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1 Introduction

At the RAN1 #73 meeting, the following was agreed regarding LTE-based D2D operation [1]:
· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage).

· Use of DL subframes in the case of TDD can be studied further.

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier.

Further, the following types of D2D discovery procedures were defined [1]:

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission

As was discussed previously in [2], direct device discovery techniques, that typically assume that UEs can listen to and/or transmit signals that can be processed by other UEs located in proximity range, are applicable for both restricted (closed) and open discovery use cases and are more suitable for the support of open device discovery within or outside network coverage. 
In this contribution, we present an energy-efficient LTE-based D2D discovery design for direct device discovery that can be applied in within, partial or outside network coverage scenarios for both public safety (PS) specific and general use cases (only within network coverage scenarios support the latter use cases). Initial system- and link-level analyses and detailed design considerations are presented in our companion contributions [3] and [4] respectively.
2 A Unified Direct Device Discovery Protocol for Public Safety and General Use Cases
In this section, we introduce the direct device discovery design and protocol that can provide a unified energy-efficient solution towards supporting LTE-based D2D discovery for PS specific and general use cases within and outside network coverage. Given the importance of energy-efficient support of ProSe applications and the synchronous nature of existing LTE networks, it is 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. Therefore, in this contribution, we describe the proposed discovery design assuming synchronous operation. Certainly, for such a design assumption, means of providing synchronization support need to be ascertained for PS specific use cases when partially or fully outside network coverage. Details of synchronization options for the PS specific use cases when partially or fully outside network coverage are presented in our companion contribution [5].
2.1 Packet-based discovery solution
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. However, as described in [2], purely sequence-based device discovery solution suffers from two critical limitations:

1.  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).
2.  Limited applicability to scenarios wherein the availability of network assistance can be guaranteed. 
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 packet-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. When within network coverage, the network only allocates particular discovery resources and UEs share information among themselves. Compared to sequence-based discovery approaches, employing a packet-based discovery design can significantly reduce the overall signaling overhead. Further, such a UE-based discovery process can be easily extended to support public safety specific use cases in partial and out of network coverage scenarios.
Proposal 1: Packet-based discovery solutions should be studied with higher priority as part of identifying enhancements for the support of LTE-based direct device discovery.
2.2 Resource Allocation and Configuration of Discovery Zones 

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). The proposed discovery protocols can be applicable for within network coverage as well as for partial or out of network coverage scenarios. It is assumed that coordinator UEs termed as Cluster Heads or Peer-to-peer Radio Head (PRH) would be available to provide synchronization signals and any other necessary system information to the public safety ProSe-enabled UEs that are outside the coverage area of an LTE network. Detailed discussion on synchronization options is presented in [5].
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 PRBs at the band-edges reserved for scheduling of PUCCH transmissions to minimize the impact on WAN UL control [6], while, for partial or outside network coverage scenarios, the D2D DZs can be composed of multiple subframes and a set of PRBs that may span the entire PS specific spectrum bandwidth or be limited to be selected from within the respective D2D resource pool [7] as configured by the serving PRH (the PRH from which a PS ProSe-enabled UE derives synchronization and system information). Additionally, PS ProSe-enabled UEs may be preconfigured with a certain set of time-frequency resources with low duty cycle for direct device discovery that can be used when outside network coverage.
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. Similar approaches may also be employed for partial and outside network coverage scenarios with or without the PS ProSe UEs having to detect the D2D DZ configuration and system information transmitted by the neighbouring PRHs. Based on the above description, we observe that the overall allocation/configuration of D2D DZs can be seen to follow the Type 1 discovery procedure.
Proposal 2: ProSe-enabled UEs are configured with periodically occurring D2D Discovery Zones (D2D DZs) that comprise of multiple subframes and PRBs in time and frequency domains respectively. Both cases, wherein the D2D DZs are common or not over multiple cells (within network coverage) and over multiple PRH-coverage regions (partial/outside network coverage) should be considered for further study.
2.3 Resource Allocation for Contention-based (CB) and Non-contention-based (NCB) Direct Device Discovery
Even for the case of UE-based open discovery, it would be beneficial to exploit potential network assistance in UE-specific discovery resource allocation for transmission of discovery packets for the UEs in RRC_CONNECTED mode, thereby improving the efficiency of the discovery process. In this regard, each D2D DZ can be further divided into two orthogonal time-frequency zones where the partitioning can be done using TDM or FDM approaches:

1. 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 packets in a UE-specific manner. This region would be accessible to D2D UEs in RRC_CONNECTED mode. Different hopping mechanisms can be applied with or without (i.e. predefined) additional configuration from the eNB to ensure efficient device discovery against the challenges of half-duplex constraints and interference.

2. 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.
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. For out of coverage scenarios, it may be sufficient to consider the presence of only C-D2D DZs and no NC-D2D DZs. This aspect should be carefully considered in light of the motivation of keeping the added functionality requirements on the PRH nodes to a bare minimum.
The above description of the configuration of the NC-D2D DZ can be seen to be aligned with the definition of Type 2B discovery procedure, and consequently, the overall discovery design (at least for within network coverage scenarios) can be seen as a combination of Type 1 and Type 2B discovery procedures.
Proposal 3: At least for within network coverage scenarios, support of both Type 1 and Type 2B discovery procedures should be studied further, and accordingly, it should be considered that the D2D DZs are further partitioned into orthogonal time-frequency resources: Non-contention-based D2D DZs (NC-D2D DZ) and Contention-based D2D DZs (C-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.
3 Further details on Proposed D2D Discovery Protocol
Next, we describe some details of the Physical (PHY) structure and resource selection aspects for discovery packet transmission applicable to within, partial, and outside network coverage scenarios.
3.1 PHY structure for Discovery Packet Transmission 
Each discovery packet carry discovery service information that may include (but not limited to) UE identity, application identity, etc., along with a 16 bit CRC. The payload size corresponding to each discovery packet can be expected to range from 48 bits to the order of 100 bits, but the exact payload size for discovery packet would need to take into account on the feedbacks provided by RAN2 and/or SA WGs. Given that the detailed design can be optimized based on the requirements from the discovery packet payload size, it may be necessary to ask RAN2 and/or SA WGs for inputs on the expected payload size and contents for D2D discovery service information.
Depending on the exact payload size, a certain number of PRB-pairs (denoted as N in this work) mapped in a certain way (frequency-first, time-first, or following a mixed mapping; see [3] for further details) to time-frequency resources can be used to carry the discovery packet. Given the recent agreement on the use of UL spectrum for FDD and UL subframes for TDD cases, one option for transmission of the discovery packets can be to follow a PUSCH based design, wherein SC-FDM waveform is used for discovery packet transmission with the reference signals can be same or, at least, be based on existing PUSCH DM-RS design. The exact configuration of the PUSCH DM-RS sequences needs further study. Considering the potential payload size for discovery packets and in order to ensure a robust design for discovery packet transmission, it is proposed that the information bits be encoded with Tail Biting Convolutional Codes (TBCC) and mapped to QPSK constellations. Please refer to our companion contribution [4] with link-level analysis for further details on the PHY structure of the discovery packets.
In addition, as mentioned in [2], one option that warrants further study is the use of DL symbol structure (OFDM) for packet-based discovery signal design. While this would lead to a higher PAPR and hence, a larger power back off compared to SC-FDM-based structure, resulting in an adverse impact on discovery range in noise-limited scenarios, a significant advantage from using DL symbol structure for packet-based discovery signal design is that it would enable simpler receiver design for ProSe-enabled devices.
Proposal 4: Since the exact design of the PHY structure and resources for discovery packet transmission depends on the payload size of discovery packets that need to be supported, RAN1 WG may consider sending a liaison statement (LS) to RAN2 and/or SA WGs for information on the exact payload size for discovery packets that may be expected.
Proposal 5: A PUSCH-based approach should be further studied for discovery packet transmission. Consideration of DL symbol structure (OFDM) for discovery packet transmission should not be precluded at this stage.
3.2 Discovery Protocol and Resource Selection in NC-D2D DZ and C-D2D DZ
For device discovery in the NC-D2D DZ, the eNB assigns resources corresponding to N PRB-pairs 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 interval/periodicity corresponding to the size and periodicity of NC-D2D DZs. 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 type of D2D services) only on certain NC-D2D DZs and not on all cell-specific 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. 
Further, as for the case of resource assignment and triggering of discovery packet transmissions, both of the above approaches may also be applied to trigger RRC_CONNECTED ProSe-enabled devices to listen only on certain resources. This can help reduce power consumption for a discovering device, and can be effective for restricted discovery use cases.
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.

Proposal 6: 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 7: Enabling resource indication and triggering of listening actions for the discovering UEs by the network, similar to assignment and triggering of resources for transmission of discovery packets, can help improve power consumption performance at the discovering UEs, and especially suitable for restricted 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 resources (corresponding to N PRB-pairs) from the C-D2D DZ in each instance of a DZ for transmission of discovery packets. 

When each UE can only decode one packet, this transmission scheme is the typical slotted Aloha and the optimal arriving rate is 1 packet per discovery resource. When each UE can decode two packets with 2 Rx antennas, then the transmission is successful with one or two packets. Assuming Poisson arriving rate of 1 packet per discovery resource, the probability of no packet in one discovery resource is e-1, the probability of 1 packet in one slot is e-1, the probability of 2 packets in one slot is 0.5e-1, and the probability of greater than 2 packets per slot is 1-  e-1 - e-1 - e-1/2=8%.

In the above analysis, the arriving rate can be interpreted to indicate the loading of the discovery zones. Assuming a certain geographical area with K UEs within transmission range of each other and a DZ comprising of P discovery resources, the arriving rate can be approximated by the ratio K/P. Although the Poisson arriving process assumption may not hold true in reality, the highly abstracted analysis presented above indicates that the packet collisions can be minimized by configuring an appropriate size of the C-D2D DZs and various approaches can be considered and studied further for enabling the eNBs and the PRHs to estimate the expected loading of the DZs and allocate resources accordingly. 

Additionally, probability of packet collisions can be further reduced by use of random silencing schemes. According to one such 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 that do not transmit in a particular subframe belonging to a D2D DZ listen to other discovery packet transmissions and try to decode the payload. Each UE with 2 receive antennas may be able to decode 2 discovery packets or more if interference mitigation techniques are applied.
Finally, 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. If deemed necessary, UE- or UE-group-specific scrambling of the CRC may be supported to provide additional protection at the physical layer for the case of restricted discovery.  
Proposal 8: 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.
4 Conclusions

In this contribution, we presented a unified design for energy-efficient direct device discovery that is applicable for general and public safety specific use cases within, partial, and outside network coverage scenarios. Based on the descriptions in the document, our main proposals are summarized below:
Proposal 1: Packet-based discovery solutions should be studied with higher priority as part of identifying enhancements for the support of LTE-based direct device discovery.
Proposal 2: ProSe-enabled UEs are configured with periodically occurring D2D Discovery Zones (D2D DZs) that comprise of multiple subframes and PRBs in time and frequency domains respectively. Both cases, wherein the D2D DZs are common or not over multiple cells (within network coverage) and over multiple PRH-coverage regions (partial/outside network coverage) should be considered for further study

Proposal 3: At least for within network coverage scenarios, support of both Type 1 and Type 2B discovery procedures should be studied further, and accordingly, it should be considered that the D2D DZs are further partitioned into orthogonal time-frequency resources: Non-contention-based D2D DZs (NC-D2D DZ) and Contention-based D2D DZs (C-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: Since the exact design of the PHY structure and resources for discovery packet transmission depends on the payload size of discovery packets that need to be supported, RAN1 WG may consider sending an LS to RAN2 WG for information on the exact payload size for discovery packets that may be expected.
Proposal 5: A PUSCH-based approach should be further studied for discovery packet transmission. However, consideration of DL symbol structure (OFDM) for discovery packet transmission should not be precluded at this stage.
Proposal 6: 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 7: Enabling resource indication and triggering of listening actions for the discovering UEs by the network, similar to assignment and triggering of resources for transmission of discovery packets, can help improve power consumption performance at the discovering UEs, and suitable especially for restricted discovery.
Proposal 8: 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.
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