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1 Introduction

In this contribution, we discuss control information that needs to be carried by D2D transmitter over the direct link in order to inform D2D receivers about physical layer parameters of direct transmission. The D2D control information (D2DCI) is transmitted using periodically allocated scheduling assignment resources. In the next sections, we discuss content, physical structure and link budget of the D2DCI transmission.
2 D2DCI Design Aspects
In this section, we review the most important technical aspects that need to be taken into account for D2DCI transmission on scheduling assignment resources.
2.1 Received Power Variation
The scheduled assignment resources are to be used by multiple transmitters. The transmissions are not power controlled relative to the particular receiver, therefore large receiver power variation can be expected at different subframes carrying D2DCI control information. In addition, there is no propagation delay compensation and therefore the signals will arrive with different delays. The first symbol of the D2DCI signal is likely to be used for AGC adjustment and thus should not be taken in link budget analysis for D2DCI link budget. This is aligned with LS from RAN4 WG [4].
The simultaneous transmission of D2DCI by multiple transmitters may cause misdetection of some of the D2DCIs from distant transmitters due to in-band emissions thus TDM multiplexing is beneficial.
2.2 Half-Duplex Considerations
The TDM multiplexing for D2DCI transmissions is also needed to avoid half-duplex problem for D2D communication so that transmitters can process D2DCI signals from each other. This aspect is also discussed in our companion contributions [1] and [2].
2.3 Inter DMRS Spacing

For D2D communication, the DMRS signal structures are to be used for timing offset estimation/adjustments and residual carrier frequency offset error tracking. In case of multi-hop synchronization the frequency offset errors between devices may be up to ±6:±8Δppm, Δppm = 0.1ppm depending on the maximum number of hops. This may result in phase wrapping (ambiguity) and complicate tracking of the residual frequency error [3]. The support of multi-hop synchronization with large number of hops may require modification in existing DMRS structure to facilitate robust tracking of residual frequency offset error.

3 D2DCI Content

The D2DCI content was discussed in our companion contribution [1] and is briefly reviewed in Table 1.
Table 1: Content of D2D Control Information Signalling (D2DCI)

	Information
	Description

	L1 identifier
	Indication of the source or destination address [16 bits]

	Number of occupied logical frequency channels
	Number of occupied logical frequency channels. The number of bits is dependent on system bandwidth and resource granularity [2-4] bits

	Frequency channel indication
	Logical frequency channel indication, bandwidth/granularity dependent

	Subframe pattern indication
	Indication of the subframe pattern used for direct data transmission (DTP) [2-4] bits

	Retransmission pattern/MCS
	Retransmission pattern/Modulation and coding scheme. The eNB may indicate the preconfigured retransmission patterns used for direct transmission. [5] bits

	Cyclic redundancy check
	CRC, [16 bits]

	Other
	FFS, Distributed scheduling metric for Mode-2 to ensure fairness


Proposal 1
· D2DCI is introduced and contains at least L1 identifier, resource indication and physical layer parameters of subsequent direct data transmission.
4 D2DCI Physical Structure
4.1 DMRS

The DMRS base sequence is dependent on synchronization source identity (eNodeB cell ID for within coverage and SSID for out of coverage). Further details of DMRS considerations are provided in the companion contribution [5].
4.2 D2DCI Resource Allocation
The D2DCI is transmitted on the periodically allocated scheduling assignment resources. The several subframes are allocated for D2DCI transmission in order to handle the half duplex and in-band emission issues.
5 D2DCI Link Budget Analysis
In this section, we provide link budget analysis for D2DCI demodulation performance. We consider both extended and normal CP and assume that 2 symbols are used for channel estimation. The single D2DCI transmission occupies 2 PRBs. In addition we study 1 and 2 subframes for PD2DSCH transmission as well as two schemes for forward error correction encoding TBCC and CTC. The results of our analysis are presented in Figure 1.
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Figure 1. MCL for D2DCI transmission
Observation 1
· There is no big performance gap between CTC and TBCC encoding schemes. The TBCC provides slightly better performance.
· Usage of one subframe is sufficient to reach link budget 130 dB. Two subframes are required for 133dB link budget.

6 Conclusions
In this contribution, we provided our views on D2DCI physical structure. The D2DCI transmission can be based on PUSCH physical structure and occupy either one or two subframes depending on the target link budget that needs to be discussed and agreed by RAN1 WG. In addition, we discussed D2DCI content and have noticed that DMRS physical position may need to be further adjusted based on the further synchronization analysis.
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Appendix A - Link Level Evaluation Assumptions

In this section, we provide simulation assumptions for link level evaluation results. The assumptions used for analysis are summarized in tables below:

Table 2: Link level assumptions.

	Parameter
	Values

	Channel model
	IMT UMi CDL, velocity = 3 km/h;

	Number of antennas
	1TX, 2RX

	Physical channel
	PUSCH physical channel: 6 PRBs; Normal and Extended CP

	Channel estimation
	Practical channel estimation (PRB based)

	FEC
	CTC and TBCC, CRC = 16 bits + 30 payload

	QoS target
	1 % residual BLER


Table 3: MCL calculation template.
	Parameter
	Value

	Transmitter
	

	(1) Tx power (dBm)
	23

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	9

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	Depends on number of allocated PRBs

	(6) Effective noise power = (2) + (3) + (4) + 10 log10(5) (dBm)

	(7) SINR (dB) 

	(8) Receiver sensitivity  = (6) + (7) (dBm)

	(9) MCL = (1) ( (8) (dB)
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