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1. Introduction
Discovery signal design is a very important aspect to ensure discovery performance. In RAN1#74 meeting, the followings were agreed for design of type 1 discovery:
Agreement on Type 1 Discovery:
· 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 [1], it is proposed that unified discovery signal structure is adopted for different discovery types. In this contribution, we discuss the details of discovery signal design including discovery message and discovery sequence, based on the above agreements for type 1 discovery, and most contents can also be extended to other discovery types.
2. Design of discovery message
To simplify the specification effort, reusing the structure of LTE signal/channel for discovery signal is a common view of many companies. Considering that discovery signal is likely to be transmitted in UL resource, similar structure as PUSCH or PUCCH can be the candidates for discovery message. According to the current payload assumption (X=104bits), PUSCH-like discovery message can be a good starting point for study of signal design. In this section, we study some details of discovery message design based on this assumption.
2.1. Size of discovery resource
Within one discovery period, multiple discovery resources can be allocated for D2D UEs via FDM and/or TDM. Each D2D UE transmits one discovery message in one of the discovery resources. For consistence with LTE, it is natural that each discovery resource occupies time-frequency resource in unit of PRB(s). The detection performance of discovery message can be improved via allocation of more PRBs within one discovery resource. However, the resource overhead will also be accordingly increased. In case that maximal transmission power and the total time-frequency resources for discovery in one period are limited, the size of discovery resource should be carefully decided to ensure discovery performance.
The system performance of D2D discovery is evaluated for different size of discovery resource. Each discovery resource consists of contiguous 1/2/4 PRBs in the same subframe. The time-frequency resources in one discovery period for discovery are fixed (44 PRBs per subframe and 16/64 subframes). Each D2D UE transmits discovery signal with maximal transmit power in randomly selected discovery resource. Other assumptions can be found in Table 1. Neither timing error nor guard period is included in this evaluation. It can be found from the results that the size of one PRB can provide best discovery performance with current payload assumption. Allocation of multiple RBs in one discovery resource suffers from lower transmit power in each PRB as well as less usable discovery resources in one period.
[image: image1.emf]2 4 6 8 10 12 14 16 18 20

0

50

100

150

200

250

300

Discovery times

Average discovered UE number

Average discovered UE number for different sizes of discovery resource

 

 

44x16 1RB per Resource

44x16 2RBs per Resource

44x16 4RBs per Resource

44x64 1RB per Resource

44x64 2RBs per Resource

44x64 4RBs per Resource


Figure 1: Discovery performance for different sizes of discovery resource

Proposal 1: With current payload assumption, one PRB-pair is used as the baseline size of discovery resource for message design.
2.2. Resource occupying scheme of discovery message
If the discovery resources are sufficient for discovery and the interference among UEs is acceptable, each discovered UE can transmit discovery signal in every discovery resource period to improve the opportunity to be discovered. Nevertheless, when there are not enough discovery resources for a mass of D2D UEs, transmission of discovery signal in every resource period for each UE may lead to significant interference and degrade the performance. To solve this issue, two solutions can be considered:
· Method 1: Each UE transmits discovery signal in each resource period with a probability of P.
· Method 2: UEs are grouped and different UE groups occupy different discovery resources.

The transmission probability and the number of UE groups can be decided according to the ratio of discovery resources to the number of D2D UEs per cell. The typical value of P can be P = 0.5, and then the number of transmitting D2D UEs in one resource period can be halved as shown in Figure 2. Similar effect can be obtained with Method 2 via dividing the D2D UEs into two groups, and different groups have the same discovery period (twice of discovery resource period) but occupy different resources as shown in Figure 3. Method 1 can be further optimized with adaptive transmission probability according to the previous transmission situation. For example, if the discovery signal of a UE is transmitted in one period, the transmission probability will be lowered in the next period; otherwise, the probability will be improved by the same step.
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Figure 2: Transmission probability based discovery period/resource configuration
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Figure 3: UE Groups based discovery period/resource configuration
The above methods are compared via system level simulation. The performance of different number of discovery resources (16 or 64 discovery subframes) in one resource period is evaluated. For Method 2, each UE randomly generate the ‘comb’ of its discovery resources (comb = 0/1) to select its UE group. It can be found  from the results in Figure 4 that:
· In case of sufficient discovery resources (64 subframes), P=1 and one UE group is efficient.

· In case of insufficient discovery resources (16 subframes), Method 1 and 2 can both improve the discovery performance via reducing the UE number as well as the interference in each subframe. 

· Method 2 outperforms Method 1in the first times of discovery. 
For Method 2, each UE has the opportunity to transmit discovery signal in one discovery period (doubled resource period), But for Method 1, some UEs may never transmit discovery signal for several periods, while some other UEs may transmit discovery signal in continuous periods. For more fair scheduling and better performance, Method 2 is preferred for scenarios of limited discovery resources.
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Figure 4: Performance comparison of different resource occupying schemes (16 subframes)
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Figure 5: Performance comparison of different resource occupying schemes (64 subframes)
Proposal 2: UE Groups based discovery period/resource configuration can be adopted for limited discovery resources.
2.3. GP Design
In RAN1#74 meeting, GP design for discovery signal was discussed. According to different motivation of GP, we discuss the necessity and design of GP in this section from three aspects.
Rx-Tx/Tx-Rx switching
It was agreed in RAN1#74 meeting that it takes about 20us (624Ts) for each of Tx-Rx and Rx-Tx switching. For a D2D UE, it will transmit discovery signal in some discovery subframe(s) and receive discovery signal from other UEs in other discovery subframes. Assuming that only one subframe within one period is used for signal transmitting for a UE, the maximal times of Tx-Rx and Rx-Tx switching would be 4 considering the possibility of coexistence of cellular uplink transmission. The Rx-Tx switching issue can be solved via two simple schemes: puncturing the corresponding signal (20us duration) in receiver or design a GP for the duration. For the latter scheme, rate-matching should be performed in both transmitter and receiver. The results of these two schemes are compared in Figure 6, and they show similar performances. However, puncturing scheme has no impact on discovery signal design and only impacts the performance of few switching subframe. For GP scheme, discovery signal structure will be impacted and the performance in every discovery subframe will be degraded.
Observation: Specific GP for Rx-Tx switching is not needed.
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Figure 6: Link level performance of different punctured durations and GP lengths
AGC measurement

A D2D UE may need to discover other D2D UEs in a wide area. The receive power of discovery signal from different interested UEs may vary greatly due to different distances and pathloss, and the weak discovery signal which is out of AGC range will not be received due to the coexistence of strong signal. The impact of this “near-far” effect caused by limitation of AGC range is weakened due to in-band emission within a subframe. If the weak signal is significantly weaker than the strong signal, it is not detectable due to in-band emission from the strong signal even if it can be received. However, when a D2D UE detects signal from different UEs in different subframes, the “near-far” effect between subframes will still significantly impact the discovery performance. For example, UE may receive a strong signal in one subframe and a weak signal in the next subframe. To ensure the discovery performance of this type of wide area discovery, AGC measurement and adjustment is necessary before detection of discovery signal in each subframe. If specific AGC training sequence is used for measurement, a GP including preamble sequence should be introduced in the start of each discovery subframe. The GP length depends on the measurement and adjustment duration, which is expected to be no more than one OFDM symbol (including the possible Tx-Rx switching before the measurement). If receive power measurement for AGC can reuse the discovery signal, no GP is needed so that there is not impact on discovery signal design. In addition, if discovery is restricted to scenarios of small pathloss between D2D UEs, low-frequent AGC without GP could be sufficient.
Observation: Whether GP is needed for AGC adjustment depends on the discovery range and AGC measurement scheme which needs further study.
Interference avoidance
As analyzed in [3], the arriving time of discovery signal from different UEs may vary at a discovering UE. In this case, the discovery signal in neighbouring subframe may interfere with each other. Furthermore, due to the timing difference between discovery signal and cellular signal, the interference may occur at the boundary of discovery subframe and cellular subframe. To avoid the interference, a GP can be introduced in the start and/or end of a discovery subframe. Nevertheless, the GP will bring performance loss in each discovery subframe as shown in Figure 6, which may even larger than the loss caused by mentioned interference in some cases. For example, there is only interference in few discovery subframes, or the timing difference between UEs in different subframes is smaller than the CP length. For the latter case, the signal in the latter subframe will not be impacted, and puncturing can be used instead of GP for the signal in the former subframe to reduce specification effort. Hence, whether GP is beneficial should consider the specific range and impact of timing difference.
Observation: Whether GP is needed for interference avoidance is related to the D2D timing scheme which needs further study.
Proposal 3: Necessity and length of GP for AGC measurement and interference avoidance should be further studied.
2.4. Multiple Access scheme
It is FFS whether SC-FDM or OFDM is used for transmission of discovery message. SC-FDM is adopted in LTE PUSCH transmission for lower PAPR and CM value. OFDM is proposed by some companies to provide frequency-selective gain and reuse the current UE receiver design. The link level performance of both schemes is shown here. For OFDM scheme, RS pattern of downlink antenna port 0/5/7 is adopted and the discovery message is transmitted like PDSCH.
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Figure 7. Performance of discovery message (SC-FDMA vs. OFDM)
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Figure 8: Distribution of CM values (SC-FDM vs. OFDM)
It can be found that the discovery performances of SC-FDM and OFDM are similar but OFDM will suffer from higher CM values. The selection of multiple access schemes should consider both the discovery performance and receiver complexity, and further evaluation is needed to see the system performance of each scheme with realistic assumption, e.g. non-ideal Tx chain modeling.. Also evaluation can also be provided for discovery signal design via OFDM/SC-FDM, e.g. receiver puncturing, and coexistence of D2D and cellular traffic. No matter which scheme is selected, it is expected that the same multiple access scheme is adopted for discovery and communication to simplify the specification effort and receiver design. More analysis can be found in [4].
Proposal 4: It is suggested to use the same multiple access scheme for D2D discovery and communication.
3. Design of discovery sequence
In this section, we discuss the design of discovery sequence. It should be noted that the discovery sequence discussed here refers to the sequence that can achieve the discovery process without assistance of other sequence/message. For example, if specific sequence is adopted for UE-UE synchronization to detect the discovery message, the sequence is only regarded as the synchronization signal of discovery message but not discovery sequence as we describe here.
3.1. Link-level results of different sequence designs
Existing LTE sequence transmission designs shall be reused as much as possible for discovery sequence design to save standardization effort. With this in mind, 4 options of sequence transmission are considered as shown in Figure 1:

Option 1: CSI-RS-like sequence transmission: The sequence is transmitted in one OFDM symbol and arranged sparsely in frequency domain. In the evaluation, density of 1 RE/PRB is assumed.

Option 2: PSS/SSS-like sequence transmission: The sequence is transmitted in one OFDM symbol within 1.08MHz consecutive bandwidth.

Option 3: SRS-like wideband sequence transmission: The sequence is transmitted in one OFDM symbol occupying the whole bandwidth.

Option 4: PRACH-like transmission: The sequence is transmitted in one PRB.

Discovery probability of the four options with false alarm rate 0.1% is shown in Figure 9. Assuming the same total transmit power, the four options perform similarly in terms of discovery probability. For SNR greater than 5 dB, 99% discovery probability could be achieved by all four options. Their performance shall be further evaluated under realistic condition such as frequency/time synchronization error and in-band emission. If similar performance can be obtained for different options, the option with least resource overhead or best synchronization performance can be considered.
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Figure 9: Sequence based discovery signal transmission
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Figure 10: Discovery probability of discovery sequence
3.2. Analysis of discovery-sequence-only mechanism
Due to smaller resource overhead, lower detection complexity and better detection performance, discovery sequence shows advantages in scenarios where eNB can assist the discovery and identification process. However, the following aspects should also be considered during the design of discovery signal.

· Since the identification message can’t be carried by discovery sequence, the identification process should be performed via eNB-UE link. This limits the application scenarios of discovery sequence and it is unusable in out of coverage scenarios and restricted in partial coverage scenarios. Additional signaling process is also needed between eNB and EPC as well as eNB and UE. 
· As analyzed in section 2.3, discovery performance may be degraded due to “near-far” effect between different subframes/symbols. For discovery message, AGC measurement and adjustment can be operated in each subframe. But for discovery sequence, it is hard to perform AGC measurement for each discovery sequence especially when it is designed in the unit of OFDM symbols. The performance of discovery sequence will decrease due to unreasonable AGC range.
· Since discovery message is necessary at least for out of coverage scenarios, if discovery sequence is also supported for D2D discovery, the UE design would be more complex to support transmitting and detection of two types of discovery signal.
Proposal 5: Simultaneous transmission/reception of discovery sequence and discovery message for a D2D UE is not preferred.
4. Conclusion 

In this contribution, we discuss the details of discovery signal design for both discovery message and sequence. Different options are compared with system level and link level performance. Though the discussion is based on the agreements for type 1 discovery, most of the conclusions can also be extended to other types of discovery or even D2D communication. The proposals are summarized as follows:
 Proposal 1: With current payload assumption, one PRB-pair is used as the baseline size of discovery resource for message design.
Proposal 2: UE Groups based discovery period/resource configuration can be adopted for limited discovery resources.
Proposal 3: Necessity and length of GP for AGC measurement and interference avoidance should be further studied.

Proposal 4: It is suggested to use the same multiple access scheme for D2D discovery and communication.
Proposal 5: Simultaneous support of discovery sequence and discovery message for a D2D UE is not preferred.
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6. Appendix
Table 1: System level simulation assumptions

	Parameter
	Assumption

	Layout
	Hexagonal grid, 3 sectors per site with 19 macro-site with wraparound
Option 1: (Urban macro (500 m ISD) + 1 RRH/Indoor Hotzone per cell) 

	Channel model
	According to the agreements in chairman notes of #73meeting and email discussion [#73-10/10a]

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v0.1.0

	Discovery Bandwidth
	44RBs

	Discovery subframes number in one period
	16/64

	Discovery signal format
	1/2/4 RB PUSCH with two slots

	Resource allocation
	Random allocation within each period

	In-band emission
	[W,X,Y,Z] = [3,6,3,3]dB

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Message size
	104bits

	UE mobile speed
	3km/h


Table 2: Link level simulation assumptions
	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	Discovery signal format
	1RB PUSCH with two slots

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Message size
	104bits

	UE mobile speed
	3km/h
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