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1. Introduction
In the RAN1#76 meeting, Scheduling Assignment (SA) was agreed to be used to assist 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, control information carried in the Scheduling Assignment was further discussed. Agreements have been reached on MCS and use of ID in SA. Additional information fields need to be considered. From the last meeting, the following aspects of SA are FFS.

· Consider how to signal the RPT in the SA (considering both Mode 1 and Mode 2)

· Consider detailed design of the SA transmission

· Consider whether NDI and/or RV are needed and if so how to signal them
In this contribution we discuss the remaining information fields required in SA.
2. Discussion of control information required in Scheduling Assignment  
Resource pattern for transmission (RPT) 
In RAN1#76bis meeting, it was agreed that one or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined, and RPT is either implicitly or explicitly signaled in SA. For D2D broadcast, in order to save the TX and RX power consumption, it is best that SA is periodically transmitted by the broadcasting UE in a SA resource pool (separate from D2D data resource pool), and indicates the RPT with multiple TTIs that will be used until the next SA instance. These TTIs may or may not be in adjacent subframes, but they should be no later than the next Scheduling Assignment instance. In other words, the RPT signaled by a SA sent by a D2D broadcast UE should include resources only up to the next available SA instance to the same UE. The amount of resources needed may depend on the number of TBs and their sizes, and the MCS used. 
In our companion contributions [4]

 REF _Ref387347723 \r \h 
[5], we discussed the desired properties of the RPTs for both Mode 1 and Mode 2. We conclude that for both transmission modes, RPT groups can be defined where a RPT group is consisted of multiple orthogonal RPTs. Figure 1 shows a candidate RPT group design. Each block represents a distinct time/frequency resource. The granularity of the resource blocks in time and in frequency domain is FFS. Whether these resources are adjacent in frequency or in time is also FFS. Multiple blocks of the same color constitute a RPT. Multiple RPT groups can be defined with non-orthogonal RPTs. With careful designed of the RPT groups, RPTs from different RPT groups may be non-orthogonal but with only limited cross interference. Different RPT groups can be used by different eNBs to allocate resources for their Mode 1 UEs, or used by Mode 1 UEs and Mode 2 UEs to manage the interference between different D2D transmissions. This can be done without the eNBs or the Mode 2 UEs to coordinate with each other. More descriptions can be found in [4]
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[5].
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The configuration of RPT group(s) can be signaled from eNB to UEs in the cell as part of SIB signaling. For Mode 2 UEs, considering most, of not all, of them are out of network coverage, they have to rely on pre-configuration for RPT group definitions. Although Mode 1 and Mode 2 UEs may use the same or different resource pools, the set of RPT patterns can be defined similarly for both Mode 1 and Mode 2 UEs. 
Proposal 1: Define a set of candidate RPT pattern pool as a RPT group at L1 or higher layer. RPT assigned to a UE broadcast is selected as one (or more) of the candidates RPT from the RPT group. 

SA signaling for RPT for both Mode 1 and Mode 2 

The RPT used by a broadcast UE is from its configured RPT group. The targeted receivers for a Mode 1 UE may or may not be in the same cell, and may or may not be configured with the same RPT group as the transmitting UE. Similarly the targeted receivers for a Mode 2 UE may not be configured with the same RPT group. An example case is where a UE with network coverage and under the control of an eNB needs to receive from an out of network Mode 2 UE. For all these cases, it is necessary that the receiver learns from the SA not only the index of the used RPT(s) within the RPT group, but also the index of RPT group. Both the index of the RPT, and the index of the RPT pool need to be included in the SA. 

Proposal 2: SA should signal both the index of the RPT group and the index of the RPT(s) within the group to indicate the D2D transmission resources. 

Resource signaling can be done as a pure L1 approach, or a combination of L1 and higher layer. As a pure L1 approach, SA can indicate at least some of the resources explicitly similar to DCI Format 0. A hybrid approach involving higher layer signaling (either from eNB in case of Mode 1, or from pre-configuration for Mode 2) may reduce the signaling overhead. 
Proposal 3: Consider hybrid signaling for transmission resource configuration and indication.
eNB to UE signaling for Mode 1
Mode 1 UE are RRC_CONNECTED UEs, which send their request for D2D bandwidth to eNB and gets D2D RPT allocation from eNB. The bandwidth request and allocation process is very similar to the transmission request/allocation process of UL, so DCI Format 0 can be reused to signal the allocated RPT to the UE. In some cases the requested resources and assignment will cover more than one SA cycle, with multiple TTIs in each SA cycle.  In this case the assignment is therefore very similar to SPS assignment, and similar signaling can be used in PDCCH/ePDCCH to assign the resources for D2D transmission.
Proposal 4: Reuse DCI format 0 to signal the allocated RPT to the UE. If the required resources/allocation is longer than one SA period, consider reusing SPS signaling scheme for eNB to signal D2D resource assignment to Mode 1 UEs.  
NDI and RV

Because a single Scheduling Assignment provides control signaling to more than one TTIs, it is possible that the broadcasting UE transmits multiple TBs in the assigned transmission opportunities. This requires SA to provide NDI information for possibly multiple data packets. For fixed rate VoIP traffic, if MCS is known, the receiving UE can derive the location of each VoIP packet without explicit signaling. But if variable MCS can be used, or PDU may have variable length (non-VoIP packets such as FTP), NDI need to be explicitly signaled in SA. Depending on the configured resource pattern and packet size, x bits is needed, where the value of x is FFS.  An additional bit may be required to distinguish the two cases (fixed-size and variable TBs).   
Proposal 5: NDI needs to be explicitly signaled in SA.

Retransmission and Combining
It has been already agreed that the granted multiple transmission opportunity can be used for the transmission of multiple TBs or single TB. Hence, there is possibility that a TB’s first transmission and corresponding retransmissions are indicated by different SAs. Then the receiver UE needs to be clear on how to do the proper combing. In other words, there ought to be no ambiguity of one certain TB’s “Blind retransmission” and combining between D2D transmitter side and receiver side. In legacy WAN system, HARQ process number in DCI is used for downlink dynamic scheduling to serve this purpose. The subframe and frame number are used to calculate HARQ process number in SPS and UL dynamic scheduling.
For current D2D transmission, no HARQ ACK/NACK is assumed. Simultaneous support of multiple TBs and single TB transmission by one grant would make the situation too complicated to adopt simple and implicit rule to avoid the ambiguity between transmitter and receiver. Therefore, something like HARQ process number might be needed for combining of retransmitted packets, which are indicated by different or even same SA(s). We also think it is necessary to further clarify the mapping from multiple TBs to multiple transmission opportunities. This plays a vital role in achieving a consistent understanding by the UE of retransmission and combining.
Proposal 6: Further study is needed to clarify the D2D retransmission and combining scheme and also the mapping from multiple TBs to multiple transmission opportunities.
3. Conclusion

To summarize, we have analyzed the required D2D control signaling in Scheduling Assignment (SA), and identified the required information field. We have made the following proposals:
Proposal 1: Define a set of candidate RPT pattern pool as a RPT group at L1 or higher layer. RPT assigned to a UE broadcast is selected as one (or more) of the candidates RPT from the RPT group. 

Proposal 2: SA should signal both the index of the RPT group and the index of the RPT(s) within the group to indicate the D2D transmission resources. 

Proposal 3: Consider hybrid signaling for transmission resource configuration and indication.

Proposal 4: Reuse DCI format 0 to signal the allocated RPT to the UE. If the required resources/allocation is longer than one SA period, consider reusing SPS signaling scheme for eNB to signal D2D resource assignment to Mode 1 UEs.  

Proposal 5: NDI needs to be explicitly signaled in SA.
Proposal 6: Further study is needed to clarify the D2D retransmission and combining scheme and also the mapping from multiple TBs to multiple transmission opportunities.
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Figure � SEQ Figure \* ARABIC �1�. A sample RPT group that consists of multiple, orthogonal RPTs shown in different colors. 
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