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1. Introduction
In the RAN1#76 meeting, Scheduling Assignment (SA) was agreed to be used for assisting D2D broadcast data transmission. For D2D broadcast communication, a broadcasting UE transmits scheduling assignments to indicate at least the location of the resource(s) for reception of the associated physical channel that carries D2D data. In the RAN1#76bis meeting, it was agreed that RPT either implicitly or explicitly signaled by the eNB or Rel-10 Relay for Mode1, and RPT is either implicitly or explicitly signaled in SA. Apart from SA, no other L1 control channel will be defined. In RAN1#77 meeting, the following agreement was reached:
Working assumption: 

· Frequency position of data resource is explicitly signalled in SA

Agreement:

· The same time resource pattern of transmission (T-RPT) is used for each MAC PDU on a per-UE basis
Working Assumption:

· FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA

· T-RPT in the SA indicates:

· Transmission interval(s) between transmission of multiple MAC PDUs

· Number of transmissions of a given MAC PDU (if more than one value is possible)

· Resources for transmission of each MAC PDU

· T-RPT has no more than 256 values

· Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers

· FFS whether (and if so how) the frequency resource might be jointly signalled with time domain info

· FFS whether the interpretation of the bits is UE-specific or common

Apart from SA, for Mode 1 operation, signaling between UE and eNB is also required. In this contribution we discuss the remaining information details of SA for both Mode 1 and 2, and the signaling between eNB and UE for Mode 1.
2. Discussion of SA content
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Figure 1 shows the relationship between SA transmission and data transmission, where the data resources are indicated by SA. Each SA indicates a series of resources for a UE until the next SA instances. Because it is meant to be the only L1 control message defined, and it is a broadcast message meant for every UE (at least at L1) within its transmission range, it is necessary that it contains sufficient information for any receiving UE to derive the data resources. Therefore the interpretation of the RPT bits in SA should be common so no pre-arrangement or additional signaling is required for a receiving UE to decode the RPT from a particular UE. 
Proposal 1: The interpretation of the RPT bits in SA should be common.
In our companion contribution [5], we provide a method for RPT design based on joint T-RPT and F-RPT signaling, where T-RPT and F-RPT are respectively time domain and frequency domain sequences which jointly determine the set of resources for D2D broadcast data. A set of T-RPT and F-RPT are configured for the UEs as a RPT group, and within a known RPT group, only the indices of the T-RPT and F-RPT needs to be signaled. The details of RPT group (including all the T-RPTs and F-RPTs in the group) can be configured or pre-configured for all the Mode 1 or Mode 2 UEs, therefore only the indication of the RPT group, and the indices of the T-RPT and F-RPT, need to be included in the SA message.
Proposal 2: For RPT indication, SA contains the indication of the RPT group, and the indices of the T-RPT and F-RPT within the RPT group.
The Scheduling Assignment can include a L1 session ID to indicate for which VoIP or data session the resource is allocated to. The L1 ID can be derived from L2 ID. Per agreement of RAN1#76, SA also contains MCS of the data, where the MCS can be determined by the transmitting UE (Mode 2) or eNB (Mode 1) based on previous channel quality measurement.

Table 1. Information field for SA.

	Information field
	Description

	L1 session ID
	As a function of L2 ID indicating for which transmission the grant is made

	RPT group indication
	Indicate the RPT group used, could be the index of the RPT group.

	T-RPT index
	Index of the T-RPT within the RPT group.

	F-RPT index
	Index of the F-RPT within the RPT group.

	MCS for data
	Modulation and coding scheme for data transmission.


Proposal 3: Scheduling Assignment should include L1 session ID, data resource indication including RPT group indication, T-RPT and F-RPT indices, and MCS for data.
To maintain maximal scheduling flexibility, the SA resources and the data resources indicated by SA should be independent. 
Proposal 4: The SA resources and the data resources indicated by SA should be independent. 

It is desirable that SA format is common for Mode 1 and Mode 2, and when a UE is configured a set of SA receiving resources covering both potential Mode 1 SA and Mode 2 SA transmissions, the transmission mode can be made transparent to the receiving UE. Therefore we propose the following

Proposal 5: A common SA design supports both Mode 1 and Mode 2. 
3. Mode 1 resource request and grant
· Mode 1 resource request

In Mode 1, a UE makes a request for D2D communication resources to the eNB. In principle this is similar to the SR and BSR in the UL. Minimally the resource request should include the amount of data need to be transmitted.  Because a UE may have multiple transmission streams (for example, VoIP stream and data packets), a L1 ID is required to indicate which session the request is for. This is similar to HARQ session number, but potentially the L1 ID can be derived from L2 ID. It is also beneficial to include a number of candidate resources the UE requests and the proposed MCS level. These candidate resources and their MCS could be determined by the UE based on its channel measurement.  The eNB may use the MCS level in these candidate resources to determine the best RPT. The potential information fields of resource request are given in Table 1. 
Table 2. Information field for Mode 1 resource request.
	Information field
	Description

	L1 session ID
	L1 session ID indicating for which transmission the request is made

	Direct communication bandwidth request
	Buffer status report signaling can be reused to indicate the requested TX data rate needed for resource allocation.

	Preferred data resources and their MCS levels
	A list of candidate data resources in terms of RPT and their and corresponding MCS levels.


Proposal 6: Mode 1 resource request should include L1 session ID, bandwidth request, and preferred data resources and their respective MCS levels.
· Mode 1 resource grant
When eNB grants SA and data resources to a UE based on the UE request, it includes the L1 ID to indicate which voice or data session the grant is for. It also includes an indication of the granted SA resource and the data resources, the latter being in the form of T-RPT and F-RPT, as well as the MCS for the data transmission. It also includes power control parameters for the data and SA.  The potential information fields of resource grant are given in Table 2.

Table 3. Information field for Mode 1 resource grant.
	Information field
	Description

	L1session ID
	Layer 1 session ID indicating for which transmission the grant is made

	SA resource indication
	Indicate the SA resources assigned for D2D control information

	Data resource indication
	Indicate the Data resource assigned, including RPT group (possibly implicit), and T-RPT and F-RPT indices

	MCS for data
	Modulation and coding scheme for data transmission.

	Power control parameters
	Power control command used for OL-PC for SA and for data


Proposal 7: Mode 1 resource grant should include L1 session ID, SA resource indication, data resource indication, MCS for data, and power control parameters.

4. Conclusion
To summarize, we have analyzed the required D2D control information in Scheduling Assignment (SA), and the Mode 1 resource request and resource grant messages. We have made the following proposals:
Proposal 1: The interpretation of the RPT bits in SA should be common.

Proposal 2: For RPT indication, SA contains the indication of the RPT group, and the indices of the T-RPT and F-RPT within the RPT group.
Proposal 3: Scheduling Assignment should include L1 session ID, data resource indication including RPT group indication, T-RPT and F-RPT indices, and MCS for data.

Proposal 4: The SA resources and the data resources indicated by SA should be independent. 

Proposal 5: A common SA design supports both Mode 1 and Mode 2. 

Proposal 6: Mode 1 resource request should include L1 session ID, bandwidth request, and preferred data resources and their respective MCS levels.

Proposal 7: Mode 1 resource grant should include L1 session ID, SA resource indication, data resource indication, MCS for data, and power control parameters.
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