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1. Introduction
During the Release-12 D2D SI phase, both Type 1 and Type 2 discovery were defined and it was agreed that both discovery type should be supported.

In RAN1 #76 and RAN2 #85 meetings, resource allocation for discovery Type 1was discussed [1][2], with the following agreements [3].
· The eNodeB may provide in SIB:

· A radio resource pool for discovery transmission and reception in case of Type 1.

· In case of Type 1, a UE autonomously selects radio resources from the indicated Type 1 transmission resource pool for discovery signal transmission.

· Receiving UEs monitor both Type 1 and Type 2B discovery resources as authorised.
While for Type 1 discovery:
· Periodic uplink resources are allocated for discovery in a semi-static manner

· Working assumption: Resource allocated for discovery within one period of the allocation are TDM and/or FDM into equal sized time-frequency resource blocks that are called “discovery resource”.

At the RAN1 #76bis meeting, the agreement about Type 1 Discovery Resource Allocation was reached as follows [4]:

· At least for D2D capable UEs with Type 1 discovery case (if enabled),
· UEs shall prioritize PRACH over participation in discovery. Furthermore UEs should not transmit D2D Type 1 discovery signal on resources reserved for PRACH
In this contribution, resource allocation and resource configuration for Type 1 discovery will be further discussed.
2. Resource allocation for Type 1
In this section, we discuss how to allocate frequency and time resources for Type 1 discovery, based on the agreements during D2D SI.
a) Frequency resource allocation
Considering the backward compatibility with legacy cellular UEs, resources reserved for PUCCH in each subframe cannot be used for D2D transmission. Regarding PUCCH resources, common PUCCH resources will be signaled via SIB, while dedicated PUCCH resources will be signaled via dedicated RRC signaling. As a consequence, when considering the resource allocation for discovery, certain PUCCH resources should be reserved. On the other hand, in-band emission caused by discovery signal may degrade PUCCH performance, and a guard band between PUCCH and discovery signal may alleviate such in-band emission issue. 
Therefore, a guard band between PUCCH and discovery resource may be beneficial and its size can be up to eNB implementation. While for signaling of frequency resource, a straightforward approach is to indicate the discovery resource bandwidth directly, and the first choice is to signal the discovery resource allocation via a new SIB dedicated for D2D. An example of frequency discovery resource allocation is shown in Fig. 1, where only one subframe in time is shown as an example
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Figure 1 An example of frequency resource layout of discovery resource pool
Proposal 1a: a guard band between discovery signal and PUCCH may be needed when considering allocating frequency discovery resources. 
b) Time resource allocation
Discovery resources should be concentrated in time and this would potentially reduce the power consumption at the receiver. On the other hand, impact on cellular traffic should be taken into account when allocating consecutive discovery subframes in time. Some service e.g. real time gaming has strict latency requirement. Allocating consecutive subframes for D2D discovery may cause some delays to cellular traffic. This will extend the interval of HARQ process in PUSCH and result in a decrease of DL throughput at last. Moreover, the minimum SPS scheduling interval specified in LTE is 10 ms, thus it is reasonable to set the number of consecutive discovery subframes should be no larger than 10. 
As discussed above, increasing the number of consecutive subframes would benefit the discovery performance. However, this would have more impact on cellular UL transmission. Therefore, signaling of discovery subframe should enable allocating non-consecutive subframes. One example is to allocate multiple groups of discovery resources in each period while in each group, discovery subframes are consecutive; between the groups in each period, cellular UL transmission are permitted. This approach can also be applied to TDD systems.
Proposal 1b: when allocating consecutive subframes, impact on cellular UL transmission should be considered.
c) Resource usage

For Type 1 discovery, a UE autonomously selects radio resources from the indicated resource pool for discovery signal transmission, and the so-called half-duplex problem may be caused. In the D2D SI stage, random discovery resource selection was agreed as baseline to solve this problem, i.e. to reshuffle the discovery resources of UEs every discovery period. Apart from the pure random selection, options based on Tx UE transmission period and offset, as well as a fixed or adaptive transmission probability are also discussed.
Resource usage based on Tx UE transmission period and offset is claimed to be more useful when discovery resources are insufficient. However, such performance benefit comes at the cost of discovery latency. In other words, the real period of discovery is larger than the configured discovery resource period, there is no substantial difference compared to the baseline, i.e. pure random resource selection. Moreover, a UE grouping mechanism need to be performed and will definitely increase the standardization effort. A similar comparison can be found regarding to probability-based discovery signal transmission.
As an agreement at the RAN1 #76bis, PRACH is prior to discovery signals, so if a D2D UE selects a resource unit which was scheduled for PRACH, it should give up transmitting Type 1 discovery signals.
Proposal 1c: the baseline of random resource selection should be specified and Tx UE transmits discovery signal once of each discovery period; Tx UE transmission period and offset-based or probability-based approaches are FFS.
d) Resource configuration 
For Type 1 discovery, the information of resource allocation, namely resource pool, need be configured to all UEs by signaling, e.g. SIB. D2D UEs obtain the range of resource pool and transmit or receive discovery signals in this range.
To know exact range of resource pool, D2D UEs need to get several configuration parameter of resource pool as period, frequency range, and the position of discovery subframes and corresponding frames. The subframes and the frames can be consecutive or non-consecutive. It may be beneficial to the power consumption of receiving UEs and dynamic scheduling for WAN UEs. But as a disadvantage, this may be likely to bring more effect on WAN service such as VoIP and result in longer time delay which may have impact on HARQ process. 
In view of discussion above, an example of allocating resource by grouping is illustrated as Fig. 2.
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Figure 2 An example of resource allocation
3. Discussion about inter-cell case
a) Synchronous deployments
For synchronous deployments, the DL timings of different cells in different eNBs are all aligned. It is the same with system frame number (SFN). So, D2D UEs belong to different cells in synchronous deployments can transmit and receive discovery signals based a single timing reference. It is reasonable to have a common configuration of Type 1 discovery resource pool across the entire network. Such configuration is also beneficial in reducing the impact on WAN. An illustration is shown as Fig. 3. Cell 1 and cell 2 are neighboring cells in synchronous deployments.
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Figure 3 An illustration of resource configuration for synchronous deployments
Therefore, we have the following proposal for synchronous deployments.
Proposal 2a: For synchronous deployments, resource configuration of Type 1 should be common over the entire network. D2D UEs receive discovery signals from neighboring cells based on the resource configuration information of serving cell.
b) Asynchronous deployments
For asynchronous deployments, the DL timings of different eNBs are asynchronous and the timing offset between two adjacent eNBs can be arbitrary. Receive UEs do not know the discovery resource of neighboring cells.
In [5], acquiring timing reference of the neighboring cell is discussed in asynchronous deployments. The analysis of resource configuration below assumes that the timing reference of the neighboring cell is known to receive UEs. 
Two options can be considered to acquire the resource configuration information of the neighboring cell.
1) Configuration of resource pool is cell specific. A receiving UE gets resource configuration information of a neighboring cell from its serving eNB. An example is shown in Fig. 4.
2) Configuration of resource pool is common over the entire network. Receiving UEs only needs to obtain cell ID and SFN of a neighboring cell. An example is shown in Fig. 5.
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Figure 4 An example of option 1.
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Figure 5 An example of option 2.
Option 1 requires information on resource configuration between different cells which has a relatively large data size. So option 2 is preferable.
For option 2, there are two ways to get cell ID and SFN of a neighbouring cell.
a) Neighbouring eNBs exchange cell ID and SFN each other. And receive UEs obtain cell ID and SFN of a neighbouring cell from serving eNB.
b) UEs in cell neighbouring cells forward the timing reference, e.g., D2DSS and etc. Receive UEs can obtain transmitting timing and cell ID and SFN of the neighbouring cell.
Proposal 2b: for asynchronous deployments, discovery resource configuration should be common over network. Receiving UEs obtain the resource configuration from signaling sent by serving eNB or the signals forwarded by UEs in neighboring cells.
4. Summary
In this contribution, resource allocation and resource configuration for Type 1 discovery was discussed and we have following proposals.
For resource pool allocation of Type 1:
Proposal 1a: a guard band between discovery signal and PUCCH may be needed. Detailed configuration is up to eNB implementation. 

Proposal 1b: when allocating consecutive subframes, impact on cellular UL transmission should be considered.

For resource usage of Type 1 discovery:
Proposal 1c: the baseline of random resource selection should be specified and Tx UE transmits discovery signal once of each discovery period; no need of Tx UE transmission period and offset-based or probability-based approaches.
For inter-cell resource configuration:
Proposal 2a: For synchronous deployments, resource configuration of Type 1 should be common over the entire network. D2D UEs receive discovery signals from neighboring cells based on the resource configuration information of serving cell.
Proposal 2b: for asynchronous deployments, discovery resource configuration should be common over network. Receiving UEs obtain the resource configuration from signaling sent by serving eNB or the signals forwarded by UEs in neighboring cells.
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