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1 Introduction
In this paper we discuss the parameters which need to be signaled for discovery resource configuration.

2 Discussion
RAN2 Agreements [1]: The eNB provides the resource pool configuration used for discovery information monitoring in SIB. The SIB may contain discovery resources used for announcing in neighbour cells as well. 
The eNB may provide a Type 1 resource pool for discovery information announcement in SIB. In RRC Idle UE uses the Type 1 resource pool indicated in SIB for discovery information announcement. The eNB may indicate in SIB that it supports D2D but does not provide resources for discovery information announcement. UEs need to enter RRC Connected in order to request D2D resources for discovery information announcement.

In RRC connected, UE request for resources for discovery information announcement via RRC. Type 1 resource pool or dedicated resources can be provided to UE via dedicated signalling.
In this paper we discuss the various parameters which need to be signaled for discovery resource configuration in SIB and dedicated RRC signaling.

2.1 Discovery Resource Period
The discovery resources are 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. 
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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. 
Observation 1: 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 [2]. 
Observation 2: No requirements are defined for discovery latency. 
The Discovery Resource Period can be configured in order of seconds whereas the Discovery Resource Duration can be configured in order of milliseconds.
Proposal 1: Discovery Resource Configuration indicates the periodicity of discovery resources (i.e. Discovery Resource Period) configured in the cell. 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.
2.2 Discovery Subframes
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 Figure 2
In addition to the Discovery Resource Period the discovery resource configuration signalling 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. 
Observation 3: 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.

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. 
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Figure 3
Several companies in RAN1/RAN2 have proposed to leave the decision whether to FDM PUSCH and Discovery resources in same subframe or not [3] [4] to eNB implementation. If the decision whether to FDM PUSCH and Discovery resources in same subframe or not 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 [5].
Proposal 2: Discovery Resource Configuration also indicates discovery and non-discovery subframes in the Discovery Resource Period. The non discovery subframes and the discovery subframes can be indicated using bitmap similar to the bitmap used for MBSFN subframe allocation.
2.3 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 4: PUCCH/PRACH/PUSCH resources may be FDMed with discovery resources in same subframe.

Observation 5: Explicit signaling may not be needed to indicate PUCCH/PRACH resources as non discovery resources. 

Observation 6: 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.
Proposal 3: Discovery Resource Configuration may also indicate the discovery resources in the subframe having discovery resources.
2.4 Parameters for Discovery Resource Configuration in SIB
As per the RAN2 agreements, 

· The eNB may provide a Type 1 resource pool for discovery information announcement in SIB. 
· The eNB provides the resource pool configuration used for discovery information monitoring in SIB. 

The discovery resources are reserved periodically. As discussed in section 2.1, periodicity is signaled using DiscoveryResourcePeriod and DiscoveryResourceOffset. 

The subframes carrying discovery resources every period are indicated using a bit map (DiscoveryNonDiscoverySF) as discussed in section 2.2. The bitmap for Type 1 resource pool indicates which subframe (s) in beginning of Discovery Resource Period has Type 1 discovery resources. The bitmap for RX resource pool indicates which subframe (s) in beginning of Discovery Resource Period has discovery resources (Type 1 and/or Type 2).
As discussed in section 2.3 WAN and discovery resources may be FDMed in the same subframe. So the frequency resources in subframe having Type1 discovery resources (For Type 1 resource pool) and discovery resources (Type 1 and/or Type 2) may also have to be signaled in SIB.

The parameters to be signaled for Discovery Resources configuration are illustrated in Table 1. 
Table 1
	Parameters for Discovery Resource Configuration in SIB

	1) DiscoveryResourcePeriod;
2) DiscoveryResourceOffset;
The Discovery Resource Period begins at the subframe number which satisfies the following equation: (SFN*10+sub frame number) mod DiscoveryResourcePeriod = DiscoveryResourceOffset.
3) Type 1 TX Resource Pool:
a. DiscoveryNonDiscoverySF;

Variable size Bitmap. Indicates which subframe(s) in beginning of Discovery Resource Period has Type 1 discovery resources. The first/leftmost bit in bitmap corresponds to first subframe at the beginning of Discovery Resource Period. 
b. Type 1 discovery resources (i.e. PRBs) in each subframe having Type 1 discovery resources

NOTE 1: Type 1 Resource Pool is OPTIONAL

4) RX Resource Pool: 
a. DiscoveryNonDiscoverySF;

Variable size Bitmap. Indicates which subframe(s) in beginning of Discovery Resource Period has discovery resources. The first/leftmost bit in bitmap corresponds to first subframe at the beginning of Discovery Resource Period. 
b. Discovery resources (i.e. PRBs) in each subframe having discovery resources
NOTE 2: RX Resource Pool comprises of Type 1 and/or Type 2 discovery resources. 
NOTE 3: Indication of neighbour cell discovery resources in RX resource pool is FFS. One possible option is to include multiple bitmaps to indicate discovery subframes for neighbour cells (if needed, for example it may not be needed if discovery subframes are fully overlapped). 


2.5 Parameters for Discovery Resource Configuration in Dedicated RRC signaling
As per RAN 2 agreements [1], RRC connected UE request for resources for discovery information announcement via RRC. The parameters to be included in request for discovery information announcement are FFS. The signalling flow between UE and eNB for assignment of discovery resources is shown in Figure 4. UE sends the request for discovery information announcement using the UEAssistanceInformation message. ENB assigns the resources for discovery resource announcement using RRCConnectionReconfiguration message. UEAssistanceInformation and RRCConnectionReconfiguration messages are already defined in RRC specification and parameters for discovery resources can be included in these messages.
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Figure 4 Signalling flow between TX UE and eNB for discovery resource assignment in RRC Connected
2.5.1 Parameters for Discovery Resource Info
Multiple Discovery Applications may be running in the UE. UE can request resources for announcement of discovery messages for each of these discovery applications.The parameters to be signaled in UEAssistanceInformation message for discovery resource request are illustrated in Table 2. 
Table 2
	Parameters for Discovery Resource Info in UEAssistanceInformation Message

	1) NumReqs;

Multiple Discovery Applications may be running in the UE. UE can request resources for announcement of discovery messages for each of these discovery applications.
NOTE: All discovery messages are transmitted at same periodicity. The periodicity is same as the discovery resource period signalled in SIB.


2.5.2 Parameters for Discovery Resource Configuration
As per the RAN2 agreements, Type 1 resource pool or dedicated resources can be provided to UE via dedicated signalling.The parameters to be signaled in discovery resource configuration are illustrated in Table 3. 
Table 3
	Parameters for Discovery Resource Configuration in RRCConnection Reconfiguration Message

	1) AssignmentType;

Indicates Type 1 Tx Pool or Dedicated Resources or No Resources
2) Type 1 TX Resource Pool:

a) DiscoveryNonDiscoverySF;

Variable size Bitmap. Indicates which subframe(s) in beginning of Discovery Resource Period has Type 1 discovery resources. The first/leftmost bit in bitmap corresponds to first subframe at the beginning of Discovery Resource Period. Beginning of Discovery Resource Period is indicated using parameters DiscoveryResourcePeriod and DiscoveryResourceOffset in SIB.
b) Type 1 discovery resources (i.e. PRBs) in each subframe having Type 1 discovery resources

3) Dedicated Resource Assignments:

a. NumAssignments;

For each of the assigned resource include:

i. TimeFrequencyInfo;
Indicates the time and frequency information (subframe, PRBs etc) of the assigned resources
NOTE 4: The periodicity of the assigned discovery resources is same as the DiscoveryResourcePeriod indicated in SIB. The assigned discovery resources are applicable from the next discovery resource period which falls immediately after the reception of RRC Connection Reconfiguration message.


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.
Observation 2: No requirements are defined for discovery latency. 
Proposal 1: Discovery Resource Configuration indicates the periodicity of discovery resources (i.e. Discovery Resource Period) configured in the cell. 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.
Observation 3: 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 2: Discovery Resource Configuration also indicates discovery and non-discovery subframes in the Discovery Resource Period. The non discovery subframes and the discovery subframes can be indicated using bitmap similar to the bitmap used for MBSFN subframe allocation.
Observation 4: PUCCH/PRACH/PUSCH resources may be FDMed with discovery resources in same subframe.
Observation 5: Explicit signaling may not be needed to indicate PUCCH/PRACH resources as non discovery resources. 

Observation 6: 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.
Proposal 3: Discovery Resource Configuration may also indicate the discovery resources in the subframe having discovery resources.

Proposal 4: Incorporate the parameters captured in the Table 1, Table 2 and Table 3 in stage 3 CR
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