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1. Introduction
In the RAN1#76 meeting, Scheduling Assignment (SA) was agreed as an working assumption to assist D2D broadcast data transmission. SA is supposed to indicate at least the resources used for the broadcast data and allows the UE receive the data packet without blind detection and decoding. The following working assumption is reached on SA as a control signal for D2D data transmission.
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 analyze the required field in the scheduling assignment signals and propose mechanism for SA to carry the require signals reliably. 
2. Discussion and analysis
2.1. Control information required in Scheduling Assignment  
Based on the current agreement, SA applies to both scenarios of D2D in Network coverage and D2D out of NW coverage. In NW coverage, both resources of SA channel and D2D data channel could be allocated by eNB. The SA channel carrying control information could alleviate the decoding complexity of DUE receiver in receiving D2D data; Out of NW coverage, UE on its own selects the resources for SA and D2D data channel. From the DUE receiver side, SA channel carrying control information is still beneficial to reduce the blind decoding of D2D data channel. Scheduling assignment shall provide sufficient information, implicitly or explicitly, for the receiving UEs to receive the D2D broadcast transmissions unambiguously with minimal power consumed. The latter is important for extending the battery life at the UE. 
We firstly analyze the required control signaling for scheduling D2D data channel and possible size of it. The receiving UEs require the following information to receive and decode the D2D broadcast data based on PUSCH:

· Broadcast data resource indicator 

· Frequency hopping flag

· NDI 
· MCS

· RV (if incremental redundancy is used)

· Broadcast ID 

· DM-RS sequence
· Scrambling sequence

Not all these information need to be carried explicitly by the SA. Each of the control information is analyzed below:
· Broadcast data resource indicator 

Broadcast data resource indicator tells the receiving UE where to receive the data. It is preferable that a Scheduling Assignment schedules data transmissions in more than one upcoming TTI in order to reduce the receiving UE power consumption. 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, a Scheduling Assignment transmitted by a broadcasting UE should indicate resources used only up to the next available Scheduling Assignment instance to the same UE. The amount of resources needed may depend on the bit rate required and the MCS used, and the exact location of the resources used in frequency and time can be left for implementation. 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 may reduce the signaling overhead. For example, a number of candidate resource patterns can be defined through higher layer (RRC-signaling for in-network UE and edge-of-network UE, pre-configuration for out of network coverage UE), and a number of bits (for example, 6~8 bits) in SA can indicate which of the resource pattern is actually being used by the transmitter. Figure 1 shows some sample resource usage pattern for D2D data transmission.
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Figure 1. Example resource usage for D2D data transmission
· Frequency hopping flag

If both inter- and intra-subframe frequency hopping of PUSCH is supported, the frequency hopping pattern can be configured and signaled either together with the resource usage pattern, or as a separate field in the Scheduling Assignment. A signaling overhead of 1 bit applies to both cases.
· NDI 
Because a single Scheduling Assignment provides control signaling to more than one TTIs, it is possible that the broadcasting UE transmits multiple data packets before the next SA. 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.  

· MCS 
MCS needs to be signaled in SA only if the broadcasting UE can transmit with variable MCS.  
If this is the case, 2 bits can be used to signal up to 4 MCS levels. 

· RV

There is no need to signal RV explicitly. 
· Broadcast ID 

To signal broadcast ID (broadcast session ID or transmitting UE ID) in SA allows a receiving UE to only receive broadcast (or group cast or unicast) packets that it subscribes to. The definition of ID used by D2D broadcast is FFS. The length of C-RNTI (16 bits) can be considered as a starting point for the size of broadcast ID.
· DM-RS sequence

It is better for different broadcast transmitters to use different, and if possible, orthogonal DM-RS sequences. This precludes pre-configured DM-RS sequence for all transmissions. It also precludes using DM-RS sequences based solely on the transmission resources, because different transmissions occupying the same resources may use the same DM-RS sequences and cause degradation in the channel estimation. The DM-RS sequence can be signaled either implicitly or explicitly. As implicit signaling, the DM-RS sequence can be derived from the other transmission properties including the broadcast ID. If DM-RS is explicitly signaled in SA, for Mode1 eNB can configure orthogonal DM-RS sequences for different broadcast sessions for better performance. Both implicit and explicit DM-RS signaling can be considered.  
· Scrambling sequence

The scrambling sequence can be derived from the other properties of the transmission. There is no need to signal the scrambling sequence explicitly.

Table 1. Proposed control information fields in D2D Scheduling Assignment

	Information field
	Signaling required
	Notes

	Data resource indicator
	Explicit (L1 or hybrid L1-RRC)
	

	Frequency hopping flag
	Explicit (1 bit) only if both inter- and intra- subframe hopping is supported 
	

	NDI
	VoIP: Implicit (0 bit)

Non-VoIP: Explicit (x bits FFS)
	1 bit at L1 may be required to distinguish the two cases, or (pre-) configured by higher layer

	MCS
	Explicit  if multiple MCSs are supported
	

	RV
	Implicit
	Independent of whether Chase Combining or IR is used 

	Broadcast ID
	Explicit (16 bits)
	Definition of broadcast ID is FFS

	DM-RS sequence
	Implicit or Explicit
	Determination of DM-RS sequence FFS

	Scrambling sequence
	Implicit
	Determination of scrambling sequence FFS


To summarize, we propose the following regarding the content of SA

Proposal 1: SA needs to explicitly signal data resource indication, NDI for multiple non-VoIP packets, and broadcast ID.

Proposal 2: MCS and frequency hopping need explicit signaling only if the corresponding feature is not pre-defined and fixed.

Proposal 3: Explicit or implicit signaling for DM-RS may be considered.

Proposal 4: There is no need to include RV or scrambling sequence signaling in SA.

2.2. Signaling of control information in SA

 Based on the current RAN1’s working assumption, Scheduling Assignment uses PUSCH structure for transmission and does not preclude further study of the method of SA piggybacked with data or indicated via DMRS.  How to design an appropriate structure for the SA should be carefully studied considering multiple aspects such as the payload, resource usage efficiency and robustness, etc. No matter whatever the content of the control signaling is, there are at most three possible options for the SA design. Each option has its own pros and cons, and we will analyze each of them in the following.

· Option1: sequence

· Option 2: Message

· Option 3: Sequence plus message

For option 1, a SA is consisted of one or more sequence(s). The sequence can be DM-RS, SRS or other sequences. From the reception complexity point of view, detecting sequence is much easier than decoding a message; a receiving UE can obtain the control information in a much power-efficient way, which is important in D2D communication. Besides, PUSCH structure can be reused directly. However the amount of information carried via sequences is extremely limited and may not meet the requirements. 
Observation1:  Considering the D2D control signaling overhead, using sequence only for SA signaling may not be sufficient.
In option 2, the SA will be transmitted based on PUSCH structure. As per the multiplexing method with D2D data, this option can be divided into two sub-options:
· Option 2-1: SA is multiplexed into data channel, e.g., similar to UCI piggybacking on PUSCH, as shown in figure 2
· Option 2-2: SA is dependent of the D2D data channel, e.g., SA is also based on PUSCH structure like D2D data channel but carrying control information, as shown in figure 3
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Figure 2. SA multiplexed with data
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Figure 3. SA independent of data

Both option 2-1 and option 2-2 can convey sufficient information for SA. Taking option 2-2 for instance, assuming QPSK is used for reliability, even one PRB used by SA can convey up to 144bits, which is more than enough. However, the biggest problem for these approaches is that the exact resource location of SA is unknown to the D2D receivers. This is because while SA indicates the exact resources used by the following data transmission, the exact resource used by SA may be not completely known, even if some limitation (like a SA resource pool) can be defined. For Mode 2 operation, each UE determines its own resources for SA, leaving some ambiguity for UE receivers which have to resort to blind detection to some degree. It is more complicated for receiving UE to detect and decode message than to detect sequence. (To use a SA to indicate the exact resource of the next SA does not work, because it is susceptible to error propagation when a SA is lost.) 
Observation 2: A message-based SA can carry more control information bits. But  detection solely based on the message has much higher complexity than sequence detection.
Option 3 can be seen as a combination of option 1 and option 2 by making use of the advantages of these two options. Because a sequence can be easily detected, it can be used to signal the presence and location of the SA message, as well as carrying limited SA information. The rest of the SA information can be multiplexed with data as option 2-1. One of the possible structures of this method is shown in Figure 3, in which case, an additional sequence is designed to be transmitted prior to D2D data so as to indicate the allocated RB resources of the SA message. The sequence is inserted in the first symbol of a D2D subframe occupying the whole SA resource pool in frequency domain. The procedure of detecting SA for D2D receiver will like this; it blindly detects the sequences firstly to find out the SA location. Once the sequence is detected the exact time/frequency location of SA message is determined, other explicit or implicit control information, such as, NDI, broadcast ID, MCS/RV, etc., can be decoded correspondingly.  It can be seen that the detecting complexity of SA is reduced as no blindly decoding message is needed. Also the resource use efficiency will be improved as D2D data can be multiplexed with the SA.
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Figure 4. SA consist of a RS as preamble and a message
Proposal 5: A sequence plus message structure should be considered as the SA design.
3. Conclusion

To summarize, we have analyzed the required D2D control signaling in Scheduling Assignment, and identified the required information field. We also compared three options for signaling the SA information the structure of SA. We have made the following proposals:
Proposal 1: SA needs to explicitly signal data resource indication, NDI for multiple non-VoIP packets, and broadcast ID.

Proposal 2: MCS and frequency hopping need explicit signaling only if the corresponding feature is not pre-defined and fixed.

Proposal 3: Explicit or implicit signaling for DM-RS may be considered.

Proposal 4: There is no need to include RV or scrambling sequence signaling in SA.

Proposal 5: A sequence plus message structure should be considered as the SA design.
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