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1 Introduction
A new WI named “LTE Device to Device Proximity Services” has been agreed at RAN#63 meeting [1]. As stated in [1], the work will proceed from the starting point of the agreements and working assumptions reached during the study item as captured in TR 36.843 [2]. According to TR 36.843, Type 1 and Type 2 discovery procedure are defined for D2D discovery. Also, some agreements are made for the procedure and resource allocation in RAN2.  However, the detailed data flows for both intra-cell and inter-cell discovery have not been defined. In this contribution, we analyze the D2D discovery procedure and present the detailed data flows based on the agreements has been reached during the SI phase.
2 Discussion
Intra-cell and inter-cell D2D discovery scenario
According to TR36.843, both the intra-cell and inter-cell D2D discovery should be taken into account for the in coverage scenario. As shown in Figure 1(a), UE1, UE2 are served by the cell of eNB1. UE1 is the announcing UE which broadcasts the D2D discovery message periodically. UE2 is the monitoring UE and is located in the proximity of UE1. The transmission of UE1 may be received by UE2 and UE2 regards that it discovers UE1. This procedure is called the intra-cell D2D discovery. As a matter of fact, the transmission of UE1 may be received by UEs served by other cell or eNBs. As shown in Figure 1(b), UE3 is served by the cell of eNB2 and it is close to UE1. Suppose UE3 is also a monitoring UE, the inter-cell D2D discovery happens. 
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Figure1. Scenario of intra-cell and inter-cell D2D discovery
Data flow for intra-cell and inter-cell D2D discovery
In this section, we discuss the data flow for intra-cell and inter-cell D2D discovery procedure.
Intra-cell D2D discovery procedure
· Type 1 D2D discovery
An example Type 1 intra-cell D2D discovery procedure is illustrated in Figure 1. To support Type 1 discovery, the eNB needs to obtain and maintain a cell specific Type 1 discovery resource pool, as in step 1 in Figure 1. The Type 1 discovery resource pool can be obtained via OAM. The Type 1 resource pool is shared by all the served UEs which leads to a contention based discovery procedure. As agreed in [3], the Type 1 discovery resource pool information should be indicated to all the served D2D UEs for discovery transmission and reception via system information in step 2. And then, the UE who wants to initiate D2D discovery autonomously selects radio resources from that indicated transmissions resource pool for discovery signal transmission in step 3a. Accordingly, in step 3b, receiving UEs shall monitor the type 1 discovery resource pool to receive discovery signal.

[image: image3.emf]Announcing 

UE

Monitoring 

UE

eNB

Step2. broadcast resource pool information

Step1. obtain Type 1 

resource pool 

Step 3a.Broadcast 

discovery signal

Step 3b.listen to the 

resource pool and detect 

the discovery signal


Figure 2. Type 1 intra-cell D2D discovery procedure
Proposal 1: Adopt the data flow described in Figure 2 for Type 1 intra-cell discovery procedure.
· Type 2 D2D discovery
The Type 2 intra-cell D2D discovery procedure is illustrated in Figure 3. It also contains the D2D resource pool acquisition and broadcast steps similar to the Type 1 D2D discovery procedure. In Type 2 procedure, the eNB needs to obtain and maintain a cell specific Type 2 discovery resource pool. The Type 2 discovery resource pool can be obtained via OAM. Different from Type 1 procedure, the resource pool information broadcast aims to assist only monitoring UE for the D2D discovery message reception. For the announcing UE, it does not care about the resource pools. If an announcing UE plans to transmit the D2D discovery signal, it direct requests the resource from eNB, which involves four additional steps: discovery resource request, discovery resource allocation and discovery resource request ack, discovery signal transmission/reception. 
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Figure 3. Type 2 intra-cell D2D discovery procedure
Step 3. Discovery resource request
As agreed in [3], the announcing UE needs to request the discovery resource from the eNB via RRC message before broadcasting the discovery signal, which means that Type 2 procedure is only applicable for D2D UEs in CONNECTED state. Along with the discovery resource request, the transmitting UE can provide more information to eNB to assist the resource allocation (e.g. the application ID/type, UE priority) enabling the application based or priority based resource allocation as an optimization. 
Step 4. Discovery resource allocation
Upon receiving the discovery resource request, the eNB shall allocate the resource from the Type 2 radio resource pool for D2D discovery. Optionally, if the application ID/type or UE priority is received from the requesting UE, the eNB can allocate the discovery resource based on the application or UE priority. When Type 2B is used, semi-persistent resource is allocated for the UE to accommodate the periodical discovery signal broadcasting. In this case, the resource information, e.g. time period, sub-frame pattern or offset, or valid time duration should also be determined. 
Step 5. Discovery resource request ack
The allocated UE specific transmission resource should be indicated to the transmitting UE via dedicated RRC signalling, for example, the discovery resource request ack message. The discovery resource indication may include the position of the discovery resource, transmission power level, etc. For the Type 2B resource allocation, the resource indication may include the time period, sub-frame pattern or offset, and valid time duration, etc. 
Step 6. Discovery signal transmission/reception
After receiving the discovery resource request ack, the announcing UEs can broadcast the discovery message over the resource indicated through the discovery resource request ack message. For the monitoring UE, it always listens to the D2D resource pool and may detect the discovery signal. 
Proposal 2: Adopt the data flow described in Figure 3 for Type 2 intra-cell discovery procedure.
Inter-cell D2D discovery procedure
In order to support the inter-cell D2D discovery, it is a prerequisite that the monitoring UE be aware of the D2D discovery resource pool of neighbouring cells. According to TR36.843, the eNB may provide in SIB a radio resource pool for discovery transmission and reception in case of Type 1 as well as a radio resource pool for discovery reception of Type 2. However it is still FFS how resource pools information is provided for inter-cell discovery. 
A simple way to solve this problem is that eNB broadcasts the radio resource pool information of its cells as well as neighbouring cell from other eNBs through SIB. The radio resource pool information of neighbouring cells contains the radio resource pool for discovery reception for both Type 1 and Type 2 discovery. How could eNB obtain the radio resource pool information of neighbouring cells becomes the key issue that should be addressed.
According to the D2D WF [4], it is stated that inter-cell D2D supported, but with no standardized inter-cell coordination based on X2 or air interface. In other words, the eNB could not obtain the D2D radio resource pool information through X2 interface or by the aid of UE. Bearing this limitation in mind, the information of neighbour cell D2D resource pool could only be configured by OAM. 
Proposal 3: To support the inter-cell discovery, eNB should broadcast the radio resource pool information of its cells as well as neighbouring cell. The information of neighbour cell D2D resource pool could be configured by OAM.
An example inter-cell D2D discovery procedure is illustrated in Figure 4. To support the inter-cell discovery, the eNB needs to obtain the neighbor cells’ resource pool for both Type 1 and Type 2 discovery, as in step 1 in Figure 1. The neighbour cell’s discovery resource pool can be obtained via OAM. The neighbour cell’s discovery resource pool information should be indicated by eNB to all the monitoring D2D UEs within its cell via system information in step 2. And then, the UE who wants to discover nearby D2D UEs listens to the discovery resource pool of both its serving cell and neighbouring cell and may detect the discovery signal broadcast by UEs served by other eNB.

[image: image5.emf]Announcing 

UE (eNB2)

Monitoring 

UE (eNB1)

eNB1

Step2. broadcast D2D resource pool 

information (its cells as well as neighbor cells)

Step1. obtain D2D 

resource pool of 

neighboring cells 

Step 3a.Broadcast 

discovery signal

Step 3b.listen to the 

resource pools and detect 

the discovery signal


Figure 4. Inter-cell D2D discovery procedure
Proposal 4: Adopt the data flow described in Figure 4 for inter-cell discovery procedure.
3 Conclusion
In this contribution, we analyzed the D2D discovery procedure and presented the detailed data flows based on the agreements has been reached during the SI phase. Some observations and proposals are given as follows. 
Proposal 1: Adopt the data flow described in Figure 2 for Type 1 intra-cell discovery procedure.
Proposal 2: Adopt the data flow described in Figure 3 for Type 2 intra-cell discovery procedure.
Proposal 3: To support the inter-cell discovery, eNB should broadcast the radio resource pool information of its cells as well as neighbouring cell. The information of neighbour cell D2D resource pool could be configured by OAM.
Proposal 4: Adopt the data flow described in Figure 4 for inter-cell discovery procedure.
4 References
[1] RP-140518, Work item proposal on LTE Device to Device Proximity Services, 3GPP TSG RAN #63, March 2014. 
[2] 3GPP TR 36.843 v1.2.0, Study on LTE Device to Device Proximity Services, Radio Aspects (R12), February 2014.
[3] Draft report of TSG RAN WG2#85, Chairman notes, February, 2014.
[4] RP-140512, Way Forward on 3GPP LTE Rel-12 finalization.
3GPP


_1456926140.vsd
�

�


_1456926142.vsd
Announcing UE


Monitoring UE


eNB


Step3. discovery resource request


Step5. discovery resource request ack


Step4. discovery resource allocation


Step6a. Broadcast discovery signal


Step 6b. Listen to the resource pool and detect the discovery signal


Step1. obtain Type 2 resource pool 


Step2. broadcast resource pool information



_1456926143.vsd
Announcing UE (eNB2)


Monitoring UE (eNB1)


eNB1


Step2. broadcast D2D resource pool information (its cells as well as neighbor cells)


Step1. obtain D2D resource pool of neighboring cells 


Step 3a.Broadcast discovery signal


Step 3b.listen to the resource pools and detect the discovery signal


Announcing UE


Monitoring UE


eNB


Step1. resource allocation request


Step3. resource allocation indication


Step2. resource allocation


Broadcast discovery beacon


Receive discovery beacon



_1456926141.vsd
Announcing UE


Monitoring UE


eNB


Step2. broadcast resource pool information


Step1. obtain Type 1 resource pool 


Step 3a.Broadcast discovery signal


Step 3b.listen to the resource pool and detect the discovery signal


Announcing UE


Monitoring UE


eNB


Step1. resource allocation request


Step3. resource allocation indication


Step2. resource allocation


Broadcast discovery beacon


Receive discovery beacon



_1456926139.vsd
�

�

UE1


eNB1



