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1. Introduction
It was agreed in RAN1#76bis that both mode 1 and mode 2 resource allocation are specified for public safety communication [1]. Regarding mode 1 resource allocation, the following was agreed:
· For Mode 1 transmission,
· eNodeB or Rel-10 relay allocates resources to a D2D transmitter for SA and Data using PDCCH or EPDCCH

· FFS: Linkage between SA and Data
· FFS: Separate grant for Data
· Single grant can schedule multiple Data transmission opportunities
· The multiple opportunities can be used for the multiple transmissions of a single TB
· The multiple opportunities can be used for the transmissions of multiple TBs
· FFS: Which entity decides how each transmission opportunity is used
· FFS: Single grant can schedule single SA transmission
· Single grant can schedule multiple SA transmissions
· FFS: Whether the multiple SA transmissions are of the same SA or different SA
· FFS: C-RNTI or another UE-specific RNTI is used at least for scrambling of CRC of a  D2D grant
· eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH
In this contribution, the details of mode 1 resource allocation are discussed, including the procedure of mode 1 resource allocation, scheduling mechanisms and control signal design. The linkage between SA and data is discussed in a companion contribution [2].
2. Procedure of mode 1 resource allocation
General procedure of mode 1 resource allocation is illustrated in Figure 1. 

· A UE to transmit D2D data should first make initialization with eNodeB. The eNodeB will configure D2D RNTI and SR resource for UE to request transmission resource. The initialization process is similar to the RACH process of cellular communication.

· When a packet arrived the UE would send scheduling request to eNodeB (assuming that the UE is already in RRC_CONNECTED state). The scheduling request contains information such as amount of data to transmit.
· eNodeB makes scheduling decision based on received requests.

· eNodeB sends scheduling grant for SA and data. Grants for SA and data could be carried in a single PDCCH/EPDCCH or in separate PDCCH/EPDCCH.

· The transmitter sends SA on the granted resource. SA carries the resource allocation information for data which is received from data grant. The receiver receives the transmitted SA on preconfigured or SIB broadcasted SA resource pool.

· The transmitter transmits data on the granted resource. The receiver receives data on resource indicated in the SA.
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Figure 1: Procedure of mode 1 resource allocation for broadcast communication
2.1. Initialization
By initialization, the transmitter informs eNodeB that it has D2D data to send. eNodeB shall configure a D2D-RNTI (if supported) to UE. It is used to scramble CRC of PDCCH/EPDCCH that carries DCI related to a D2D transmission. The SR resource reserved for D2D transmission requesting could also be configured by eNodeB in initialization step. It can be configured on a different resource than cellular SR so that eNodeB knows the type of the request by its resource.
2.2. Requesting
After initialization process is completed, the UE could request transmission resource. To facilitate resource allocation by eNodeB, the UE should provide the eNodeB with at least information regarding amount of data to transmit and target ID associated with the requesting. The buffer state reporting (BSR) procedure could be reused to send the data amount. Target ID is used to identify which target is associated with the request.  If only broadcast communication is taken into account, target ID could be omitted. 
Proposal 1:  UE should at least provide the following information when requesting resource from eNodeB.
· Amount of data to transmit (BSR) 

· L1/L2 identities: target ID (broadcast ID, group ID or unicast ID)

3. Measurement and reporting
Measurement and reporting from UE to eNodeB could be used to optimize resource allocation. However, as only broadcast communication is considered in Rel-12, measurement from the receiver UE is infeasible. To some extent, measurement and reporting from the transmitter may still be of help. However, measurement from the transmitter can only reflect interference condition at the transmitter which may be not consistent with the interference condition at receiver end. 
If dynamic scheduling is supported, interference condition then can change dynamically which makes it hard to predict. Interference measurement at one subframe may be not valid in the following subframes. The usefulness of measurement in scheduling is reduced. Furthermore, an eNodeB could avoid collision and interference between cellular and D2D transmission within the coverage of the eNodeB without additional measurement and reporting from UE. Therefore, we propose not to introduce measurement and reporting for D2D operation in Rel-12.
Proposal 2: No additional measurement and reporting is supported for D2D resource allocation in Rel-12.
4. SPS and dynamic scheduling
The two scheduling type, SPS and dynamic scheduling supported in LTE, are candidates to be considered in mode 1 resource allocation. By dynamic scheduling, maximum scheduling gain could be achieved. eNodeB could flexibly arrange the transmission resource to avoid interference between cellular and D2D. However, as scheduling grant is transmitted for each transmission opportunity, the system overhead is large. SPS scheduling, on the other hand, is suitable for traffic such as VoIP, the prioritized traffic type for public safety. As the traffic packets are generated periodically, allocating periodically occurred resource activated by a single scheduling grant could save system overhead. 
Proposal 3: Support both SPS and dynamic scheduling for SA and data in Rel-12.
Dynamically scheduled SA transmission

For dynamic scheduling, an SA grant schedule one SA transmission. It is transmitted in the first valid SA transmission opportunity after SA grant. A valid transmission opportunity means that the SA resource shall be at least 4 ms later than the SA grant to give UE sufficient time to process the SA grant. Possibly, the SA could be transmitted multiple times. The number of transmission is either fixed in the specification or indicated in the SA grant.
If SA is transmitted with a period of up to tens of milliseconds, it is infeasible to schedule each data transmission dynamically. That is, a dynamically scheduled data transmission resource is valid through the whole SA period. The content of an SA transmission is determined by data grant. Therefore, data grant shall also be sent at least 4 ms before the SA transmission. The timing of SA and data grant transmission is illustrated in Figure 2. Both SA and data grant are sent 4 ms before the scheduled SA resource. The UE filled SA with information obtained from data grant. The SA is transmitted for one time and data are transmitted in the whole SA period on granted resources.
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Figure 2: Dynamic scheduling of SA and data

SPS scheduled SA transmission

For SPS scheduling, an SA grant activates SA transmission. The transmission continues until an SA grant which deactivates transmission is received. The data grant can either be a dynamic or SPS scheduling. If data is SPS scheduled, the UE transmits the SA with content derived from the data grant repeatedly on the configured resource 4 ms after the SA and data grant activation is received. It is worth noting that the content of SA could be changed, e.g., with a different MCS or RPT, depending on extent to which the transmission is controlled by eNodeB.

If a dynamic data grant is received, the UE transmit the SA with content derived from the dynamic data grant on the first SPS SA resource 4 ms after the data grant is received. 

If an activated SPS SA transmission collides with a dynamic SA transmission, the UE shall drop the SPS SA transmission and transmit SA on the first valid resource indicated by the dynamic grant. This gives eNodeB the flexibility of changing SPS SA resource temporarily.
If SPS transmission of both SA and data are activated and a dynamic data grant is received, the UE follows the dynamic data grant and transmit SA with contents derived from the dynamic grant on the first SPS SA resource 4 ms after the dynamic data grant is received. This gives eNodeB the flexibility of changing SPS data resource temporarily.
The UE behavior of SA and data transmission is summarized in Table I.
Table I: Behavior of UE when D2D grants received
	
	Dynamic data grant
	SPS data grant

	Dynamic SA grant
	· SA is transmitted on the first valid SA resource after SA and data grant.
· Data is transmitted after SA transmission with duration of an SA period.
	· SA is transmitted on the first valid SA resource after SA grant.

· Data is transmitted after SA transmission with duration of an SA period on the SPS data resource.
· Shall not be used in practical.

	SPS SA grant
	· SA is transmitted on the first valid SPS SA resource after data grant.

· Data is transmitted after SA transmission with duration of an SA period.
· If a dynamic grant is received, the SPS grant could be overridden temporarily.
	· SA and data are transmitted until a DCI of deactivation is received.
· If a dynamic grant is received, the SPS grant could be overridden temporarily.


5. Control signaling design
To carry D2D SA and data grant in PDCCH/EPDCCH, either existing DCI format or new DCI format could be considered. If a new DCI format is defined for D2D grant transmission, number of blind decoding attempts may exceeds the current number which complicates UE implementation. Furthermore, definition of a new DCI format requires tremendous standard efforts. Therefore, we suggest reusing existing DCI format to carry D2D grant. Specifically, DCI format 0 is suitable as it is used to schedule single codeword UL transmission which is similar to D2D transmission on uplink resource. Furthermore, a D2D-RNTI shall be configured for UE to distinguish between cellular and D2D grant.
Proposal 4:Use DCI format 0 to carry D2D SA/data grant.CRC of the DCI is scrambled by network configured D2D-RNTI.
SA and data grant can be transmitted in different ways:
· Option 1: SA and data grant are packed in a single DCI. The control overhead is minimized as one PDCCH is sent for both SA and data. The problem is that the payload of DCI format 0 may be not enough to carry both SA and data grant.

· Option 2: SA and data grant are transmitted in separate DCI with the same format. They are distinguished by a flag bit. 

· Option 3: DCI for SA and data are scrambled with different RNTI, e.g., D2D-SA-RNTI and D2D-DATA-RNTI. It is slightly more complicated than option 2 for more CRC checking is performed. Moreover, usage of more RNTI may increase the false alarm probability of PDCCH detection.
Proposal 5: SA and data grant are transmitted in separate DCI with the same format. They are distinguished by a flag bit.
If both SPS and dynamic scheduling are supported, UE should be able to distinguish between SPS and dynamic scheduling when a D2D grant is received. It is distinguished by configuring SPS-RNTI in cellular communication. Of course, the mechanism could be reused, i.e., configuring SPS-D2D-RNTI for UE and CRC of D2D grant is scrambled by SPS-D2D-RNTI if SPS scheduling is intended. However, as the bits in DCI format 0 could be completely reinterpreted, a flag bit could also be used to make the distinction. If SA and data grant are distinguished by a flag bit, then additional one bit could be used to jointly indicate the type of the grant.
Proposal 6: Consider to use several flag bits in DCI to distinguish SPS and dynamic scheduling, e.g., (joint design with SA and data grant differentiation).
Table II: Indication of type of grant
	Code points in DCI
	Grant type

	00
	SA grant; dynamic 

	01
	SA grant; SPS 

	00
	Data grant; dynamic 

	11
	Data grant; SPS 


6. Conclusion 

In this contribution, details of mode 1 resource allocation are discussed, including the procedure, the scheduling mechanisms, and the control signaling. Proposals are given as follows:

Proposal 1:  UE should at least provide the following information when requesting resource from eNodeB.
· Amount of data to transmit (BSR) 

· L1/L2 identities: target ID (broadcast ID, group ID or unicast ID)

Proposal 2: No additional measurement and reporting is supported for D2D resource allocation in Rel-12.
Proposal 3: Support both SPS and dynamic scheduling for SA and data in Rel-12.
Proposal 4:  Use DCI format 0 to carry D2D SA/data grant.CRC of the DCI is scrambled by network configured D2D-RNTI.
Proposal 5: SA and data grant are transmitted in separate DCI with the same format. They are distinguished by a flag bit.

Proposal 6: Consider to use several flag bits in DCI to distinguish SPS and dynamic scheduling.
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