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1 Introduction

For type 1 discovery, the following agreements were reached in RAN 1 #76-76bis meetings [1]:

· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource
· When in-coverage, discovery period and amount of discovery resource(s) are configured by eNodeB
· Other schemes can be considered later
· At least if message is not smaller than 104 bits, CRC is 24 bits

· Message scrambling is independent of any ID of the transmitting UE
· FFS whether the common reception pool(s) or different reception pools for type 1 and Type-2B discovery

· 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, we further define the resource allocation for type-1.
2 Resource allocation for type-1 discovery

2.1 Amount of resources to assign
During the discussions in the SI, it was agreed to use a random resource allocation as the baseline. In this section, we discuss how to perform random resource allocation. In particular, it should be noted that for D2D deployment, there would be cases where the UE density is very large (e.g., stadiums, theaters), and other areas where it would be much lower (e.g., rural areas). We examine how to account for these variations in UE density. We also examine how to minimize the impact of D2D discovery on legacy UEs.
For type 1 discovery, the discovery resource pool is semi-statically set by the central node and then broadcasted to UEs participating in the discovery process. Two options can be considered to decide the size of resource pool. 

Option 1: The central node assigns a fixed number of resources for discovery (e.g., 1%). However, depending on the scenario, the number of resources could be inappropriate. For example, due to limited knowledge about the number of idle UEs, there could be a mismatch between the size of resource pool and the number of announcing UEs within coverage. Such a mismatch could waste resources or cause a high collision rate of discovery signals from nearby UEs resulting in low discovery performance. 

Option 2: Some adaptation mechanisms based on UE reports can be used by the central node to adjust resource allocation according to the actual need of discovery resources.
· A receiving UE can monitor the usage of allocated discovery resource pool that is, for instance, the ratio of discovery units used within the available resources. Whether a discovery unit is used can be identified according to the received power level in this unit or the successful detection of a discovery signal in this unit. In case some predefined criteria are satisfied, e.g., a large number of unused discovery units is observed for a long time, this UE can report this observation to the central node, which can decide to reduce the size of discovery resource pool if many such reports are collected. In addition, the central node (usually capable of detection of discovery signal) itself could also detect the usage of current discovery resource pool. 
· A receiving UE may find that there is high received power in some discovery units but no discovery message can be decoded. Such situation can be an indication of discovery signal collision in this unit. If many such collisions are observed for a long time, this UE can inform the central node.
The parameters triggering a UE to report should be sent by the network. The network may also trigger some UEs to report the resource usage; for instance, because of a change in the network’s cellular load.

By default connected UEs report resource usage to the network. If there are not enough connected UEs, the eNB may decide to wake some idle UEs up.
Once the decision to change discovery resource pool is made, the central node should broadcast this change to all D2D discovery UEs (both announcing and receiving UEs). 

Proposal 1: D2D UEs in RRC-Connected mode monitor and report the usage of allocated discovery resource pool to assist the determination of size of discovery resource pool.

· Exact signaling to be determined by RAN2
2.2 SIB contents

The discovery resource pool information has to be signaled in the SIB. Each cell, may have a transmit resource pool which is a subset of receive resource pool. The reception pool(s) for type 1 and type-2B discovery can be the same as the benefit of type 2B is to improve the discovery performance of certain UEs by proper resource allocation (e.g., to reduce half-duplex or in-band emission issues). Discovery schemes other than the baseline may need additional parameters (like probability of transmission). 
Proposal 2: Common reception resource pool is used for type 1 and type 2B.
2.3 Minimization of the impact of discovery on cellular
The impact of discovery on cellular is on the PUCCH interference: since legacy UEs do not support discovery, they may have to transmit PUCCH on a discovery subframe. Due to the potentially large timing difference, there can be significant interference: D2D discovery signals may prevent the eNB from correctly receiving the PUCCH. Note that this problem is only for legacy UEs. Rel-12 UEs would know where discovery subframes are located and could just transmit the PUCCH on the next non D2D discovery uplink subframe. Some of the TDD ACK/NAK rules could be applied to manage the PUCCH collisions. Proposal 3: Rel-12 UEs do not send the PUCCH on subframes they are supposed to listen to the discovery signals
· PUCCH is transmitted on the next non D2D discovery uplink subframe
Note that in addition, some other techniques, such as power control, could be used, as described in [5].
UL HARQ is synchronous: the HARQ process number is linked to the subframe number. Thus, by allocating the D2D discovery subframe with a periodicity of a multiple of 8ms for FDD, only one HARQ process is affected. Thus, the eNB can only allocate this HARQ process to Rel-12 UEs, or at least minimize the number of legacy UEs using this HARQ process. This way, the impact of the D2D discovery on cellular can be minimized with some simple restrictions on the scheduler.
There are also some benefits in using a multiple of 10ms for the discovery process: VoIP coders typically use a 20ms periodicity. This was the main reason why a 10ms radioframe was selected for Rel-8 LTE. Given that for VoIP (and other traffic) the periodicity will be 10ms, using a multiple of 10ms periodicity for the discovery subframe limits the impact on UEs having voice traffic. Combining these two conditions, allocating the D2D discovery subframes with a periodicity of a multiple of 40ms ensures that impact on VoIP traffic and on UL HARQ is minimized. With a periodicity of 40ms, up to 2.5% of the subframes can be assigned for D2D discovery, which should be enough for most of the practical cases. The discovery subframe location is shown in Figure 1.
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Figure 1. Discovery subframe distribution.
Proposal 4: the D2D discovery subframes are allocated with a periodicity of a multiple of 40ms
· Exact signaling for indicating D2D subframes to be determined by RAN2
Note that the analysis was done for an FDD system. For TDD, although more complicated, the conclusion is the same: a multiple of 40ms for D2D subframe allocation minimizes the impact on cellular.
3 Conclusion
In this contribution, some proposals on the design principles of resource allocation for type 1 discovery are discussed and following observation and proposals are given: 
Proposal 1: D2D UEs in RRC-Connected mode monitor and report the usage of allocated discovery resource pool to assist the determination of size of discovery resource pool.

· Exact signaling to be determined by RAN2
Proposal 2: Common reception resource pool is used for type 1 and type 2B.
Proposal 3: Rel-12 UEs do not send the PUCCH on subframes they are supposed to listen to the discovery signals
· PUCCH is transmitted on the next non D2D discovery uplink subframe
Proposal 4: the D2D discovery subframes are allocated with a periodicity of a multiple of 40ms

· Exact signaling for indicating D2D subframes to be determined by RAN2
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