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1 Introduction
In RAN1 #74, the following WF on type-1 discovery was agreed [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
· Working assumption for the purpose of evaluations: x = 104 bits

In addition, the following agreement was reached on switching guard time
· Need for and size of guard periods for tx/rx switching
· Agreement: Assume 624Ts for both tx-rx and rx-tx switching
In this paper, based on the agreements above, D2D discovery signal design is discussed and some proposals and observations are made. 

2 Considerations on D2D discovery signal design
As discussed in [2], the D2D discovery can be performed in a two-stage procedure including discovery signatures mainly for detection and synchronization followed by discovery channels for carrying the discovery packet encoded from the discovery message information. The synchronization with the signatures in D2D is discussed in [3]. This paper will focus on the design issues for the discovery channels for discovery packet transmission in type-1 discovery.  
As agreed in RAN1#74, periodic uplink resources are allocated for discovery in a semi-static manner and the discovery resources within one period of the allocation are divided into time-frequency resources. Here we call the allocation unit of the time-frequency resources for discovery a discovery channel. We assume that one discovery channel occupies one-RB bandwidth over one subframe duration (i.e., one RB-pair). We also assume that the discovery channel takes a PUSCH-like form and carries the discovery packet encoded in a discovery message. As discussed in RAN1#74, the discovery message size is initially assumed to be 104 bits in this paper. In the paper, some related aspects of the discovery channel design will be discussed, including discovery packet coding and mapping in discovery period structure to achieve combining gains, potential schemes on switching guard time reservation and timing control considerations, and finally some discussions on the scrambling issue for the discovery packet. 
2.1 Discovery period structuring and combining gains

As mentioned above, a discovery channel that carries the discovery packet is generally assumed to span one RB in frequency over 1ms duration. We can imagine that the detection performance of the discovery packet may be limited especially in fading channels, since the discovery messages with size of e.g., 104 bits are carried on such a localized time and frequency resource (i.e., time and frequency diversity are deficient). On the other hand, the periodicity of the discovery resource allocation (as agreed in RAN1-74) provides a possibility to achieve the combination gains in the discovery packet detection.
The packet detection performance can be enhanced by combining signals received from multiple transmissions in different discovery periods. But note that the prerequisite for this combining gain is that the same discovery information message was used in encoding to the multiple discovery packets that are transmitted in different discovery periods. However, we know that the discovery message may change over different discovery periods (such as the message type, service related information etc). Thus, a tradeoff design needs to be considered to simultaneously support diversity combining and the possibility for the discovery message to change over time. 
A potential scheme is through a hierarchical discovery period structure. That is, on top of the discovery period (which includes the discovery channel pool available for selection/allocation by the discovery UEs), a longer discovery super-period is defined, which includes a configurable number (denoted as Mp in the figure) of discovery periods, as shown in figure 1. To support both the reception combining and flexible discovery message change, it is assumed that the discovery message of the discovery UE shall remain unchanged within the discovery super-period and the discovery message can only change over different discovery super-periods. The multiple discovery packets that are transmitted on the multiple discovery periods of a single super-period can be different blocks of coded-bits extracted from the circular buffer of the 1/3 turbo coded bits from the discovery message information bits (i.e., a form of incremental redundancy). In this way, through the reception combining within a discovery super-period, the packet detection performance can be enhanced due to the power gains, time diversity gains and coding gains. 
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Figure 1: Discovery period structure
Some link level simulations were made to evaluate the combining gains. The simulation results are shown in Figure 2. In the simulations, discovery messages of 104 bits with 24-bit CRC are assumed. The fast fading channel of Extended-TU is used with ideal channel estimation at the receiver. The discovery UE is assumed to be equipped with one transmit antenna and two receive antennas. In the turbo decoder, the max-log-map algorithm with 8 iterations is used. Additionally, we assume that there are four discovery periods per super-period (i.e., Mp=4). In Figure 2(a), three combination types are compared. In the soft combining with different RVs, different coded-bit blocks (with different RV index as specified in [4]) are used in the four transmission periods of one super-period at the transmitter and soft-bits combining is used at receiver. With soft combining with the same RV, the same coded-bit block is used (with RV index of 0). For hard combining, the block detection is considered successful if at least one transmission is decoded successfully out of the four opportunities. As expected, we observe that the soft combining reception considerably outperforms the hard combining and the different RV transmissions provide some gain (about 0.5dB) over the same RV transmissions. Figure 2(b) shows the performance of soft combining with different RVs for different reception instances. We can observe that time diversity gain and power gain greatly enhance the detection performance. 
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Figure 2: link-level results on the combination gains
Proposal-1: Discovery resource configuration with a hierarchical periodic structure should be used to support both discovery packet reception combining and flexible discovery message content over time.

2.2 Switching guard time reservation

In the type-1 discovery, the discovery UEs may have to make immediate TX-to-RX or RX-to-TX transitions to perform discovery packet transmitting and receiving. In RAN1-74, the need and size of the switching guard time were agreed and the 624Ts (i.e., about 20us) is assumed for the guard time. 
In this section, we discuss the potential methods to reserve the switching guard time. Generally, three alternatives are discussed as follows.
Alt-1: puncturing (624Ts) at TX or RX
In this method, to reserve the switching guard time, 624Ts-duration samples will be punctured at the end of the discovery subframe or at both starting and ending of discovery subframe. Two puncturing methods can be implemented in this alternative, that is, puncturing at the transmitter (denote as Alt-1a) or at the receiver (Alt-1b). Puncturing 624Ts-duration samples in Alt-1a or Alt-1b will destroy the orthogonality among the used subcarriers and lead to inter subcarrier interference at the discovery receiving UEs. There is some difference between Alt-1a and Alt-1b: 

· In Alt-1a, the advantage is that the discovery packet transmitter can use the guard time to transit to receiving status in next subframe. The disadvantage is that except for the auto-interference mentioned above, some interference on the unused RBs will be incurred, especially on the adjacent unused RBs (to FDMed discovery UEs and/or cellular UEs). The interference will be aggravated with the near-far effect in D2D transmissions.  

· In Alt-1b, the drawback is that the discovery transmitter does not have sufficient time to transit to receiving thus its receiving for the discovery packets in next subframe will be impacted. A benefit of this method is that (i.e., without puncturing). 
Alt-2: fractional symbol by only using even-numbered subcarriers

In this method, to reserve the switching guard time, fractional symbol structure can be used for the ending symbol or both starting and ending symbols of the discovery subframe. The fractional symbol structure can be implemented by using only even-number subcarriers to generate a repetitive structure in time domain. Part of the repetitive samples can be removed to reserve the required switching guard time. Note that if SC-FDMA is used, half-RB length (i.e., 6 in length-12 RB) DFT-precoding will firstly be made before mapping to the even-numbered subcarriers. As in Alt-1, the fractional symbol could be used at the transmitter side or receiver side with different properties, as described below. 
· Alt-2a (fractional symbol formed at transmitter): this method is similar to Alt-1a, but still with some difference. The benefits include that: 1) the transmitter has time to transit to receiving in the next subframe; 2) no auto-interference within the used RB at discovery UEs; 3) no in-band interference to FDMed discovery UEs on other RBs. The drawbacks include: 1) some in-band interference to FDMed cellular UEs at eNB, if FDM between discovery and cellular is used; 2) slight spectrum efficiency loss due to the half-subcarrier usage at fractional symbol(s). 
· Alt-2b (fractional symbol formed at receiver): this method is similar to Alt-1b, but also with some difference. The drawbacks of this method are that the discovery transmitters do not have sufficient time to make the transition to receiving, and the receiving at the discovery UEs may be impacted by the interference from FDMed cellular UEs (if such UE transmissions exist). There is no other interference in this method. 
Alt-3: puncturing whole symbol at TX
Another method for switching guard time reservation is directly puncturing whole symbol(s) at transmitter or receiver. The main cost is more spectrum efficiency loss. The main benefits compared with Alt-2 are the avoidance of interference with FDMed cellular transmissions. 
Observation-1: there are multiple potential schemes to implement the switching guard time, each with respective advantages and disadvantages. More discussions are needed for down selection.  

2.3 Timing control of discovery signal transmission
In RAN1-73, a WF on D2D transmission timing was agreed and several options for the D2D transmit timing control were identified (mainly in form of T1-T2). In this section, we discuss further discussions the timing control in D2D discovery.   
In the open neighbor discovery, all discovery UEs may be involved at the same time for transmitting and receiving. Each discovery UE, tries to discover all the UEs in the neighborhood that transmit discovery packets within the discovery subframe. In order to reduce complexity, they may have to regard all the signals transmitted by its neighbors as one signal from a virtual point, although there are some potential issues in this process to be addressed further (e.g., there are relative timing offsets among the received signals, the near-far effect among the received signals, etc). This section will focus on the timing control methods and their resultant timing offset distributions of the received signals. Generally, a timing control method that has relatively small timing offset range would be preferred. 
Three timing control methods can be envisioned, respectively corresponding to the T2 values of 0, TA and half TA, where TA denotes the timing advance instructed by eNB and only available for UEs in connected mode. The received signal timing offset distribution at the discovery UE receiver (which is at cell edge or cell center) and eNB receiver is briefly analyzed and shown in Figure 3 for the three timing control methods. In the figure, the received signals, both from D2D discovery UEs and from cellular UEs, at a distance of at most a cell radius from the receiver, are considered. From this figure, we can observe that if we only consider the signals from D2D UEs (i.e., no FDM with cellular), the timing control method III (i.e., T2=TA/2) has the minimum and uniform timing offset distribution, while in the eNB receiver perspective (i.e., in case of FDM of discovery with cellular), timing control method-II has the perfect timing offset distribution. This is in line with the discussions in [5]. But note that these two timing methods are based on the assumption that the UEs can receive the TA commands. If TA command availability cannot be assumed (e.g., idle UEs are involved in discovery), timing control method-I seems a natural choice. The relatively large timing offset distribution (up to twice maximum delay (i.e., twice radius divided by light speed) ahead of or behind of the TX timing reference, depending on whether the receiver UE is located at cell edge or cell center) shall be noted and taken into account in determining the extraction window for signal detection. 
From the figure, we can also observe that with timing control methods I and III, the received discovery signals at the eNB are generally behind of the eNB reference timing, which means that to avoid the inter-subframe interference from discovery UEs to eNBs (due to the timing offsets), some guard time at the end of the discovery subframe can be simply used. The switching guard time discussed in previous section can play this function. 

Proposal-2: if TA commands are assumed to be available for all discovery UEs, timing control with T2=TA or half TA could be used, where the latter is preferred if cellular transmissions are not multiplexed in the discovery subframes. If TA commands are not assumed to be available, the timing control with T2=0 could be used. 

Proposal-3: Some guard time at the end of the discovery subframe can be used to avoid inter-subframe interference between discovery transmissions and the inter-subframe interference from discovery UEs to eNB. 
Observation-2: there is some potential inter-subframe interference from cellular UEs to discovery UEs (in timing control methods II and III), which could be avoided if some guard time is reserved at the beginning of the discovery subframe. 
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Figure 3: timing offset distribution for the three timing control methods
2.4 RS signal and scrambling for discovery signal
As in PUSCH, in each discovery subframe, two (or more) SC-FDMA symbols can be used to make channel estimations to enable coherent detection for the discovery packet. As in LTE, the RS sequence used by the discovery channel could be determined by the physical cell ID of the associated cell (in case of outside network coverage, the cell ID-like information could be conveyed by the synchronization signals transmitted by the cluster head), which means the intra-cell discovery UEs generally use the same RS sequence. However, in this case, if multiple intra-cell discovery UEs select the same discovery resource (i.e., collision occurs), the same RS sequence will greatly degrade the channel estimation performance, such that a third UE may not detect any of these colliding UEs (even if SIR of one UE is relatively large). 

In addition, a similar problem occurs with the scrambling sequence configuration for the discovery packet. The different scrambling patterns could provide some interference averaging gain in case of discovery packet transmission collisions. 
Some link level simulations were performed to compare the performances with the same or different RS/scrambling sequences, as shown in Figure 4. In the simulations, different discovery messages of 104 bits with 24-bits CRC are assumed for two colliding discovery transmitters. One user is the detection target while the other is considered as interference. The fast fading channel of Extended-TU is used with LMMSE channel estimation at the receiver. The discovery UE is assumed to be equipped with one transmit antenna and two receive antennas. In the turbo decoder, the max-log-map algorithm with 8 iterations is used.
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Figure 4: performance of colliding discovery packet transmissions
Observation-3: in case of multiple colliding discovery packet transmissions, the performance with different RS/scrambling sequences is much better than that with the same RS/scrambling sequences. 
3 Conclusions
In this paper, we discuss some aspects of the D2D discovery signal designs, mainly including discovery period structuring and configurations, switching guard time reservation methods, timing control for discovery signal transmission, and RS/scrambling sequences in discovery signal. The following proposals and observations are made. 
Proposal-1: Discovery resource configuration with a hierarchical periodic structure should be used to support both discovery packet reception combining and flexible discovery message content over time.

Proposal-2: if TA commands are assumed to be available for all discovery UEs, timing control with T2=TA or half TA could be used, where the latter is preferred if cellular transmissions are not multiplexed in the discovery subframes. If TA commands are not assumed to be available, the timing control with T2=0 could be used. 

Proposal-3: Some guard time at the end of the discovery subframe can be used to avoid inter-subframe interference between discovery transmissions and the inter-subframe interference from discovery UEs to eNB.

Observation-1: there are multiple potential schemes to implement the switching guard time, each with respective advantages and disadvantages. More discussions are needed for down selection.

Observation-2: there is some potential inter-subframe interference from cellular UEs to discovery UEs (in timing control methods II and III), which could be avoided if some guard time is reserved at the beginning of the discovery subframe.

Observation-3: in case of multiple colliding discovery packet transmissions, the performance with different RS/scrambling sequences is much better than that with the same RS/scrambling sequences.
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