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1 Introduction

At the RAN1#74bis, the discussion on D2D physical channel for data communication has been started. It was agreed as a working assumption that SC-FDMA should be considered for further studies as a multiple access scheme. In addition, the following PUSCH physical channel details were agreed as a working assumption for further evaluation.
· PUSCH physical channel details:

· 24 bit CRC is inserted;
· Turbo coding is used;
· Rate matching is used for bit size matching and possibly for generating multiple transmissions;
· Scrambling is to be used for interference randomization;
· PUSCH DMRS is transmitted;

· Possible additional RS is FFS;
· Possible modifications to interleaver FFS;
· CP length FFS;
· Detailed RE mapping FFS;
· Guard period details FFS;
In this contribution, we discuss further details of PUSCH physical channel for D2D data communication. Since D2D communication is mainly focused on public safety use cases and broadcast communication we analyze the physical structure to meet the maximum coupling loss requirements taking into account that long data range and support of the VoIP traffic are of high priority for the public safety use cases. Then we discuss the remaining FFS aspects of D2D physical channel. 
2 VoIP MCL Analysis

In this section, we analyze physical structure for VoIP packet transmission in terms of the required link budget. It was agreed by RAN1 WG during the discussion on D2D evaluation methodology that in public safety use cases interested receivers are associated to the transmitters if RSRP exceeds -112dBm. This number is converted to -135dB maximum coupling loss (MCL) assuming 23dBm maximum transmission power [1].
The VoIP traffic can be considered as a low data rate. For low data rate, the link budget can be increased if narrow band transmissions spanned over multiple TTIs are used. To improve coverage it is desirable to extract the full coding gain and accumulate energy per information bit as much as possible. In LTE, in order to improve coverage in UL, the special TTI bundling mode was introduced. Moreover, the special mapping of transport block size (328 bits) to the physical frequency allocation (ITBS = 6 and NPRB = 1) was introduced into the transport block size table [2] in order to maximize VoIP coverage in UL.
In the next set of figures we analyze the MCL for transmission of one VoIP packet in ttiBundling mode for different frequency allocation and assuming different number of TTIs using agreed by RAN1 WG models for D2D link level evaluations (see Appendix A for evaluation assumptions).
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Figure 1: MCL Analysis for VoIP traffic.
Observation 1
· Narrow band allocations are advantageous from the MCL and spectral efficiency perspective.
· Accumulation in time is needed (multi-TTI transmissions) to achieve 135dB MCL.
· Depending on the channel model and propagation conditions from 4 to 8 TTIs needs to be transmitted for VoIP traffic.
· Full coding gain needs to be extracted to maximize MCL.
· Frequency hopping gives 4-5 dB gain in MCL comparing to localized allocation.

When deciding on the allocation size for VoIP transmission it is necessary to also take into account the frequency and time reuse factors. For instance, considering in-band emission effect it can be noticed that PSD of the co-channel and in-band emission reduces when more physical resource blocks is occupied for transmission at maximum power. Since the inband emissions occupy the whole bandwidth then this interference can mask the signal from the distant transmitter, which may be successfully decoded if signals are multiplexed in time. Therefore the more TTIs are used for single packet transmission the lower chances to handle the in-band emission problem by multiplexing in time. Analyzing, the in-band emission power at the PRB level for different number of contiguous PRBs it can be noticed that using 2 or 3 PRBs is reasonable in systems limited by the in-band emission effect.
Observation 2
· From system level perspective there is a tradeoff between amount of TTIs used to increase link budget and flexibility in handling in-band emission problem as well as between frequency reuse factor and the level of in-band emission.

3 Transmission Opportunity Duration
From the D2D receiver perspective, it is not desirable to frequently change AGC settings in a large dynamic range [3]. In case of D2D communication such situation may always happen, since nearby D2D transmitter may dynamically switch on and off its transmission and the receiver that aims to receive the data from the distant transmitter will need to adjust AGC each subframe. In this case the transmitter close to the receiver will continuously force it to change AGC setting in order to fit the analog signal to the dynamic range of the ADC. If the received power from the nearby transmitter is much larger then its transmission may block the reception of the weaker signal from the distant transmitter, which is not desirable for broadcast communication. In addition, if AGC settling time in case of large RX signal power deviation is relatively large, it may lead to the distortion of the useful data symbols if AGC settings are not stabilized during the CP duration. In this case it may be reasonable to combine several consecutive TTIs into the consecutive bundle over which the set of transmitters does not change. In synchronous systems, it may be possible to avoid frequent updates of the AGC settings over wide dynamic range by keeping the same set of active transmitters over multiple consecutive TTIs, composing one transmission opportunity.

Observation 3
· In synchronous systems, it may be possible to avoid frequent updates of the AGC settings over wide dynamic range by keeping the same set of active transmitters over multiple consecutive TTIs (one transmission opportunity).

4 Discussion on TDM/FDM Multiplexing
One of the questions, discussed by RAN1 WG is the possibility to use FDM multiplexing for D2D and cellular transmission from the single UE perspective. If such possibility is introduced the coverage of D2D communication may be limited due to power sharing between D2D and cellular PUCCH transmission. The power for PUCCH needs to follow UL PC and only the remaining part can be used for D2D communication, which may create a problem for cell edge UEs. In addition the transmit power difference between D2D and cellular transmission may be limited due to in-band emission effect. Considering the broadcast nature of the D2D communication the TDM approach is more preferable.

Proposal 1
· From single UE perspective, the TDM multiplexing is used for cellular and D2D transmissions.

· Further study mechanisms for avoiding collisions between D2D and cellular transmissions (e.g. PUCCH, PUSCH, etc.).
5 Discussion on Control Signaling

In our companion contributions [4]-[5], we discussed the usage of D2D data region for direct communication. In our view the following control signaling is needed for transmission in D2D data region. First of all the resource available for D2D operation needs to be configured (D2D resource pool). In addition, the control signaling indicating MCS used for D2D transmission is needed. In case of coordinated resource selection it is also necessary to support indication of the resources to be used for particular transmission of the given terminal. In general the control signaling may be carried in separate physical channel. Alternatively, the control signaling may be multiplexed into the data channel or provided at the MAC level. Further study among these candidate options is needed in order to come up with the solution minimizing UE complexity and providing the maximum reliability and performance benefits from system perspective.

Proposal 2

· Details of the control signaling on D2D link should be further studied.
6 Conclusions

In this contribution, we discussed several aspects of the physical channel for D2D communication. Based on the presented discussion we have following observations:
Observation 1

· Narrow band allocations are advantageous from the MCL and spectral efficiency perspective.

· Accumulation in time is needed (multi-TTI transmissions) to achieve 135dB MCL.
· Depending on the channel model and propagation conditions from 4 to 8 TTIs needs to be transmitted for VoIP traffic.
· Full coding gain needs to be extracted to maximize MCL.

· Frequency hopping gives 4-5 dB gain in MCL comparing to localized allocation.

Observation 2

· From system level perspective there is a tradeoff between amount of TTIs used to increase link budget and flexibility in handling in-band emission problem as well as between frequency reuse factor and the level of in-band emission.

Observation 3

· In synchronous systems, it may be possible to avoid frequent updates of the AGC settings over wide dynamic range by keeping the same set of active transmitters over multiple consecutive TTIs (composing one transmission opportunity).

Proposal 1
· From single UE perspective, the TDM multiplexing is used for cellular and D2D transmissions.
· Further study mechanisms for avoiding collisions between D2D and cellular transmissions (e.g. PUCCH, PUSCH, etc.).

Proposal 2

· Details of the control signaling on D2D link should be further studied.
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Appendix A – Link Level Evaluation Assumptions

In this appendix, we provide link level evaluation assumptions that were used for VoIP link budget analysis. The assumptions for link level studies are provided in Table 1 and the example of maximum coupling loss analysis is given in Table 2. 

Table 1: PUSCH VoIP AMR 12.2 kbps

	Parameter
	Values

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

	Transmission scheme
	1x2

	HARQ mode
	Incremental redundancy/ TTI bundling

	Channel estimation
	Practical channel estimation (PRB based)

	Frequency hopping
	Type 2 PUSCH hopping with “Inter subframe” mode

	QoS target
	2 % residual BLER


Table 2: Procedure and parameters used for MCL calculation
	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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