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1 Introduction
LTE Device to Device Proximity Services work Item was approved in RAN Meeting #63 [1]. As per the WID, eNB resource allocation mechanism for D2D discovery needs to be discussed and specified in RAN2. In this paper we discuss how the discovery resources should be signaled for Direct Discovery.

2 Discussion
RAN2 Agreements [2]: The eNB may provide in SIB, a radio resource pool for discovery transmission and reception in case of Type 1 and a radio resource pool for discovery reception of Type 2B. 
RAN1 Agreements [3]: As per the RAN1 agreements D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage. RAN1 also has agreed that periodic uplink resources (non UE specific) for discovery are allocated in a semi static manner. The allocation can be signalled using RRC signalling.

The following aspects of resource allocation signalling are open and needs to be decided:

·  How to signal the periodic discovery resources?

2.1 Discovery Resource Configuration & Signaling
2.1.1 Discovery Resource Period
The discovery resources can be reserved for Discovery Resource Duration every Discovery Resource Period as shown in Figure 1. The reserved discovery resources are not used for WAN communication between UE and eNB. The Discovery Resource Period & Discovery Resource Duration is common for all D2D-enabled UEs. The discovery resource configuration is broadcasted to D2D UEs using System Information Block (SIB) in system information (SI) message.
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Figure 1
The Discovery Resource Period begins at the subframe number which satisfies the following equation: (SFN*10+sub frame number) mod DiscoveryResourcePeriod = DiscoveryResourceOffset. The ‘DiscoveryResourceOffset’ can be zero.
The discovery resource periodicity impact D2D UEs power saving. It also impacts the time required for successful discovery. Smaller discovery resource periodicity leads to more wake ups but faster discovery. Longer discovery resource periodicity reduces wake ups but increases the discovery time. There is a tradeoff between the UEs power saving and time required for successful discovery. There are no requirements specified in SA1 regarding the time within which a D2D UE should discovery another D2D UE in proximity. However impact of D2D Discovery E-UTRA radio usage, network usage and battery consumption should be minimized [4]. The Discovery Resource Period can be configured in order of seconds whereas the Discovery Resource Duration can be configured in order of milliseconds.
Observation 1: There is a tradeoff between the UEs power saving and time required for successful discovery.
Proposal 1: Discovery Resource Configuration is broadcasted using SIB. 
Proposal 2: Discovery resource configuration indicates the periodicity of discovery resources (i.e. Discovery Resource Period). The Discovery Resource Period begins at the subframe number which satisfies the following equation: (SFN*10+subframe number) mod DiscoveryResourcePeriod = DiscoveryResourceOffset. The ‘DiscoveryResourceOffset’ can be zero.
Proposal 3: Discovery resource configuration in SIB also indicates the number of subframes (i.e. Discovery Resource Duration) in beginning of every Discovery Resource Period.
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 Figure 2
2.1.2 Discovery Subframes
In addition to the Discovery Resource Period the SIB should also indicate the subframe(s) in which the discovery resources are reserved. All the subframes in Discovery Resource Duration can be configured to have discovery resources as shown in Figure 2. But this may impact the latency sensitive WAN traffic in uplink if PUSCH resources are not FDMed in the same subframe in which discovery resources are reserved. If PUSCH resources are FDMed in the same subframe in which discovery resources are reserved then latency sensitive WAN traffic is not impacted. However, the FDM of PUSCH resources and discovery resources in same subframe have some impact on PUSCH transmission because of in-band emissions. Several companies in RAN1/RAN2 have proposed to leave the decision whether to FDM PUSCH and Discovery resources in same subframe or not [5] [6] to eNB implementation.
Observation 2: Latency sensitive WAN traffic in uplink may be impacted because of continuous discovery subframes if PUSCH resources and discovery resources are not FDMed in the same subframe.
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Figure 3
If the decision whether to FDM PUSCH and Discovery resources in same subframe or not [4] [5] is left to eNB implementation and if the eNB decides to do TDM between the PUSCH resources and discovery resources then the discovery subframes should be staggered (as shown in Figure 3) in the discovery resource duration to minimize impact to latency sensitive WAN traffic. The non discovery subframes during the discovery resource duration and the corresponding subframes (based on HARQ RTT ) can be used by eNB to schedule the UL HARQ packets of latency sensitive traffic. The non discovery subframes and the discovery subframes in the discovery resource duration can be signaled using bitmap similar to the bitmap used for MBSFN subframe allocation [7].
Proposal 4: Discovery Resource Configuration indicates non discovery subframes in Discovery Resource Duration (if any).

2.1.3 Discovery Resources in Discovery Subframe
Each subframe with reserved discovery resources can also have resources for PUCCH and/or PRACH and/or PUSCH. A D2D UE can read the SIB2 and determine the PUCCH and PRACH resources if present in the subframe having the discovery resources. Explicit signaling may not be needed to indicate PUCCH/PRACH resources as non discovery resources or to indicate specific discovery resources in subframe having discovery resources and PUCCH/PRACH resources. However if PUSCH is FDMed with discovery resources in same subframe then D2D UE cannot determine the PUSCH resources as they are dedicatedly assigned to each UE. So explicit signaling is needed to indicate PUSCH resources as non discovery resources or to indicate specific discovery resources in subframe having discovery resources and PUSCH resources. 

Observation 3: PUCCH/PRACH/PUSCH resources may be FDMed with discovery resources in same subframe.
Proposal 5: Discovery Resource Configuration also indicates the discovery resources in the subframe having discovery resources.
2.1.4 Discovery Resource Types
As per the RAN2 Agreements [1] both Type 1 and Type 2 resource allocation mechanism are supported. However network may decide to implement Type1 and/or Type 2 resource allocation. The discovery resource configuration should indicate whether the network supports Type1 and/or Type 2 discovery resource allocation. If Type 2 is supported then D2D TX UE can request eNB for dedicated resources.

Observation 4: Network may support Type 1 and/or Type 2 Resource allocation

Proposal 6: The discovery resource configuration should also indicate whether the network supports Type1 and/or Type 2 discovery resource allocation.
The Type 1 and Type 2 discovery resources can be TDMed or FDMed in the same subframe. Figure 4 illustrates the TDM and FDM of Type1 and Type 2 discovery resources. FDM of Type 1 and Type 2 discovery resources in same subframe have some advantages:
· Type2 discovery resources can be configured between PUCCH/PRACH resources and Type 1 discovery resources. This can reduce in-band emissions from the Type1 discovery resources to PUCCH/PRACH resources as the Type 2 discovery resources are used for transmission in RRC connected state and transmission in these resources can be power controlled.

· Discovery resources reserved for Type 2 can be used for WAN communication if needed as these resources are in full control of eNB. ENB can assign these to WAN even if they are signaled as discovery resources in the receive pool.
Observation 5: Type 1 and Type 2 discovery resources can be TDMed or FDMed.

The signalling of discovery resources in discovery resource configuration should enable both TDM and FDM of Type 1 and Type 2 discovery resources.
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Figure 4

3 Conclusion

In this paper we discuss how the discovery resources should be signaled for Direct Discovery.

Observation 1: There is a tradeoff between the UEs power saving and time required for successful discovery.
Proposal 1: Discovery Resource Configuration is broadcasted using SIB. 

Proposal 2: Discovery resource configuration indicates the periodicity of discovery resources (i.e. Discovery Resource Period). The Discovery Resource Period begins at the subframe number which satisfies the following equation: (SFN*10+subframe number) mod DiscoveryResourcePeriod = DiscoveryResourceOffset. The ‘DiscoveryResourceOffset ‘can be zero.
Proposal 3: Discovery resource configuration in SIB also indicates the number of subframes (i.e. Discovery Resource Duration) in beginning of every Discovery Resource Period.
Observation 2: Latency sensitive WAN traffic in uplink may be impacted because of continuous discovery subframes if PUSCH resources and discovery resources are not FDMed in the same subframe.

Proposal 4: Discovery Resource Configuration indicates non discovery subframes in Discovery Resource Duration (if any).

Observation 3: PUCCH/PRACH/PUSCH resources may be FDMed with discovery resources in same subframe.
Proposal 5: Discovery Resource Configuration also indicates the discovery resources in the subframe having discovery resources.
Observation 4: Network may support Type 1 and/or Type 2 Resource allocation

Proposal 6: The discovery resource configuration should also indicate whether the network supports Type1 and/or Type 2 discovery resource allocation.
Observation 5: Type 1 and Type 2 discovery resources can be TDMed or FDMed.
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