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1 Introduction
For a UE transmitting D2D broadcast data and control information, the following have been agreed in RAN1#76 [1].
Agreements:
· From a transmitting UE perspective a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
· D2D communication capable UE shall support at least Mode 1 for in-coverage

· D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage

· FFS: Definition of out-of-coverage, edge-of-coverage, in-coverage

Agreement:
· For example, definition of coverage areas is at least based on DL received power
Furthermore, using SAs has been assumed for assisting UE in receiving D2D broadcast data [1].
Working Assumption:

· For D2D broadcast communication, scheduling assignments that at least indicate the location of the resource(s) for reception of the associated physical channel that carries D2D data are transmitted by the broadcasting UE

· The indication of resource(s) for reception may be implicit and/or explicit based on scheduling assignment resource or content

· Scheduling assignments use PUSCH structure for transmission

· Details of PUSCH structure including DMRS and RE mapping are FFS

· At least the following are not precluded from further study: Scheduling assignments piggybacked with data, or indicated over DMRS

· For Mode 2

· A resource pool for scheduling assignment is pre-configured and/or semi-statically allocated

· FFS whether the resource pool for scheduling assignment is same as the resource pool for D2D data 

· UE on its own selects the resource for scheduling assignment from the resource pool for scheduling assignment to transmit its scheduling assignment

· For Mode 1 

· the location of the resources for transmission of the scheduling assignment by the broadcasting UE comes from the eNodeB 

· the location of the resource(s) for transmission of the D2D data by the broadcasting UE comes from the eNodeB 
In this contribution, we provide further views on the resource allocation for D2D communication.
2 Resource Allocation Modes for D2D Communication
UE D2D transmissions for communication consist of:

· SA transmissions, and 

· D2D data transmissions,
which, e.g., according to [3], are transmitted to the UE via the same D2D shared data channel, even though for the same UE the SA and D2D data transmissions may be on different time resources. 

The time-frequency radio resources need to be allocated for both SA and D2D data transmissions. The allocation is done differently, depending on whether the D2D broadcast transmitter UE is of Mode 1 or Mode 2 UE: in a UE-specific manner by eNodeB for Mode 1 or selected autonomously by the UE from a set of possible resources (resource pools) for Mode 2.
It has been agreed [1] that a D2D communication capable UE shall support at least Mode 1 for in-coverage, and that a D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage. It thus remains open whether Mode 2 should also be supported for in-coverage. With Mode 2, the resource allocation is generally uncoordinated and performed in a contention-based manner, which may lead to collisions, harmful interference to cellular or other D2D transmissions, and inefficient utilization of radio resources, which are scarce. This can be avoided when the UE is in-coverage [4] and the resource allocation is according to Mode 1. Hence, using Mode 2 for resource allocation for in-coverage UEs cannot be justified from the performance point of view.
· Proposal 1: Only Mode 1 resource allocation is allowed in for in-coverage UEs.
3 Principles for Resource Allocation for D2D Broadcast Communication
The following SA and D2D data transmissions principles need to be considered for resource allocation:

· SAs are transmitted in cycles to facilitate the UE operation in half-duplex mode and allow for better interference coordination, where the SA is transmitted in the SA subframes of the same SA cycle but depending on a scenario not all SA transmission opportunities may need to be used.

· The data resources associated with an SA should follow in time after the corresponding SA cycle (see Figure 1).

· The resource allocation should respect the SC-FDMA for D2D transmissions, implying that the resource allocation in frequency is contiguous.
· If cellular and D2D transmissions are multiplexed in frequency (for different UEs), the cellular resource fragmentation in frequency should be minimized or even avoided.

· While the periodicity of SA (re)transmissions may be pre-defined, the time-domain pattern for D2D data transmissions should allow for more flexibility to accommodate different amount of D2D data and different traffic types. 
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Figure 1: SA cycle and D2D broadcast data subframes indicated by the time-domain data pattern (NOTE: the actual allocation in frequency would typically be less than the whole bandwidth of the indicated subframes).
3.1 Resource Allocation for SAs

SA resources to be used by a UE transmitting D2D broadcast data for SA transmissions are either 

· signaled by the serving eNodeB in a D2D scheduling grant (Mode 1 resource allocation), or 

· selected autonomously by the UE within a SA resource pool (Mode 2 resource allocation).

The signaled or selected SAs should satisfy the following conditions:

· Condition 1: The signaled or selected SA resources are always within some SA resource pool, e.g.,

· within a pre-defined SA resource pool (Mode 2, out of coverage transmitters), 

· within an eNodeB-broadcasted SA resource pool (Mode 2 UEs that are in/edge-of coverage and Mode 1 UEs).
· Condition 2: The configured or selected SA resources are always the subframes carrying D2DSS (in order to optimize DRX possibilities in the receiver).

· Proposal 2: SA resource allocation is always within a pre-defined or broadcasted SA resource pool, whichever applies.

· Proposal 3: SA resource allocation is always in D2DSS subframes.

· Proposal 4: SA resource allocation is periodic and based on SA cycles (e.g., with periodicity 40 ms within an SA cycle and the SA cycle length of 160 ms).
3.2 Resource Allocation for D2D Broadcast Data

The D2D broadcast data resource allocation is according to the associated SA pointing to the time-frequency resources containing the data.
The D2D broadcast data resources (pointed to by the SA) are decided together with the SA resource allocation, i.e.,

· signaled by the serving eNodeB in a D2D scheduling grant (Mode 1 resource allocation), the signaled resources are not constrained by any D2D data resource pool, or

· selected autonomously by the UE (Mode 2 resource allocation), where

· the resources are selected within a pre-defined D2D data resource pool, unless a broadcasted D2D data resource pool can be received by the UE.

· Proposal 5: For Mode 2, D2D broadcast data resources are within a pre-defined or broadcasted D2D data resource pool, whichever applies. For Mode 1, the configured resources for data are not constrained by any pool.
4 Network Resource Grant Details for Mode 1
When within network coverage, prior to transmitting D2D broadcast data, the UE (UE-A in Figure 2) requests resources from the network (namely, from the serving eNodeB). The request may be implemented by means of the procedures involving SR and D2D BSR [5]. Upon the request, the UE receives a resource grant with time-frequency resource allocation for its SA and D2D broadcast data transmissions. The resource allocation information for D2D broadcast data transmissions is further included in SA transmitted by the UE prior to the corresponding D2D data transmissions. The suggested SA contents have been discussed in [2]. In Table 1 below we show example contents of a resource grant, which may be transmitted e.g. via PDCCH.
· Proposal 6: For D2D communication, consider the D2D grant contents as in Table 1.
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Figure 2: SA procedures for Mode 1 UE.

Table 1: Resource grant contents
	Parameter
	Example Value Range
	Comment

	D2D broadcast data resource configuration

	Time-domain pattern for D2D broadcast data transmissions:
	
	Parameters describing time-domain resource allocation for the D2D broadcast data transmissions. The allocated resources are for the data transmissions and their retransmissions.

	· Time-domain data pattern configuration index
	0 .. maxDataPatternConfigs-1
(e.g., 4 bits)
	The index to one of the pre-defined patterns. The set of patterns is to be studied and specified by RAN1.

	Frequency-domain configuration for D2D broadcast data transmissions:
	
	Parameters describing frequency-domain resource allocation for the D2D broadcast data transmissions. The allocated resources are for the data transmissions and their retransmissions.

	· Bandwidth of the D2D broadcast data transmissions associated with the SA
	BW1, BW2, BW4, …
(e.g., 2 or 4 bits)
	Bandwidth of D2D broadcast data transmissions associated with the SA.

	CP length
	1 bit
	Extended or normal CP length for the D2D broadcast data transmission corresponding to the SA, if different from that for the SA.

	SA resource configuration

	Time-domain pattern for SA transmissions:
	
	Parameters describing time-domain resource allocation for SA.

	· Time-domain SA  pattern configuration index
	0 .. maxSAPatternConfigs-1

(e.g., 4 bits)
	The index to one of the pre-defined patterns. The set of patterns is to be studied and specified by RAN1.

	CP length
	1 bit
	Extended or normal CP length for SA.

	Other parameters

	Transmit power configuration
	FFS bits
	Applies for both SA and D2D data transmissions, If included, the transmit power should be less than the maximum transmit UE power. How much less is indicated by this parameter.


Below we provide more details on the time- and frequency-domain configuration parameters listed in Table 1. The parameters are consistent with the similar parameters signalled in SA [2].

Time-domain pattern for D2D broadcast data transmissions: used to identify the subframes in which the D2D broadcast data transmissions will take place and the associated D2D data transmissions. The UE should assume that the data pattern applies as soon as it receives the SA but after the associated SA cycle (i.e., an SA with all its retransmissions within the pre-defined SA period) is complete (see Figure 1). The subframes indicated for data transmissions by the time-domain pattern may contain the first transmission or retransmission. If multiple RVs are supported for D2D data retransmissions, the RV associated to each (re)transmission will be part of the pattern. It is not shown in Figure 1, but it is understood that the next SA cycle would follow the SA cycle illustrated in Figure 1 (say, the first SA cycle) and may overlap with the time period spanned by the time domain data pattern corresponding to the first SA cycle.

Frequency-domain configuration for D2D broadcast data transmissions: used to identify the RBs in the frequency domains allocated for D2D within the subframes indicated by the time domain pattern. Within this group, only bandwidth is suggested to be included in the SA, while the rest of the parameters may be either pre-defined or may be determined by the UE based on the SA configuration. For example,

· The frequency position of the data (re)transmission may be determined by the SA frequency position;

· The frequency hopping pattern for data may be pre-defined (e.g., PUCCH-like hopping between the edges – see e.g. Figure 3) or may be determined by the SA frequency hopping configuration.
Transmit power configuration: Transmitting always at the maximum power level for D2D may be not necessary in all scenarios and may also cause e.g. cellular performance degradation due to high interference. Therefore, it is desirable that the network has a possibility to adjust the maximum transmit power to be used by the UE for D2D. The maximum transmit power setting is a semi-static configuration.
5 A Resource Allocation Example

Figure 3 below illustrates an example of SA and D2D data resource allocation for two UEs (in red and blue, respectively) broadcasting D2D data. The example covers both Mode 1 and Mode 2. The SA cycle length is 160 ms with 40 ms periodicity of SA subframes within the SA cycle, out of which only two are utilized by the red UE and only one is utilized by the blue UE. The D2D data pattern length is 160 ms, with 20 ms peridocity of D2D data subframes. Both the SA and D2D data resource allocation are along the edges, which allows for avoiding cellular UL resource fragmentation in frequency. Moreover, PUCCH-like frequency hopping [3] is used for SA and D2D data transmissions; but no need is seen for signaling the hopping patterns in the grant (see Table 1) and in the SA (see [2]) since the hopping configuration may be pre-defined. One can also observe that the frequency position for D2D data transmissions may be derived from the frequency position of SAs (in this example both the red and blue UEs are scheduled at band edges).
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Figure 3. Resource allocation example for two UEs (marked with red and blue, respectively).

6 Summary

The following have been proposed in this contribution:
· Proposal 1: Only Mode 1 resource allocation is allowed in for in-coverage UEs.
· Proposal 2: SA resource allocation is always within a pre-defined or broadcasted SA resource pool, whichever applies.

· Proposal 3: SA resource allocation is always in D2DSS subframes.

· Proposal 4: SA resource allocation is periodic and based on SA cycles (e.g., with periodicity 40 ms within an SA cycle and the SA cycle length of 160 ms).
· Proposal 5: For Mode 2, D2D broadcast data resources are within a pre-defined or broadcasted D2D data resource pool, whichever applies. For Mode 1, the configured resources for data are not constrained by any pool.

· Proposal 6: For D2D communication, consider the D2D grant contents as in Table 1.
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