS CS. Also additional gain can be achieved by using different scrambling sequence between UEs.
4. Conclusion
This contribution discusses the signal format for D2D discovery. The following observation and proposals were made:

Proposal 1: D2D discovery MAC PDU is transmitted with the DL subframe timing received at the transmitter UE by using a modified PUSCH format:

· The first symbol is used for the full SRS transmission.

· When the next subframe is WAN or D2D subframe using T2=TA, and TA<1 symbol, the last symbol is punctured.

· When the next subframe is D2D subframe using T2=0 in FDD or T2=624Ts in TDD, the last symbol is used for the full SRS transmission. 

Observation 1: If information bit size of discovery MAC PDU is large, multiple-subframe structure for discovery MAC PDU transmission can be considered.  
Proposal 2: DM RS initialization value is configured by the eNB for each discovery resource pool.
Proposal 3: Random selection of DM RS CS is supported with consideration of the CS blind detection the complexity limit in the receiver UE.
Proposal 4: Scrambling sequence initialization parameter for discovery codeword is determined by virtual ID, DM RS CS, and subframe index.  

Observation 2: 4-RS format is more robust that 2-RS format when the frequency offset is high.

Observation 3: Slot hopping can provide performance benefit, especially when 4-RS format is used.
Observation 4: Different selection of DM RS CS between UEs has significant performance gain from using same DM RS CS. Also additional gain can be achieved by using different scrambling sequence between UEs.
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Appendix A. Link simulation assumption  

	Carrier frequency
	2GHz 

	System bandwidth
	10MHz (50RBs)

	Number of antennas
	1 Tx, 2 Rx

	Receiver type
	MRC

	Channel model 
	ITU UMi 

	Synchronization 
	Perfect time synchronization

Frequency offset : 0, 800 Hz

	Mobility
	Dual mobility

3km/h 

	Data format (discovery)
	Payload size
	104 bits (+ 24  bits CRC)

232 bits (+24 bits CRC)

	
	Allocated BW
	2RBs
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