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1. Introduction
This contribution discusses signalling messages for D2D discovery and resource allocation and is related to section 8.3.3 in [1]. We consider D2D scenario 1C as specified in [1] where two UEs, UE1 and UE2, are in coverage of a single cell and are served by the same eNB. 
In [RAN1, RAN2] Study on LTE D2D ProSe [1, 2], the focus is mainly on scenarios where UEs discover other UEs in vicinity before creation of D2D links. With direct discovery mode or EPC-level discovery mode, UEs will transmit discovery signals that may be detected by other UEs on a basis of resource allocation for discovery procedure. According to [1], two types of this discovery procedure were defined:
· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis
Note: Resources can be for all UEs or group of UEs
· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis
· Type 2A: Resources are allocated for each specific transmission instance of discovery signals
· Type 2B: Resources are semi-persistently allocated for discovery signal transmission

With these different types, the D2D discovery phase occurs before D2D communication. In addition, since it is based on specific resource allocation for discovery, few tentative were made to investigate D2D discovery during UEs communication through eNB.
In fact, considering LTE controlled D2D mode, it is clear that the network (eNB) can assist users to enable D2D discovery procedure, exploiting thus specific signalling and LTE existing exchanged messages between UEs and the network during the conventional communication. In such case, the discovery procedure and the direct communication is a matter of signalling procedure for D2D resource allocation managed at the eNB.

ProSe Signalling
In current LTE networks [3], to support communication between two UEs, i.e. to support the transmission of downlink and uplink transport channels, downlink L1/L2 control signalling is transmitted within the first part of each subframe before data region and consists of different physical channel types. 
Among these channels, the Physical Downlink Control Channel (PDCCH) is used to carry Downlink Control Information (DCI) which includes:
· DL scheduling assignments: It includes Physical DL Shared Channel (PDSCH) resource indication and transport format that are needed at the user terminals to receive, demodulate and decode the DL-SCH on a component carrier.
· UL scheduling grants: It includes Physical UL Shared Channel (PUSCH) resource indication and transport format to use for transmission on UL-SCH and Hybrid ARQ information. 
· Power control commands for power control of UL physical control and shared channels.
Since it is assumed that D2D operates in uplink spectrum [1], and since all users can read PDCCH signalling information, there is a need to design a new DCI in the PDCCH that takes into account UL resource allocation for D2D links. 
Observation 1: D2D communication operates in UL spectrum and all receiving UEs can read PDCCH signalling.

Observation 2: A new DCI in the PDCCH should be designed that assigns UL resource blocks for D2D links.  

In fact, one of the primal purposes of network controlled D2D is to offload the DL spectrum with resources that would be dedicated for UL traffic. For instance, if two users UE1 (transmitting UE) and UE2 (receiving UE) are communication through the LTE network, the eNB can be aware of proximity between them by asking the communicating UEs to perform some signals transmissions and measurements in order to detect their proximity. One solution consists in using Channel Quality Indicator (CQI) reporting based on measurements of sounding reference signals. Then, the eNB can allow the establishment of direct communication by assigning appropriate resources to the devices. 
This functionality consists in enabling the D2D enabled UE2 to receive on UL resources. Then, UE2 only needs to know on which resource to listen/receive, i.e. the scheduling assignment related to its DL traffic on the UL spectrum. From the eNB perspective, this D2D mode consists simply in allocating a resource for the node UE1 to transmit and the same resource for the destination UE2 to receive. In such a way the eNB keeps the full control of the resources and takes care about the half-duplex characteristics of the devices.
  Observation 3: The eNB is aware of proximity between UEs. It assigns the same UL resource blocks for transmitting and receiving UEs. 
Proposal 1: Conventional DCI includes an UL grant that is sent to the transmitting UE. The new DCI could be introduced to include UL scheduling assignments for the receiving D2D UE.
Different DCI formats are defined in LTE [4], section 5.3.3, with many information fields corresponding to various payload size and usage: 
- DCI formats 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C are used for DL scheduling assignments and depend on the transmission mode configured by higher layers, used to support different features (spatial multiplexing (multi-antenna port transmission mode), Multi-user MIMO, contiguous allocations …).  
- DCI formats 0, 4 are used for UL scheduling grants: scheduling of PUSCH in one UL cell for UL data transmission, with DCI format 4 to support UL spatial multiplexing transmission.
- DCI formats 3, 3A used for transmission of TPC commands (power control) for PUCCH and PUSCH channels.
Since we aim to define new DCI format for D2D communication, while exploiting existing LTE features and be the most compatible with previous releases. We need to define a new DCI format to be used for UL scheduling assignments; intended to the receiving D2D enabled UE2. The UE2 shall upon detection on a given serving cell of a PDCCH with this new DCI format decode the corresponding PUSCH in the same subframe used for UL transmission of UE1, with the restriction of the number of transport blocks defined in the higher layers. In fact, the transmitting D2D enabled UE1 transmits its data as in conventional LTE communication. This means that UE1 shall upon detection on a given serving cell of a PDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for this UE1, adjust the corresponding PUSCH transmission in subframe n+4 according to the PDCCH/EPDCCH and PHICH information, as described in [5], section 8.1.1. Therefore, in order to UE2 to receive this data directly, and since the eNB controls the resource allocation for both devices, it should indicate the same UL resource blocks to UE2 for reception in the new DCI format. 

Proposal 2: New DCI format is defined with its corresponding fields for using UL scheduling assignment for reception 

The following information fields should be transmitted:
- Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [5] if cross-carrier scheduling is enabled via RRC signalling. It is used to indicate the UL component carrier the DCI relates to. 
- Resource block allocation. This field indicates the resource blocks upon which the D2D terminal UE2 should receive the PUSCH (used for transmission of D2D UE1). Therefore, Resource allocation Type 0 (set of contiguously allocated resource blocks) and Type 1 (two sets of resource blocks with each set including one or more consecutive resource block groups) should be used as they are supported on UL spectrum, including hopping indication, as described in section 8.1 of [5]. The resource block assignment fields are thus similar to DCI format 0 defined in section 5.3.3.1 of [4]. 
· Frequency hopping flag - 1 bit as defined in section 8.4 of [5]. Frequency hopping is allowed this field is set to 1 and the uplink resource block assignment is type 0 otherwise no PUSCH frequency hopping is performed. This field is used as the MSB of the corresponding resource allocation field for resource allocation type 1.
· Resource block assignment and hopping resource allocation 
· For PUSCH hopping (resource allocation type 0 only):

		- NUL_hop MSB bits are used to obtain the value of  as indicated in section 8.4 of [5] 

	-  bits provide the resource allocation of the first slot in the UL subframe
· For non-hopping PUSCH with resource allocation type 0:

-  bits provide the resource allocation in the UL subframe as defined in section 8.1.1 of [5].
· For non-hopping PUSCH with resource allocation type 1:   


- bits provide the resource allocation field in the UL subframe as defined in section 8.1.2 of [5], where P is the size of Resource block group RBG depending on the UL system bandwidth as defined in table 7.1.6.1-1 in [4] and assuming as the system bandwidth. 

- Modulation and coding scheme and redundancy version – 5 bits, defined to provide the D2D receiving terminal (UE2)   with information about the modulation scheme, the code rate and the transport block size [5]. 
To determine the modulation order, redundancy version and transport block size for the D2D physical uplink shared channel, the UE shall first
· 
read the “modulation and coding scheme and redundancy version” field ()
· 
compute the total number of allocated PRBs () based on the procedure defined in section 8.1 of [5]






For , the modulation order () is given by () first read from Table 8.6.1-1. The modulation order is set then toas described in section 8.6.1 of [5]. The UE shall use then  and Table 8.6.1-1 to determine the redundancy version (rvidx) and the transport block size TBS index. 

- New data indicator – 1 bit. This field indicates to the UE2 D2D terminal whether reception of a new transport block.
- SRS request - 0 or 1 bit. This field can only be present in DCI formats scheduling PUSCH which are mapped onto the UE specific search space given by the Cell- Radio Network Temporary Identifier (C-RNTI). It can be added to the new DCI format to trigger transmission of Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types as described in section 8.2 of [5] for DCI formats 0/4/1A.
- TPC command - 2 bits. This field can be added for transmit power control for PUCCH as defined in section 5.1.2.1 of [6]. 
- Resource allocation type - 1 bit. If the resource allocation type bit is not present in the uplink DCI format, only resource allocation type 0 is supported on UL. Otherwise, the resource allocation type bit indicates RA type 0 is indicated by 0 value and RA type 1 is indicated by 1value as described in section 8.1 of [5]. 

Any DCI format (PDCCH) transports downlink or uplink scheduling information or uplink power control commands for one cell and one RNTI. The RNTI is the identity of the addressed terminal (or terminals) for which the PUSCH reception is intended. This identity is not explicitly transmitted but implicitly encoded in the CRC. Depending on the purpose of the DCI message (unicast data transmission, broadcast, power command …), different RNTIs are used. For D2D scenario 1C, unicast data transmission, the terminal specific C-RNTI is used. Upon detection of DCI, the D2D user will check the CRC using its set of assigned RNTIs. If the CRC checks, the message is declared to be correctly decoded and intended for this D2D user. 

Proposal 3: For D2D scenario 1C, unicast data transmission, the terminal specific C-RNTI is used in the CRC calculation.

In case, multi-antenna transmission mode is used for the transmitting D2D UE1 through DCI format 4 of PDCCH, the receiving D2D UE2 should be also informed about this transmission mode in its UL assignment. Therefore, another DCI format can be designed by changing the Resource block assignment as defined in DCI format 4 in section 5.3.3.1.8 of [5]. “Modulation and coding scheme and redundancy version” field and “New data indicator” field should be defined for the transport block 1 and transport block 2.

Proposal 4: New DCI format is defined for spatial multiplexing transmission by designing a new “Resource block assignment” field as defined in DCI format 4 and defining “Modulation and coding scheme and redundancy version” field and “New data indicator” field for the transport block 1 and transport block 2.    

Padding can be added also to the new DCI formats to ensure that the payload size is different from the existing UL DCI formats 0/4 and DL DCI formats. Therefore, the new DCI format with its specific payload size is only known to D2D enabled UEs and can be only decoded by the intended D2D enabled UE. 

Proposal 5: Padding is added to new DCI formats to ensure specific payload size different them from existing DCI formats. Only D2D enabled UEs can be configured to decode these new DCI formats in their UE specific search spaces.

As a conclusion, if a D2D enabled UE is configured by higher layers to decode DCIs (PDCCHs/EPDCCHs) with the CRC scrambled by the C-RNTI, the D2D UE shall decode the DCI according to the combination defined below and receive the corresponding PUSCH, where DCI format 0A, 4A stand respectively for new DCI format defined above for D2D PUSCH reception with single layer transmission and spatial multiplexing transmission.

	Transmission mode
	DCI format
	Search Space
	Reception scheme of PUSCH
corresponding to PDCCH


	Mode 1
	DCI format 0A
	UE specific by C-RNTI
	Single antenna port

	Mode 2
	DCI format 4A
	UE specific by C-RNTI
	Closed-loop spatial multiplexing




Conclusions
Proposal 1: Conventional DCI includes an UL grant that is sent to the transmitting UE. The new DCI could be introduced to include UL scheduling assignments for the receiving D2D UE.
Proposal 2: New DCI format is defined with its corresponding fields for using UL scheduling assignment for D2D reception. For single layer transmission, the following fields are defined: Carrier indicator, Resource block allocation (Frequency hopping flag, RB assignment and hopping RA), Modulation and coding scheme and redundancy version, New data indicator, SRS request, TPC command, Resource allocation type, Padding.

Proposal 3: For D2D scenario 1C, unicast data transmission, the terminal specific C-RNTI is used in the CRC calculation.

Proposal 4: New DCI format is defined for spatial multiplexing transmission by designing a new “Resource block assignment” field as defined in DCI format 4 and defining “Modulation and coding scheme and redundancy version” field and “New data indicator” field for the transport block 1 and transport block 2. 
Proposal 5: Padding is added to new DCI formats to ensure specific payload size different them from existing DCI formats. Only D2D enabled UEs can be configured to decode these new DCI formats in their UE specific search spaces.
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