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1 Introduction

During the work on LTE proximity services study item, the RAN1 WG has discussed possible resource allocation modes for different scenarios. According to the latest working assumption a transmitting D2D UE can operate in two modes for resource allocation Mode-1 (eNodeB controlled) and Mode-2 (autonomous resource selection by UE). At the last RAN1 meeting, the following agreements were made with respect to resource allocation Mode-1.
· For Mode 1 communication, eNodeB or Rel-10 relay allocates resources to a D2D transmitter for SA and Data using PDCCH or EPDCCH

· FFS: Linkage between SA and Data

· FFS: Separate grant for Data

· Single grant can schedule multiple Data transmission opportunities

· The multiple opportunities can be used for the multiple transmissions of a single TB

· The multiple opportunities can be used for the transmissions of multiple TBs

· FFS: Which entity decides how each transmission opportunity is used

· FFS: Single grant can schedule single SA transmission

· Single grant can schedule multiple SA transmissions

· FFS: whether the multiple SA transmissions are of the same SA or different SA

· FFS: C-RNTI or another UE-specific RNTI is used at least for scrambling of CRC of a D2D grant

· eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH.

In this contribution, we discuss D2D operation within network coverage scenario and consider multiple aspects including resource configuration, signaling and data transmission patterns. For current discussion, we assume that UE receiver is equipped with the single receiver chain, so it cannot simultaneously receive the DL and WAN D2D traffic. In addition, we limit our discussion to single carrier WAN-D2D operation and do not discuss support of the D2D CA or WAN-D2D CA options for the reasons discussed in [1].
2 D2D Communication Resource Pool Configuration
In general case, the D2D communication resource pool is composed from synchronization resources, scheduling assignment resources (D2D control information) and D2D data transmission resources. Within network coverage, an eNB provides configuration of the D2D communication pool resources to D2D-enabled UEs via SIB signaling.
2.1 Scheduling Assignment Resources
The scheduling assignment (SA) resources are used to carry the D2D control information (D2DCI) signaling used to inform D2D receivers about physical parameters of the subsequent direct transmissions. The resources for SAs may be allocated periodically (e.g. every 80 ms). In general, the periodicity of SAs can be configured by eNB and may depend on the FDD/TDD mode of operation as well as on UL/DL configuration in case of TDD. In case of inter-cell D2D communication, UE needs to be aware about SA resources allocated in neighboring cells. In order, to simplify D2D operation the SA resources from different cells need to be aligned across cells. In opposite case, eNodeB needs to indicate SA resources for each neighboring cell.

Proposal 1
· Periodicity and configuration of SA resource pool for D2D reception is configured by eNodeB and broadcasted to D2D capable UEs via SIB signaling.

· In synchronous networks, UE assumes that SA resources are aligned across cells.

· eNodeB informs UEs about the location of SA resources in neighboring cells, if the latter are not aligned across network.

For Mode-1 operation, the SA resource pool needs to be known to all D2D-capable UEs and considered as a “reception pool”. The SA “transmission pool” may be cell-specific and D2D capable UEs do not need to know the Mode-1 SA resources from transmission perspective, since it is granted by eNodeB to RRC_CONNECTED UEs, although it can be implied that eNodeB selects one of the SA resources for D2D SA transmission.

In order to support partial coverage operation, the eNodeB can allocate special subset of resources for Mode-2 operation. The UE may use these resources under exceptional cases and conditions configured by the network [2].
2.2 Data Transmission Resources
The actual data transmission resources can be dynamically indicated by D2D transmitter from the predefined set of the data transmission patterns. At the last RAN1 WG meeting it was agreed that resource patterns for transmission can be implicitly or explicitly indicated through scheduling assignments. However, the eNodeB needs to pre-configure the common set of resource patterns of transmissions so that D2D receiver can understand the actual position of the subframes used for D2D data transmission. For Mode 1 operation, the resource pattern of transmission is explicitly transmitted in the SA resources by each D2D transmitter and there is no explicitly signaled predefined data transmission pool. Instead, the UE can derive the potential D2D subframes based on processing of the configured resource patterns of transmission.
Proposal 2
· In Mode-1, the D2D data transmission resources are explicitly signaled in SA, using predefined patterns configured by eNodeB.

3 eNB Control for D2D Data Transmissions
Within network coverage, eNBs control all D2D transmissions. The following 4-step D2D scheduling procedure is used for direct communication under eNB control:
A. UL transmission of the D2D Scheduling Request (D2DSR) by D2D transmitter to eNB;
B. DL reception of the D2D Scheduling Grant by D2D transmitter from the eNB;
C. Transmission of D2D Control Information by D2D transmitters to D2D receivers;
D. Transmission of D2D data over direct link.

In the next sub-sections, we consider all these steps in more details.
3.1 D2D Scheduling Request

A D2D-enabled UE which has D2D traffic requests scheduling resources for broadcast transmission via L2 D2D Scheduling Request (D2DSR) carried over PUSCH channel. The D2DSR may look similar to the buffer status report signaling however it may need additional information to facilitate eNB scheduling of the D2D traffic and resource planning. The detailed signaling of the D2DSR message can be defined by RAN2 WG taking into account RAN1 input on the information related to the physical layer aspects, e.g. interference and traffic management. For instance, the following information (see Table 1) may be considered for D2DSR signaling to facilitate efficient resource allocation and D2D operation under eNB control.
Table 1: Potential content of D2D scheduling request signalling.
	Information
	Description

	Information about amount of direct data.
	The buffer status report signaling can be used to indicate the desirable TX data rate needed for resource allocation pattern and MCS assignment. Alternatively may be represented in the form of TBS.

	Preferred resource transmission pattern.
	Preferred resource allocation pattern for data transmission in frequency/time.

	Preferred SA resource.
	Indication of the preferred physical resource in pre-allocated SA resources for control signaling on direct link. Indication of interference conditions on resources used for direct communication


Proposal 3
· Further discuss RAN1-specific details of the required D2DSR content and inform RAN2 WG in order to assist eNB selection in terms of SA, data resource allocation.
3.2 D2D Scheduling Grant

Once eNB received D2D scheduling request, it may allocate resources for D2D transmission or deny the D2D transmission request. In case of eNodeB decision to schedule D2D transmission, eNB transmits D2D scheduling grant in ePDCCH/PDCCH channels to communicate the scheduling decision on resources to be used by the D2D UE. The proposed content of the information carried over the D2DSG is provided in Table 2. It should be noted that in general the eNodeB can send different grants for indication of the scheduling assignment resource and data transmission pattern. However in this case the UE behavior in different error cases may need to be defined. For instance, what happens if UE misses the SA resource indication or data resource indication, etc. In order to avoid handling of this additional cases we think that single D2D scheduling grant should be used. At the same time, we assume that single D2D grant can schedule multiple SA transmissions. The explicit timing is defined between the moment when D2D scheduling grant is received and the moment when D2D transmitter starts transmission of the direct data on scheduling assignment resources.
Table 2: Content of D2D Scheduling Grant

	Information
	Description

	D2D data bandwidth
	Number of occupied logical frequency channels that characterizes the whole frequency bandwidth for D2D transmission. Number of consecutive PRBs per LFC can be preconfigured

	Resource pattern of transmission (RPT)
	Indication of the assigned subframe pattern for direct data transmission

	SA resource indication
	Indication of the SA resource for D2DCI transmission in SA occurrence.

	MCS for data
	Modulation and coding scheme for data transmission.

	Retransmission pattern
	The eNB may indicate the preconfigured retransmission patterns used for direct transmission e.g. amount of retransmission and redundancy versions for retransmission of the same TBS

	Power control settings
	Indication of the semi-statically configured transmit power settings.


Proposal 4
· Agree on the content of the D2D scheduling grant provided in Table 2.

· Single D2D scheduling grant is used to indicate SA resource and data transmission pattern.

· Explicit timing is defined between the time instance when D2D transmitter has received the D2D scheduling grant from eNodeB and the time instance when D2D transmitter sends D2D control information in scheduling assignment resource pool.
3.3 D2D Control Information (D2DCI)
The D2D control information (D2DCI) on the direct link is transmitted periodically on scheduling assignment resources, so that any D2D enabled UE can utilize benefits of DRX operation and wake up periodically, decode D2DCIs and decide on decoding of data transmissions from transmitters of interest.
A D2D transmitter sends D2DCI prior to the actual direct data transmission indicating to the receiving UEs parameters of its own transmission. D2D receiver UEs process the D2DCI information and decide which subframes carry direct traffic.
Table 3: Content of D2D Control Information Signalling (D2DCI)
	Information
	Description

	L1 identity
	Function of L2 destination ID

	D2D data bandwidth
	Number of occupied logical frequency channels that characterizes the whole frequency bandwidth for D2D transmission. Number of consecutive PRBs per LFC can be preconfigured

	MCS
	Modulation and coding scheme for data transmission.

	Resource pattern of transmission (RPT)
	Indication of the assigned subframe pattern for direct data transmission

	Retransmission pattern
	The eNB may indicate the preconfigured retransmission patterns used for direct transmission, e.g. amount of retransmission and redundancy versions for retransmission of the same TBS and TBS transmission instances


Proposal 5
· Agree on the content of the D2D control information signaled over direct link in scheduling assignment resources.
From the link level analysis in the companion contribution [3] it may be concluded, that at least 2 PRBs and 1-2 TTIs are needed for D2DCI transmission to satisfy target link budget of 130, and 133 dB respectively. Moreover, the number of SA resources is needed to be sufficient for multiple simultaneous broadcast transmissions. In Figure 1, the logical time-frequency structure of NxM SA resources is shown with N frequency and M time orthogonal resource units. Following the previous system level analysis results in [5] and the discussion in [4], it seems sufficient to define maximum 16x4 logical region for efficient broadcast operation. Therefore, up to 8 subframes in D2D communication region may be needed to carry D2DCI when 2 TTIs are occupied per one D2DCI transmission.
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Figure 1: SA resources for D2DCI transmissions in logical domain

Time-frequency logical structure for D2DCI is beneficial to mitigate half-duplex and in-band emission problems in case of D2DCI transmissions by multiple terminals. The UEs with high mutual in-band emission interference impact should be scheduled in different time resources to minimize in-band emission blocking effects at potential receivers. In addition, it is possible for UEs to indicate in the D2DSR their preference which D2DCI resource they want to use in order to assist in collision-free scheduling (in case of cell edge operation, when eNB may not know scheduling decisions from neighbouring cells) or achieve time orthogonality with transmitters of interest for half-duplex resolution.
Proposal 6
· D2DCIs are transmitted on SA resources which are multiplexed in time and frequency in order to mitigate half-duplex and in-band emission problems.
3.4 Resource Pattern of Transmission (RPT)
For D2D communication under eNodeB control, the time resources for direct data transmission in between scheduling assignments needs to be defined. There are many aspects and tradeoffs that need to be considered in order to define D2D resource allocation pattern in time for the direct communication:

· Plurality of direct traffic types that may need to be handled/carried over direct link;
· Different requirements on direct communication range and direct data rate;

· Cellular and D2D interference and traffic management;

· Half duplex constraints and in-band emission effects;

· Collisions with cellular communication;

· Vendor specific optimizations and operator use cases;

· Total amount of available UL spectrum resources per frame (depends on FDD/TDD as well as on UL-DL configuration).
It may be difficult to come up with single proposal that can satisfy all potential requirements and use cases. At the same time we should not overcomplicate UE behavior and eNB implementation in terms of interference management and link adaptation that still should be done at least for cellular operation. In our view, for within network coverage scenario there should be some flexibility in terms of resource allocation for both UE and eNB. Therefore for within network coverage scenario the flexible solution should be used. One of the recommended approaches is to configure several direct resource patterns of transmission (RPT) in time that can indicate subframes for direct communication. The one RPT may span over multiple subframes and can define different amount of time resource and/or time multiplexing options for direct data transmission within network coverage. The set of RPTs can be configured by the eNB and signaled to the D2D enabled UEs. The eNB may use bitmap approach to mark the D2D subframes that belong to the RPT. The bitmap based implementation can provide both flexibility in traffic management and interference handling.
The bitmap mechanism can be rather general and may facilitate different implementations depending on the target performance metric. At the same time it can resolve multiple performance issues related to the interference management. In Figure 2, an example of subframe bitmaps for D2D data transmission is presented. In this particular example the size of bitmap pattern is equal to 40 bits. However it should be mentioned that the size of the bitmap pattern may depend on the UL-DL configuration and can be either reduced or extended to align with HARQ operation. Another factor that need to be taken into account is the periodicity of the D2DCI transmissions. This periodicity may exceed the RPT bitmap pattern and thus the RPT can be repeated till the next cycle of D2DCI transmission.
Proposal 7
· The bitmap mechanism is used to indicate the set of available resource patterns of transmission for direct communication.

· Multiple resource patterns of transmission are configured and signaled by eNodeB. The number of RPTs is for further discussion and analysis.

· The data transmission patterns in time and the frequency allocation are separately indicated.
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Figure 2: Example of periodic RPT for D2D data transmission and reception
In addition to the subframe indication, the D2D receiver UE may be configured and provided with the data retransmission pattern. The data retransmission pattern can indicate information about the maximum number of retransmissions and their association with subframes in RPTs. In general, the retransmission pattern index may be signaled in order to set the relations between initial packet transmission and packet retransmission within the resource pattern of transmission. Such mechanism may randomize the packet transmission over time duration in order to extract additional time diversity gains.
Proposal 8
· Retransmission pattern defines the rule between initial packet transmission and its retransmission in consecutive subframes, including the control of redundancy versions.
4 Conclusions
In this contribution we provided our views on D2D operation under eNB control and Mode-1 resource allocation. Based on the discussion presented in the document we have following proposals:
Proposal 1
· Periodicity and configuration of SA resource pool for D2D reception is configured by eNodeB and broadcasted to D2D capable UEs via SIB signaling.

· In synchronous networks, UE assumes that SA resources are aligned across cells.

· eNodeB informs UEs about the location of SA resources in neighboring cells, if the latter are not aligned across network.

Proposal 2
· In Mode-1, the D2D data transmission resources are explicitly signaled in SA, using predefined patterns configured by eNodeB.

Proposal 3
· Further discuss RAN1-specific details of the required D2DSR content and inform RAN2 WG in order to assist eNB selection in terms of SA, data resource allocation.
Proposal 4
· Agree on the content of the D2D scheduling grant provided in Table 2.

· Single D2D scheduling grant is used to indicate SA resource and data transmission pattern.

· Explicit timing is defined between the time instance when D2D transmitter has received the D2D scheduling grant from eNodeB and the time instance when D2D transmitter sends D2D control information in scheduling assignment resource pool
Proposal 5
· Agree on the content of the D2D control information signaled over direct link in scheduling assignment resources.

Proposal 6
· D2DCIs are transmitted on SA resources which are multiplexed in time and frequency in order to mitigate half-duplex and in-band emission problems.

Proposal 7
· The bitmap mechanism is used to indicate the set of available resource patterns of transmission for direct communication.

· Multiple resource patterns of transmission are configured and signaled by eNodeB. The number of RPTs is for further discussion and analysis.

· The data transmission patterns in time and the frequency allocation are separately indicated.

Proposal 8
· Retransmission pattern defines the rule between initial packet transmission and its retransmission in consecutive subframes, including the control of redundancy versions.
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