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1
Introduction
At RAN1 #76, following key agreements were made for control of D2D communication [1]:

	Agreements:
· 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




Further, RAN2 has made following agreement for Mode 1 transmission [3]:

	23.X.3.1 Resource Pool for Scheduling Assignment

The resource pool for Scheduling Assignment can be configured as below:
-
The resource pool used for reception of Scheduling Assignment when the UE is in coverage is configured by the eNB via RRC, in dedicated or broadcast signalling.
-
The SA resource pool used for transmission when the UE is in coverage is not known to the UE if Mode 1 resource allocation is used. 

-
The eNB schedules the specific resource(s) to use for Scheduling Assignment transmission if Mode 1 resource allocation is used. The specific resource assigned by the eNB is within the resource pool for reception of Scheduling Assignment that is provided to the UE. 


In this contribution, building on the agreements above, we present a design for Mode 1 scheduling of D2D communication. 
We propose to reuse DCI format 0 by using a separate D2D-RNTI for scheduling of both SA and Data. 
In particular, the following key design ideas are proposed (discussed in detail in Section 2):

· SA and Data are sent using separate D2D grants using a D2D RNTI
· Both SA and Data grants are sent using re-interpreted DCI format 0 

· SPS scheduling of both SA and Data is supported by reusing existing SPS mechanisms

· Power control of both SA and Data is supported by reusing DCI Format 3/3A along with new D2D-TPC-RNTIs 
We note that details on further aspects on D2D control including scheduling assignment contents are given in a companion contribution [2].

2  
Resource allocation signalling from eNodeB (Mode 1)
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Figure 1 Scheduling procedure for Mode 1 and Mode 2
Scheduling procedure for Mode 2 and Mode 1 is shown in Figure 1.  We focus on signalling for resource allocation for Mode 1. 
We propose that eNodeB schedules the resources for data and control via D2D grants by reusing DCI format 0 (used for UL grants) for D2D grants via use of a D2D-RNTI for both D2D-SA and D2D-Data grants. 

Proposal 1: Mode 1 scheduling reuses existing DCI format 0 for D2D grants from eNB.
Proposal 2:  a D2D RNTI distinguishes DCI for D2D from DCI for WAN UL or DL.

Proposal 3: 0/1A distinction flag in DCI format 0 is re-interpreted for SA/Data distinction. 

We note that this proposal answers the agreed FFS as follows:

1. No linkage between SA and Data resources: we note that a resource pool for SA is agreed, but no such agreement was made for data with the expectation that this can be left up to eNodeB implementation. Given this, we feel that linking SA and Data resources puts unnecessary restrictions on eNodeB implementation. 

2. Separate SA and Data grants:   we propose to have separate SA and Data grants as this gives eNodeB to schedule them flexibly – for example SAs may be scheduling in an SPS manner, but data may be scheduled more dynamically. In this case, overhead related to SA scheduling doesn’t need to be incurred for each data scheduling grant. 
In Section 2.1 we discuss using DCI0 for D2D-SA grant, and in section 2.2, we discuss using DCI0 for D2D-Data grant. Some aspects of SPS scheduling of both SA and D2D Data is discussed in Section 2.3

Before discussing the scheduling mechanism in detail, we discuss the initial setup for D2D communication. When a UE is interested in transmitting D2D data to a group; it sends an indication (D2D Start) to the eNB in an RRC message including the Destination ID(s) (Group ID) and corresponding indices. In response, the eNB provides D2D RNTI and other configuration related to D2D communication to this UE in RRC signaling.
Proposal 4: UE sends D2D Start indication to eNB in an RRC message including the Destination ID(s) (Group ID) and corresponding indices (Destination ID index). 

Proposal 5: In response to the D2D start indication from UE, eNB provides a D2D RNTI and other configuration related to D2D communication to this UE in RRC signaling.
2.1 Using DCI-0 for D2D-SA grants
We note that the following agreements were made for SA resource pool: 
	Agreements:
· Semi-static pool(s) of resources can be allocated for SA

· eNodeB may broadcast the information about the SA resource pool using SIB for D2D UE

· Transmission pool for Mode 2 

· Reception pool(s) for Mode 1 and Mode 2 

· UE is not required to decode neighboring cell SIB

Agreement:

· The MCS for SA is fixed in the specifications 

· The modulation used for SA is QPSK




In addition to the agreements made above, we propose that retransmissions of SA are supported, and retransmission resource pattern is fixed in the specification. 
Additionally, we note that since SAs are sent on a slow time scale, the traditional constraint of DCI scheduling a transmission exactly 4 ms. before is unnecessary. Hence, we propose to reuse the resource block assignment field of DCI-0 for indexing into an SA resource pool for a D2D-SA grant.

Proposal 6:  Retransmission of SA is supported, and retransmission pattern is fixed in the specification.
Proposal 7: RB assignment field of DCI format 0 is used for indexing into SA-resource pool.

Proposal 8: eNodeB can send a D2D-SA grant at any time (>= 4 ms.) before SA resource pool occurrence. 

Also, to allow for scheduling for multiple broadcast or groupcast sessions (identified through different Destination ID index) – a Destination-ID index of 2 bits is signaled through SAs grants.

Proposal 9: Destination ID index of 2 bits is included in SA grants to allow UEs to participate in multiple communication sessions (e.g. multiple group communication sessions).

Additional details regarding D2D-SA grant are given in Table 1. 
Table 1 Format 0 reused for D2D-SA grants
	Field Name
	Length
	Use in SA-grant

	Flag for format0/format1A differentiation
	1
	 Re-interpreted for SA/Data distinction

	Hopping flag
	1
	 Reserved

	N_Ulhop
	1 (1.4 MHz)
1 (3 MHz)
1 (5 MHz)
2 (10 MHz)
2 (15 MHz)
2 (20 MHz)
	 Reserved

	Resource block assignment
	5 (1.4 MHz)
7 (3 MHz)
7 (5 MHz)
11 (10 MHz)
12 (15 MHz)
13 (20 MHz)
	 Re-interpreted as index into SA pool

	MCS and RV
	5
	 Reserved

	NDI (New Data Indicator)
	1
	 Re-interpreted as Destination ID index

	CQI request (1 bit)
	1
	

	TPC for PUSCH
	2
	 Used for power control of SA

	Cyclic shift for DM RS
	3
	 Reserved 

	UL index (TDD only)
	2
	 Reserved (when present)

	Downlink Assignment Index (DAI)
	2
	 Reserved (when present)


2.2 Using DCI-0 for D2D-Data grant
We propose to reuse many fields on existing DCI format 0 for a D2D grant including frequency hopping, resource assignments and MCS/RV, but identify the following change that is needed:
· Signalling retransmissions: we propose that the number and pattern of retransmissions of a given packet are signalled through RRC. We note that the traditional approach of implicit retransmissions until acknowledgement doesn’t work for D2D broadcast due to both the lack of feedback as well as eNodeB not being the intended receiver of the D2D transmission.
Proposal 10: the number and pattern of retransmissions of a given packet are signaled through RRC and a D2D-data grant accordingly signals the resources for retransmissions of a packet. 
Additional details regarding D2D-data are given in Table 2. 
Table 2 Format 0 reused for D2D-Data grants

	Field Name
	Length
	Use in D2D-Data-grant

	Flag for format0/format1A differentiation
	1
	 Re-interpreted for SA and Data distinction

	Hopping flag
	1
	 Used to indicate frequency hopping

	N_Ulhop
	1 (1.4 MHz)
1 (3 MHz)
1 (5 MHz)
2 (10 MHz)
2 (15 MHz)
2 (20 MHz)
	 Propose to limit to inter-sub-frame   hopping.

	Resource block assignment
	5 (1.4 MHz)
7 (3 MHz)
7 (5 MHz)
11 (10 MHz)
12 (15 MHz)
13 (20 MHz)
	 Used to indicate D2D data resource

	MCS and RV
	5
	 

	NDI (New Data Indicator)
	1
	 Re-interpreted as Destination ID index  

	CQI request (1 bit)
	1
	

	TPC for PUSCH
	2
	 Used for power control of Data

	Cyclic shift for DM RS
	3
	 Reserved

	UL index (TDD only)
	2
	 Reserved (when present)

	Downlink Assignment Index (DAI)
	2
	 Reserved (when present)


2.3 SPS scheduling of SA and Data

SPS scheduling can be used for reducing overhead of Mode 1 scheduling. Based on the agreement, that a single grant can schedule multiple Data opportunities, we note that SPS scheduling of Data was agreed, but not for SA. In our view, SA scheduling can benefit from overhead reduction of SPS scheduling as well, hence we propose: 
Proposal 11: SPS scheduling of SA is supported.
SPS uses existing SPS mechanism with the following details

1. SPS SA (and data) periodicity signaled through RRC (SPS-D2D-RNTI is also sent via RRC signaling)
2. Use SPS-D2D-RNTI to signal activation/release through SA-DCI (Data-DCI)

a. A flag to be used SA-DCI and Data-DCI distinction
Proposal 12: SPS scheduling for D2D uses existing mechanisms of (i) configuration through RRC signaling and (ii) activation/release through DCI using a SPS-D2D-RNTI.
Additionally, we propose that the number and pattern of retransmissions of a given packet signaled through RRC signaling also apply to SPS scheduling of data transmission.
Proposal 13: the number and pattern of retransmissions of a given packet signaled through RRC also apply to SPS scheduling of data transmission.

In Table 3 below, we provide an example of DCI format 0 used for activation of SPS D2D-data grant. Similar formats can be obtained for release of SPS D2D-data as well as activation/release of SPS D2D-SA grants.

Table 3 Format 0 reused for D2D-Data SPS activation grant

	Field Name
	Length
	Use in D2D-Data-SPS-grant

	Flag for format0/format1A differentiation
	1
	 Re-interpreted for SA and Data distinction

	Hopping flag
	1
	 Used to indicate frequency hopping

	N_Ulhop
	1 (1.4 MHz)
1 (3 MHz)
1 (5 MHz)
2 (10 MHz)
2 (15 MHz)
2 (20 MHz)
	 Propose to limit to inter-sub-frame   hopping.

	Resource block assignment
	5 (1.4 MHz)
7 (3 MHz)
7 (5 MHz)
11 (10 MHz)
12 (15 MHz)
13 (20 MHz)
	 Used to indicate D2D data resource

	MCS and RV
	5
	 Set MSB to ‘0’

	NDI (New Data Indicator)
	1
	 Re-interpreted as Destination ID index  

	CQI request (1 bit)
	1
	

	TPC for PUSCH
	2
	 Set to ‘00’

	Cyclic shift for DM RS
	3
	 Set to ‘000’

	UL index (TDD only)
	2
	 Reserved (when present)

	Downlink Assignment Index (DAI)
	2
	 Reserved (when present)


2.4 Power control for SA and Data

The following agreement was made regarding power control of SA and Data [1]
	Agreements:
· For Mode 1 transmission,

· ….

· eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH




We propose that similar to existing power control mechanisms, DCI format 3/3A is used for power control of SA and Data. In particular, a D2D-TPC-SA-RNTI and a D2D-TPC-Data-RNTI is defined and assigned by network, and a parameter d2d-tpc-Index is provided by higher layers to determine the index to the TPC command for a given UE.
Proposal 14: DCI format 3/3A are reused for D2D power control by using D2D-TPC-SA-RNTI and D2D-TPC-Data-RNTI for respectively SA and Data power control.

Proposal 15: A d2d-tpc-Index is provided by higher layers to determine index into the TPC command for a given UE for both SA and Data.

2.5 Overall signalling flow

Overall proposed signalling flow is depicted in Figure 2. 
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Figure 2: Overall signalling flow for D2D grants and SA (FDD)
3 
Conclusion

In this contribution, we presented a design for Mode 1 (eNodeB scheduled) scheduling of D2D broadcast communication. In particular, we made the following observations and proposals:  

Proposal 1: Mode 1 scheduling reuses existing DCI format 0 for D2D grants from eNB.
Proposal 2:  a D2D RNTI distinguishes DCI for D2D from DCI for WAN UL or DL.

Proposal 3: 0/1A distinction flag in DCI format 0 is re-interpreted for SA/Data distinction. 

Proposal 4: UE sends D2D Start indication to eNB in an RRC message including the Destination ID(s) (Group ID) and corresponding indices (Destination ID index). 

Proposal 5: In response to the D2D start indication from UE, eNB provides a D2D RNTI and other configuration related to D2D communication to this UE in RRC signaling.
Proposal 6:  Retransmission of SA is supported, and retransmission pattern is fixed in the specification.
Proposal 7: RB assignment field of DCI format 0 is used for indexing into SA-resource pool.

Proposal 8: eNodeB can send a D2D-SA grant at any time (>= 4 ms.) before SA resource pool occurrence. 
Proposal 9: Destination ID index of 2 bits is included in SA grants to allow UEs to participate in multiple communication sessions (e.g. multiple group communication sessions).

Proposal 10: the number and pattern of retransmissions of a given packet are signaled through RRC and a D2D-data grant accordingly signals the resources for retransmissions of a packet. 
Proposal 11: SPS scheduling of SA is supported.
Proposal 12: SPS scheduling for D2D uses existing mechanisms of (i) configuration through RRC signaling and (ii) activation/release through DCI using a SPS-D2D-RNTI.

Proposal 13: the number and pattern of retransmissions of a given packet signaled through RRC also apply to SPS scheduling of data transmission.

Proposal 14: DCI format 3/3A are reused for D2D power control by using D2D-TPC-SA-RNTI and D2D-TPC-Data-RNTI for respectively SA and Data power control.

Proposal 15: A d2d-tpc-Index is provided by higher layers to determine index into the TPC command for a given UE for both SA and Data.
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