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1. Introduction
At RAN1 #74bis, following working assumptions on discovery signal formats were made:
Working Assumption: 

· Discovery uses a sequence plus message

· It is FFS whether the sequence may be the demodulation RS of the message

· For the message:

· PUSCH structure is reused, with:

· CRC is inserted, FFS between 16 and 24 bits

· Channel coding is used, FFS between Rel-8 turbo and tail-biting convolutional codes

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

· Scrambling is to be used for interference randomization

· FFS whether UE-specific or not

· 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

· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding

In this contribution, we discuss discovery signal format. 
2. Discovery signal format

2.1. Modified PUSCH format for D2D discovery

As discussed in [1], it is desirable that UEs having active TA values also have a fixed  T2 when transmitting discovery signal. If a fixed T2 is used for discovery signal transmission, a part of the last symbol is not usable for discovery signal transmission due to the overlap with the following WAN UL subframe. The first symbol in discovery subframe is also not fully usable due to TX/RX switching and AGC. Therefore, some guard period is needed for the boundary symbols in discovery subframe. 
For the sequence part in discovery signal, a heavy preamble such as PRACH preamble is not needed for every discovery signal transmission. Even for inter-cell discovery in asynchronous network, transmitter and receiver UEs can be synchronized with each other to some extent by being informed of the synchronization reference cell for each discovery resource as discussed in [1]. Therefore, it is desirable that the sequence in discovery signal is used for auxiliary role to help message decoding such as for compensation of residual synchronization error, supplementary DMRS, and AGC training.
Based on the design principles above, we propose a D2D discovery signal format which is based on a modification to LTE PUSCH. As discussed in [3], 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 [4] 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 [3] 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. So we propose to puncture the second repetition of the SRS transmission in the last symbol of a D2D discovery subframe. Details of handling the overlap between discovery and WAN subframes are in [1]. 

 Figure 1 shows the proposed discovery signal format for the normal CP case. Two symbols of PUSCH DM RS are maintained and two symbols at the subframe boundary are used for SRS transmissions with puncturing out the second SRS signal block in the last symbol. The coded discovery information bits are mapped to the remaining 10 symbols following the procedure of LTE PUSCH. 
Proposal 1: D2D discovery signal 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.

· The last symbol is used for the partial SRS transmission where the second SRS repetition block is omitted.

[image: image1.emf]1 2 3 4 5 6 7 8 9 10 11 12

D2D discovery subframe

One SC-FDMA 

symbol

0 13

PUSCH 

DM RS

Codeword 

mapping

Full SRS 

transmission

Partial SRS 

transmission

CP

First SRS 

block 

No signal CP

First SRS 

block 

Second 

SRS block

Repetition


Figure 1. Proposed discovery signal format for normal CP.
2.2. CP length
Once the receiver obtains timing of the signal where multiple discovery signals are multiplexed, the timing difference among individual discovery signals, caused by the difference in the transmission instance and propagation delay of the transmitters, appear as multipath component to the receiver UE. Thus, the CP length should be enough to compensate this residual timing error. Figure 2 depicts the case where D2D discovery signal arrival time difference is the largest. In the figure, a receiver UE very close to the synchronization reference cell (UE1) observes two discovery signals, each of which is transmitted from the UE in its vicinity (UE2) and from the UE which has the maximum distance R from the reference eNB (UE3), respectively. In this case, the difference in the arrival time of the two discovery signals corresponds to the round trip delay of the distance R, and the CP length should be larger than the sum of this round trip time and the delay spread of the channel in order to compensate all the signal arrival time differences. Assuming the delay spread of 1 us, normal CP of 4.7 us supports up to 555 m distance between the synchronization reference and the UE. This range may not be suitable in some scenario, e.g., where the cell radius is larger than this value, and in that case, choosing extended CP of 16.7 us can be an alternative to support the range up to 2.35 km.

Observation 1: In some cases where the discovery coverage needs to be large, the CP length of the D2D discovery signal needs to be different from that of WAN UL signals to compensate the difference of the arrival time of discovery signals.
Proposal 2: The CP length of the D2D discovery signal is configured independently of that of WAN signals.
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Figure 2. The maximum arrival time difference in D2D discovery signals.

2.3. Demodulation reference signal
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 [6] 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, further study seems necessary at least on the following two issues for the practical performance improvement.
One issue is the reliability of CS blind detection. If a receiver UE fails to identify the correct CS value used at a discovery resource, it will be almost impossible to correctly decode the discovery message. So, the discovery performance like the BLER of the discovery message should be investigated in a joint procedure of CS blind detection and discovery message decoding. In this investigation, the RS density needs to be studied as well because more RS symbols will provide more reliable CS detection performance at the cost of slight increase in the coding rate of the discovery message. Related evaluation results are provided in Section 3.

Another 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.
Proposal 3: DM RS initialization value is configured by the eNB for each discovery resource pool.
Proposal 4: Random selection of DM RS CS should consider the CS blind detection reliability and the complexity limit in the receiver UE.
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, time domain linear interpolation is applied as the channel estimation method whenever applicable; we note that slot averaging is applied to the slot-hopping case with the 2-RS format, and the interpolation is limited to each slot in the slot-hopping case with the 4-RS format. 

Figures 3 shows link-level BLER performance to compare the two formats. (The “NH” and “H” mean non-hopping and hopping case, respectively.)  Regarding the number of RS symbols, 2-RS format has high coding rate due to low RS density, while 4-RS format provides more accurate channel estimation performance by high RS density. In Figure 3, we can observe that the performance of 2-RS format becomes lower with high frequency offset compared to 4-RS format. In addition, in general, 4-RS hopping case is better than non-hopping, whereas 2-RS hopping case has worse performance in high frequency offset (e.g. 600, 800Hz) because 2-RS hopping case (which has just one RS symbol in a slot) cannot compensate frequency offset.
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.
[image: image3.emf]0.10%

1.00%

10.00%

100.00%

-10 -8 -6 -4 -2 0 2 4 6 8 10

FER

SNR

Discovery performance (f-offset:200Hz)

2-RS,NH

2-RS,H

4-RS,NH

4-RS,H

[image: image4.emf]0.10%

1.00%

10.00%

100.00%

-10 -8 -6 -4 -2 0 2 4 6 8 10

FER

SNR

Discovery performance (f-offset:400Hz)

2-RS,NH

2-RS,H

4-RS,NH

4-RS,H


[image: image5.emf]0.10%

1.00%

10.00%

100.00%

-10 -8 -6 -4 -2 0 2 4 6 8 10

FER

SNR

Discovery performance (f-offset:600Hz)

2-RS,NH

2-RS,H

4-RS,NH

4-RS,H

[image: image6.emf]0.10%

1.00%

10.00%

100.00%

-10 -8 -6 -4 -2 0 2 4 6 8 10

FER

SNR

Discovery performance (f-offset:800Hz)

2-RS,NH

2-RS,H

4-RS,NH

4-RS,H


Figure 3. Link level evaluation results for D2D discovery
3.2. Impact of the RS sequence blind detection
The joint procedure of CS blind detection and discovery message decoding is evaluated in this subsection. In this simulation, non-hopping case and linear interpolation are assumed. As shown in Figure 4, 4-RS format outperforms 2-RS format because of the increase in the RS density which provides more reliable CS detection. (The “CS1” means fixed CS, and CS4(8) means one of 4 (8) CS values is randomly selected in transmitter side and receiver performs blind detection in 4 (8) CS values.)
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Figure 4. Joint decoding performance (CS detection + discovery demodulation)

Observation 4: 4-RS format provides better performance than 2-RS format when RS sequence is blindly detected. 
4. Conclusion
This contribution discusses the signal format for D2D discovery. The following observation and proposals were made:

Proposal 1: D2D discovery signal 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.

· The last symbol is used for the partial SRS transmission where the second SRS repetition block is omitted.
Observation 1: In some cases where the discovery coverage needs to be large, the CP length of the D2D discovery signal needs to be different from that of WAN UL signals to compensate the difference of the arrival time of discovery signals.
Proposal 2: The CP length of the D2D discovery signal is configured independently of that of WAN signals.
Proposal 3: DM RS initialization value is configured by the eNB for each discovery resource pool.
Proposal 4: Random selection of DM RS CS should consider the CS blind detection reliability and the complexity limit in the receiver UE.
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: 4-RS format provides better performance than 2-RS format when RS sequence is blindly detected.
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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 : 200~800 Hz

	Mobility
	Dual mobility

3km/h 

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

	
	Allocated BW
	2RBs
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