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1. Introduction
RAN2#84 has agreed that UEs in-coverage and out-of-coverage need to be aware of a resource pool (time/frequency) for D2D one-to-many communication reception. Further, in the draft agenda for RAN2#85, several open issues for D2D communication are proposed for further discussion: 
	RAN2 aspects of radio resource allocation and scheduling including message/data flows. How are UEs in-coverage and out-of-coverage made aware of the resource pool (time/frequency) for D2D communication reception? How are transmission resources handled/allocated?


This contribution discusses these open issues on the resource allocation of D2D communication and states our views.
2. Discussion
Four scenarios (1A, 1B, 1C and 1D) have been agreed for 1: M D2D broadcast communication and captured in D2D TR [1], as shown in Figure 1. In the following sub-sections, we discuss the resource allocation procedures for in-coverage and out-of-coverage D2D communication. 
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Figure 1: D2D ProSe scenarios 
2.1 In coverage procedure
For in-coverage case, two different scenarios (i.e. single cell case and multi-cell case, namely Scenario 1C and 1D respectively in [1]) need to be considered for D2D communication. Similar to the resource allocation for D2D discovery, there are also two possible resource allocation procedures for D2D communication including coordinated and uncoordinated access schemes. The following Figure 2 shows the procedure involved in D2D communication. 
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Figure 2: D2D communication signaling procedure for in-coverage case
Resource allocation for D2D communication transmission and reception can be described by following steps: 

1. UE_A, UE_B and UE_C registers with D2D server in the application layer for services. During the registration, each authorized D2D UE may obtain a ProSe application ID or Group ID or a ProSe UE ID and security keys. Once the ProSe communication is enabled in the UE, the UE intends to receive the resource pool configuration.
2. eNB broadcasts the D2D resource pool allocation for D2D-enabled UEs’ reception.  
For in-network coverage case, eNB can semi-statically allocate and indicate resource pool for D2D communication reception purpose via an existing SIB or a new SIB if different SIB update periodicity is required. Both RRC_CONNECTED and RRC_IDLE mode D2D-enabled UEs can receive the SIB information to obtain the necessary information to receive D2D transmission. This solution also ensures eNB to fully control the resource allocation for D2D communication and LTE cellular communication in a semi-static manner considering, for example, the required resource for D2D service and LTE service, and/or the number of D2D-enabled UEs in the cell.
Figure 3 illustrates a D2D communication resource pool example on UL spectrum in FDD mode. The resource pool could be periodically (TD2D) allocated and could consist of a set of PRBs (NRB) in frequency domain and a number of consecutive subframes (Nsf) in time domain. The D2D resource pool can be further divided into different functional regions such as data transmission and control region (e.g. region for resource assignment or contention resolution) to reduce the power consumption at receiver side and minimize the collision probability of transmitters. The details of this could be left for RAN1 to study. Furthermore, it is our understanding that resource pool allocation needs to be coordinated between neighbor cells to enable D2D communication in Scenario 1D shown in Figure 1. 
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Figure 3: D2D ProSe communication resource pool configuration example
3. All UEs start monitoring D2D communication after resource pool configuration is acquired. 
It was assumed that eNB acts as a synchronization source for UE synchronization purpose. In addition, time/frequency synchronization operation for receiving multiple broadcast messages from different D2D transmitters should be guaranteed by L1 design (e.g. transmission timing mechanism). To allow D2D-enabled UE’s to be more power efficient, UE may just monitor a set of predefined control region where scheduling assignment is transmitted prior to any D2D data transmission. 
4. UE_C initiates the process of D2D transmission by application layer. 
5. UE_C determines the transmission resource from the resources pool allocated by eNB. 
The resource pool reserved for D2D communication in step 3 may be further partitioned in the time-frequency plane to form a set of transmission opportunities and each one consists of groups of RBs for consecutive TTIs. Possible ways for D2D transmission resource selection include coordinated or uncoordinated solutions. The resource selection procedure for D2D communication transmission could be performed as follows:
· In the coordinated solution (i.e. Option 1 in Figure 2), eNB controls the usage of D2D radio resources. RRC connection establishment is needed to acquire the D2D transmission resource coordinated by eNB (step 5a). After RRC connection establishment, the originating UE (i.e. UE_C) sends a resource allocation request message to eNB (step 5b). Such message could contain UE’s D2D Buffer Status Reporting (D2D-BSR) and other information to facilitate eNB’s resource allocation. In response to the resource request, eNB can grant transmission resources (step 5c) for this UE on a longer term basis considering a typical traffic of ProSe communication is Push-to-talk (e.g. PTT) application, similar to SPS configuration in current LTE system. This solution ensures eNB is aware of active D2D transmission UEs thereby heuristically managing the size of D2D communication resource pool. 
· In the uncoordinated solution (i.e. Option 2 in Figure 2), when there is data to be sent, D2D-enabled UE (i.e. UE_C) selects a transmission opportunity within the D2D communication resource pool. The simplest solution is that UE randomly selects the transmission resources from the D2D resource pool such that each of the allowed selections can be chosen with equal probability. Alternatively, UE can select the channel with the minimum measured energy as in [2] (step 5). Option 2 allows RRC_IDLE mode UEs to initiate D2D transmission. One issue of Option 2 that remains to be addressed is how to ensure eNB could recognize the utilization of D2D communication resource pool (e.g. congestion) thereby properly adjusts the resource pool size. In addition, to support this solution, a mechanism for efficient collision detection/avoidance on the transmitter and possibly receiver side is needed. For example, some listen-before-talk mechanisms could be considered prior to starting D2D transmissions to detect/avoid the collision.
6. UE_C broadcasts the scheduling assignment to notify the other UEs about the resources that UE_C would use for D2D transmission. The exact design of control region where scheduling assignment is sent could be left to RAN1. 
7. UE_C sends the data on the selected D2D transmission resource. 
Proposal 1: subject to RAN1 decision on resource allocation, RAN2 is asked to agree on and to capture one of the signaling flows in Figure 2 into TR36.843[4]. 
Further consideration on co-existence with Uu operation
Since a D2D-enabled UE may also need to support LTE Uu operation for in-coverage case, discussions on potential impacts on LTE Uu operation from the introduction of D2D operations may be needed in RAN2, similar to the discussions in [3] for D2D discovery. For example, if FDM or TDM+FDM scheme is supported to multiplex D2D signal and normal LTE signal from individual UE perspective, it is unclear whether a given D2D UE is able to receive a normal LTE downlink and D2D transmission packet in UL band simultaneously. To allow simultaneous reception in both downlink and uplink bands, two Rx chain would be required, similarly to inter-band DL CA functionality. However, due to the fact that in D2D case, the band of one Rx chain is the same as in the Tx chain of the other Rx band , the support of simultaneous reception may impact the current design of UE TRX architecture. We think that this issue should be first evaluated by RAN4 whether it is feasible to support simultaneous reception considering different UE architecture. 
Proposal 2: RAN2 should consult with RAN4 whether it is feasible to support simultaneous reception of Uu signal in the downlink band and D2D communication signal in the uplink band.
2.2. Out of coverage procedure
The resource allocation procedure for out-of-coverage case (i.e. Scenario 1A in Figure 1) is, in most respects, the same as that for in-coverage case as described in section 2.1, with some exceptions as detailed in Figure 4. According to the latest physical layer design, one of the D2D UEs is supposed to act as a common synchronization source to its group member UEs and we name it as ‘Peer Radio Head’ (PRH) for the purpose of the following discussions. 
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Figure 4: D2D communication signaling procedure for out-of-coverage case
1. UEs are pre-configured with the related information for D2D one-to-many communication, such as ProSe UE ID, ProSe application ID and encryption keys. 
2. For coordinated resource allocation scheme (i.e. Option 1 in Figure 4), PRH provides group members information regarding radio resources to be used for ProSe communication. One resource allocation pattern example is shown in Figure 5 with TDM of D2D resources among different synchronization groups and FDM of D2D resources within one synchronization group. This pattern may be desirable to mitigate the in-band emission problem [2]. For uncoordinated resource allocation (i.e. Option 2 in Figure 4), in this step PRH also may optionally provide assistance information for group member UE’s resource allocation. Clearly, if PRH is involved in the resource allocation procedure, additional specification efforts are needed to design the PRH election protocol
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Figure 5: Illustration of TDM coordination.
3. UEs start monitoring D2D communication after resource pool configuration is acquired, either pre-configured or broadcasted by PRH that UE is synchronized with. Similar to in-coverage case, UE may only monitor D2D-specific control channel prior to D2D packet decoding to reduce the power consumption 
4. UE_C initiates the process of D2D transmission by application layer. 

5. UE_C determines the transmission resource from the pre-configured or broadcasted resources pool.
For coordinated resource allocation scheme (Option 1), UE_C initiating the communication in step 4 broadcasts a resource request message (i.e. step 5a). This message can be heard by PRH as well as other UEs in its proximity. In step 5b, PRH sends a resource grant to respond the request message. For uncoordinated resource allocation scheme (Option 2), UE_C selects one channel from the set of resources obtained in step 2. 
6. UE_C broadcasts the scheduling assignment announcement to notify the other UEs about the resources that UE_C would use for D2D transmission.
7. UE_C sends the data on selected D2D transmission resource.
Proposal 3: Subject to RAN1 decision on resource allocation, RAN2 is asked to agree on and to capture one of the signaling flows in Figure 4 into TR36.843 [4].
3. Conclusion
In this document, we provided different signaling flows and required messages to enable D2D communication operation for in-coverage case and out-of-coverage case. In addition, we further observed additional co-existence issue which needs to be taken into account to support D2D communication operation for in-coverage case. Based on the discussions, we propose that RAN2 consider the following observations and proposals in designing D2D communication operation. 
Proposal 1: RAN2 is asked to agree on and to capture one of the signaling flows in Figure 2 into TR36.843[4]. 

Proposal 2: RAN2 should consult with RAN4 whether it is feasible to support simultaneous reception of Uu signal in the downlink band and D2D communication signal in the uplink band.
Proposal 3: Subject to RAN1 decision on resource allocation, RAN2 is asked to agree on and to capture one of the signaling flows in Figure 4 into TR36.843 [4].
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