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1 Introduction

At the RAN1 #76 meeting, the following working assumptions were made regarding D2D discovery signal design [1]:
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 addition, the following working assumption was made with respect to the discovery coding scheme [1]:
· At least if message is not smaller than 104 bits, Rel-8 turbo coding is used for the discovery message.
Furthermore, the following working assumption was made on the discovery resource size [1]:

· A discovery resource has a duration of not less than 1ms (FFS if it can be >1ms if required by the final decision on MAC PDU size, in which case it would be a multiple of 1ms and consist of consecutive D2D subframes) and is used for a single transmission of a given discovery MAC PDU by a UE

· TDD special subframe is FFS

The following working assumptions were made regarding the timing for Type 1 and 2B discovery [1]:
For type 1 discovery, 

· In FDD

· RRC_Connected D2D UEs transmit discovery signal based on DL reference timing (T2 = 0). 

· FFS possible solutions to address overlap between uplink cellular and D2D

· In TDD 

· RRC_connected and RRC_idle D2D UEs transmit discovery signal based on T2 = 624Ts

· FFS possible solutions to address overlap between uplink cellular and D2D

For type 2B discovery, 

· If RRC_Idle UEs are not able to transmit type 2B discovery, value of T2 for type 2B discovery transmission is FFS between: 

· TA for FDD, 624Ts +TA for TDD: 

· T2 = 0 for FDD, T2 = 624Ts for TDD: 

· If RRC_Idle UEs are able to transmit type 2B discovery, value of T2 for type 2B discovery transmission is:

· T2 = 0 for FDD, T2 = 624Ts for TDD

With respect to the cyclic prefix (CP) length, the following working assumption was made [1]:
· Both extended CP length (512Ts) and normal CP length (144Ts) are supported in the specifications for D2D communication and discovery

· FFS: details of how to set the CP length

In this contribution, we share our views on the remaining aspects of D2D physical structure design and present link-level simulation results for D2D discovery in LTE systems.
2 Discussion on D2D Signal Design
2.1 Discussion on gap size
According to the working assumption [1], the last OFDM symbol(s) of a D2D transmission can consist of a gap and the size of the gap can be ½, 1 or 2 symbols. Figure 1 illustrates the potential factors that contribute to the guard period for D2D transmission within network coverage scenario. 
[image: image1.png]eNB

/V_ LR
’ I ~

UE1:
Cell Center ‘
2R/C+AT1+AT2 | / T

UE2Tx

UE 2:
CellEdge v ‘





Figure 1. Guard period for intra-discovery interference 
The detailed analysis on these potential factors is presented as follows:
· Residual synchronization error (TA): 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[image: image3.png]



· Round-trip propagation delay (TB): For type 1 discovery in FDD system, both RRC_CONNECTED and RRC_IDLE D2D UEs transmit discovery signal based on DL reference timing (T2 = 0). As illustrated in the Figure 1, the timing synchronization error between cell edge and cell center UEs is 2R/c, where R is the cell radius. For instance, when R=500m, the round trip propagation delay in the extreme case would be ~3.3µs.
· Tx-Rx and Rx-Tx switching time (TC): According to the agreement in [2], 624Ts (20.3µs) for both Tx-Rx and Rx-Tx switching is considered. Hence, appropriate guard duration is needed to address this switching time. 
Note that the first two factors (TA and TB) also account for the timing synchronization error between any two ProSe-enabled devices within one cell. This timing synchronization error can be used to determine the CP length for D2D transmission. In the worst case scenario, the maximum cell radius to support normal CP length can be calculated as 
TA + TB ≤ TNCP = 4.7µs → R ≤ 480m.
This indicates that when the cell size is larger than 480m, extended CP length is needed for D2D transmission. It is worth mentioning that normal CP length would be expected for the cell with even smaller size when considering inter-cell discovery with asynchronous network deployments.
Hence, for handling intra-discovery interference, overall guard period can be calculated as
TGUARD = TA + TB + TC = 2R/c + 21.8µs.
Here, two scenarios can be considered as follows:

· In the case with normal CP length, i.e. R ≤ 480m, TGUARD ≤ 25.0µs < TSYMBOL/2 = 33.3µs.
· In the case with extended CP length, when R ≤ 2.5km, TGUARD ≤ 38.5µs < TSYMBOL/2 = 41.7µs. Given that two ProSe-enabled devices may unlikely communicate with each other directly with such large distance due to limited link budget, ½ symbol with extended CP length may be sufficient for a gap period. 
Hence, it can be observed that in most practical scenarios, ½ symbol duration would suffice for a gap period so as to avoid the potential intra-discovery interference and address the Tx-Rx and Rx-Tx switching time issue.
Note that handling inter-WAN and discovery interference should also be considered for the design of gap size. In particular, when a cell-edge UE receives the discovery packet in the last subframe of the discovery zone, a certain gap size needs to be inserted before this UE transmits the UL data in the first subframe of the WAN region. In this case, the overall guard period can be calcuated as 

 TGUARD = TA/2 + TB + TC = 2R/c + 21.0µs.
In the case with extended CP length, when R ≤ 3.0km, TGUARD ≤ 41.0µs < TSYMBOL/2. Similarly, when R ≤ 9.0km, TGUARD ≤ 80.7µs < TSYMBOL. This indicates that in most practical scenarios, 1 symbol gap would suffice to address the issue for inter-WAN and discovery interference. 
In principle, considerable performance degradation would be expected when 2 symbol gap is utilized for D2D discovery and communication due to the higher coding rate. The impact would be accentuated when applying extended CP length and small number of PRB for D2D transmission. Hence, taking into account the analysis above, it may not be beneficial to employ the 2 symbol gap for D2D discovery and communication.
Observation 1

· When the cell size is larger than 480m, extended CP length may be considered for D2D transmission.

· In most practical scenarios, ½ and 1 symbol duration would suffice for a gap period to avoid the potential intra-discovery and inter-WAN and discovery interference, respectively.
Proposal 1

· Gap sizes of 1/2 and 1 symbol are considered further for D2D discovery and communication.

To generate the gap size of ½ symbol, one potential mechanism was proposed in [3]. More specifically, the ½ symbol gap size is generated by applying interleaved FDMA (IFDMA) signal structure with a RePetition Factor (RPF) of 2 in the last OFDM symbol and puncturing the second repetition block in the time domain. Note that either data or reference signal can be allocated in the last OFDM symbol. Detailed analysis for each option is presented as follows:

· Option 1: For this option, data is allocated in the last OFDM symbol and encoded bits are rate-matched around the even subcarriers. Note that a new rate matching procedure, e.g., updated channel interleaver or resource mapping method may need to be defined and specified for this option. This may not be desirable when considering the specification impact and timeline to complete the Rel-12 D2D WI. 
· Option 2: For this option, data is allocated in the last OFDM symbol and encoded bits are punctured in the odd subcarriers. Compared to the option 1, existing rate matching procedure remains unchanged, which would help to reduce the specification impact and UE implementation cost. 
· Option 3: For this option, reference symbol is allocated 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. To further improve the DM-RS blind detection performance, a length-3 DFT code may be applied to generate the orthogonal cover code (OCC). 
Similarly, either puncturing or rate matching around the last OFDM symbol can be considered to generate the 1 symbol gap. 
Proposal 2
· For gap size of ½ symbol, IFDMA signal structure with an RPF of 2 can be considered for gap period generation. In addition, either data or reference symbol can be allocated in the last OFDM symbol.
· When data is allocated in the last OFDM symbol, it may be desirable to puncture the encoded bits in the odd subcarriers to generate the ½ symbol gap. 
· When reference symbol is allocated in the last OFDM symbol, a length-3 DFT code may be applied for OCC to further improve the DM-RS blind detection performance for D2D discovery.
· For gap size of 1 symbol, either puncturing or rate matching around the last OFDM symbol can be considered for gap period generation. 

For within network coverage scenario, eNB may configure the gap size of ½ or 1 symbol according to the cell size or deployment situation. In addition, a common gap size across the network may be preferable in order to facilitate the inter-cell discovery. Further, for partial and outside network coverage scenarios, a fixed gap size may be predefined to minimize the specification impact. In order to minimize the overhead from the introduction of the gap period, it should be inserted at the end of each contiguous D2D transmission, and not necessarily at the end of each D2D subframe  
Proposal 3
· Gap size of ½ or 1 symbol may be configured via SIB by the serving cell for D2D transmission under within network coverage scenario. 
· The gap period is inserted at the end of each contiguous D2D transmission. 
2.2 Discussion on AGC symbol
As stated in the RAN4 LS [4], “An LTE UE employing an AGC implementation based on energy estimation can settle within one LTE symbol (up to 70us)”. This indicates that 1st OFDM symbol of the discovery resource may be reserved for the purpose of AGC for D2D discovery.  In general, depending on UE specific implementation, several options may be considered in the design of AGC symbol. One straightforward approach is to extend the CP of the 2nd OFDM symbol to one additional full symbol and allocate this extended CP in the 1st OFDM symbol. This scheme may help to ensure the demodulation robustness of 2nd OFDM symbol against large timing synchronization error. 
Alternative option is to allocate the reference signal into the first OFDM symbol, which may facilitate the AGC circuit to efficiently adjust and track the received signal amplitude. To minimize the specification impact and simplify the implementation, identical DM-RS sequence as in the 4th symbol can be reused to generate the AGC symbol. Note that this AGC RS symbol may not be employed for the purpose of channel estimation due to signal strength fluctuation during AGC settling period. 
In the case when low coding rate is adopted for D2D transmission, dedicated AGC symbol may not be needed. This may help to improve the link-level performance under noise limited scenarios for D2D communication, wherein, depending on the scenario, frequent adjustment of AGC may not be necessary. 
Proposal 4
· RAN1 WG should carefully study the design of AGC symbol with the consideration of effective AGC operation, specification impact and implementation cost. The following options may be considered:

· 1st OFDM symbol may be reserved for the purpose of AGC. 

· Dedicated AGC symbol may not be needed for D2D communication with low coding rate. 

2.3 Discussion on CP length

According to the working assumption in the RAN1 #76 meeting [1], both extended CP and normal CP are supported for D2D discovery and communication. To avoid the blind detection of CP length, this information should be available at D2D UEs for efficient operation. As mentioned in the sub-section 2.1, when the cell size is larger than 480m, extended CP length should be considered for D2D discovery and communication. In this regard, eNB may configure this parameter based on the cell size. Depending on network coverage scenarios, different options can be considered for CP length:
· For within network coverage scenario, the configuration of CP length can be broadcasted via relevant SIB along with D2D resource configuration by the serving cell. To facilitate the inter-cell discovery and communication, it would be beneficial to configure a common CP length across the network. 
· For partial network coverage scenarios, the CP length configuration can be derived from the D2DSS transmitted by UEs within network coverage.
· For outside network coverage scenarios, it would be appropriate to predefine the extended CP, due to the fact that large synchronization error would be expected in this scenario and normal CP cannot accommodate the timing error. 
Proposal 5
· For within network coverage scenario, CP length configuration can be broadcasted via SIB by the serving cell. To facilitate the inter-cell discovery and communication, it would be beneficial to configure a common CP length across the network.

· For partial network coverage scenarios, CP length configuration for UEs outside network coverage can be derived from the D2DSS transmitted by UEs within network coverage. 

· For outside network coverage scenarios, extended CP is employed. 

2.4 Discussion on DM-RS base sequence and scrambling for discovery
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 type 1 and type 2 discovery, it would be beneficial to include a common scrambling identity for all ProSe enabled devices within the network. 
Alternatively, the DM-RS base sequence and the scrambling identity can be based on the synchronization source identity. However, this may lead to excessive blind detections at the receiving D2D UEs in synchronous deployments.

Proposal 6
· A common DM-RS base sequence and scrambling identity should be considered for scrambling sequence initialization for D2D discovery. Association of DM-RS base sequence and scrambling identity to the synchronization source identity may be further studied considering potential impact on UE blind detection, e.g., for D2D discovery, in synchronous deployments. 
2.5 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 gap period generation as mentioned above. In addition, based on the working assumption [1], a discovery resource has a duration of not less than 1ms. 
Consider a general case wherein each discovery resource comprises of K PRB-pairs. For M×N resource allocation scheme with K = MN, each discovery packet transmission spans N subframes and within one subframe, occupies M PRB pairs. Figure 3 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 to Nth-1 subframe of the discovery resource when N > 1. Note that the first OFDM symbol is reserved for AGC purpose. 
· Type 2: PUSCH with gap period. This structure type is applied for the last subframe of the discovery resource when N > 1. In the figure, ½ symbol gap is depicted as an example, which is based on IFDMA signal structure with an RPF of 2 as mentioned in the sub-section 2.1. 
· Type 3: PUSCH with AGC symbol and gap period. This structure type is applied for the discovery resource allocation scheme when N = 1. 
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Figure 3. Potential discovery physical signal structures
3 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. As stated in the SA2 LS [6], “for non-public safety open discovery use case the expected size of the information carried in discovery messages is currently assumed to be 192 bits”. Without loss of generality, 192 bits are assumed as the payload size in the simulations. Note that additional payload bits related to security and MAC header may be included in the discovery message later based on the outcome of RAN2 and RAN3 discussion. 
3.1 CRC bits
According to the working assumption in the RAN1 #76 meeting, Rel-8 turbo coding is used for the discovery message if message is not smaller than 104 bits. To analyze the impact of the number of CRC bits on D2D discovery, we present the link-level discovery performance with 16 and 24 bit CRC for 2×1 and 2×2 discovery resource mapping schemes in the Figure 4, respectively. From the plots, it can be seen that the link-level discovery performance difference between 16 and 24 bit CRC is reasonably small. For instance, ~0.3dB performance degradation can be observed when employing 24 bit CRC for 2x1 mapping scheme. 
Note that with 16 and 24 bit CRC, false alarm probability for one discovery packet can be calculated as 1.5×10-5 and 6.0×10-8, respectively. Given that ProSe enabled UEs attempt to discover as many D2D UEs as possible in the discovery zones, overall false alarm probability within one discovery zone can be sufficiently large. For instance, considering a discovery zone composed of 44 PRBs and 32 subframes and 2×2 discovery resource mapping for discovery packet transmission, the total number of discovery opportunities in one discovery zone can be calculated as 352. In this case, the overall false alarm probability within one discovery zone can be calculated as 5.4×10-3 and 2.1×10-5 for 16 and 24 bit CRC, respectively. Hence, taking into account the significantly lower false alarm probability and reasonably small link-level discovery performance degradation, it would be preferable to employ 24 bit CRC for D2D discovery.
In the following sections, we assume 24 bit CRC and QPSK modulation in the simulations unless otherwise stated. 

Observation 2
· For the assumed payload size of 192 bits, link-level discovery performance difference between 16 and 24 bit CRC is reasonably small.  
Proposal 7
· 24 bit CRC should be considered for D2D discovery.  
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Figure 4. D2D discovery performance with 16 and 24 CRC bits
3.2 ½ symbol gap size
As mentioned in Section 2.1, for gap size of ½ symbol, either data or reference signal can be allocated in the last OFDM symbol. Figure 5 shows the link-level discovery performance with data and reference signal in the last OFDM symbol for the 2×1 and 2×2 discovery resource mapping schemes, respectively. In the simulation, both puncturing and rate-matching method are considered when data symbol is allocated in the last symbol. From the figures, it can be seen that the performance difference between data and reference signal in the last OFDM symbol is reasonably small.  
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Figure 5. D2D discovery performance with ½ symbol gap
Observation 3
· For gap size of ½ symbol, link-level performance difference between data and reference signal in the last OFDM symbol is reasonably small.
3.3 Frequency hopping

To exploit the benefits of frequency diversity, frequency hopping may be adopted for message-based D2D discovery. Similar to the existing frequency hopping schemes for PUSCH transmission, two options of hopping pattern design may be employed: mode-1 D2D hopping utilizes an explicit hopping pattern; while mode-2 D2D hopping uses the subband hopping and mirroring mechanism. In addition, the hopping procedure may follow either intra-subframe or inter-subframe based hopping mode.
Figure 6 illustrates the link-level discovery performance with and without frequency hopping for 2×1 and 2×2 discovery resource mapping schemes, respectively. In the simulations, intra- and inter-subframe mode-1 hopping scheme is adopted for 2×1 and 2×2 mapping schemes, respectively. From the plots, it can be observed that substantial link-level performance gain can be achieved when applying the frequency hopping for D2D discovery, especially when discovery resource spans multiple subframes. 
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Figure 6. D2D discovery performance with frequency hopping
Observation 4
· Substantial link-level performance gain can be achieved when applying frequency hopping for D2D discovery, especially when discovery resource spans multiple subframes.
Proposal 8
· Frequency hopping should be considered for D2D discovery and communication.  
4 Conclusions

In this contribution, we share our views on the physical layer design aspects and present link-level simulation results for 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

· When the cell size is larger than 480m, extended CP length may be considered for D2D transmission.

· In most practical scenarios, ½ and 1 symbol duration would suffice for a gap period to avoid the potential intra-discovery and inter-WAN and discovery interference, respectively.
Observation 2

· For the assumed payload size of 192 bits, link-level discovery performance difference between 16 and 24 bit CRC is reasonably small.  

Observation 3

· For gap size of ½ symbol, link-level performance difference between data and reference signal in the last OFDM symbol is reasonably small.
Observation 4

· Substantial link-level performance gain can be achieved when applying frequency hopping for D2D discovery, especially when discovery resource spans multiple subframes.
Proposal 1

· Gap sizes of 1/2 and 1 symbol are considered further for D2D discovery and communication.

Proposal 2

· For gap size of ½ symbol, IFDMA signal structure with an RPF of 2 can be considered for gap period generation. In addition, either data or reference symbol can be allocated in the last OFDM symbol.
· When data is allocated in the last OFDM symbol, it may be desirable to puncture the encoded bits in the odd subcarriers to generate the ½ symbol gap. 

· When reference symbol is allocated in the last OFDM symbol, a length-3 DFT code may be applied for OCC to further improve the DM-RS blind detection performance for D2D discovery.
· For gap size of 1 symbol, either puncturing or rate matching around the last OFDM symbol can be considered for gap period generation. 

Proposal 3

· Gap size of ½ or 1 symbol may be configured via SIB by the serving cell for D2D transmission under within network coverage scenario. 
· The gap period is inserted at the end of each contiguous D2D transmission. 
Proposal 4

· RAN1 WG should carefully study the design of AGC symbol with the consideration of effective AGC operation, specification impact and implementation cost. The following options may be considered:

· 1st OFDM symbol may be reserved for the purpose of AGC. 

· Dedicated AGC symbol may not be needed for D2D communication with low coding rate. 

Proposal 5
· For within network coverage scenario, CP length configuration can be broadcasted via SIB by the serving cell. To facilitate the inter-cell discovery and communication, it would be beneficial to configure a common CP length across the network.

· For partial network coverage scenarios, CP length configuration for UEs outside network coverage can be derived from the D2DSS transmitted by UEs within network coverage. 

· For outside network coverage scenarios, extended CP is employed. 

Proposal 6

· A common DM-RS base sequence and scrambling identity should be considered for scrambling sequence initialization for D2D discovery. Association of DM-RS base sequence and scrambling identity to the synchronization source identity may be further studied considering potential impact on UE blind detection, e.g., for D2D discovery, in synchronous deployments. 

Proposal 7

· 24 bit CRC should be considered for D2D discovery.  
Proposal 8

· Frequency hopping should be considered for D2D discovery and communication.  
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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

	Coding
	Turbo coding

	Payload Size
	192 bits

	Target BLER
	1%
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