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1. Introduction
This contribution discusses scheduling scheme and resource management for efficient D2D communication in network coverage, partial network coverage, out of network coverage
2. Inside Network Coverage
Currently in LTE network, radio resource within network coverage is fully controlled by eNB scheduler at all times. Likewise D2D communication within network coverage is better to be controlled by network so that D2D-enabled UE can be well-coordinated with WAN UE (non-D2D UE). 
For easy coordination/management between WAN UE and D2D UE operation, semi-static or pre-configured D2D dedicated parameters such as D2D communication subframe, transmit power and MCS would be beneficial.
For D2D UE in RRC idle state to initiate D2D communication, random access preamble is transmitted to receive scheduling grant to setup RRC connection, which will be a prerequisite for D2D communication. After RACH procedure, UE in RRC connected state is now able to send scheduling request for D2D communication to each peer D2D UE or a group of D2D UEs. That means D2D Rx UE should be always wake up (“RRC connected mode”) to listen to D2D Tx UE’s signal, which undesirably leads to huge power consumption. To make D2D communication more efficient, idle UE should be able to participate in D2D reception.
For idle UE to perform D2D communication, the UE generally shall request for resource allocation, then get resource allocation information (e.g. via scheduling command), now broadcast a desired information. In these two steps, most of PRACH functionalities in the specification can be reused without modification. However, the third step is slightly different from that of PRACH operation. The message 3 for D2D broadcast is transmitted targeting to D2D Rx UE instead of eNB. 
In Figure 1, msg1 is aforementioned a kind of scheduling request for D2D communication, which can be implemented by e.g. RACH preamble. The msg2 in the 2nd step is a D2D broadcast scheduling information for msg3 transmission. The msg3 is actual intended broadcasting message targeting to D2D broadcast Rx UEs.
This approach can be beneficial to inter-cell D2D broadcast in that any RRC connection procedure for resource allocation and scheduling is not required. In Figure 1B, D2D broadcast Tx UE can perform D2D broadcasting to Rx UEs in other cell area.
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Figure 1A: D2D broadcast using basic functionalities and procedure of PRACH
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Figure 1B: Inter-cell D2D broadcast using RACH  
· In network coverage, D2D communication should basically be under eNB control. 

· For easy coordination/management between WAN UE and D2D UE operation, semi-static or pre-configured D2D dedicated parameters such as D2D communication subframe, transmit power and MCS would be beneficial
· For efficient D2D operation, idle UE as well as connected UE should be able to participate in D2D communication
· Inter-cell D2D broadcast is supported using the same mechanism as introduced in intra-cell
3. Outside Network Coverage

Out-NW coverage UE may select its Tx resource arbitrarily in principle because whole resource is out of eNB control. However, as discussed in [1], it is beneficial to restrict D2D resource of a transmitter UE to specific time-frequency for the ICIC using orthogonal resources. Especially clustering method is preferred to keep commonality with in-NW D2D operation in terms of the scheduling concept via cluster head instead of eNB.
Figure 2 is an example of a cluster head and D2D Tx UE for outside network coverage. One of UEs is cluster head, while one of the other UEs is D2D Tx UE which broadcasts message (msg3) to the other D2D Rx UEs. It is noted that cluster head and Tx UE can be the same.
Msg1 in the 1st step, Tx UE is requesting for resource for message broadcasting. Then cluster head responses D2D Tx UE with msg2 which is a scheduling/coordinating information or resource availability information. If Tx UE gets a resource for broadcasting, the UE will transmit broadcast message. In order for D2D Rx UEs to receive msg3 properly, D2D Rx UEs should receive msg2 in advance which contains decoding information such as scheduling or reception timing. 
[image: image3.emf](

1

)

 

m

s

g

1

(

2

)

 

m

s

g

2

(

3

)

 

m

s

g

3

(3) msg3

D2D Tx UE

Cluster head

(

3

)

 

m

s

g

3

(

2

)

 

m

s

g

2

(

2

)

 

m

s

g

2

(

2

)

 

m

s

g

2

m

s

g

.

3


Figure 2: D2D broadcast for outside network coverage UEs
By this clustering-based resource scheduling, it can be avoided for two transmitter UEs in the same cluster to use the same resource causing the resource collision. This scheduling approach can take advantage of the collision-free property of the sequential pathloss-based resource allocation which is observed to be effective in the evaluation results in [1]. Some measurement at the transmitter UEs can be embedded within msg1 to assist cluster head’s resource scheduling decision.
·  It is suggested that the concept of clustering and cluster head is introduced especially to support for efficient operation in outside network coverage and partial network coverage. 

· For efficient resource allocation for out-NW UEs, it is required for selection criteria based pathloss, RSRP, in-band emission impact.
4. Partial Network Coverage

Data from UE in partial network coverage can reach eNB with a help of UE-to-Network relay. For those UEs in order to communicate in-NW UE each other, they shall be able to be resource-managed and power-controlled by eNB. Otherwise, out-NW UE may give considerable interference impact on in-NW UE depending on circumstances and vice versa [2]. Hence, proper coordination between in-NW and out-NW UE operation is needed. 
One way to achieve this goal is that relay UE conveys scheduling/control information from eNB to out-NW UEs within relaying signal coverage so that out-NW UE can perform coordinated D2D communication with in-NW UE. The followings can be conveyed to out-NW UE via relay UE; D2D subframe(s) to be used for D2D transmission and/or reception, resource allocation, power control, MCS and so on. D2D subframe can be further classified to transmission subframe or reception subframe. It can facilitate half-duplex relaying operation and would also helpful for making use of subframe-specific interference characteristic. In order to perform coordinated operation between in-NW and out-NW UE, out-NW UE synchronized to eNB timing should be assumed. All these properties can be implemented under a single framework of clustering by prioritizing the in-NE UEs for cluster heads; the out-NW UEs will use these in-NW UEs as their cluster heads, and as a result, they will follow the network timing and resource configuration relayed via the in-NW UEs.
· Out-NW UE is synchronized to eNB timing
· The out-NW UEs use these in-NW UEs as their cluster head

· Relay UE conveys scheduling/control information from eNB to out-NW UEs in order for out-NW UE to perform coordinated D2D communication with in-NW UE.
· It is desirable to define “D2D subframe” to be used for D2D communication.
5. Conclusion
Proposals:
· For In-NW coverage,

1. D2D communication should basically be under eNB control. 

2. For easy coordination/management between WAN UE and D2D UE operation, semi-static or pre-configured D2D dedicated parameters such as D2D communication subframe, transmit power and MCS would be beneficial

3. For efficient D2D operation, idle UE as well as connected UE should be able to participate in D2D communication

· For Out-NW coverage,

1. It is suggested that the concept of clustering and cluster head is introduced especially to support for efficient operation in outside network coverage and partial network coverage. 

2. For efficient resource allocation for out-NW UEs, it is required for selection criteria based pathloss, RSRP, in-band emission impact.
· For Partial-NW coverage
1. Out-NW UE is synchronized to eNB timing
2. The out-NW UEs use UEs in-NW UEs as their cluster head

3. Relay UE conveys scheduling/control information from eNB to out-NW UEs in order for out-NW UE to perform coordinated D2D communication with in-NW UE.
4. It is desirable to define “D2D subframe” to be used for D2D communication.
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