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1. Introduction
In general, a receive UE needs to know the following control information in order to decode D2D communication channel:

· Resource assignment

· UE ID

· Scrambling parameters

· MCS

· NDI

This contribution discusses how to design control signaling to deliver the necessary information between the transmitter and the receiver. More detailed discussion on the resource assignment is provided in [1], and the signaling and UE behavior specific for each of the eNB-based resource allocation and the distributed resource allocation can be found in [2] and [3], respectively.

2. Information contained in control signaling
The discussions in this section are for the control signaling for D2D data channel. How to determine the information necessary for SA transmissions/receptions are discussed in Section 3.
2.1. Resource assignment

The following was agreed in RAN1#76bis:
· One or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined.

· RPT is either implicitly or explicitly signaled in SA.

The resources used by each transmitter UE for data transmissions are defined in both time and frequency domains. We first propose to decouple the resource assignments in time and frequency domains because the frequency domain assignment is well defined in the current UL grant but the time allocation needs to consider several aspects like the half-duplex constraint and potential time overlap of multiple D2D transmissions.

For the time resource assignment, an implicit signaling may imply a pseudo-random subframe pattern e.g., if it is solely derived from the ID in the SA. This would limit the flexibility of time resource selection by eNB (in mode 1) or transmitter UE (in mode 2). For example, eNB or transmitter UE can select the most suitable time resources:

· Interference situation can be considered in the selection. For example, in mode 1, eNB can allocate the same time resources to a group of closely-located transmitter UEs in order to mitigate the impact from the in-band emission.
· Multiple time resource sets can be coordinated when a transmitter UE is communicating with more than one receiver groups or is also receiving D2D transmissions from another UE. For example, eNB or the transmitter UE can select the resources that can minimize the time-domain collision with the subframes used for the existing D2D communications which the transmitter UE is involved in.

Therefore, the time resources (i.e., the set of subframes) used for data transmissions should be indicated by explicit signaling in the SA. This does not preclude the possibility of any additional randomization of the signaled time resources [1].
For the frequency resource assignment, an explicit signaling like the current UL grant has a problem that the number of required bits is dependent of the system bandwidth: If we assume the resource assignment signaling in DCI format 0, the number of bits varies between 6 and 14 when the system bandwidth is 6 RBs and 100 RBs. This implies that the coverage of SA is also dependent of the system bandwidth unless a method to deal with the variable size is defined. On the other hand, the frequency location of SA can be used as an implicit indication of the frequency location of data transmissions. For example, the starting RB of data transmissions can be derived from the starting RB of SA and only the length of allocated RBs can be explicitly signaled in the SA. This is beneficial in that the number of bits transmitted in SA reduces significantly especially in a large bandwidth system. As we propose to reuse the frequency hopping of the current PUSCH transmissions [1], some parameters such as hopping flag and NUL_hop need to be signaled via the SA.
These discussions lead to the following proposal. More details on how to define RPT and how to do the implicit frequency resource allocations are provided in [1].

Proposal 1: The time resources (i.e., the set of subframes) used for data transmissions are indicated by explicit signaling in SA. The frequency resources are partly derived from the frequency location of the associated SA transmission.
2.2. UE ID
It was agreed in RAN1#76bis that the SA includes an ID of N bits (N<=16, working assumption N=8) with at least the purpose to enable the UE to reduce the probability of decoding of data packets the UE is not interested in. For this purpose, a part of the high layer destination ID can be used as mentioned in [4]. Also, as already agreed for the scrambling of data transmissions, this ID can be used to reduce collisions between data transmission parameters. This means that a part of the source ID needs to be included in generating the ID in transmitted in the SA. In other words, the ID in the SA can be interpreted as a “physical layer communication session ID” which consists of the source and destination IDs. If the working assumption of an 8-bit ID is kept, we can consider an example where the first four bits come from the source ID and the last four bits come from the destination ID.
As the number of bits for the ID in the SA is quite limited, using a fixed ID may cause an undesirable situation where two transmitter UEs use the same transmission parameters continuously. This problem can be easily solved by changing at least the source ID part, e.g., by taking different part of the source ID according to the subframe index. We note that the source ID here may be the ProSe ID of the transmitter UE but, depending on the details of how to use this ID, the source ID may be something configured to the UE by the eNB like the D2D-specific RNTI such that the eNB can control the transmission parameters of used by each UE [1].
Proposal 2: The ID in the SA consists of a part of the high layer source ID and a part of the high layer destination ID. The source ID part can change in time such that continuous collision of the transmission parameters can be avoided.
2.3. Scrambling parameters
It was already agreed that D2D data channel is scrambled by the ID in the SA. So, we can focus on the parameters related to DM RS.
First, the base sequence of DM RS can be derived from the synchronization reference ID which can be obtained during the synchronization procedure. This synchronization reference ID can be derived from the D2DSS and/or PD2DSCH that are used for the synchronization reference in demodulating the D2D data channel. By doing this, two transmitter UEs associated with different synchronization references will use different DM RS sequences which provides interference randomization in the channel estimation at the receiver UEs.

Second, the other parameters like the cyclic shift can be determined by the ID in the SA in order to reduce the possibility of DM RS sequence collision. The performance evaluation in [5] shows that using different DM RS CS and data scrambling provides noticeable gain when two transmitter UEs use the same time/frequency resources. We note that, if Proposal 2 is adopted, it becomes already possible to make a time-varying DM RS CS pattern (across each SA transmission instance) depending on the source ID.
Proposal 3: For the D2D data channel, DM RS base sequence is derived from the synchronization reference ID while the cyclic shift is determined from the ID in the SA.
2.4. MCS
It was agreed that 5 bit MCS is included in the SA. As discussed in [2], the eNB can decide the MCS and inform the transmitter UE via the D2D grant in mode 1 communications. In mode 2 communications, the transmitter UE can select a proper MCS level in consideration of the signal bandwidth, QoS, interference measurement and so on.

2.5. NDI

Blind retransmission was agreed to guarantee the coverage of the D2D communication channels and it would be desirable to keep the same number of retransmissions for each D2D data transport block. However, due to the prioritization of WAN over D2D, when a transmit UE is scheduled to transmit WAN signal in a subframe where D2D data transmission is allowed, one retransmission opportunity is lost for the corresponding data transport block. Similarly, when a transmitter UE is also receiving urgent D2D transmissions from another UE, it may skip its own transmissions when the transmission opportunities overlap with each other. In this case, the transmitter UE can decide to compensate this transmission opportunity loss by using one more subframe at the cost of slight increase in the data buffering delay. In order to support this trade between coverage and buffering delay, NDI needs to be accompanied in every D2D data transmission subframe. If an incremental redundancy is applied as the blind retransmission, the redundancy version also needs to be signaled together.
Proposal 4: The transmitter UE decides the NDI in order to handle any potential loss in the transmission opportunity.
Regarding the frequency of sending the above information, only NDI and RV are necessary for every D2D data transmission and all the other information can be sent much less frequently. In other words, the information like resource assignment, UE ID, scrambling parameters, MCS sent in a time instance can be applied to D2D data transmissions in multiple subframes. Such “semi-static” nature of sending these control elements can be beneficial in two-folds: It can reduce the D2D control signaling overhead and provide a chance for the receive UE to save its battery. To be specific on the battery saving effect, the receive UE only needs to wake up to listen to the transmission of UE ID to check whether it will keep awaken to receive the D2D data transmissions from a UE of its interest.
The above discussion leads to separation of control signaling in the transmission period. Scheduling assignment is transmitted with a relatively longer period and the contained control information is applied to multiple subsequent D2D data transmissions. The receiver UE obtains information on the resource assignment, UE ID, scrambling parameters, MCS, and precoder granularity by receiving the scheduling assignment. The following table shows an example of control information transmitted in the SA. The total number of bits in this example is 24, and it becomes 40 bits if 16-bit CRC is added. Meanwhile, NDI and RV are sent in every D2D data transmission, and the method similar to UCI piggyback into PUSCH can be used as explained in [6].

Table 1. An example of control information transmitted by the scheduling assignment.
	Field
	Length
	Remark

	Frequency hopping flag
	1
	Used to indicate frequency hopping

	NUL_hop
	2 (can be fixed length regardless of the system bandwidth)
	Used to indicate frequency hopping

	MCS
	5
	

	ID
	8 (by the working assumption)
	

	Number of RBs 
	2, for example
	Indicates the number of RBs used for data transmissions

	Number of subframes used for transmissions
	2, for example
	Indicates the number of subframes used for data transmissions

	Subframe pattern
	4, for example
	Indicates the set of subframes used for data transmissions


Proposal 5: Scheduling assignment is transmitted with a relatively longer period and the contained control information is applied to multiple subsequent D2D data transmissions. 
Proposal 6: NDI and RV (if supported) are sent in every D2D data transmission.
3. Details of scheduling assignment transmissions
A relatively longer period of scheduling assignment implies that the resource pool for scheduling assignment is separated from the resource pool for D2D data transmission in the time domain. Scheduling assignment transmitted in a time instance is valid for D2D data transmissions until the next scheduling assignment pool appears. Considering the control overhead and the access latency of receive UEs, the period in the order of hundred milliseconds can be discussed. 
A receiver UE first decodes the SA and, then, the associated data channel of its interest. Here, we propose to relate the SA detection with the synchronization reference. A transmitter UE will synchronize its SA and data transmissions with a certain synchronization reference, and in a normal operation, a receiver UE will first be synchronized with the synchronization reference the transmitter UE is using. However, it is also possible that a receiver UE by chance decodes an SA with a synchronization reference which is not used the transmitter UE. In this case, the receiver UE will assume the wrong synchronization reference in receiving the subsequent data channels, which will degrade the reception performance. In order to prevent this situation, the ID of the synchronization reference used in the transmitter UE can be reused to generate the transmission parameters the SA. As it is already agreed that the scrambling sequence of the SA is fixed, DM RS sequence and CRC mask can be generated from the synchronization reference ID.
Proposal 7: DM RS sequence and CRC mask of the SA are generated from the ID of the synchronization reference.

The SA size around 40 bits (including CRC) was discussed in the previous section. Figure 1 shows the BLER performance of the SA transmissions. Detailed simulation assumptions can be found in Appendix, and we node that SNR of 2 dB corresponds to the pathloss of -107 dBm RSRP. As missing an SA means no reception in all the subsequent data channels, the SA design should provide robust performance targeting low BLER such as 1%. Similarly to the discussion in the discovery channel format [5], we consider two RS structures each of which has 2 RS symbols and 4 RS symbols in a subframe, respectively. In the legend, 2 and 4 mean the number of RS symbols in the subframe, 800 means the 800 Hz frequency offset, FOE and NFOE mean channel estimations with and without the frequency offset estimation, and H and NH mean slot hopping and non-slot hopping. We can observe that the 2-RS structure requires the frequency offset estimation method discussed in [5] while the 4-RS structure provides robust gain without it by exploiting the frequency hopping gain. If necessary, an SA can be repeated over multiple subframes in order to improve the robustness, e.g., to enable energy combining or mitigate the half-duplex constraint.
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Figure 1. BLER performance of the SA physical formats with (a) 40-bit SA and (b) 50-bit SA (including 16-bit CRC).
It is discussed in [7] that the resource pool configuration (including any necessary parameters) can be signaled from an in-coverage UE to out-coverage UEs via D2D communication channel. In this case, the SA and data channel for this purpose can use some reserved resources similarly to the PDCCH common search space and SIB1 signaling which occurs only in subframe #5. All the SA and data channel transmissions for user data can be prohibited from using the reserved resources in order to protect the resource pool configuration signals from the resource collision.
4. Conclusion

This contribution discussed control signaling methods for D2D broadcast transmissions and receptions. The proposals are summarized as follows:
Proposal 1: The time resources (i.e., the set of subframes) used for data transmissions are indicated by explicit signaling in SA. The frequency resources are partly derived from the frequency location of the associated SA transmission.
Proposal 2: The ID in the SA consists of a part of the high layer source ID and a part of the high layer destination ID. The source ID part can change in time such that continuous collision of the transmission parameters can be avoided.
Proposal 3: For the D2D data channel, DM RS base sequence is derived from the synchronization reference ID while the cyclic shift is determined from the ID in the SA.
Proposal 4: The transmitter UE decides the NDI in order to handle any potential loss in the transmission opportunity.
Proposal 5: Scheduling assignment is transmitted with a relatively longer period and the contained control information is applied to multiple subsequent D2D data transmissions. 

Proposal 6: NDI and RV (if supported) are sent in every D2D data transmission.
Proposal 7: DM RS sequence and CRC mask of the SA are generated from the ID of the synchronization reference.
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Appendix A. Link simulation assumption

We assumed that 1st and last symbols are punctured for AGC and gap period in this contribution. In the case of 4 RS structure, the RSs are located at #1,#3,#10 and #12, respectively. In addition, we used two RS symbols for the frequency offset estimation; (#3 and #10) for the 2RS structure, (#1 and #3) for the 4RS structure. (In the 4RS structure, additional improvement of frequency offset estimation can be achieved if other RS symbols are used additionally.)
	Carrier frequency
	700MHz 

	System bandwidth
	10MHz (50RBs)

	Number of antennas
	1 Tx, 2 Rx

	Receiver type
	MRC

	Channel model 
	ITU UMi 

	Synchronization 
	Perfect time synchronization

Frequency offset : 800 Hz

	Mobility
	Dual mobility

60km/h 

	Data format (discovery)
	Payload size
	40 bits

50bits

	
	Allocated BW
	2RBs
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