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1 Introduction

At the RAN1 #74 meeting, the following was agreed regarding Type 1 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
A working assumption on the payload size for the case of message-based D2D discovery of x = 104 bits was also made.
Additionally, with regard to the support of inter-cell D2D discovery, it was agreed that:
· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

· The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios

· By directly or indirectly achieving information about the other cell synchronization reference timing 
· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

· The detailed solution is FFS
In this contribution, we present our views on details of resource allocation and system operation for the support of D2D discovery. Considering the latest prioritization of study of D2D discovery for within network coverage scenarios, this contribution focusses on public safety (PS) and general use cases within network coverage scenarios. The rest of the contribution discusses our views on use of message-based and sequence-based discovery signal transmissions, system operation and resource allocation, support of inter-cell D2D discovery, optimal size of discovery resources, and mapping of discovery resources to physical resources within a Discovery Zone (DZ). Details of physical (PHY) layer design options are presented in our companion contribution [2].
2 Message-based Discovery Signal Transmission
Direct device discovery solution can include either transmission of certain sequences for device discovery, or transmission of encoded packets carrying relevant discovery information, or a combination of both. As described in our previous contributions [3, 4], purely sequence-based device discovery solution suffers from some critical limitations. One of these limitations is that full information related to device discovery cannot be determined by the discovering device without additional assistance (e.g., mapping from sequences to device and application identities). 
While, considering within network coverage scenarios, it may be possible for the network to provide this additional assistance in device discovery, the associated signaling overhead may be prohibitive. Assignment of discovery sequences to a potentially large number of UEs participating in D2D discovery and subsequent resolution of unique device and application identities from sequences detected and reported back by a multitude of discovering UEs can cause significant DL and UL WAN signalling overhead to make such sequence-based discovery transmissions impractical. Further, it is not clear how sequence-based discovery transmissions can be supported for RRC_IDLE UEs participating in D2D discovery without requiring them to switch to RRC_CONNECTED mode.
Consequently, transmission of discovery service information (including UE identity, application identity, etc.) would need to be transmitted via discovery packets. Here, we describe such a message-based discovery solution wherein the transmitting UE sends the full, unique ID and other proximity service-related information to some or all the other UEs. In this case, the discovery process is among UEs with minimal eNB control/interaction. The network only allocates particular discovery resources and UEs share discovery information amongst themselves. Compared to sequence-based discovery approaches, employing a message-based discovery design can significantly reduce the overall signaling overhead. Further, note that such a message-based discovery process can be easily extended to support public safety specific use cases in partial and out of network coverage scenarios.
Proposal 1: Message-based discovery solutions should be prioritized for study as part of identifying enhancements for the support of LTE-based direct device discovery.
3 System Operation and Resource Allocation for D2D Discovery
In this section, we describe the overall system operation and resource allocation aspects for D2D discovery. Given the importance of energy-efficient support of ProSe applications and the synchronous nature of existing LTE networks, it is a natural design choice to take advantage of the available LTE framework and define a D2D discovery solution that operates synchronously to enable ProSe-enabled UEs discover each other in an energy-efficient manner. We propose a synchronous discovery solution that is simple, has low overhead, and is energy-efficient. Further details on reference timing for D2D operations in synchronous and asynchronous LTE network deployments are discussed in Section 4.
Proposal 2: Synchronous D2D discovery mechanisms should be considered for within network coverage to develop a simple, low overhead, and energy-efficient LTE-based discovery support.
3.1 System operation within network coverage
According to the proposed LTE-based D2D discovery design, the eNB allocates periodic time-frequency resources for transmission/reception of D2D discovery packets in the form of D2D Discovery Zones (D2D DZs).
For within network coverage scenarios, the periodically occurring D2D DZs can be composed of multiple subframes and a contiguous set of physical resource blocks (PRBs) spanning up to the entire system bandwidth, except few PRB-pairs at the band-edges reserved for scheduling of PUCCH transmissions. This reservation of resources for PUCCH is proposed to minimize the impact on WAN UL control. For within network coverage scenarios, the D2D DZs may be allocated in a cell-specific manner, or be common across multiple geographically neighbouring cells or even the entire network. For the former case, additional signalling may be specified to support inter-cell D2D discovery. More details on the support of inter-cell D2D discovery are discussed in Section 4.
The D2D DZs comprise of multiple discovery resources that are used by UEs participating in direct device discovery for transmission of discovery messages. Two types of resource allocation and selection approaches are described next: one based on Type 1 and another based on Type 2B discovery procedures. While Type 1 discovery procedure uses non-UE-specific resource allocation by the network leading to a contention-based discovery resource selection, Type 2B discovery procedure uses UE-specific resource allocation by the network in a semi-persistent manner to support contention-free discovery resource assignment. While Type 1 discovery procedure would be most appropriate for RRC_IDLE UEs, Type 2B discovery should be considered to realize additional benefits of network assistance for RRC_CONNECTED UEs participating in D2D discovery.
Each D2D DZ can be further divided into two orthogonal time-frequency zones using TDM or FDM approaches:
1. Contention-based D2D DZ (C-D2D DZ): This part of the D2D DZ is, in general, available to all D2D UEs: in RRC_IDLE or RRC_CONNECTED modes. In the C-D2D DZ, the UEs follow a purely contention-based transmission of discovery packets with a resource selection process as described in the sequel.
2. Non-contention-based D2D DZ (NC-D2D DZ): In this part of the D2D DZ, the eNB allocates resources semi-persistently for transmission of discovery messages in a UE-specific manner. This region would be accessible to D2D UEs in RRC_CONNECTED mode. Different hopping mechanisms as described below can be applied with or without (i.e. predefined) additional configuration from the eNB to ensure efficient device discovery.
Note that, while both RRC_CONNECTED and RRC_IDLE UEs are expected to listen to the transmissions in the NC-D2D DZs, only the RRC_CONNECTED UEs that have been allocated resources in the NC-D2D DZs may transmit discovery packets on the assigned resources. The sizes of these two parts of the D2D DZ can be configured by the network.
Proposal 3: Both Type 1 and Type 2B discovery procedures should be supported. The D2D Discovery Zones are further partitioned into orthogonal time-frequency resources: Contention-based D2D DZs (C-D2D DZ) and Non-contention-based D2D DZs (NC-D2D DZ).

· While both RRC_CONNECTED and RRC_IDLE ProSe-enabled UEs are expected to listen to discovery packet transmissions in both types of D2D DZs, only RRC_CONNECTED UEs that are allocated by the network with particular resources in a UE-specific manner should transmit on the assigned resources within the NC-D2D DZ.
Note that for both contention and non-contention-based discovery procedures, the CRC for the discovery packet can be scrambled by a common sequence (e.g., all 1s) for direct device discovery.

With respect to open and restricted discovery, specifying a similar physical layer solution for both use cases is recommended, while security provisions for restricted discovery can be ensured at higher layers. However, certain simple mechanisms to provide some additional security at the physical layer for restricted discovery that do not increase the signalling overhead or implementation complexity significantly could be studied further.
Proposal 4: Both open and restricted discovery should follow similar physical layer solutions. Additional physical layer security mechanisms that are simple and do not affect the signaling overhead or implementation complexity significantly may be considered for further study.

The configuration of D2D DZ (including any additional assistance information for D2D discovery) can be transmitted using common RRC signaling (SIB signaling). This configuration information may be transmitted either on existing SIBs (e.g., SIB2) or a new SIB if different update periodicity is required. Both RRC_IDLE and RRC_CONNECTED UEs can receive discovery resource information. The main advantage of SIB signaling is to support RRC_IDLE UEs without forcing them to go to RRC_CONNECTED mode and consequently, it saves signaling required to establish RRC connection i.e. random access procedure.
Proposal 5: D2D Discovery Zone (D2D DZ) configuration information can be transmitted using SIB signaling using either existing SIBs (e.g., SIB2) or a new SIB if different update periodicity is required.
3.2 Discovery resource selection for Type 1 discovery
For device discovery in the C-D2D DZ, ProSe-enabled UEs can select resources from within the configured D2D DZ in a distributed manner. For this case, it is imperative that the adopted approach be simple and robust to be applicable in both general and public safety specific use cases. Towards this, we propose a simple Slotted Aloha based approach wherein ProSe-enabled UEs participating in D2D discovery randomly select discovery resources from the C-D2D DZ in each instance of a DZ for transmission of discovery packets. 

Additionally, in interference-limited scenarios, probability of packet collisions can be further reduced by use of random silencing schemes. According to a basic random silencing approach, the ProSe-enabled UEs participating in D2D discovery can be configured with a silencing probability p (0 ≤ p ≤ 1) that they use to determine whether to transmit on a randomly selected discovery resource within a C-D2D DZ or not; i.e., in each C-D2D DZ, each UE transmits its discovery packet with probability (1-p) on the randomly selected discovery resource.
In general, all discovering UEs listen to other discovery packet transmissions subject to half-duplex constraints and try to decode the payload. Each UE with 2 receive antennas may be able to decode 2 discovery packets or more with the use of advanced receivers.
Proposal 6: For discovery resource assignment following Type 1 discovery procedure (contention-based discovery), a simple and robust random resource selection mechanism based on a Slotted Aloha approach should be considered for further study by RAN1 WG. Additional benefits from different random silencing schemes for interference management should be further analysed as well.
3.3 Discovery resource allocation for Type 2B discovery

For device discovery in the NC-D2D DZ, the eNB assigns UE-specific discovery resources for discovery payload transmission similar to semi-persistent scheduling (SPS). Towards this, an RRC_CONNECTED ProSe-enabled UE is configured at the RRC layer with an appropriate Discovery C-RNTI (D-C-RNTI) that is an RNTI representing the group ID and is used to scramble the CRC of the related PDCCH transmission to initiate a semi-persistent resource allocation. Additionally, the RRC (re-)configuration message can also carry information on the resource allocation periodicity. Such periodicity can be configured in a UE-specific manner so as to allow transmission of discovery packets from certain ProSe-enabled UEs (possibly depending on the type of D2D services) only on certain NC-D2D DZs and not on all NC-D2D DZs. Resources allocated this way can be released similar to current SPS release operation: explicitly, via Layer 1 signaling using D-C-RNTI indicating SPS release, or, implicitly, via an appropriate release mechanism. 
As an alternative signaling scheme, DCI format 3/3A like PDCCH scrambled by D-C-RNTI can be used to support UE-group-based triggering for transmission of D2D packets. 

Different options regarding the mapping of resources and hopping mechanisms to provide frequency diversity and minimize the impact from half-duplex constraint at the ProSe-enabled UEs can be considered to enhance the discovery performance. Some options toward this are detailed next.
Let the number of individual resources within a NC-D2D DZ be Nf  and Nt in frequency and time dimensions respectively with Nt ≥ Nf . Further, assume that the eNB has allocated an initial resource for discovery packet transmission to a particular UE. Using this knowledge (known to both UE and the eNB), an appropriate discovery zone-by-discovery zone hopping mechanism is devised to ensure benefits of frequency diversity and address the half-duplex constraint. Let the current time-frequency resource on which a D2D UE transmits discovery packet in the current discovery zone be nt (0 ≤ nt ≤ Nt-1) and nf (0 ≤ nf ≤ Nf-1) respectively. Then, the time-frequency resource for this UE in the next zone can be given by the following equations:

next_nf =  (nf + floor(Nf/2) ) modulo Nf
next_nt = (nt + nf) modulo Nt
For the above hopping mechanism, the eNB would need to keep track of the evolution of allocations for each ProSe-enabled UE assigned resources in the NC-D2D DZ to decide the resource allocation for the next discovery zone. An alternative to this could be to specify a hopping mechanism based on the resource location (time-frequency index) of the initial allocation, the periodicity of D2D DZ that is configured during the initial allocation, the system frame number (SFN), and the subframe number so that the eNB would only need to know the initial allocation position and not need to track each UE’s discovery resource location as they evolve from zone-to-zone.

Let proSeDiscoveryTxInterval be the periodicity of resources allocated for a particular D2D UE; this periodicity can be same as the periodicity of NC-D2D DZ or an integer multiple of the latter (i.e., some UEs are allocated resources every K(≥1) discovery zones within the NC-D2D DZ). As for the first alternative, Nf  and Nt are the number of individual resources within a NC-D2D DZ in frequency and time dimensions respectively with Nt ≥ Nf . Then, after a UE is initially configured for periodic discovery data packet transmission within the NC-D2D DZ, the UE shall consider sequentially that the Nth resource allocation occurs in the subframe for which:

(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * proSeDiscoveryTxInterval + (N *nf_start time) modulo Nt] modulo 10240,

where SFNstart time, subframestart time, and nf_start time are the SFN, subframe, and position in frequency (e.g., allocated PRB-pair) respectively, at the time of initial allocation. 

The resource location in frequency dimension corresponding to the Nth resource allocation can also be derived from the initial allocation position as given below:

next_nf = (nf_start time + (N * floor(Nf/2)) modulo Nf) modulo Nf.

Proposal 7: For discovery resource assignment following Type 2B discovery procedure (non-contention-based discovery), a semi-persistent scheduling (SPS) based approach or UE-group-based triggering using DCI formats 3/3A, along with appropriate resource-mapping and hopping mechanisms, should be considered for further study by RAN1 WG.
4 Support of inter-cell D2D discovery and synchronization reference
As mentioned in Section 1, it was agreed during RAN1 #74 meeting that, for inter-cell discovery, both synchronous and asynchronous deployments should be studied. 
4.1 Synchronous network deployments

For synchronous (TDD and FDD) deployments, the configuration of the D2D DZs should be network-common, i.e., all the D2D DZs should be aligned in time. This can be achieved via limited coordination between eNBs over the backhaul. One option to realize this could be to follow inter-eNB implementations similar to that for MBMS support, for instance, using backhaul-based synchronization or GPS. Further, the requirements on tight time-synchronization can be relaxed by considering extended cyclic prefix (CP) for the D2D discovery zones.
For D2D discovery operations in synchronous deployments, if UEs follow DL timing of the serving cell and transmit discovery packets without any additional offset, then additional synchronization mechanism would not be necessary to ensure synchronization within CP length. Detailed analysis of time and frequency offset impacts are presented in our companion contribution [2]. 
Proposal 8a: For synchronous LTE deployments, the D2D Discovery Zones should be configured in a network-common manner.

Proposal 8b: For synchronous LTE deployments, ProSe-enabled UEs follow DL timing of the serving cell as their synchronization reference and transmit with an offset of zero.
4.2 Asynchronous network deployments

For asynchronous deployments, D2D DZ configurations can be of cell-specific nature. Here, asynchronous deployments refer to those deployments wherein the time offset between two eNBs can be higher than a fraction of the CP length. Given that there are no requirements specified for inter-eNB time synchronization for FDD deployments, solutions for the support inter-cell discovery that are robust to large inter-eNB time offsets (e.g., frame level) should be developed. Consequently, it is highly desirable to avoid overlap of D2D DZs configured by neighboring cells in order to avoid asynchronous interference within the D2D DZ as it is very difficult to control or mitigate asynchronous interference. Although, due to the unbounded nature of potential time offsets between different cells in FDD systems, it may not be possible to always guarantee zero-overlap of D2D DZs, a certain level of coarse inter-eNB coordination would be necessary to minimize overlapped D2D DZs between asynchronous cells. In practice, avoiding overlaps of D2D DZs of different cells should be possible with a very coarse inter-eNB time resolution (up to multiple radio frames). 
To support inter-cell D2D discovery ProSe-enabled UEs would at least need the following information:

1. Reference time and frequency synchronization source
2. Configurations of D2D DZ of neighboring cells
For intra-cell discovery, ProSe-enabled UEs can follow the serving cell DL time as the reference time with an offset value of zero. For inter-cell discovery, ProSe-enabled UEs can directly derive the DL timing information from the PSS/SSS transmissions of neighbor cells. Note that this operation is already supported as it is necessary to support RRM measurements for cells in neighbor cell list for mobility management purposes. 
Additionally, for both synchronous and asynchronous deployments, extended cyclic prefix may be used to handle potentially larger time offsets between D2D UEs for inter-cell discovery.

Similar to the acquisition of reference time, ProSe-enabled UEs can use detected PSS/SSS transmissions from neighboring cells to achieve frequency synchronization with the neighboring cell. Note that the gap between D2D DZs configured by different cells can help in this regard by easy accommodation of the PLL settling time as the UE switches its frequency synchronization reference from one cell to another.
Referring to the agreements made on the options for D2D signal transmission timing during RAN1 #73 meeting [5], our proposals on transmission timing for D2D discovery signals can be summarized as:

Option 1.1:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE.

· T2 (=0) is fixed in the specification.


The configuration of D2D DZ of neighboring cells can be signaled by the serving cell to associated ProSe-enabled UEs. Alternatively, this information may be obtained by ProSe-enabled UEs directly from neighbor cells’ SIB transmissions using assistance information from serving cell about the relevant SIB transmitted by the neighboring cells. Note that the neighbor cell list for support of inter-cell D2D discovery in asynchronous deployments may be different from the neighbor cell list maintained for RRM purposes.
Proposal 9a: For asynchronous LTE deployments, the D2D Discovery Zones should be configured so as to minimize the probability of any overlap of the D2D DZs of neighboring cells to avoid asynchronous interference. 
Proposal 9b: For asynchronous LTE deployments, ProSe-enabled UEs follow DL timing of the serving cell for intra-cell discovery and the DL timing of neighboring cell for inter-cell discovery from the PSS/SSS transmissions from the neighboring cell. Further, ProSe-enabled UEs perform frequency synchronization using PSS/SSS transmitted by serving cell for intra-cell discovery and using PSS/SSS transmitted by the neighboring cell for inter-cell discovery.
Proposal 9c: For asynchronous LTE deployments, the configuration of D2D Discovery Zones of neighboring cells can either be signaled by the serving cell or can be directly acquired by the ProSe-enabled UEs using assistance information from the serving cell about the relevant SIB transmitted by the neighboring cell.
A critical challenge that needs to be addressed for the case of asynchronous deployments with non-overlapped D2D DZs is the handling of inter-cell UL WAN and D2D discovery interference. Various options and their combinations can be considered to handle this issue and should be studied further by RAN1 WG with the aim of achieving the optimal tradeoff between robustness of the solution, effective interference management, UE power consumption, and overhead to UL WAN. These may include: 
1. scheduling restrictions and careful power control for PUSCH transmissions, 
2. incorporating maximum transmit power limitations for D2D discovery transmissions which can be conveyed as part of the D2D DZ configuration signaling, 
3. further partitioning of D2D DZs of each cell such that discovery resources within one partition of the D2D DZ can be used for transmission of discovery messages by ProSe-enabled UEs close to the cell-center. Scheduling restrictions for neighboring cells with UL WAN traffic may be relaxed for the physical resources corresponding to this partition.
Note that, in general, to handle the inter-cell interference between D2D discovery transmissions and PUSCH transmissions, some form of inter-eNB coordination would be necessary.

Proposal 10: Effective handling of inter-cell interference between D2D discovery and UL WAN transmissions should be carefully studied by RAN1 WG for the support of D2D discovery in asynchronous networks.
5 Discovery resource size and mapping to physical resources
The nature of some of the performance metrics for D2D discovery along with some practical constraints and challenges posed by the deployment environments bring forth certain important design trade-offs. Some of the critical challenges in designing an efficient D2D discovery protocol that achieves good performance with respect to the defined performance metrics are listed below:

I. Avoidance/control of interference

II. Achieving large discovery range in SNR-limited scenarios

III. Half-duplex constraint

IV. Impact from in-band emissions (IBE) against effective frequency-domain orthogonalization of interference
Consider a general case wherein each discovery resource comprises of N PRB-pairs. From the perspective of minimizing the impact from half-duplex constraint and IBE, it may be preferable to map each discovery resource entirely (i.e., all N PRB-pairs) in a frequency-first manner. However, this results in significant lowering of the transmit power spectral density (PSD). While this can prove beneficial by generating less interference in the D2D network, it can significantly impact the D2D discovery performance in terms of discovery range.

On the other hand, if the discovery resources are mapped entirely in the time domain (i.e., TTI-bundling of order N), this can help improve the transmit PSD, which, in turn, may potentially improve the discovery range, but at the same time, impacts from half-duplex constraint and IBE is accentuated.
5.1 System-level analysis of Type 1 discovery procedure
The discovery procedure is evaluated for the RAN1 WG-agreed within network coverage scenario: General scenario (Option 1) with 500m ISD and one indoor hotzone per macro-cell area considering a 1-tier network (21-cell network with wrap around). User drop methodology and in-band emissions (IBE) were modeled according to latest RAN1 WG agreements. Specifically, IBE was modeled according to the model in TS 36.101 with {W,X,Y,Z}={3,6,3,3}dB.

For simulations, it is assumed that, for a 10 MHz system bandwidth, each DZ spans 44 PRBs in frequency and 64 consecutive subframes (64ms) in time. Further, DZs are configured with a periodicity of 10 seconds. Assuming that entire subframes are accounted for D2D discovery within each DZ, the above DZ configurations result in an overall overhead of 0.64% of UL WAN resources. Following the RAN1 working assumption a message size of 104 bits with a 16 bit CRC, yielding a combined packet size of 120 bits, is assumed as the total discovery payload size. Two different discovery resource sizes are considered: 1 PRB-pair and 2 PRB-pairs.
For the assumed discovery packet size of 120 bits (including CRC) and discovery resource sizes of 1 and 2 PRB-pairs, we use a detection SINR threshold of 8.6 dB and 5.5 dB respectively to obtain discovery range and latency performance metrics. This threshold corresponds to the required SINR to achieve a BLER of 10-2 obtained from link-level simulations assuming a co-channel interference case with the interfering and desired UEs using different UL DM-RS cyclic shifts. A maximum transmit power of 23 dBm was assumed for all D2D devices for the evaluations.
20 D2D Discovery Zones (DZs) are simulated for each simulation drop and three different mappings for the discovery resource to physical time-frequency resources were considered:
1. 1 PRB-pair (1x1): Each discovery packet transmission in a subframe occupies 12 subcarriers.

2. 2 PRB-pars with frequency-first mapping (2x1): Each discovery packet transmission in a subframe occupies 24 subcarriers.
3. 2 PRB-pars with TTI-bundling (1x2): Each discovery packet transmission spans two subframe, and within a subframe occupies 12 subcarriers.
We evaluated a random silencing scheme by modifying the fixed silencing probability to an adaptive one. According to this scheme, each ProSe-enabled UE is configured with a nominal silencing factor that it applies for the second discovery zone (note: for evaluations with random silencing, UEs do not employ any silencing during the first discovery zone). For the subsequent discovery zones, the silencing probability to be applied by the UE is incremented or decremented respectively within certain pre-defined lower and upper bounds depending on whether the UE transmitted in the previous zone or not. Specifically, for the current evaluations, the nominal silencing probability is chosen as 0.5, and if a device transmitted in the previous DZ, it increases its silencing probability by 0.4. On the other hand, if the device did not transmit during the previous DZ, it decreases the silencing probability by 0.1. The resulting effective silencing probability for each UE in each DZ is upper and lower bounded by 0.9 and 0.1 respectively.
The simulation results are presented in Table I. The following performance metrics are collected:
1. Average number of devices discovered as a function of SINR detection threshold

2. Average number of devices discovered as a function of distance

3. Ratio of average number of devices discovered to the average number of devices that are present within a certain distance from the discovering device as a function of distance

4. Average number of devices discovered as a function of time (here, represented in terms of the number of discovery zones)

All the upper bounds presented in this work correspond to SNR-based derivations of the performance metrics.
Table I: System-level simulation results for Type 1 discovery procedure

	General Scenario (Option 1): 150 UEs per cell, 21 cells, 104+16 bits, IBE: TS36.101 with W, X, Y, Z = {3. 6, 3, 3} dB
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The following observations can be made from the simulation results for the evaluated schemes:

1. Discovery resource size of 1 PRB-pair and discovery resource size of 2 PRB-pairs with 2x1 mapping result in similar performance. 

2. Discovery resource size of 2 PRB-pairs with TTI-bundling (1x2) provides the best performance in terms of average number of discovered UEs against time, at the cost of slightly increased initial discovery latency. 
3. The gap between the SNR-based upper bound and SINR-based performance is larger for the case of 2 PRB-pairs with TTI-bundling than for the other options. This can be attributed to increased interference from increased effective loading of the D2D DZ relative to total number of discovery resources (compared to 1 PRB-pair option) and increased in-band emissions (compared to 2x1 option). 

4. The performance for the 2 PRB-pairs with TTI-bundling (1x2) with adaptive random silencing can achieve that of the SNR-based upper bound by controlling the level of interference, leading to a significant performance improvement in terms of average number of devices discovered against time compared to 1 PRB-pair discovery size.
Based on the above observations, we make the following proposals.

Proposal 11: Discovery resource size of 2 PRB-pairs with frequency-first mapping and TTI-bundling options should be considered as the basic unit of a discovery resource.
Proposal 12: Random silencing schemes to control the interference within C-D2D DZ for Type 1 discovery procedure should be further studied.

6 Conclusion
In this contribution, we presented our views on overall system operation for support of D2D discovery within network coverage scenarios, including details on the motivation for the use of message-based discovery signal transmissions, resource allocation for D2D discovery, support of inter-cell D2D discovery, optimal discovery resource size, and mapping of discovery resources to time-frequency resources within a Discovery Zone (DZ). 
Based on the evaluations and the discussions presented in this contribution, our proposals are summarized below:
Proposal 1: Message-based discovery solutions should be prioritized for study as part of identifying enhancements for the support of LTE-based direct device discovery.
Proposal 2: Synchronous D2D discovery mechanisms should be considered for within network coverage to develop a simple, low overhead, and energy-efficient LTE-based discovery support.
Proposal 3: Both Type 1 and Type 2B discovery procedures should be supported. The D2D Discovery Zones are further partitioned into orthogonal time-frequency resources: Contention-based D2D DZs (C-D2D DZ) and Non-contention-based D2D DZs (NC-D2D DZ).

While both RRC_CONNECTED and RRC_IDLE ProSe-enabled UEs are expected to listen to discovery packet transmissions in both types of D2D DZs, only RRC_CONNECTED UEs that are allocated by the network with particular resources in a UE-specific manner should transmit on the assigned resources within the NC-D2D DZ.
Proposal 4: Both open and restricted discovery should follow similar physical layer solutions. Additional physical layer security mechanisms that are simple and do not affect the signaling overhead or implementation complexity significantly may be considered for further study.
Proposal 5: D2D Discovery Zone (D2D DZ) configuration information can be transmitted using SIB signaling using either existing SIBs (e.g., SIB2) or a new SIB if different update periodicity is required.

Proposal 6: For discovery resource assignment following Type 1 discovery procedure (contention-based discovery), a simple and robust random resource selection mechanism based on a Slotted Aloha approach should be considered for further study by RAN1 WG. Additional benefits from different random silencing schemes for interference management should be further analysed as well.
Proposal 7: For discovery resource assignment following Type 2B discovery procedure (non-contention-based discovery), a semi-persistent scheduling (SPS) based approach or UE-group-based triggering using DCI formats 3/3A, along with appropriate resource-mapping and hopping mechanisms, should be considered for further study by RAN1 WG.
Proposal 8a: For synchronous LTE deployments, the D2D Discovery Zones should be configured in a network-common manner.

Proposal 8b: For synchronous LTE deployments, ProSe-enabled UEs follow DL timing of the serving cell as their synchronization reference and transmit with an offset of zero.

Proposal 9a: For asynchronous LTE deployments, the D2D Discovery Zones should be configured so as to minimize the probability of any overlap of the D2D DZs of neighboring cells to avoid asynchronous interference. 

Proposal 9b: For asynchronous LTE deployments, ProSe-enabled UEs follow DL timing of the serving cell for intra-cell discovery and the DL timing of neighboring cell for inter-cell discovery from the PSS/SSS transmissions from the neighboring cell. Further, ProSe-enabled UEs perform frequency synchronization using PSS/SSS transmitted by serving cell for intra-cell discovery and using PSS/SSS transmitted by the neighboring cell for inter-cell discovery.

Proposal 9c: For asynchronous LTE deployments, the configuration of D2D Discovery Zones of neighboring cells can either be signaled by the serving cell or can be directly acquired by the ProSe-enabled UEs using assistance information from the serving cell about the relevant SIB transmitted by the neighboring cell.

Proposal 10: Effective handling of inter-cell interference between D2D discovery and UL WAN transmissions should be carefully studied by RAN1 WG for the support of D2D discovery in asynchronous networks.

Proposal 11: Discovery resource size of 2 PRB-pairs with frequency-first mapping and TTI-bundling options should be considered as the basic unit of a discovery resource.
Proposal 12: Random silencing schemes to control the interference within C-D2D DZ for Type 1 discovery procedure should be further studied.
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