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Introduction
At the RAN1 #74 meeting, the following were agreed regarding D2D discovery [1]:
· Periodic uplink resources are allocated for discovery in a semi-static manner
· For in network allocation can be performed using RRC signaling.
· Discovery resources within one period of the allocation are divided into time-frequency resources
· Division can be at least FDM and/or TDM
· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint
· Discovery transmissions can use a message of x bits and/or sequences
· Sequences can be based on PRACH, SRS, and/or PSS/SSS
· Configurations using either or both of the message or sequences are FFS
· FFS if the signal transmitted is SC-FDM or OFDM
In addition, according to the agreement in [2], “RAN is studying discovery mechanisms that can be used in coverage”. In this contribution, we focus on the discovery signal design aspects for within network coverage scenario and present link level simulation results for packet-based D2D discovery in LTE systems.  

Discussion on Discovery Signal Design
General consideration
As mentioned in our previous contribution [3], 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 order to ensure power-efficient discovery, information regarding the physical layer transmission scheme should be available at the discovering UEs from receiver perspective. Hence, it may be beneficial to predefine a common discovery packet generation procedure for packet-based D2D discovery.
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. 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, 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. 
For packet-based D2D discovery, the demodulation reference signal (DMRS) plays a significant role in providing good link level discovery performance, especially in the presence of fading channels, timing and frequency synchronization errors. Compared to normal cellular communication, larger synchronization errors are generally expected for device to device communication, which poses a new challenge to discovery DMRS design. Essentially, DMRS pattern for discovery signal design needs to be carefully studied with the consideration of channel estimation, timing and frequency offset compensation and overall link level discovery performance. Similar to the transmission scheme, existing uplink and downlink DMRS may be considered with higher priority for discovery DMRS design to minimize the specification impact and implementation cost. 
Proposal 1
· 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.
· DMRS pattern for discovery signal design needs to be carefully studied with the consideration of channel estimation, timing and frequency offset compensation and overall link level discovery performance. In addition, existing uplink and downlink DMRS may be considered with higher priority for discovery DMRS design.
Discussion on synchronization error
For D2D discovery within network coverage scenario, the potential factors that contribute to the timing synchronization error are listed as follows:
1. Residual synchronization error: This is primarily due to the residual timing synchronization error between UE and eNB. Within network coverage scenario, it may be composed of ±10Ts timing advance (TA) measurement error, ±8Ts TA quantization error and ±4Ts TA adjustment accuracy. Considering the doubling effect, the timing offset between transmit and discovering UEs may be up to ±1.5µs
2. Round-trip propagation delay: As RRC_IDLE ProSe-enabled UEs are expected to participate in the D2D discovery, it may be desirable to consider the downlink timing as the reference for discovery packet transmission. As illustrated in Figure 1, the timing synchronization error between cell edge and cell center UEs is 2R/c, where R is the cell radius. In the case when R=500m, the round trip propagation delay in the extreme case would be ~3µs.
Based on the analysis above, the synchronization error between cell edge and cell center UEs may be in the range of [1.5, 4.5]µs. Given that this synchronization error is within the CP length, timing delay compensation in frequency domain may be employed to allow power-efficient discovery. 
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Figure 1. Timing for within network coverage scenario
Note that ±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 ProSe-enabled UEs can be ±400Hz with 2GHz carrier for within network coverage discovery.
Observation 1
For D2D discovery under within network coverage scenario, the timing and frequency synchronization error between two ProSe-enabled UEs may be in the range of [1.5, 4.5]µs and [-400, 400]Hz, respectively. 
Design considerations for switching time
According to the agreement in [1], 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. Various options may be considered with respect to the guard period generation for physical layer design. One possible approach is to puncture the fraction part of first and/or last OFDM symbol with new interleaver design in order to avoid mapping the systematic bits into the punctured OFDM symbol [4]. An alternative solution is to insert the preamble using fractional part of first OFDM symbol for AGC and time and frequency synchronization [5]. 
Figure 2 illustrates one potential guard period generation procedure for D2D discovery to address the Tx-Rx and Rx-Tx switching time issue. Note that our proposed guard period generation, which is based on interleaved FDMA (IFDMA) signal structure with a RePetition Factor (RPF) of 2, can be applied for both preamble 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 SRS transmission. In particular, this design pattern would result in two repeated blocks in the time domain. By puncturing the second repetition block and subsequently shifting the CP and first repetition block, ~33µs guard period in the 1st OFDM symbol can be generated. It is worth mentioning that this structure can be easily extended to support public safety specific use cases in partial and outside network coverage scenario: for instance, the last OFDM symbol may be punctured in the similar way as the first OFDM symbol in order to accommodate even larger synchronization error. 
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Figure 2. Punctured structure for 1st OFDM symbol
Proposal 2
IFDMA signal structure with a RPF of 2 may be appropriate for guard period generation to address Tx-Rx and Rx-Tx switching time issue. In addition, this structure may be easily extended to accommodate even larger synchronization error in order to support public safety specific use cases in partial and outside network coverage scenario.
Proposed discovery signal designs
As mentioned in our companion contribution [6], discovery resource size of 2 PRB-pairs provides the best performance in terms of average number of discovered UEs against time. Hence we focus on the discovery signal designs with 2 PRB pairs in the follwing sections. 
Two different mappings for the discovery resource to physical time-frequency resources are considered in the discovery signal design. For 2x1 frequency domain resource allocation scheme, each discovery packet transmission occupies 24 subcarriers within one subframe. For 1x2 time domain resource allocation scheme, each discovery packet transmission spans 2 subframes and within one subframe, occupies 12 subcarriers (i.e., 2 PRB-pairs with TTI-bundling).
As discussed in Sub-section 2.1, it is highly desirable to reuse existing LTE signals, e.g., downlink or uplink DMRS pattern for discovery DMRS design. Figure 3 illustrates various discovery signal design options for 2x1 frequency domain resource allocation scheme. The detailed design aspects for different options are presented as follows:
· Design Option 1: Discovery DMRS is located in the 1st OFDM symbol for each slot, which may be constructed based on the uplink DMRS for PUSCH transmission. In addition, the length of DMRS sequence would be reduced by half for the 1st OFDM symbol as mentioned in the sub-section 2.3. Furthermore, data symbol can be generated by utilizing either SC-FDMA or OFDMA transmission scheme.
· Design Option 2: Discovery DMRS occupies the centered OFDM symbol for each slot as well as the 1st OFDM symbol of the 1st slot. Similar to the design option 1, the data symbol can be generated based on either SC-FDMA or OFDMA transmission scheme. Note that this design option may achieve better channel estimation accuracy at the expense of higher coding rate in comparison to the design option 1.
· Design Option 3: Discovery DMRS occupies the centered OFDM symbol for each slot. In addition, data symbol is generated based on OFDMA transmission scheme. As mentioned in the sub-section 2.3, data symbol is mapped into every even subcarrier to generate guard period in the 1st OFDM symbol.
· Design Option 4: Discovery DMRS follows the similar principle to the downlink DMRS for TM8/9 PDSCH transmission. For the sake of fair comparison, the number of resource elements allocated for reference signal is 24 for this design option. Similar to the design option 3, the data symbol is constructed according to OFDMA technique and the 1st OFDM symbol is punctured to ensure proper guard period. 
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Figure 3. Various design options for 2x1 frequency domain resource allocation scheme
Figure 4 illustrates various discovery signal design options for 1x2 time domain resource allocation scheme. As shown in the figure, similar design rules are adopted for 1x2 time domain resource allocation scheme. It is worth mentioning that the guard period in the 1st OFDM symbol of the 2nd subframe is not needed for 1x2 time domain mapping, which may provide lower coding rate and thereby better link level discovery performance compared to 2x1 frequency domain mapping. In the case for design options 1 and 2, if uplink DMRS sequence is adopted for discovery DMRS design, a new base sequence with 6 subcarriers may need to be introduced and specified. 
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Figure 4. Various design options for 1x2 time domain resource allocation scheme

Link Level Simulation Results
In this section, we present the link level simulation results for our proposed discovery signal designs. The simulation assumptions are outlined in the Appendix. In the simulations, 104 bits are assumed for payload size according to the agreement in [1]. In addition, as discussed in our previous contribution [2], 16 CRC bits, TBCC coding, QPSK modulation and frequency hopping are recommended for packet-based D2D discovery design in terms of superior link level discovery performance. Unless otherwise stated, it is assumed 16 CRC bits, TBCC coding, QPSK modulation and frequency hopping in the simulations. 
Discovery performance for various design options
Figure 5 illustrates the link level discovery performance utilizing various design options for 2x1 frequency domain resource allocation scheme as discussed in Sub-section 2.4. For comparison, the discovery performance for 1x1 frequency domain mapping is also shown in the figure. Note that with a lower coding rate for 1x2 time domain mapping, a slightly better discovery performance should be expected in comparison to 2x1 frequency domain mapping. 
From the plots, it can be observed that design options 2, 3 and 4 can achieve very close discovery performance. In addition, performance degradation can be observed for option 1 due to the fact that less reference signal is available and channel estimation at slot edge may not be accurate.  
Observation 2
Link level discovery performance difference is marginal between discovery DMRS design based on uplink and downlink DMRS pattern in the case without timing and frequency offset impairment.
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Figure 5. D2D discovery performance with various design options: 2x1 and 1x1 resource allocation

SC-FDMA vs. OFDMA
As discussed in Sub-section 2.4, either SC-FDMA or OFDMA transmission scheme may be applied for data symbol generation for design options 1 and 2. To understand the performance difference between these two transmission schemes, Figure 6 illustrates the link level discovery performance comparison for design options 1 and 2, respectively. Based on the simulation results, it can be seen that the SC-FDMA and OFDMA transmission schemes can achieve similar performance for D2D discovery. However, further studies considering impact from increased PAPR (and consequently transmit power backoff) and resulting in-band emissions for OFDMA transmission scheme are necessary. 
Observation 3
Link level discovery performance difference is negligible between SC-FDMA and OFDMA transmission scheme. However, additional studies considering impact from increased PAPR (and consequently transmit power backoff) and resulting in-band emissions for OFDMA transmission scheme should be conducted.
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Figure 6. D2D discovery performance for SC-FDMA and OFDMA transmission schemes

Timing and frequency offset impact
As discussed in Sub-section 2.2, for D2D discovery within network coverage scenario, the timing and frequency offset between two ProSe enabled devices may range within [1.5, 4.5]µs and [-400, 400]Hz, respectively. Figure 7 illustrates the link level discovery performance in the presence of timing and frequency offset. In the simulations, uniform distribution of the timing and frequency offset is assumed. Furthermore, phase differentiation algorithm in the frequency domain is employed for timing offset compensation. 
From the plots, substantial performance degradation can be observed for option 1 and 4 in the presence of timing and frequency offset. As observed in our previous contribution [2], packet-based discovery is not sensitive to the frequency offset when the frequency offset is relatively small, e.g., within [-400, 400]Hz. Hence, the performance degradation is mainly because of inaccurate timing delay estimation. 
It is worth mentioning that with downlink DMRS pattern in option 3, ~0.8dB performance loss can be observed compared to the design with uplink DMRS pattern in option 4. This indicates that it may be desirable to allocate the reference signal in consecutive subcarriers in the presence of timing synchronization error for discovery signal design.
Observation 4
In the presence of timing synchronization error, discovery signal design based on uplink DMRS pattern can achieve better link level discovery performance than the design based on downlink DMRS pattern. 
Proposal 3
For discovery signal design, allocation of the reference signal in consecutive subcarriers may be desirable in terms of superior discovery performance in the presence of timing synchronization error.
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Figure 7. D2D discovery performance with timing and frequency offset

Reference signal blind detection
For direct device discovery, ProSe-enabled device may randomly select the DMRS sequences when transmitting the discovery packet. From the reception perspective, discovering UEs may need to perform blind detection of DMRS sequence to ensure the appropriate channel estimation and timing and frequency offset compensation. In particular, if uplink DMRS based on Zadoff–Chu sequence is selected as discovery DMRS, a common base sequence may be specified and the transmitting UEs may randomly select a cyclic shift for transmission. DMRS blind detection algorithm which targets to find the candidate sequence with maximum correlation energy, may be employed to determine the cyclic shift of DMRS sequence of the transmit UEs. 
Figure 8 illustrates the discovery performance with DMRS blind detection for options 2 and 3, respectively. From the plots, it can be seen that the performance degradation is negligible with DMRS blind detection. This is primarily due to the fact that DMRS miss detection probability is well below 10-3 in the operating SNR range for discovery, e.g., ~4dB. 
[image: ]
Figure 8. D2D discovery performance with DMRS blind detection
Observation 5
Discovery performance degradation due to DMRS blind detection is negligible. 
Proposal 4
DMRS blind detection needs to be considered in the receiver design for packet-based open ProSe discovery.

Conclusions
In this contribution, we provided our views on the physical layer design aspects for within network coverage scenario 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:
Observation 1
For D2D discovery under within network coverage scenario, the timing and frequency synchronization error between two ProSe-enabled UEs may be in the range of [1.5, 4.5]µs and [-400, 400]Hz, respectively.  
Observation 2
Link level discovery performance difference is marginal between discovery DMRS design based on uplink and downlink DMRS pattern in the case without timing and frequency offset impairment.
Observation 3
[bookmark: _GoBack]Link level discovery performance difference is negligible between SC-FDMA and OFDMA transmission scheme. However, additional studies considering impact from increased PAPR (and consequently transmit power backoff) and resulting in-band emissions for OFDMA transmission scheme should be conducted.
Observation 4
In the presence of timing synchronization error, discovery signal design based on uplink DMRS pattern can achieve better link level discovery performance than the design based on downlink DMRS pattern. 
Observation 5
Discovery performance degradation due to DMRS blind detection is negligible.  
Proposal 1
· 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.
· DMRS pattern for discovery signal design needs to be carefully studied with the consideration of channel estimation, timing and frequency offset compensation and overall discovery performance. In addition, uplink and downlink DMRS may be considered with higher priority for discovery DMRS design.
Proposal 2
SRS based structure may be appropriate for guard period generation to address Tx-Rx and Rx-Tx switching time issue. In addition, this structure may be easily extended to accommodate even larger synchronization error in order to support public safety specific use cases in partial and outside network coverage scenario.
Proposal 3
For discovery signal design, allocation of the reference signal in consecutive subcarriers may be desirable in terms of superior discovery performance in the presence of timing synchronization error.
Proposal 4
DMRS blind detection needs to be considered in the receiver design for packet-based open ProSe discovery,.
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Appendix: Simulation Assumptions

	Parameter
	Value

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	MIMO Configuration
	1x2 with low correlation

	Channel Model 
	UMi NLOS with dual mobility

	UE Moving Speed
	{3,3}km/h

	CRC
	16 bits

	Payload Size
	104 bits

	Target BLER
	1%
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