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1. Introduction
Control signaling for D2D communication was discussed in RAN1#76 and the following was agreed for further work: 

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.

Working assumption:

· Blind D2D data communication transport block retransmissions are supported

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

In the meantime, a working assumption was made to introduce scheduling assignments as a part control signaling which at least indicates resources for D2D communication reception:
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 

This contribution discusses how to design control signaling necessary for D2D communication transmission and reception. More detailed signaling and UE behavior for each of the eNB-based resource allocation and the distributed resource allocation can be found in [1] and [2], respectively.

2. Information contained in control signaling
In general, a receive UE needs to know the following control information in order to decode D2D communication channel:
· Resource assignment: It is already agreed that this is transferred to the receiver UE via scheduling assignment. Further study is necessary on the details of indicating the location of resources used for the data transmissions, but at least the location of the frequency resource can be indicated in an implicit manner, i.e., the frequency location of resource assignment determines the frequency location of the data channel. By using this implicit frequency location indication, the bit fields of the scheduling assignment can be reduced significantly. For the indication of the other parts like the time location and the transmit bandwidth, either explicit signaling or implicit indication can be considered depending on the detailed designs of the scheduling assignment.
· UE ID: One motivation of introducing scheduling assignment is to take advantage of the energy saving effect. To be specific, the receive UE first blindly receives scheduling assignments transmitted from all the transmit UEs and remains active only in the time duration in which the transmit UEs of its interest are transmitting data channels. In order to allow this operation, at least partial information of the transmit UE ID needs to be included in the scheduling assignment. Similarly, the receive UE ID, which can be set to a reserved state in Rel-12 where the focus is on the broadcast communications, can be included in the scheduling assignment as well for the extension of D2D communication to groupcast and unicast in future releases. Further study is necessary on how many bits will be allocated to the UE ID signaling.
· Scrambling parameters: These parameters can include those that are used in generating the codeword scrambling sequence and DM RS sequence. These parameters might be explicitly signaled by using separated fields, but, in order to save the signaling overhead, it is also possible to derive from already signaled parameters like the synchronization source ID signaled via D2DSS/PD2DSCH and the UE ID signaled via scheduling assignment. We note that different transmit UEs may use the same parameters depending on the details of mapping the UE ID to the scrambling parameters used, and time hopping the scrambling parameters can be considered if such problem should be resolved [3].
· MCS: Although no feedback will be specified in Rel-12 for the MCS selection, it is still possible for the transmitter to determine the MCS level in consideration of the traffic amount and its own interference measurement. In case of Mode 1 resource allocation, the eNB may determine the MCS used by each transmit UE. Also, Rel-12 UEs can exploit the MCS adaptation feature which can be introduced as a D2D communication enhancement in the future release if this field is specified in Rel-12 as a part of scheduling assignment. 
· Precoder granularity: If the transmit UE is equipped with multiple transmit antennas, it is possible for the transmit UE to change the precoder in time and/or frequency in order to achieve the space diversity. This field can be included in the scheduling assignment and used to indicate the receive UEs whether such random precoding scheme is applied or not.
· 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. In this case, the transmit 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.
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, and precoder granularity 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. 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 [3].

Proposal 1: Scheduling assignment is transmitted with a relatively longer period and the contained control information is applied to multiple subsequent D2D data transmissions.
Proposal 2: The receiver UE obtains information on the resource assignment, UE ID, scrambling parameters, MCS, and precoder granularity by receiving the scheduling assignment.

Proposal 3: NDI and RV (if supported) are sent in every D2D data transmission.
Proposal 4: The frequency location of scheduling assignment determines the frequency location of the corresponding D2D data transmission.

Proposal 5: Codeword scrambling sequence and DM RS sequence of D2D data transmissions are derived from the transmit UE ID, potentially with time hopping of these sequences.
3. Design of scheduling assignment
3.1. Resource pools for scheduling assignment

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 [4]. 
One consideration point, especially in the resource allocation mode 2 (the distributed resource allocation), is whether the transmit UE is allowed to change the content of scheduling assignment (especially the resource assignment) in every appearance of the scheduling assignment pool. Changing the resource assignment in mode 2 resource allocation always has the possibility of resource collision, i.e., two different transmit UE select the same resource for their communication. Simulation results in [2] reveal that allowing resource change in every scheduling assignment pool actually degrade the overall performance due to the increase in the resource collision probability, and it is proposed that each transmit UE probabilistically decides whether to change its resource assignment in each scheduling assignment period. This implies that, when each scheduling assignment pool appears, there are two groups of transmit UEs, UEs keeping the previous scheduling assignment (UE group 1) and UEs changing their scheduling assignment (UE group 2). If we can assume that resources used for UE group 1 are scheduled well to avoid the resource collision and each transmit UE in UE group 1 is already aware of scheduling assignment information of the other UEs, there is no need for a transmit UE in UE group 1 to listen to the scheduling assignment transmitted from the other UEs in UE group 1. This means that no special handling is necessary to solve the issue of half-duplex constraint in the scheduling assignment transmission in UE group 1; the reason of sending scheduling assignment from UE group 1 is for a newly coming receive UE which wants to get the control information timely. On the other hand, more consideration is necessary for the scheduling assignment transmissions from UE group 2. One aspect is that, due to the possibility of the control information change, the half-duplex constraint needs to be solved so that a UE which is in UE group 2 and transmits its scheduling assignment is able to receive scheduling assignment transmitted from the other UEs in UE group 2. Another aspect is that the resource collision needs to be resolved by using the random backoff mechanism as discussed in [2]. As an example of transmitting scheduling assignment in pool 2, the initial transmission time can be randomly selected first and the same scheduling assignment can be repeated in a set of randomly selected transmission opportunities within pool 2.
From this discussion, we propose to divide scheduling assignment pool into two parts: Scheduling assignment pool 1 which is used for UEs keeping the previous scheduling assignment and scheduling assignment pool 2 which is used for UEs changing their scheduling assignment. Small amount of time resource is sufficient for scheduling assignment pool 1 because of the reason discussed above, but scheduling assignment pool 2 should be able to provide multiple transmission opportunities for the scheduling assignment in order to resolve the half-duplex constraint and the resource collision. By placing scheduling assignment pool 1 prior to pool 2, UEs changing resource assignment can take into consideration the resource assignment of the existing UEs. We note that a UE that tries an initial transmission of D2D communication should be counted as a UE changing its scheduling assignment. Also, a UE which finishes its D2D communication transmission may send a scheduling assignment in scheduling assignment pool 2 to notify UE group 1 of the resource release. Figure 1 shows an example of using resource assignment pool 1 and pool 2: In the first period, the UE uses pool 2 when it sends the scheduling assignment for the first time. Here, it was assumed that the UE transmits scheduling assignment twice to solve the half-duplex constraint. In the second period, the UE decides not to change its control signaling and uses pool 1 by assuming the resource assignments it received in the first period are kept in the other UEs transmitting scheduling assignment in pool 1. Also, the UE monitors pool 2 to know any change in the resource assignment. In the third period, the UE decides to change the control signaling and uses pool 2 for the scheduling assignment transmission.
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Figure 1. An example of using resource assignment pool 1 and pool 2.

The receive UE needs to decode scheduling assignment blindly from the configured scheduling assignment pool. For UEs inside network coverage or in the edge-of-coverage, eNB can signal the scheduling assignment pool to the receive UEs to reduce the blind decoding attempts. UEs within network coverage or in the edge-of-coverage can forward the resource pool configuration to UEs outside network. PD2DSCH can be used for this scheduling assignment pool configuration forwarding so that the UEs outside network coverage can acquire the resources for blind detection of scheduling assignment after the synchronization is completed. All the other necessary information, including the resource configuration for D2D data transmissions, can be forwarded via high-layer signaling which can be received by detecting the scheduling assignment transmitted by the information-forwarding UE.
Proposal 6: Scheduling assignment pool in each period is divided into two parts in the time domain. The first part is used by UEs not changing control information transmitted in the previous period. The second part is used by UEs changing control information in the new period.

Proposal 7: The issues of half-duplex constraint and resource collision should be resolved in designing the second part of the scheduling assignment pool.
Proposal 8: The scheduling assignment resource pool is signaled from eNB to UEs inside network coverage or in the edge-of-coverage, and forwarded to UEs outside network coverage via PD2DSCH.
3.2. Physical layer format of scheduling assignment

One important aspect in designing the physical layer format of scheduling assignment is to minimize the resource overhead caused by transmitting scheduling assignment. In other words, it is necessary to minimize the time-domain length of each scheduling assignment. By doing that, we can minimize the time length of the overall scheduling assignment resource pool which is beneficial in terms of the battery saving effect. Also, such design can provide more transmission opportunities with a given resource overhead, so it can be helpful in solving the issues of half-duplex constraint and resource collision.

As the number of bits included in the scheduling assignment is expected to be limited when compared to the D2D data channel, it seems possible to design the scheduling assignment with the time length shorter than 1 ms. To be specific, one scheduling assignment can be transmitted using one slot (0.5 ms) so that up to two scheduling assignments can be transmitted within a subframe. Figure 2 illustrates one possible slot-based design, and we note that the structure of scheduling assignment can the same time-domain structure of PD2DSCH discussed in [4], which is beneficial in that a UE needs to implement one common slot-based design which is applicable for both PD2DSCH and scheduling assignment. In this figure, the last symbol of each slot is not used for scheduling assignment transmission in order to have switching time between transmission and reception.
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Figure 2. An example of slot-based scheduling assignment format.

It also needs to be decided how the scrambling sequence and DM RS sequence are determined for scheduling assignment. Basically, a receiver UE performs blind detection for scheduling assignment reception and there is a possibility that different UEs select the same resource for their scheduling assignment transmission. In order to be robust even in this resource collision case, the scrambling sequence and DM RS sequence can be randomly selected by each transmit UE, which implies that the receive UE needs to blindly detect the sequences used for the scheduling assignment. We note an observation in [5] that an association between the scrambling sequence and DM RS CS can be beneficial in resolving this resource collision issue. Also, the structure of 2 RS per slot has benefit in doing the blind detection reliably when compared to the structure of 1 RS per slot.
Proposal 9: A slot-based scheduling assignment format is considered to allow enough scheduling assignment opportunity with limited resource overhead.
4. Conclusion

This contribution discussed control signaling methods for D2D broadcast transmissions and receptions. The proposals are summarized as follows:
Proposal 1: Scheduling assignment is transmitted with a relatively longer period and the contained control information is applied to multiple subsequent D2D data transmissions.

Proposal 2: The receiver UE obtains information on the resource assignment, UE ID, scrambling parameters, MCS, and precoder granularity by receiving the scheduling assignment.

Proposal 3: NDI and RV (if supported) are sent in every D2D data transmission.

Proposal 4: The frequency location of scheduling assignment determines the frequency location of the corresponding D2D data transmission.

Proposal 5: Codeword scrambling sequence and DM RS sequence of D2D data transmissions are derived from the transmit UE ID, potentially with time hopping of these sequences.
Proposal 6: Scheduling assignment pool in each period is divided into two parts in the time domain. The first part is used by UEs not changing control information transmitted in the previous period. The second part is used by UEs changing control information in the new period.

Proposal 7: The issues of half-duplex constraint and resource collision should be resolved in designing the second part of the scheduling assignment pool.
Proposal 8: The scheduling assignment resource pool is signaled from eNB to UEs inside network coverage or in the edge-of-coverage, and forwarded to UEs outside network coverage via PD2DSCH.

Proposal 9: A slot-based scheduling assignment format is considered to allow enough scheduling assignment opportunity with limited resource overhead.
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