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1 Introduction

At the RAN1 #74bis meeting, the following working assumptions were made regarding D2D discovery signal design [1]:
· 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 DM-RS 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 share our views on the physical layer design aspects and present link-level simulation results for message-based D2D discovery in LTE systems.
2 Discussion on D2D Discovery Sequence

2.1 Discovery sequence design
According to the working assumption in the RAN1 #74bis meeting, “Discovery uses a sequence plus message”. In principle, two options can be considered in the design of D2D discovery physical structure.
· Option 1: Two-step discovery. For this option, a UE-specific discovery sequence is transmitted separately from the discovery packet transmission. From the reception perspective, the discovering UEs first detect the discovery sequence and then decode the discovery packet according to some predefined mapping rules, e.g., DM-RS sequence configuration and discovery resource indication. Normally, the discovery sequence spans one or a few OFDM symbols in order to allow efficient operation with small overhead. Furthermore, the bandwidth of discovery sequence may be relatively large in order to satisfy the sequence detection requirement. 
· Option 2: One-step discovery: For this option, ProSe-enabled devices transmit a discovery packet without additional separate discovery sequence transmission. In particular, the DM-RS sequence embedded in the discovery packet can serve the purposes of a discovery sequence by enabling packet detection, channel estimation, and timing and frequency offset compensation. Note that to minimize the specification impact and implementation cost, existing PUSCH DM-RS can be considered with higher priority for discovery DM-RS design. 
Figure 1 illustrates the two-step and one-step D2D discovery procedure, respectively. Given that the discovery sequence transmission duration is normally short, e.g., 1 or two OFDM symbols, the practical constraints due to AGC setting time and Tx-Rx switching time would prevent the discovering UEs from correctly detecting the discovery sequence transmitted from other ProSe-enabled UEs. Alternatively, accommodation of guard periods to handle the above would negate the core benefit of independent discovery sequences that may be packed tightly in time-frequency resources. 

Given the potentially different characteristics of separate discovery sequence and message part (that follows a PUSCH framework) in terms of mapping to physical resources, it cannot be guaranteed that the discovery sequence detection probability would be always higher than the detection of the message part. For instance, the transmit power spectral density (PSD) of the sequence part can be quite lower than that of the message part, thereby leading to the discovery sequence being more “noise-limited” than the message part. This would again void the benefits of a two-step discovery procedure that inherently relies on the assumption that the sequence part is more easily detectable than the message part. 
Also, for Option 1, UE-specific discovery sequence and predefined mapping mechanisms may need to be defined, which would lead to additional specification effort. On the contrary, since the discovery packet structure and DM-RS sequence can reuse the existing PUSCH transmission scheme, the specification impact would be limited. Moreover, as discussed in the following sections, our link level simulation results show that existing DM-RS sequence can deliver good detection performance and the overall link level discovery performance loss due to the packet detection and DM-RS identification is negligible. Based on the analysis above, it would be desirable to employ one-step discovery. 
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Figure 1. Two-step and one-step D2D discovery
Proposal 1

· Discovery signal is composed of a message and a sequence part where the sequence is the DM-RS of the message part.  
2.2 Link-level Simulation Results
In this section, we present the link level simulation results for D2D discovery when DM-RS sequence is employed for packet detection and DM-RS identification. 
For direct device discovery, ProSe-enabled devices may randomly select the DM-RS sequences when transmitting the discovery packet. From the reception perspective, discovering UEs may need to perform packet detection to detect whether the discovery packet is present in the discovery resource and, subsequently, DM-RS identification to ensure appropriate channel estimation and timing/frequency offset compensation. In particular, for PUSCH transmission, a common base sequence may be specified for DM-RS and the transmitting UEs may randomly select a cyclic shift for transmission. Packet detection and DM-RS identification, which are based on the correlation energy with all potential candidate sequences, may be employed to detect the presence of the discovery packet and to determine the cyclic shift of the DM-RS sequence of the transmit UEs. 
Figure 2 illustrates the packet and DM-RS miss detection probability and the link-level discovery performance when packet detection and DM-RS identification are employed for the 2×1(PRBxTTI) and 4×1 discovery resource mapping schemes, respectively. In the simulations, the target false alarm probability is 1% to avoid unnecessary decoding attempts for the discovery packet. Note that the packet and DM-RS miss detection probability as shown in Figure 2 consists of the miss detection of the discovery packet and the DM-RS sequence (when cyclic shift estimation is incorrect). 

From the left plot in Figure 2, it can be observed that with 1% target false alarm probability, the DM-RS miss detection probability is ~10-3 in the operating SNR range for discovery, e.g., ~3 dB and ~6 dB for the 4×1 and 2×1 discovery resource mapping schemes, respectively. With regard to the link-level discovery performance, negligible performance degradation can be observed from the right plot when employing packet detection and DM-RS identification for D2D discovery. This indicates that the DM-RS sequence together with the postamble would be sufficient for the purpose of packet detection and DM-RS identification and consequently, one-shot discovery procedure is preferred for D2D discovery.
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Figure 2. D2D discovery performance with packet detection and DM-RS identification: N×1 resource mapping
Observation 1

· For 1% target false alarm probability, the packet and DM-RS miss detection probability is ~10-3 in the operating SNR range for discovery.
· Link level discovery performance degradation due to packet detection and DM-RS identification is negligible.  

3 Discussion on D2D Discovery Packet Design
3.1 Design considerations for guard period
According to the agreement in [3], 624Ts for both Tx-Rx and Rx-Tx switching is assumed. To address this issue and further reduce the potential intra-discovery and inter-WAN and discovery interference, it would be appropriate to include the guard period in the subframe for discovery packet transmission. This is applicable at least for FDD systems. For TDD systems, the transmit time for D2D transmissions along with some simple restriction in the configuration of D2D subframes can exploit the guard time inherently available in TDD frame structure and obviate the need for guard times needed for Tx-Rx switching or to avoid overlap between D2D subframes and cellular subframes.

Various options may be considered with respect to the guard period generation for physical layer design. One possible approach is to puncture part of the first and/or the last OFDM symbol using the new interleaver design in order to avoid mapping the systematic bits into the punctured OFDM symbol [4]. 

Figure 3 illustrates one potential guard period generation procedure in the last OFDM symbol of the discovery resource to address the Tx-Rx and Rx-Tx switching time issue. This guard period generation is based on the interleaved FDMA (IFDMA) signal structure with a RePetition Factor (RPF) of 2, which can be applied for both postamble and data symbol. In the frequency domain, either data or reference symbol may be mapped into every even subcarrier, creating a comb like spectrum as in SRS transmission. In particular, this design pattern would result in two repeated blocks in the time domain. By simply puncturing the second repetition block, ~33µs guard period in the last OFDM symbol can be generated. Note that this guard period generation procedure can be easily extended to the 1st OFDM symbol by puncturing the second repetition block and subsequently shifting the CP and first repetition block. 
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Figure 3. Punctured structure for the last OFDM symbol
According to the working assumption in the RAN1 #74bis meeting [1], any UE that do not have an active timing advance value would use a T2 value of zero as the transmission time. Under this assumption, when a cell-edge UE transmits the discovery packet in the last subframe of the discovery zone, it may introduce significant uplink interference to eNB in the first subframe of the WAN region.

Another issue arises in FDD systems at the boundary of the D2D DZ and WAN: UEs that are scheduled to transmit UL WAN on the WAN subframe immediately following DZ would be affected if they were listening on the last subframe of DZ due to Rx-Tx switching time or if they were transmitting on the last subframe in the DZ and their UL WAN TA > T2 of D2D discovery transmissions. 

To avoid these potential inter-WAN and discovery interference and intra-UE collisions, the last OFDM symbol in the discovery zone could be punctured to generate the appropriate guard period. Note that when the data symbol is allocated in the last OFDM symbol for guard period and resource allocation with 1 or 2 PRB pairs for discovery packet transmission is adopted, DFT/IDFT operation with 6 or 12 subcarriers needs to be defined and specified for the SC-FDMA transmission scheme. To minimize the implementation cost, alternative option is to allocate the reference signal in the last OFDM symbol. This reference signal can be generated based on Zadoff–Chu sequence and can also be served for the the purpose of channel estimation and/or timing and frequency offset compensation. However, this would also incur specification efforts to define an appropriate length-6 sequence for the RS.
Consider the first symbol of the D2D DZ following UL WAN subframe in FDD systems, if a UE transmits cellular UL in the subframe just preceding the DZ with small value of TA, then it will not be able receive at least part of the first symbol of the DZ due to Tx-Rx switching time. Also, when a cell-centred UE transmits the signals in the last subframe of the WAN region, it may potentially introduce interference within the first OFDM symbol of the discovery zone, which might degrade the reception performance for discovering UEs. To address these issues, one straightforward approach is for the eNB to impose some scheduling restrictions for uplink transmissions in the last subframe of WAN region. An alternative solution is to employ the IFDMA signal structure with an RPF of 2 in the first OFDM symbol at the transmitter for discovery packet transmission. Note that the allocation of the reference signal in the first OFDM symbol may be beneficial to facilitate the AGC circuit to efficiently adjust the received signal amplitude. 

Proposal 2
· For FDD systems, IFDMA signal structure with an RPF of 2 can be considered for guard period generation to address the Tx-Rx and Rx-Tx switching time issue.  

· For FDD systems, in order to avoid intra-discovery and inter-WAN and discovery interference, guard period may be considered in the last OFDM symbol of the discovery resource. Either data or reference symbol can be allocated in this OFDM symbol.

· Handling of Tx-Rx/Rx-Tx switching time and inter-WAN-DZ interference at the boundaries of D2D DZ may be addressed in multiple ways, including relying on implementation-based solutions. RAN1 WG should carefully study each alternative towards determining the most appropriate step in this direction.

3.2 Discovery physical signal structures
According to the working assumption that PUSCH structure is reused for D2D discovery, different physical signal structures can be considered when incorporating with the proposed design for AGC symbol and guard period generation as mentioned above. Figure 4 illustrates potential physical signal structures in one PRB for D2D discovery. The detailed design aspects for different types of physical signal structures are presented as follows:

· Type 1: PUSCH with AGC symbol. This structure type is applied for the 1st subframe for the 1×N time domain mapping scheme.

· Type 2: PUSCH with guard period. This structure type is applied for the last subframe of the 1×N time domain mapping scheme. In this case, the last OFDM symbol is punctured for the guard period to address the Tx-Rx and Rx-Tx switching time issue and avoid inter-WAN and discovery interference in FDD systems. 
· Type 3: PUSCH with AGC symbol and guard period. This structure type is applied for the N×1 frequency domain mapping. 
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Figure 4. Potential discovery physical signal structures
3.3 Discussion on scrambling
In order to randomize interference, bit scrambling is applied after rate-matching. The scrambling identity for the initialization of the scrambling sequence should be available at the discovering UEs to ensure proper and efficient decoding process. Hence for both open and restricted discovery, it would be beneficial to configure a common scrambling identity for all ProSe enabled devices within the network. In general, this scrambling identity can be configured as common D2D scrambling identity. 

While time-varying hashing/scrambling function may be primarily used to provide additional security for restricted discovery, it may be realized at higher layers and hence, may be out of scope of RAN1 WG. 
Proposal 3
· A common scrambling identity should be considered for message-based D2D discovery.

· The study of the need of time-varying hashing/scrambling function prior to channel coding for security purposes for restricted discovery may be out of scope of RAN1.  

4 Link-level Simulation Results

In this section, we present link-level simulation results for our proposed discovery signal design options. The simulation assumptions are outlined in the Appendix of this contribution. In the simulations, 104 bits are assumed as the payload size according to the agreement in [3].
4.1 Coding schemes
Figure 5 illustrates the link-level discovery performance with Turbo code/tail-biting convolutional code (TBCC) and 16/24 bit CRC for the 1×2 and 1×4 discovery resource mapping schemes, respectively. From the plots, it can be observed that the link-level discovery performance difference between Turbo code and TBCC is negligible. In addition, compared to 24 bit CRC, ~0.3-0.4dB link-level discovery performance gain can be achieved by 16 bit CRC. Note that in the simulations, 8 iterations are used for Turbo decoding. With smaller number of decoding iterations, smaller performance gap or even worse performance would be expected for Turbo codes in comparison to TBCC.  
In general, the decoding complexity of Turbo code is significantly higher than that of TBCC. Given that ProSe enabled UEs attempt to discover as many D2D UEs as possible in the discovery zones, the decoding complexity would be extremely critical with regard to UE power consumption for D2D discovery. For instance, considering a discovery zone composed of 44 PRBs and 32 subframes and 1×2 discovery resource mapping for discovery packet transmission, the total number of discovery opportunities in one discovery zone can be calculated as 704. In the extreme case when all the discovery resources are occupied, the discovering UEs may need to decode all 704 packets, which results in substantial power consumption especially when a Turbo code is employed. Hence, taking into account the similar link-level discovery performance of Turbo code and TBCC, TBCC in Rel-8 should be considered for message-based D2D discovery in order to limit the decoding complexity and consequently reduce the UE power consumption.
With 16 bit CRC, the false alarm probability can be calculated as 1.5×10-5, which would be adequate for message-based D2D discovery. Hence, it would be preferable to employ 16 bit CRC for message-based D2D discovery while ensuring the benefit of coding gain. In the following sections, we assume 16 bit CRC, TBCC coding and QPSK modulation in the simulations unless otherwise stated. 

Observation 2
· For the assumed payload size of 104 bits, the link-level discovery performance difference between Turbo code and TBCC is negligible.  
· For the assumed payload size of 104 bits, compared to 24 bit CRC, ~0.3-0.4 dB link-level discovery performance gain can be achieved by 16 bit CRC.  

Proposal 4
· For a message size of 104 bits, TBCC in Rel-8 should be considered for message-based D2D discovery in order to limit the decoding complexity and reduce the UE power consumption.
· For a message size of 104 bits, 16 bit CRC should be considered for message-based D2D discovery.  
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Figure 5. D2D discovery performance with various coding schemes: 1×N resource mapping
4.2 Performance under various channel models
Figure 6 illustrates the link-level discovery performance under various channel models for the 1×2 and 1×4 discovery resource mapping schemes, respectively. From the figures, it can be observed that the link-level discovery performance under UMi NLOS and O2I channel models is similar. Moreover, ~4.0 dB performance gain can be achieved for the UMi LOS channel model. 
Observation 3
The link-level discovery performance under UMi NLOS and O2I channel models is similar. Moreover, ~4.0 dB performance gain can be observed for the UMi LOS channel model.
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Figure 6. D2D discovery performance under various channel models: 1×N resource mapping

4.3 Co-channel interference impact
Figure 7 illustrates the link-level discovery performance under co-channel interference scenarios when the DM-RS cyclic shift of the interference UE is distinct as that of the target UE for the 1×2 and 1×4 discovery resource mapping schemes, respectively. In the simulations, a fixed 30 dB SNR is assumed. From the figures, it can be seen that the best link-level discovery performance can be achieved for the UMi LOS channel model. It is also interesting to note that for the 1×4 discovery resource mapping scheme, the performance gap between LOS and NLOS channel models becomes smaller. 
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Figure 7. D2D discovery performance with co-channel interference: 1×N resource mapping
4.4 Reference signal in last OFDM symbol
As mentioned in Section 3.1, either data or reference signal can be allocated in the last OFDM symbol. Figure 8 shows the link-level discovery performance with data and reference signal in the last OFDM symbol for the 2×1 and 4×1 discovery resource mapping schemes, respectively. From the figures, it can be seen that the performance difference between data and reference signal in the last OFDM symbol is negligible for the N×1 discovery resource mapping scheme. 
Observation 4
The link-level performance difference between data and reference signal in the last OFDM symbol is negligible for the N×1 discovery resource mapping scheme.
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Figure 8. D2D discovery performance with data and reference signal in the last symbol: N×1 resource mapping
5 Conclusions

In this contribution, we share our views on the physical layer design aspects and present link-level simulation results for message-based D2D discovery in LTE systems. Based on the discussion in the previous sections, we summarize our views through the following proposals and observations:
Observation 1

· For 1% target false alarm probability, the packet and DM-RS miss detection probability is ~10-3 in the operating SNR range for discovery.
· Link level discovery performance degradation due to packet detection and DM-RS identification is negligible.
Observation 2

· For the assumed payload size of 104 bits, the link-level discovery performance difference between Turbo code and TBCC is negligible.  
· For the assumed payload size of 104 bits, compared to 24 bit CRC, ~0.3-0.4 dB link-level discovery performance gain can be achieved by 16 bit CRC.
Observation 3

· The link-level discovery performance under UMi NLOS and O2I channel models is similar. Moreover, ~4.0 dB performance gain can be observed for the UMi LOS channel model
Observation 4

· The link-level performance difference between data and reference signal in the last OFDM symbol is negligible for the N×1 discovery resource mapping scheme.
Proposal 1

· Discovery signal is composed of a message and a sequence part where the sequence is the DM-RS of the message part.
Proposal 2

· For FDD systems, IFDMA signal structure with an RPF of 2 can be considered for guard period generation to address the Tx-Rx and Rx-Tx switching time issue.  

· For FDD systems, in order to avoid intra-discovery and inter-WAN and discovery interference, guard period may be considered in the last OFDM symbol of the discovery resource. Either data or reference symbol can be allocated in this OFDM symbol.
· Handling of Tx-Rx/Rx-Tx switching time and inter-WAN-DZ interference at the boundaries of D2D DZ may be addressed in multiple ways, including relying on implementation-based solutions. RAN1 WG should carefully study each alternative towards determining the most appropriate step in this direction.
Proposal 3

· A common scrambling identity should be considered for message-based D2D discovery.
· The study of the need of time-varying hashing/scrambling function prior to channel coding for security purposes for restricted discovery may be out of scope of RAN1.
Proposal 4

· For a message size of 104 bits, TBCC in Rel-8 should be considered for message-based D2D discovery in order to limit the decoding complexity and reduce the UE power consumption.
· For a message size of 104 bits, 16 bit CRC should be considered for message-based D2D discovery.
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Appendix: Simulation Assumptions
	Parameter
	Value

	Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	MIMO Configuration
	1x2 with low correlation

	Channel Model 
	UMi NLOS/LOS/O2I with dual mobility

	UE Moving Speed
	{3,3}km/h

	Payload Size
	104 bits

	Target BLER
	1%
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