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1 Introduction

In the two RAN2 meetings (RAN2#85, RAN2#85bis) good progress was made on resource allocation for ProSe discovery. In particular, in RAN2#85bis the following agreements were reached [1]:

	Agreements
0
The eNB may provide D2D reception discovery resources in SIB. These may cover resources used for D2D transmission in this cell as well as resources used in neighbour cells. (Details FFS)

For UEs in IDLE…

1a
The eNB may provide a Type 1 transmission resource pool in SIB. UEs that are authorized for D2D Discovery use these resources in IDLE. 

1b
The eNB may indicate in SIB that it supports D2D but does not provide transmission resources. UEs need to enter RRC Connected in order to request D2D transmission resources.
For UEs in CONNECTED…

2a
A UE authorized to perform D2D discovery transmission indicates to the eNB that it wants to perform D2D discovery transmissions and further information (FFS)

2b
eNB validates whether UE is authorized for D2D discovery transmission using the UE context received from MME (pending RAN3 decision)

2c
the eNB may configure the UE to use a Type 1 transmission resource pool or dedicated Type 2B transmission resources via dedicated signalling (or no resource) .

2d
the resources allocated by the eNB are valid until a) the eNB de-configures them or b) the UE enters IDLE.  (FFS whether resources may remain valid even in IDLE)




In this contribution, we discuss some of the remaining open issues for Type 1 and Type 2 discovery resource allocation. 
2 Discovery Subframe Patterns
As discussed in [2] the pattern of discovery subframes can have a significant impact on UL system performance. 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. 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 1: The D2D discovery subframes are allocated with a periodicity of a multiple N of 40ms.
Unambiguously identify the discovery subframe pattern can be done with a phase parameter T in the range of [0, 40*N -1]. The discovery subframe parameter is then defined as satisfying the criteria:
(10*SFN + subframe) mod(40*N) = T

Proposal 2: A D2D discovery pattern is identified by two parameters N and T, with T in the range of [0, 40*N -1], as the set of subframes satisfying (10*SFN + subframe)mod(40*N) = T.
Proposal 3: One or more discovery subframe pattern may be defined per cell. A new IE for discovery should be defined to communicate discovery subframe configuration in SIB or dedicated RRC signaling. 
3 Type-1 Discovery Resource Selection
RAN1 have not finalized the details of how Type-1 discovery resources are selected by an announcing UE, but they have agreed that as a baseline the UE will randomly select a discovery resource each discovery period. 
Figure 2 illustrates the message flow for Type 1 discovery resource allocation. Upon entering a new cell (e.g. handoff or cell reselection) a ProSe enabled UE must first read the ProSe SIB, and extract the parameters defining the discovery subframe pattern. Once the SIB has been decoded (step 4A), the announcing UE generate a random number, and maps this number to a unique discovery resource in that cycle of the discovery pattern. The UE then transmits its discovery announcement in the corresponding resource (step 5A).

For each discovery cycle, the UE will repeat this process, and randomly select a new discovery resource for its announcement. Depending on the authorization parameters for the specific discovery announcement, a UE may transmit a discovery message in each discovery cycle, or may skip several discovery cycles before transmitting its next discovery message. However, a UE should not transmit more than one discovery message in a single discovery cycle. 
Proposal 4: Each discovery cycle, a UE authorized for Type-1 discovery, randomly select a new discovery resource for its announcement.
Proposal 5: Depending on the authorization parameters for the specific discovery announcement, a UE may skip several discovery cycles before transmitting its next discovery message. However, a UE should not transmit more than one discovery message in a single discovery cycle.
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Figure 2. Message flow for Type 1 ProSe discovery 

4 Type-2b Resource Allocation
In Type 2 discovery, the specific discovery resources used by the announcing UE are assigned by the network. The eNB allocates a specific time/frequency resource to the announcing UE in the first subframe, along the corresponding discovery subframe parameters (N, T). In each subsequent discovery cycle, the announcing UE calculates the new time/frequency resource according to a deterministic formula :
Proposal 6: For type-2B, the discovery pattern used is defined by:
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 QUOTE  
, where n is the number of subframes in one discovery cycle, m is the number of discovery resources in one subframe, 
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 are the frequency and time location of the discovery resource in the discovery cycle.
Figure 3 illustrates message flow for Type 2B discovery resource allocation. 
Step 1A: UE A requests a discovery resource from eNB 1. 
Step 2A: eNB 1 confirms the authorization of UE A for Type 2b discovery from the UE’s context information.

Step 3A: eNB 1 allocate an initial time/frequency discovery resource to UE A.

Step 4A, 4’A: UE A begins announcing it discovery messages. In each discovery cycle the time/frequency coordinates of a new discovery resource are calculated based on the deterministic formula in Proposal 6.
Step 5A: The eNB makes a decision to HO UE A to eNB 2.

Step 6A: eNB 1 sends a HO Request to eNB 2, and indicates that the UE is using mode 2 discovery.

Step 7A: eNB 2 replies with a HO Request Ack, and includes a new Type 2 discovery resource allocation for UE A after the HO.

Step 8A: eNB 1 commands UE A to execute the HO to eNB2, and provides the new Type 2 discovery resource allocation as part of the Mobility Info.

Step 9A: UE A completes the HO by sending an 2RRC Connection Reconfiguration Complete message to eNB .

Step 10A: eNB 2 then signals eNB 1 to release the context for UE A, which triggers eNB 1 to also recover the Type-2 discovery resource previously allocated to UE A (Step 12 A).

Step 11A: UE A resumes Type-2 discovery announcements on eNB 2
Step 12B/13B: UE B received the discovery announcement of UE A, and completes the discovery procedure through PC3 interface.
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Figure 3. Message flow for Type 2 ProSe discovery 
Proposal 7: RRC Connection Reconfiguration and Mobility Info IE should be enhanced to allocate a new type 2 discovery resource to the UE to use after completing the HO to the target eNB.

5 Conclusion

In this contribution, we have studied some of the remaining open issues for Type 1 and Type 2 discovery resource allocation. We have the following proposals:

Proposal 1: The D2D discovery subframes are allocated with a periodicity of a multiple N of 40ms.
Proposal 2: A D2D discovery pattern is identified by two parameters N and T, with T in the range of [0, 40*N -1], as the set of subframes satisfying (10*SFN + subframe)mod(40*N) = T.
Proposal 3: One or more discovery subframe pattern may be defined per cell. A new IE for discovery should be defined to communicate discovery subframe configuration in SIB or dedicated RRC signaling.
Proposal 4: Each discovery cycle, a UE authorized for Type-1 discovery, randomly select a new discovery resource for its announcement.

Proposal 5: Depending on the authorization parameters for the specific discovery announcement, a UE may skip several discovery cycles before transmitting its next discovery message. However, a UE should not transmit more than one discovery message in a single discovery cycle.
Proposal 6: For type-2B, the discovery pattern used is defined by:
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 QUOTE  
, where n is the number of subframes in one discovery cycle, m is the number of discovery resources in one subframe, 
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 are the frequency and time location of the discovery resource in the discovery cycle.
Proposal 7: RRC Connection Reconfiguration and Mobility Info IE should be enhanced to allocate a new type 2 discovery resource to the UE to use after completing the HO to the target eNB.
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