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

	· Resource allocation:

· Mode 1: eNodeB or rel-10 relay node schedules the exact resources  -- supported in-coverage

· Mode 2: UE on its own selects resources from resource pools –  at least in edge/out-of-coverage

· Scheduling assignments (SA): indicate the resource(s) for reception of the associated D2D data


First of all, to avoid any confusion in future it is better to align naming convention with convention used for D2D Discovery. So here onward Mode 1 is called Type 2 (eNB scheduled resource allocation) and Mode 2 is called Type 1(UE autonomous resource selection).
In this contribution, we present design for Type 2 (eNB scheduled resource allocation) scheduling of D2D communication. At a high level, we propose to reuse existing mechanisms as much as possible for Type 2 scheduling. 
In particular, the following key design ideas are proposed (discussed in detail in Section 2):

· Type 2 scheduling reuses existing PDCCH for D2D grants from eNodeB 

· 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
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 (Type 2)
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Figure 1 Scheduling procedure for Type 1 and Type 2
Scheduling procedure for Type 1 and Type 2 is shown in Figure 1. 
We make the following observation based on definition of Type 1 (UE autonomous resource selection):

Observation 1: No signalling for resource allocation is needed for Type 1 (UE autonomous resource selection). 

Following this observation, we focus on signalling for resource allocation for Type 2 (eNB Scheduled resource allocation). 
We propose that eNodeB schedules the resources for data and control via D2D grants. For signalling D2D grants, it is natural to reuse existing PDCCH channel. In particular, we propose to reuse 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: Type 2 (eNB Scheduled) scheduling reuses existing PDCCH and 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. 

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 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 Target 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 Target ID(s) (Group ID) and corresponding indices (Target 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 since SAs are decoded blindly by the receivers (see Figure 1 above), following transmission parameters either need to be fixed or specified via a SIB broadcast:

1. MCS/RV of SA – we propose to fix these in the specification

2. Retransmission resources for SA (incl. time and frequency hopping) – we propose to fix these in the specification 

3. Cyclic shift for DM-RS/scrambling – we propose to fix these 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:  SA resource pool is signaled through SIB (in or edge-of-coverage) or is pre-configured (out-of-coverage).

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 Target ID index) – a Target-ID index of 2 bits is signaled through SAs grants.

Proposal 9: Target 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 Target 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 is signalled through RRC. We note that the traditional approach of implicit retransmissions until acknowledgement doesn’t work for D2D broadcast due to both lack 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 Target 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. In addition, SPS of data may be needed given the slow time scale nature of SA resource pool. Hence, we propose:
Proposal 11: SPS scheduling of both SA and data 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 Target 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 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 Type 2 (eNodeB scheduled) scheduling of D2D broadcast communication. In particular, we made the following observations and proposals:  

Observation 1: No signalling for resource allocation is needed for Type 1 (UE autonomous resource selection).
Proposal 1: Type 2 (eNB Scheduled) scheduling reuses existing PDCCH and 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 Target ID(s) (Group ID) and corresponding indices (Target ID index). 

Proposal 5: In response to the D2D start indication from UE, eNB provides D2D RNTI and other configuration related to D2D communication to this UE in RRC signaling.
Proposal 6: SA resource pool is signaled through SIB (in or edge-of-coverage) or is pre-configured (out-of-coverage).

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: Target ID index of 2 bits is included in SA grants to allow for UE 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 both SA and data 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.
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