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1 Introduction

According to LTE Rel-12 study item on LTE proximity services [1], the following scope has been defined for discussions and decisions related to D2D discovery:
Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to discover each other in proximity directly in a power-efficient manner. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery outside network coverage.
As described in our companion contribution [2], packet-based discovery solutions should be studied with higher priority as part of identifying enhancements for the support of LTE-based direct device discovery. In this contribution, we share our views on the physical layer design aspects and present link level simulation results for packet-based D2D discovery in LTE systems.  
2 Physical Layer Design of Packet-based D2D Discovery
2.1 General consideration
For packet-based D2D discovery, the discovery related information content that UEs intend to share with each other can be higher as the design would need to transmit the unique ID for device identification, service identity, etc. as discovery payload. It is expected that the size of packet information to be carried could range from 48 bits to the order of 100 bits. The exact payload size would depend on the decisions made by RAN2 and SA WGs. 
Various options may be considered with respect to the physical layer design for packet-based D2D discovery, e.g., adaptive or non-adaptive design solutions. For non-contention-based discovery [2], eNB may dynamically allocate the discovery resources and adjust the modulation and coding scheme based on channel conditions between transmit and discovering UEs in order to achieve better link level discovery performance. For contention-based discovery, ProSe-enabled device may randomly select the resources within discovery zone to transmit the discovery packet. Consequently, it may not be feasible to apply the adaptive design mechanism for packet-based D2D discovery due to substantial signalling overhead. Taking into account the significant support for a unified D2D discovery solution for various discovery scenarios including contention- and non-contention-based discovery, the trade-offs involved between adaptive and non-adaptive design solutions needs to be considered. 
From the reception perspective, information regarding the physical layer transmission scheme should be available at the discovering UEs to ensure power-efficient discovery.  Hence, it may be beneficial to predefine a common discovery packet generation procedure for packet-based D2D discovery. In addition, information including packet payload size and modulation and coding scheme may be encoded in the discovery packet to allow certain level of flexibility and potentially improve link level performance.  

Furthermore, it is highly desirable to reuse the existing LTE signal for packet-based D2D discovery design to minimize the specification impact and implementation cost.  According to the agreement in RAN #73 meeting [3], “D2D operates in UL spectrum for FDD LTE systems or UL subframes of the cell giving coverage for TDD LTE systems except when out of coverage”. As a natural extension and more importantly, due to the nice property of low peak-to-average power ratio (PAPR), PUSCH transmission scheme based on SC-FDMA technique may be adopted as a potential candidate for packet-based D2D discovery. However, as mentioned in our companion contribution [2], consideration of DL symbol structure (OFDM) for discovery packet transmission should not be precluded at this stage due to the benefits in terms of receiver implementation at UE terminals. In this contribution, we employ PUSCH-based transmission scheme as an example for the illustration of physical layer design of packet-based D2D discovery. Note that certain design changes need to be considered with respect to the physical layer processing. The detailed physical layer design aspects for packet-based D2D discovery are presented in the following sub-section. 
Proposal 1
· In order to ensure power-efficient D2D discovery, it may be beneficial to predefine a common discovery packet generation procedure for packet-based D2D discovery. 
· It is highly desirable to reuse existing LTE signals for packet-based D2D discovery design to minimize specification impact and implementation costs. 
· PUSCH transmission based on SC-FDMA technique may be adopted as a potential candidate for packet-based D2D discovery. However, consideration of DL symbol structure (OFDM) for discovery packet transmission should not be precluded at this stage.
2.2 Physical layer processing for packet-based D2D discovery

As mentioned in our companion contribution [4], a Peer-to-peer discovery and access channel (P2P-PDACH) may be introduced to serve for D2D discovery purpose. Figure 1 illustrates the potential physical layer processing for packet-based D2D discovery, which follows a similar processing to the PUSCH transmission scheme. For each processing step, the detailed analysis is provided as follows: 
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Figure 1. Physical layer processing for packet-based D2D discovery
· CRC Attachment. For PUSCH transmission, 24 parity check bits are computed and attached to the transport block. In order to reduce the overhead and hence the coding rate, it may be more appropriate to calculate 16 parity check bits and append to the payload for packet-based D2D discovery design. In particular, the generator polynomial gCRC16(D) as defined in [5] may be adopted. It is worth mentioning that by utilizing 16 CRC bits, the false alarm probability for packet-based discovery would be kept well below 10-4, which is critical to the overall system level D2D discovery performance. 
· Channel Coding. Different from the Turbo coding scheme adopted for PUSCH, tail-biting convolutional coding (TBCC) used in PDCCH may be attractive for packet-based D2D discovery design from the perspective of decoding complexity. Furthermore, it is arguable that TBCC coding scheme may outperform Turbo coding for packets with relatively small payload size. Link level performance comparison between these two coding schemes is provided in details in Section 3. 
· Rate Matching. After the channel coding, coded bits are rated-matched to fill into the amount of resources available for D2D discovery packet transmission. Note that the amount of resource blocks required for packet-based D2D discovery design can be 1 or more, depending on the payload size and overall discovery performance requirement. In addition, the PRB size would be limited to the products of the integers 2, 3, and 5 as specified for PUSCH transmission to reduce the implementation cost.  
· Scrambling. In order to randomize the interference, bit scrambling is applied after rate-matching. The scrambling identity for the initialization of scrambling sequence should be available at the discovering UEs to ensure proper and efficient decoding process.  
· Modulation. The modulation schemes supported for PUSCH transmission include QPSK, 16QAM and 64QAM. Based on the link level simulation results as discussed in Section 3, QPSK modulation scheme may be desirable for packet-based D2D discovery. 
· DFT Precoding. Similar to PUSCH transmission, DFT precoding would be utilized for packet-based D2D discovery in order to reduce the PAPR, which can improve the transmit power efficiency and may potentially increase the discovery range for D2D discovery.   
· Resource Mapping. As described in [2], the discovery resources for packet transmission may be either randomly selected from within the configured discovery zone by ProSe enable device in contention-based discovery or explicitly allocated by eNB in non-contention-based discovery. 
· Antenna Mapping. When ProSe-enabled device is equipped with multiple transmit antennas, multi-antenna transmission scheme can be employed to further improve the link level performance. Specifically, a common precoder structure is expected for open D2D discovery to allow power-efficient discovery.  
· SC-FDMA Symbol Generation: SC-FDMA symbol generation procedure for PUSCH transmission may be reused for packet-based D2D discovery design, including CP insertion and half-subcarrier shift.

Other related aspects for physical layer processing of packet-based D2D discovery are presented as follows:
· DMRS Symbol. Uplink DMRS is primarily used for channel estimation for coherent demodulation of the PUSCH. For packet-based D2D discovery, a similar DMRS sequence generation procedure based on Zadoff–Chu sequences may be adopted. It is worth mentioning that UE specific cyclic shift may be randomly selected by ProSe-enabled devices in contention-based discovery and explicitly signaled by eNB in non-contention-based discovery.  
· Frequency Hopping. To exploit the benefits of frequency diversity, frequency hopping may be adopted for packet-based D2D discovery. Similar to frequency hopping for PUSCH transmission, two options of hopping pattern design may be employed: type-1 D2D discovery hopping utilizes an explicit hopping pattern; while type-2 D2D discovery hopping uses the subband hopping and mirroring mechanism. In addition, the hopping procedure may follow either intra-subframe or inter-subframe based hopping mode. 
Proposal 2
· 16 CRC bits, TBCC coding and QPSK modulation may be adopted for packet-based D2D discovery design.
· Frequency hopping may be applied for packet-based D2D discovery. 

3 Link Level Simulation Results

In this section, we present the link level simulation results for packet-based D2D discovery. The simulation assumptions are outlined in the Appendix. In the simulations, 48 and 176 bits are assumed for payload size.
3.1 Modulation and coding scheme

Figure 2 illustrates the link level discovery performance utilizing various modulation and coding schemes when payload size is 48 and 176 bits, respectively. From the figures, it can be observed that TBCC can achieve better link level discovery performance than Turbo coding when the payload size is 48 bits. When the payload size is 176 bits, Turbo coding slightly outperforms the TBCC. Additionally, QPSK can provide considerable performance gain compared to 16QAM for both payload sizes. 
Observation 1

When the payload size is relatively small, e.g. 48 bits, TBCC can achieve better link level discovery performance than Turbo coding, In addition, QPSK can provide considerable performance gain compared to 16QAM.
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Figure 2. Performance for packet-based D2D discovery with various modulation and coding schemes
3.2 Physical resource block size
As mentioned in the Sub-section 2.2, the number of PRBs required for discovery packet transmission would depend on the payload size and overall discovery performance requirement. Figure 3 illustrates the link level discovery performance when utilizing 1/2 PRBs for 48-bit payload and 2/4/6 PRBs for 176-bit payload, respectively. It can be seen that 2.4dB gain can be achieved when increasing the PRB sizes from 1 to 2 for 48-bit payload. In addition, for 176-bit payload, more than 4dB gain can be observed when increasing the PRB sizes from 2 to 6.
Observation 2

More than 2dB gain can be achieved for link level discovery performance when doubling the PRB sizes.
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Figure 3. Performance for packet-based D2D discovery with different PRB sizes
3.3 Frequency hopping
Figure 4 shows the link level discovery performance with and without frequency hopping, respectively. In the simulations, type-1 intra-subframe frequency hopping is assumed. From the figures, it can be observed that link level performance gain can be provided when applying the frequency hopping for packet-based D2D discovery.
Observation 3
Link level performance gain can be provided when applying the frequency hopping for packet-based D2D discovery.
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Figure 4. Performance for packet-based D2D discovery with frequency hopping
3.4 Timing and frequency offset impact

Figure 5 illustrates the link level discovery performance in the presence of timing and frequency offset. In the simulations, intra-cell D2D discovery scenario is considered and the range of timing and frequency offset between two ProSe enabled devices is assumed as [-2.0, 2.0]µs and [-400, 400]Hz, respectively. Under the network coverage scenario, the timing synchronization error between UE and eNB may be composed of ±10Ts timing advance (TA) measurement error, ±8Ts TA quantization error and ±4Ts TA adjustment accuracy.  Assuming ~0.5µs propagation delay (150m distance), the timing offset between transmit and discovering UEs may be up to ±2.0µs. Similarly, ±0.1ppm frequency synchronization error between UE and eNB is allowed after UE is synchronized to the eNB. This indicates that in the extreme case, the maximum frequency offset between two UEs can be ±400Hz with 2GHz carrier. Note that as a starting point, uniformly distributed timing and frequency offsets are assumed in the simulations. 
From the figures, it can be seen that packet-based D2D discovery is not sensitive to the frequency offset when the frequency offset is relatively small, e.g., within [-400, 400]Hz. However, when the timing synchronization error is uniformly distributed between [-2.0, 2.0]µs, significant performance degradation is observed. Under the partial and outside network coverage scenarios with even larger timing synchronization error, more link level discovery performance degradation is expected. To address this issue, advanced timing delay compensation algorithms or new physical layer designs need to be further studied. 
Observation 4

· Packet-based D2D discovery is not sensitive to frequency offset when the frequency offset is relatively small, e.g., within [-400, 400]Hz. 
· Significant performance degradation is observed in the presence of timing synchronization error, e.g., within [-2.0, 2.0]µs. Advanced timing delay compensation algorithms or new physical layer designs need to be further studied to address this issue.
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Figure 5. Performance for packet-based D2D discovery with timing and frequency offset
3.5 Cochannel interference impact

Figure 6 illustrates the link level discovery performance under cochannel interference scenarios when DMRS cyclic shift of the interference UE is identical and distinct as that of target UE, respectively. In the simulations, a fixed 30dB SNR is assumed. From the figures, considerable performance degradation can be observed when cyclic shifts collide between two transmit UEs. This is primarily due to the inaccurate channel estimation at the discovering UEs caused by cyclic shift collision. To improve the link level discovery performance, appropriate cyclic shift coordination among transmit D2D UEs may need to be considered. 
Observation 5
Under cochannel interference scenario, considerable performance degradation can be observed when cyclic shifts for DMRS sequences collide between transmit UEs. 
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Figure 6. Performance for packet-based D2D discovery with cochannel interference
4 Conclusions

In this contribution, we provided our views on the physical layer design aspects and presented link level simulation results for packet-based D2D discovery in LTE systems. Based on the discussion presented, we summarize our views through the following proposals and observations:
Proposal 1
· In order to ensure power-efficient D2D discovery, it may be beneficial to predefine a common discovery packet generation procedure for packet-based D2D discovery. 
· It is highly desirable to reuse existing LTE signals for packet-based D2D discovery design to minimize specification impact and implementation costs. 

· PUSCH transmission based on SC-FDMA technique may be adopted as a potential candidate for packet-based D2D discovery. However, consideration of DL symbol structure (OFDM) for discovery packet transmission should not be precluded at this stage.

Proposal 2

· 16 CRC bits, TBCC coding and QPSK modulation may be adopted for packet-based D2D discovery design.
· Frequency hopping may be applied for packet-based D2D discovery. 

Observation 1

When the payload size is relatively small, e.g. 48 bits, TBCC can achieve better link level discovery performance than Turbo coding, In addition, QPSK can provide considerable performance gain compared to 16QAM.
Observation 2

More than 2dB gain can be achieved for link level discovery performance when doubling the PRB sizes.
Observation 3

Link level performance gain can be provided when applying the frequency hopping for packet-based D2D discovery.
Observation 4

· Packet-based D2D discovery is not sensitive to frequency offset when the frequency offset is relatively small, e.g., within [-400, 400]Hz. 

· Significant performance degradation is observed in the presence of timing synchronization error, e.g., within [-2.0, 2.0]µs. Advanced timing delay compensation algorithms or new physical layer designs need to be further studied to address this issue.

Observation 5

Under cochannel interference scenario, substantial performance degradation can be observed when cyclic shifts for DMRS sequence collide between transmit UEs. 
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Appendix: Simulation Assumptions
	Parameter
	Value

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	Frame Type
	FDD

	MIMO Configuration
	1x2 with low correlation

	Channel Model 
	EPA

	Doppler Shift
	5Hz

	CRC
	16 bits

	Payload Size
	48 and 176 bits

	Target BLER
	1%
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