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[bookmark: _Ref301342314]Introduction
At RAN1#76bis, the contents of scheduling assignments (SA) for D2D broadcast communication was discussed and agreed as follows. [1].
	Agreement:
· MCS indication is provided dynamically per SA with 5 bits, using the existing 5-bit UL MCS table
· 64QAM shall not be used for D2D transmission
· The MCS indication is included in SA
· The MCS for SA is fixed in the specifications 
· The modulation used for SA is QPSK

Agreement
· The SA includes an ID of N bits (N<=16, working assumption N=8) with at least the following purpose:
· to enable the UE to reduce the probability of decoding of data packets the UE is not interested in
· FFS what the ID is derived from
· Not precluding scrambling SA CRC 



	Agreements:
· 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 by the eNB or Rel-10 Relay for Mode1
· RPT is either implicitly or explicitly signaled in SA
· If multiple transmission opportunities of the same SA are supported
· FFS whether one or more RPT are defined for (re)-transmissions of SAs



	For RAN1#77:
· Consider how to signal the RPT in the SA (considering both Mode 1 and Mode 2)
· Consider detailed design of the SA transmission
· Consider whether NDI and/or RV are needed and if so how to signal them



In this contribution, we focus on the design details of scheduling assignments for D2D broadcast communication. SA is the control channel that requires to be a robust channel. In order to improve the SA's link performance and efficiency, a fewer number of bits must be used to convey the control information. 

SA’s contents
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Figure 1: SA and Data allocation

In this section, we describe the SA’s physical design. In order to reduce the number of bits used for SA transmissions, we propose to use the following features:
· The SA’s frequency position indicates the frequency position of the data.
· UE ID sent on SA indicates the time position of the data

Figure 1 shows an example for the linkage between the SA and the Data.

Frequency allocation
D2D frequency ID is corresponding to the SA’s frequency position used to send the SA which maps to the D2D frequency IDs frequency positions of the data. Positions’ pattern of frequency IDs are fixed and can be specified using a table. The mapping between the frequency of the SA and the data positions can be derived from random function.

Time allocation
The randomization is used. The seed is based on UE ID in SA.
Proposal 1:
To reduce the number of bits for the SA transmissions, the SA’s frequency position indicates the frequency position of the data and UE ID in SA indicates the time position of the data

NDI
If NDIs are supported, NDIs should be multiplexed in DMRS. However, multiplexing NDI and DMRS increases the complexity of the receiver.

Alternatively,   a fixed number of retransmission could be specified (e.g., for VoIP support 4 retransmissions can be used).  Fixed number of retransmissions will not require sending NDI. 
Proposal 2:
The number of retransmission is fixed, (e.g., 4) in the specification. NDI is not needed.

RV
When the number of retransmission is fixed, RV index pattern can be fixed.

Proposal 3:
RV pattern is fixed in the specification, (0, 2, 3, 1) for each retransmission. RV indication is not needed.

Based on the above listed features, SA's contents are shown in Table 1.The bit size of SA’s contents is fixed in Rel.12. 

Table 1: SA’s Contents 
	Contents
	Bits

	UE ID
(TX UE ID or Target ID)
	8 bits

	MCS
	5 bits

	Reserved
	3bits

	Total
	16 bits



SA’s repetitions
SA’s repetition should be supported to improve the link performance and due to half-duplex constraint.  The soft-combining can also be supported to further link performance improvement. SA’s RV index should be fixed (e.g., 0). To have a simpler SA design repetition resources should be placed in same frequency positions because the SA’s frequency position indicates the frequency position of the data.

Proposal 4:
SA’s repetition and soft-combining should be supported.  SA’s RV index should be fixed (e.g., 0).

Proposal 5:
SA repetition resources should be placed in same frequency positions because the SA’s frequency position indicates the frequency position of the data.

Channel coding of SA
In this section the SA’s channel coding performance is discussed. We assumed the length of SA is 24 bits to simulate the link performance.  We compared the Tail Biting Convolutional Coding (TBCC) and the Turbo coding. The other simulation assumptions are listed in Appendix A. As shown in Figure 2 the TBCC performs 0.5dB better than the Turbo codes.

Proposal 6:
TBCC should be used for the SA’s channel coding.

[image: ]
Figure 2: BLER Performance (TBCC vs Turbo)

Conclusions
Proposal 1:
To reduce the number of bits for the SA transmissions, the SA’s frequency position indicates the frequency position of the data and UE ID in SA indicates the time position of the data
Proposal 2:
The number of retransmission is fixed, (e.g., 4) in the specification. NDI is not needed.
Proposal 3:
RV pattern is fixed in the specification, (0, 2, 3, 1) for each retransmission. RV indication is not needed.
Proposal 4:
SA’s repetition and soft-combining should be supported.  SA’s RV index should be fixed (e.g., 0).
Proposal 5:
SA repetition resources should be placed in same frequency positions because the SA’s frequency position indicates the frequency position of the data.
Proposal 6:
TBCC should be used for the SA’s channel coding.



Appendix A: Simulation Assumptions
The SA’s physical format is shown in Figure 3. Simulation assumptions are listed in the Table 2.
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Figure 1: D2D physical format of SA

Table 2: Simulation assumptions
	Carrier frequency
	700 [MHz]

	System Bandwidth
	10 [MHz]

	Channel model
	ITU-R Umi NLOS w/ dual-mobility

	Moving direction of Tx UE and Rx UE
	Uniform Random(-180-180[deg.]),
independently

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2

	Number of RB
	2

	Modulation
	QPSK

	Bit length
	24

	Channel coding
	Tail biting convolutional codes
Turbo coding

	CRC
	16 bits

	UE velocities pairs (Tx, Rx)
	(3,3)

	Channel Estimation
	ZF with linear interpolation in time

	Receiver Type
	MRC
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