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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

Additionally, during the RAN1 #74bis meeting, it was agreed as a working assumption for evaluations that [2]:
· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, and FFS a number of PRBs

· The number of discovery subframes and the discovery period may be semi-statically configured at least when in coverage

· Individual discovery message transmission resources are not CDM 

· All individual discovery message transmission resources are the same size

· Study power consumption of RRC_Idle UEs when considering resource allocation for discovery
In this contribution, we present our views on details of resource allocation 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. Details of physical (PHY) layer design options are presented in our companion contributions [3], [4], and discussion and analysis of resource selection for Type 1 discovery are presented in [5].
2 System Operation and Resource Allocation for D2D Discovery
In this section, we describe the overall resource allocation aspects for D2D discovery.
2.1 Overall resource allocation for D2D discovery
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 1: 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.

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 2: 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.
2.2 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 3: 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.
2.3 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 discovery signals. 

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. 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. 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 4: 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.
2.4 Impact on RRC_IDLE UE power consumption

During the RAN1 #74bis meeting, it was suggested to consider impact on power consumption of RRC_IDLE UEs from resource allocation perspective. Since DRX cycles are UE-specific while D2D DZ configuration may be cell-specific or network-common, an RRC_IDLE UE participating in D2D discovery can be expected to incur higher power consumption. 

Given the low duty cycle of D2D DZs, the overall impact on UE power consumption for RRC_IDLE UEs may be expected to be quite limited. For instance, DRX cycles can be {32, 64, 128, 256} radio frames-long, while D2D DZs (considering Type 1 discovery for RRC_IDLE UEs) may, for example, span 32 subframes every 10 seconds. For instance, assuming UE transmits maximum of once with transmit power of 23dBm within a D2D DZ and using the power consumption model of [6], if an individual discovery resource spans 1 PRB-pair and 2 subframes, then the increase in power consumption compared to UE not participating in the discovery process over a discovery period of 10 seconds is given by 0.0046 units per subframe and the overall power consumption is given by [(10000-32)*0.01 + 8*1 + 2*4 + 30*1]/10000 = 0.0146 units/subframe.
Further, a UE in RRC_IDLE mode may decide to skip a D2D DZ in preference of slightly longer battery life. Given that discovery latency may not be a critical metric (to be confirmed upon reception of LS reply from RAN2 WG), the overall performance impact may be negligible.
An alternative option to handle this issue may be to allow multiple transmissions from a UE within a single D2D DZ such that a UE may want to transmit multiple times within a certain D2D DZ to increase the probability of it being discovered by larger number of UEs and skip participation in a subsequent D2D DZ. In order to accommodate this approach, the D2D DZ may be divided into sub-DZs. However, as demonstrated by the system-level evaluation results in [4], such a design leads to substantial degradation of system-level discovery performance in order to provide the flexibility to UEs realize marginal gains in terms of power consumption. 
Observation 1: The impact on UE power consumption for RRC_IDLE UEs due to overlap of UE-specific DRX cycles and D2D DZs may be expected to be quite limited. 
3 Resource allocation for inter-cell D2D discovery

In this section, we discuss resource allocation for support of inter-cell D2D discovery for synchronous and asynchronous network deployments.
3.1 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.
Proposal 5: For synchronous LTE deployments, the D2D Discovery Zones should be configured in a network-common manner.

3.2 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
Details on the possible options to make the above information available to UEs for the support of inter-cell discovery are presented in our companion contribution [7].
Proposal 6: 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. 
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 7: 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.
4 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 discussions presented in this contribution, our proposals and observation are summarized below:
Proposal 1: 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 2: 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 3: 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 4: 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 5: For synchronous LTE deployments, the D2D Discovery Zones should be configured in a network-common manner.

Proposal 6: 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 7: 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.

Observation 1: The impact on UE power consumption for RRC_IDLE UEs due to overlap of UE-specific DRX cycles and D2D DZs may be expected to be quite limited.
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