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1 Introduction
In RAN1#76, the following have been agreed on scheduling assignments (SAs) [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 
The Mode 1 and Mode 2 UEs are based on the following agreements.

Agreements [1]:
· 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

According to [1], SAs are used for D2D broadcast communication to at least indicate time resources when the corresponding D2D data are transmitted. The SA benefits and the related procedures have been described in [2]. In this contribution, we provided further details on the related D2D procedures and also discuss the contents of SAs. The SA transmission format at L1 is discussed in more detail in [3].
2 SA-Based Control of D2D Broadcast Data Resources
Figure 1 illustrates a flow chart for a scenario when the D2D broadcast transmitter (‘UE-A’) is able to communicate with the radio network in both DL or UL and thus can receive SA grants for D2D communication from the network, which implies that the UE has both DL and UL coverage with the network. The procedures shown in Figure 1 are thus for Mode 1 D2D broadcast transmitter UEs. The illustrated procedures are also preceeded with the SR and BSR transmissions [7], which are not shown here being beyond the scope of the current paper.
Figure 2 illustrates a flow chart for a scenario when the D2D broadcast transmitter (‘UE-A’) is not able to receive a UE-specific configuration directly from the radio network, e.g., when out of network coverage or has DL coverage only or can only receive the D2D configuration via a control-plane relay (‘CP-Relay’). The procedures shown in Figure 2 are thus for Mode 2 D2D broadcast transmitter UEs.
The SA transmission format is discussed in more detail in [3]. 

The SA contents are discussed in Section 3 below.
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Figure 1: SA procedures for Mode 1 UEs.
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Figure 2: SA procedures for Mode 2 UEs.
3 SA Contents
An SA contains control information for a D2D receiver such as a pointer to the associated set of time-frequency resources for the corresponding D2D data transmissions of one data stream which the receiver intends to receive. 
· Proposal 1: One SA points to one set of time-frequency resources for D2D data communication, where the set may be described by a pattern.
The example contents of an SA are shown in Table 1, and below we discuss further the specific parameters from the table.
· Proposal 2: SA contents as listed in Table 1 are used for D2D communication.
Table 1: Parameters describing D2D broadcast communication data transmissions included in an SA

	Parameter
	Example Values / Field Size
	Comment

	L1 identity
	7 bits
	For broadcast communication, L1 identity is based on the broadcast source identity [4].

	Communication type indicator
	1 bit
	0 for broadcast communication, otherwise 1 

	MCS index
	5 bits
	Modulation and coding scheme for D2D broadcast data transmissions associated with the SA.

	CP length
	1 bit
	Extended or normal CP length for the D2D broadcast data transmission scheduled by the SA.

	Time-domain pattern for D2D broadcast data transmissions:
	
	Parameters describing time-domain resource allocation for the D2D broadcast data transmissions

	· 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

	· 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.

	TA
	11 bits
	Mode 1 UE TA (configured by serving eNodeB for UE transmissions in UL). The parameter is necessary particularly when the D2D data transmissions follow the UL timing of the transmitting UE [8].


L1 identity: This L1 identity is used by the receiver for physical layer filtering of the scheduling assignments. If the L1 identity is based on the destination address of the data, it facilitates DRX in the receiver for multicast and unicast. For broadcast, the destination address is fixed and the L1 identity may be based on the source address instead. In [4], it is suggested that 7 bits are sufficient for L1 identity.

Communication type indicator: Even though for layer L1 it was agreed to support only broadcast communication for D2D, the indicator is still needed for extensibility in future releases but also to enable even in Rel-12 the broadcast/multicast/unicast filtering at layer L2.
MCS: Data packets may vary a lot in size, which applies even for VoIP packets which may have variable-size headers which further may or may not be compressed. Therefore, a non-fixed MCS for D2D data transmissions may be envisioned, which suggests the need for signalling an MCS indicator in the SA.

CP length: Both extended CP and normal CP were agreed to be supported for D2D [1]. If the data may be transmitted in subframes different from SA subframes, then different CP may be configured for SA and D2D data, which would need to be also indicated in the SA in that case. The extended CP may be helpful e.g. when the delay spread is large [8].
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 3). 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 3, but it is understood that the next SA cycle would follow the SA cycle illustrated in Figure 3 (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.
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Figure 3: 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 [6]).
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 [3,6]) or may be determined by the SA frequency hopping configuration.

TA: It is proposed in [3] that D2D data transmissions follow the UL timing, unlike SA transmissions which follow the DL timing. It is therefore important that the receiving UE is aware of the TA of the transmitter. This applies, to Mode 1 UEs only. The transmitter receives the TA information from eNodeB when it is in RRC_CONNECTED state and should therefore be able to include this information in the SA which it transmits for the D2D communication purpose.
3.1 Other parameters
In [1], the following has also been suggested for further studies:

Study further until RAN1#76bis which of the following items of control signalling are needed for D2D data communication, including how these relate to the means for a receiving UE to identify which D2D data transmissions can be combined.

· NDI

· Tx UE ID 

· Explicit RV indicator

· MCS indication

· Others are not precluded

NDI (New Data Indicator):  No needed, since the data retransmission configuration is implicit in the data pattern.
Tx UE ID: the issue of identifying messages sent by a particular D2D broadcast source is addressed by inclusion of the L1 identity parameter in SA (see Table 1).
Explicit RV indicator: Not needed. The data pattern indicates both first transmissions and retransmissions. 

MCS indication: we agree that this information is needed and thus included in Table 1.

The above views are summarized in the following proposal.

· Proposal 3: On the parameters suggested in [1]:

· NDI: not needed,
· Tx UE ID: addressed in L1 identity (included in Table 1),
· Explicit RV indicator: not needed,
· MCS indication: needed (included in Table 1).
4 Receiver Behaviour

In [1], the following has been assumed and concluded:
Working assumption:

· Blind D2D data communication transport block retransmissions are supported

Conclusion:
· A means (explicit or implicit) is needed for a receiving UE to identify which D2D data transmissions can be combined. 

· Study further until RAN1#76bis how to implement the means for a receiving UE to identify which D2D data transmissions can be combined.

According to the assumption above, some of the scheduled retransmissions may be not transmitted by the UE. In this case, each retransmission should be self-detectable, i.e., no combining should be performed unless the UE can reliably detect whether the retransmission is present or not. One way to address this would be to limit the number of retransmission configurations and also let the D2D data pattern in the SA indicate explicitly or implicitly the number of retransmissions (which may also be zero in a special case). For example, Mode 2 UEs may be not allowed to have retransmissions, while Mode 1 UEs may receive the resource allocation for retransmissions in the grant from eNodeB. The receiving UE would then be aware of the data retransmission configuration as long as it is aware of whether the transmission is from Mode 1 or Mode 2 UE (e.g., through the pattern index), and also if it is from Mode 1 UE how many retransmissions where allowed by the NodeB and in which subframes.
· Proposal 4: Mode 2 UEs do not retransmit D2D data. Mode 1 UEs receive resource allocation for their retransmissions in the grant from eNodeB.
When receiving D2D data transmissions according to the associated received SAs, the UE finds the retransmissions of each D2D data packet based on the SA. It is up to the UE, but it may combine multiple RVs indicated by the D2D data pattern within the pattern period.

When receiving SA for data communication, the UE is expected to perform independent detection of each of the SAs at each SA subframe within the SA cycle. The UE does not combine the received SAs.
· Proposal 5: UE does not combine perform combining for SAs.
5 Summary

The following have been proposed in this contribution:
· Proposal 1: One SA points to one set of time-frequency resources for D2D data communication, where the one set may be described by a pattern.

· Proposal 2: SA contents as listed in Table 1 are used for D2D communication.
· Proposal 3: On the parameters suggested in [1]:

· NDI: not needed,
· Tx UE ID: addressed in L1 identity (included in Table 1),
· Explicit RV indicator: not needed,
· MCS indication: needed (included in Table 1).
· Proposal 4: Mode 2 UEs do not retransmit D2D data. Mode 1 UEs receive resource allocation for their retransmissions in the grant from eNodeB.

· Proposal 5: UE does not combine perform combining for SAs.
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