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1. Introduction 
The discussion on proximity services was started at the RAN2 #83 meeting. During the discussion, the scope of RAN2 was clarified and many issues were resolved based on SA outcomes such as SA2 TR and LSs. RAN also decided to use broadcast as L1 scheme at the RAN #60 and use case priorities for Rel-12 were endorsed at the RAN #61.

From the RAN2 #83 meeting, some contributions related to resource allocation were presented and the following way forward was captured in the chairman report:

=>
We will further investigate the complexity (and possibly efficiency) of different resource allocation schemes (fully scheduled; semi-persistent; CSMA like; …) and also the consequences for control plane and UP protocols. 
In order to progress the discussion on resource allocation, more clarification is required to devise an effective scheme among various approaches for D2D direct communication. In this paper, we try to clarify fully scheduled approach by taking a look at network based allocation procedure.
2. D2D communication within in-coverage
Compared to Rel-10/11, direct D2D communications have unfamiliar characteristics, such as UE to UE direct link, UE’s uplink band reception, and L1 broadcast. Hence, we need to take a look at many different aspects of direct communication to introduce the feature in the spec. For the communication, network based approach, where eNB manages D2D broadcast/reception, would be a natural way forward at least for in-coverage scenarios. This approach could reuse much of LTE functionalities and it will be referenced as a baseline for comparison. Therefore, we try to investigate network based solutions focusing on fully scheduled approach in this contribution.
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Figure 1. Network based D2D communications
Figure 1 shows the typical D2D communication environment when D2D UEs are located in a cell coverage. Cell coverage is mostly bigger than UE’s D2D coverage because of antenna characteristics, transmit power, and geographical position. So, network has enough range to provide a reliable centralized mechanism to UEs for direct communication. 
To participate in the D2D communication, a UE needs to connect to the network by LTE procedure. Then, the UE can get configuration information which is applied to D2D communication around the area. After then, the UE can enter into the group communication among neighbour UEs. The UE can broadcast D2D packets by resource allocation from eNB. It will be decided by RAN2 whether a UE is in RRC_CONNECTED or RRC_IDLE during the D2D communication.

Proposal 1. For D2D communication, network controlled solution would be a baseline for comparison.

3. Procedure of fully scheduled allocation
TR 23.703 contains the outcome of SA2 discussion on higher layer architecture enhancements for proximity services. Referring from the TR, we can understand SA2’s view on direct communication and RAN2 related open issues. Therefore, it is better to clarify the overall procedure and signalling for fully scheduled resource allocation based on the TR.

3.1 Resource configuration

A D2D UE requires initial resource configuration for direct communication and it can be configured by DPF (Direct Services Provisioning Function) or RAN when the UE is in-coverage. SA2 assumed to use a new SIB and it contains resource information for direct discovery/communication. For out-of-coverage, DPF would be an only way of resource provision [1].

Table 6.1.1.2.2-1: Resource configuration for "in" and "out of coverage" cases [1]
	
	In network coverage
	Out of network coverage

	Registered PLMN
	Read new SIB of the camped cell
	Configured by V- and H-DPF 

	Other PLMNs
	Read new SIB in the band of other PLMN
	Configured by Local DPF


The information for resource configuration should be discussed from RAN2 and it can include frequency bands and D2D subframe reserved for D2D communication. RAN1 already decided to use UL spectrum (in case of FDD) for D2D communication and they have been discussing frame structures for broadcast transmission. So, it will be finalized in the RAN1.

The RAN2 issues related to the configuration information can include duration and period of the D2D resource. Additionally, among D2D resources, these can be separated to in-coverage and out-of-coverage resources to reduce contention and complexity. Moreover, static information for broadcast will be transferred via new SIB. When we employ fixed MCS and Tx power for D2D broadcast transmission, these information can be conveyed via the SIB.
Proposal 2. Resource configuration for D2D communication is transmitted via system information.
3.2 One-to-many configuration

SA2 TR describes direct one-to-many communication procedure as shown below and it would be a guideline for RAN discussion. Also, SA2 indicates the issues which should be defined in RAN WGs, so it could be a starting point of clarification.
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Figure 6.2.6.3.1-1: Direct One-to-Many Communication procedure [1]
Group communication mechanism should be implemented from higher layer, as L1 broadcast mechanism is prioritized in RAN. The discussion is required whether will be specified in AS or NAS level, but much impact in RAN2 may be expected. In addition, broadcast service should be considered for the UE which could not perform explicit authorization to receive D2D packets.
Group management is an important issue in RAN2 and the last meeting’s consensus was that dynamic group management is not an essential feature. Therefore, UE’s group membership will be pre-configured and it would be accomplished by RRC signalling or NAS signalling. Resource allocation information for each group can be transferred via RRC signalling and the resource will be allocated statically by network. 
SA2 defines Direct Group Identifier (DGI) for group management where each DGI is also associated with an IP multicast address used by the application-layer group e.g. specific Public Safety group for its broadcast/multicast service. After a DGI is allocated to a group and configured to all group members beforehand, the group members can use it to identify a one-to-many ProSe bearer context for their group.
Generally, application layer identifiers may not be directly employed in RAN level and RAN2 would assume RAN layer identifiers for group management, such as RNTI for group members. The interaction between DGI and RAN identifier should be implemented by 1:1 mapping manner.
Group discovery procedure for the group members are optional procedure and it may not be needed for D2D broadcasting.

Proposal 3. Group configuration for D2D communication is performed by RRC signalling.

3.3 Resource scheduling
Even though a network based solution is assumed, a UE initiates a D2D communication independently with network. Thus, a UE is required to get a grant for D2D broadcast and eNB is responsible for resource allocation. In our view, reusing LTE spec. would be a simple approach, so SR or BSR can be applied to request D2D resources from UE.

If eNB receives the request for D2D broadcast, it allocates resources to the UE. In more detail, the eNB allocates RBs resources within pre-configured group resources. For signalling, the eNB could send control information for transmission by the following channels:

· Option 1: PDCCH – modifies LTE PDCCH and it includes simple DCI for broadcast.
· Option 2: PDSCH – introduces a new MAC CE for D2D resource allocation. 
For fully scheduled allocation, the eNB indicates up to RBs to a UE and the UE broadcasts data without contention. As semi-persistent voice traffic is the typical service type for public safety, the SPS concept can be applied to the resource allocation which reduces signalling between eNB and UE. 
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Figure 2. Fully scheduled resource allocation
If a UE receives a grant for D2D broadcast, the UE transmits D2D data via direct link. Also, periodic transmission will be possible when SPS operation is configured such as activation/deactivation. D2D broadcasting on L1 layer greatly reduces signalling between UE and eNB, since the broadcast mechanism doesn’t support HARQ feedback nor closed loop operation.

Proposal 4. LTE procedure can be reused for fully scheduled D2D resource allocation.

Considering UE’s group listening, the reception procedure can be optimized for efficiency as direct communication uses broadcast mechanism. It would be related to the “group session announcement” which is specified in SA2 TR.
In order to optimize the power consumption at the receiving end, a "group session announcement procedure" is envisaged to be used so as to allow a power-efficient way to keep the group "alive" during the ProSe one-to-many communication session. The announcement needs to be invoked periodically or occasionally when new traffic is initiated by an originating UE. When there is no more data transmission activity, the session announcement message stops, this may happen after some configurable time of inactivity in order to cover cases of "bursty traffic" and minimize signalling. This can either be achieved by sending an explicit "stop" announcement of by just terminating the earlier transmitted announcement. 

By monitoring "group session announcements", the receiving UEs could avoid being "always on" in the receiving mode, and save power when there is no likelihood of participation. 

Editor’s Note: How to monitor "group session announcement" and how to listen to group communication will be decided by RAN WGs.

Similar to the transmission, D2D traffic reception can be implemented by various approaches. However, it has a big different aspect that a UE has to know entire control information for group members. For example, if a UE initiates a broadcast transmission, the UE could recognize it to monitor the traffic. So, the following signalling can be considered:
· Option 1: SIB or RRC signalling – group UEs continuously monitor all resources for D2D packets. It doesn’t require periodic control signalling, but UE’s power consumption might be high.
· Option 2: PDCCH/PDSCH – group UEs monitor a certain PDCCH/PDSCH to get decoding information for D2D packets. If UEs find decoding information, those UEs decode broadcasted D2D packets.
· Option 3: MCCH: reuse MBMS mechanism.

Proposal 5. D2D data reception procedure should be decided by considering power consumption and signalling complexity.
4. Conclusion
In this contribution, we have analyzed the fully scheduled scheme which is a candidate for resource allocations. We think that the scheme would be a possible solution for in-coverage scenarios and the following proposals can be considered for D2D communications:
Proposal 1. For D2D communication, network controlled solution would be a baseline for comparison.

Proposal 2. Resource configuration for D2D communication is transmitted via system information.

Proposal 3. Group configuration for D2D communication is performed by RRC signalling.

Proposal 4. LTE procedure can be reused for fully scheduled D2D resource allocation.

Proposal 5. D2D data reception procedure should be decided by considering power consumption and signalling complexity.
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