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1 Introduction

In this contribution, we analyze and propose the transmission format and mapping for the D2D physical channels for data, control and synchronization.
2 Physical Channels Overview
The following physical channels are necessary for D2D and PS support:
· A physical broadcast data channel

· A physical broadcast control channel (PD2DSCH)

Control information associated to a specific broadcast data channel may be multiplexed on such channel as L2 control information. Therefore, we do not see the need for a dedicated physical control channel. 

Proposal

· Specify the following direct physical channels

· A physical direct broadcast data channel

· A physical direct broadcast control channel (PD2DSCH)

· Control information associated to a specific broadcast data channel may be multiplexed on such channel as L2 control information

2.1 Received Power Requirements Discussion
During Email discussion [75-16] it was finally agreed to support the additional RSRP threshold -107dBm for simulation purpose, as a working assumption. It was also clear from the email thread and other 3GPP discussion that the direct mode of LTE should match the coverage requirements of TETRA (-103dBm RSRP requirement @ 400 MHz).

The agreed Noise Figure is the same for TETRA and LTE (9dB). When moving from 400 MHz to 700 MHz a loss of ~5dB in the free space link budget is expected. The loss is larger in NLOS, but compensated by lower loss of omni antennas at 700 MHz vs 400 MHz. Based on such calculation, in order to achieve the Tetra link coverage, the LTE VoIP channel needs to support a RSRP of -103-5=-108dBm, which is close to the agreed highest RSRP threshold of -107dBm. 
As a clarification note, the term RSRP is well defined in LTE as a DL measurement based on CRS. In case of D2D, it would be more correct to express UE association thresholds in terms of received power requirement.

Therefore, we propose that:

Proposal

· Consider the -107dBm received power threshold for direct mode LTE
· Consider replacing the term “RSRP threshold” when discussing “UE association thresholds”
Accordingly, we consider the -107dBm RSRP threshold as working assumption in our investigations.

3 Physical Direct Broadcast Data Channel Overview
The data channel is used for carrying data and multiplexed control information. We distinguish two ways of using the broadcast data channel:
1. Carrying user data, e.g., VoIP packets;

2. Carrying L2 control information, e.g., scheduling assignments (SA).

In order to allow DRX in the receivers and flexible multiplexing of D2D and cellular traffic with NW control it is proposed in [2] that L2 scheduling assignments (SA) are carried in specific subframes, regularly monitored and blindly decoded by potentially interested receivers. The associated user plane is mapped to other subframes, as pointed by the SAs. Therefore, we propose the following:

Proposal:

· The physical broadcast channel is used for carrying both data and scheduling assignments;

· The transmission parameters and resource mapping of thephysical broadcast data channel may be different depending if the payload is a scheduling assignment or data.
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Figure 1: The physical broadcast channel carries both data and scheduling assignments (SA). SAs are transmitted in pre-defined resources, to allow the receivers to sleep in the remaining resources. The physical channel may use different resources and transmission parameters depending whether the payload is data or a SA.
3.1 Physical Broadcast Data Channel Parameters when Carrying Scheduling Assignments

For transmission of SAs, the following format is considered:
· QPSK, 2 PRBs BW
· Extended CP, Guard period at end of subframe (1/2 symbol [1])

· X bits CRC (24 bits in the simulations, but shorter CRC can be considered)

· DL timing

It is observed that SAs follow the DL timing, even when the transmitting UE is RRC_CONNECTED and has an active TA. The reason is that the receiver needs to blindly decode SAs and there would be a risk that SAs are received before the receiver window if TA was applied.

Similarly, extended CP is needed to maintain low ICI despite the potentially large time discrepancy of the SAs received in a given subframe (which is due to the intrinsic nature of the many-to-many topology).
Two different payload sizes are considered: 23 and 39 bits (excluding CRC), depending whether one or two addresses are included in the SA. For a discussion about the fields included in the SA, please see [2]. Figure 2 shows that the proposed format complies with the RSRP requirement, even without considering HARQ retransmissions. However, transmission of redundant SAs may be considered for reliability and for coping with half-duplex constraints.
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Figure 2: Link simulation results for the physical broadcast data channel carrying scheduling assignments. The proposed format is able to support the RSRP requirement.

Proposal:

· When carrying scheduling assignments, the physical data channel is configured with QPSK, 2 PRBs, eCP, 1/2 symbol GP, DL timing
· Transmission of redundant SAs may be considered for reliability and for coping with half-duplex constraints

3.2 Physical Broadcast Data Channel Parameters when Carrying VoIP Data

For data payload, the parameters of the physical data channel need to be adjusted for the traffic type. In case of VoIP, the following is considered:
· QPSK, 2 PRBs BW

· Same CP length as WAN, Guard period at end of subframe (1/2 symbol [1])

· X bits CRC (24 bits in the simulations, but shorter CRC can be considered)

· UL timing

· 4 HARQ retransmission of each VoIP packet

· Frequency hopping
The proposed format is simulated in Figure 3, which shows that the RSRP requirement is met.
We observe that, while SAs follow the DL timing, the VoIP packets (scheduled by the SA) follow the UL timing. The reason is that the eNB has the freedom to multiplex D2D data and UL traffic in the same subframe, if desired. In order to control ICI at the eNB, the D2D data channel needs to be time-aligned at the eNB to other UL channels. For the same reason, the direct data channel should use the same CP length as WAN in those subframes where WAN/D2D multiplexing is possible (up to NW implementation).
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Figure 3: Link simulation results for the physical broadcast data channel carrying VoIP traffic. The proposed format is able to support the RSRP requirement of -107dBm, while additional repetitions would be needed for supporting -112dBm.
Proposal:

· When carrying VoIP data, the physical data channel is configured with QPSK, 2 PRBs, Normal CP, 1/2 symbol GP, 4 HARQ blind retx, UL timing, and frequency hopping.
3.3 Time Randomization
System simulations [6] proved the importance of time randomization of the direct data channels transmitted by different UEs:

· The set of interfering UEs is randomized within retransmissions of each VoIP packet (needed to cope with inband emissions and near-far issues)

· Direct transmitters have the chance to detect incoming transmissions from other UEs
We assume that different time randomization patterns are defined for each traffic type (e.g., VoIP) and that the time randomization pattern for a data transmission is signaled in the SA.

[image: image4]
Figure 4: Example of time randomization patterns for two VoIP UEs. Each packet is a HARQ retransmission of a single given VoIP packet. On average, the packets are spaced 5ms (4 HARQ retx per VoIP packet). UE1 is able to detect incoming transmissions from UE2 and 2 of the 4 retransmissions are interference-free. Note: frequency hopping is not shown in this figure.

Proposal:

· Time-domain randomization is supported for data transmission
3.4 Frequency Hopping

Figure 3 proves the need for frequency hopping in order to fulfill the link RSRP requirements with a reasonable number of retransmissions. The frequency domain randomization pattern and resources may be indicated by the scheduling assignment.

The frequency hopping pattern simulated in Figure 3 is shown in Figure 5: the VoIP packet retransmissions are mapped to resources close to the band edges (similar to PUCCH resource mapping), such that fractioning of the spectrum is avoided. Compared to a PUSCH-like frequency hopping approach, the proposed PUCCH-like approach has the advantage that WAN resources are not fractioned and efficient FDM between WAN and D2D is possible (up to eNB implementation). This is also useful considering that, in some cases, the eNB may be unaware of the specific resources used by D2D transmitters (e.g., transmitters that are out of UL coverage [5] or just out of coverage) and reserving the band edges to D2D transmission would allow the eNB to still safely use such resources for UL transmissions. 

From a performance perspective, PUSCH-like FH and PUCCH-like FH have same performance at 30km/h and PUSCH-like FH has a ~0.5dB advantage at 3km/h. Deatailed results are provided in Appendix A.
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Figure 5: Example of D2D frequency randomization pattern and frequency domain multiplexing of D2D data and WAN. Note: time-randomization is not shown in this figure.
Proposal:

· PUCCH-like frequency hopping is supported for data transmission

4 Physical Broadcast Direct Control Channel Overview (PD2DSCH)

In this section we analyse the transmission format for PD2DSCH. The payload of PD2DSCH has been analysed in [4] and it results to be at most 27 bits (in most cases the actual payload is smaller). We propose the following format:

· QPSK, 6 PRBs BW

· eCP, 3 symbols guard period (for TDM with D2DSS in the same subframe)
· X bits CRC (24 bits in the simulations, but shorter CRC can be considered)

· DL timing

· No retransmissions
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Figure 6: Link simulation results for the physical direct broadcast control channel (PD2DSCH). The proposed format is able to support the RSRP requirement. A worst-case 50 bits payload is considered here.

Figure 6 provides a link analysis of the proosed TF assuming the worst case payload (plus additional 23 bits as margin). Even with high mobility and selective channels a BLER below 0.1 is achieved for single-shot detection. With nicer channels the single-shot BLER can be reduced down to 0.05. Obviously, significant improvement 

The reason for the 6 PRBs BW and the 3 symbols guard period are explained in more detail in [4].
Proposal:

· PD2DSCH is transmitted with QPSK, 6 PRBs, eCP, 1/2 symbol GP, DL timing.
The above proposals for physical channels format are summarized in Table 1 for quick reference.

Table 1: CP and multiplexing scheme for various physical channels and types of payload

	Channel/payload type:
	Physical direct data channel carrying a scheduling assignment
	Physical direct data channel carrying broadcast data
	PD2DSCH [4]

	Multiplexing [3]:
	TDM* with other D2D/cellular channels;
	FDM with legacy UL channels/signals;
	TDM* with other D2D/cellular channels;

	CP length:
	Extended CP
	Normal CP
	Extended CP

	Format
	QPSK, 2 PRBs
	QPSK, 2 PRBs
	QPSK, 6 PRBs

	HARQ
	No
	4 blind retransmissions/VoIP packet
	No

	Randomization
	No
	Time randomization, 
Frequency hopping
	No


*Legacy PUCCH may happen to be transmitted in the same subframe (according to eNB implementation)
5 Conclusions
Based on the analysis in the paper, the following is proposed:
Proposals:
· Specify the following direct physical channels

· A physical direct broadcast data channel

· A physical direct broadcast control channel (PD2DSCH)

· Control information associated to a specific broadcast data channel may be multiplexed on such channel as L2 control information

· Consider the -107dBm RSRP threshold when defining coverage requirements for direct mode LTE

· The physical broadcast channel is used for carrying both data and scheduling assignments;

· The transmission parameters and resource mapping of thephysical broadcast data channel may be different depending if the payload is a scheduling assignment or data.

· When carrying scheduling assignments, the physical data channel is configured with QPSK, 2 PRBs, eCP, 1/2 symbol GP, DL timing
· Transmission of redundant SAs may be considered for reliability and for coping with half-duplex constraints

· When carrying VoIP data, the physical data channel is configured with QPSK, 2 PRBs, Normal CP, 1/2 symbol GP, 4 HARQ blind retx, UL timing, and frequency hopping.

· Time-domain randomization is supported for data transmission
· PUCCH-like frequency hopping is supported for data transmission

· PD2DSCH is transmitted with QPSK, 6 PRBs, eCP, 1/2 symbol GP, DL timing.
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Appendix A: Comparison of Frequency Hopping Patterns
Two frequency hopping schemes are investigated in this section. The detailed simulation assumptions are listed in the Appendix:
· Scheme 1: pseudo-random frequency hopping (PUSCH-like), where D2D resources are randomly allocated over the entire bandwidth (see Figure 7a);
· Scheme 2: bandwidth-edge hopping (PUCCH-like), where D2D resources are allocated only at the bandwidth edge (see Figure 7b).
· Baseline: no frequency hopping.
The disadvantage of Scheme 1 is that it results in resource fragmentation, which is avoied with Scheme 2.

Results with and without frequency hopping are compared in Figure 8 for TB size 328 bits, TTI bundling (4 subframes), and 2 RB allocation and EPA channel.
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Figure 7: a) Frequency hopping Scheme 1 (PUSCH-like).

b): Frequency hopping Scheme 2 (PUCCH-like).

The following is observed:

· FH provides 2-3dB performance increase as compared to the baseline without FH. 

· At 3km/h PUSCH-like FH has a 0.5dB advantage over PUCCH-like FH (at BLER=0.01 and 0.1). 

· At 30km/h PUSCH-like FH and PUCCH-like FH have same performance.
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Figure 8: Results for TB size=328 bits with GP, TTI bundling (4 subframes), and different frequency hopping schemes.
Appendix B: Link Simulation Parameters
In this appendix, we provide the link level simulation assumptations used in this paper.
	Parameter
	Value

	System parameter

	Carrier frequency (GHz)
	2

	Bandwidth (MHz)
	10

	Antenna configuration
	1Tx, 2Rx

	Channel model
	EPA/ETU

	Guard Period
	No GP, or 1/2 OFDM symbol as GP

	

	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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