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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 discovery. PD2DSCH is discussed in more detail [7].
2 Physical Channels Overview
The following physical channels are necessary for D2D support:
· A physical discovery channel
· A physical broadcast data channel
· A physical broadcast control channel (PD2DSCH)

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

3 Physical Direct Discovery Channel Overview
The following aspects are open in the discovery signal design:

· Working assumption for further evaluation: Discovery transmissions can transmit a MAC PDU of 104 bits.
· …
· It is FFS whether a UE transmits a “discovery preamble” prior to transmission of a discovery MAC PDU.

· Discovery preamble can differ from a D2DSS.

Working assumption: For the transmission of a MAC PDU

· PUSCH structure as defined in 3GPP TS 36.211 and 3GPP TS 36.212 is reused with the following:

· CRC is inserted, FFS between 16 and 24 bits

· Channel coding is used. FFS between Release-8 Turbo and tail-biting convolutional codes.

· At least if MAC PDU is not smaller than 104 bits, then Release-8 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

· FFS whether UE-specific or not

· PUSCH DMRS is transmitted

· Possible additional reference signals is FFS

· None of the discovery MAC PDU is carried by the PUSCH DMRS
· Possible modifications to interleaver are FFS

· CP length: See Section 6.3.

· Detailed RE mapping is FFS

· Guard period details is FFS

· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding

SA2 [1] indicated a MAC discovery payload of up to 192 bits (a short MAC header might be added by RAN2). Furthermore, the payload length is different in case of consumer and PS discovery. It is unclear at this point if RAN2 will provide means for compressing the MAC PDU on L1 and if the L1 discovery payload is different for consumer and PS discovery. If needed, L1 should provide means to allow for detection of the discovery payload type (consumer or PS) at the receiver and avoid blind decodes of different payload formats.
Observation:

· Pending RAN2 conclusions on the discovery MAC PDU size, L1 may need to provide means to distinguish between consumer and PS discovery message payloads at the receiver.

Regarding the preamble+message issue, we observe that:
· AGC can be performed by energy detection [2]. Assuming 1-symbol for initial AGC settling as indicated by RAN4 there is no motivation for a discovery preamble of 1 or more symbols (i.e., if the first symbol may be wasted, it is preferable that it is a data symbol).

· Assuming that discovery messages are quasi co-located with some synchronization signal (from the eNB or some UE) there is no need for an additional preamble for the purpose of synchronization or channel estimation.
The CP length is discussed in more detail in [3].
Proposal:

· No discovery preamble is needed 

· Scrambling is cell-specific (or SSID-specific) for reasonable detection complexity

· PUSCH DMRS structure is reused

· The DMRS scrambling is cell-specific (in-coverage, edge of coverage) or SSID-specific (out of coverage)
· The DMRS cyclic shift can be used to indicate consumer or PS discovery payload
· Extended CP is always used for Type-1 discovery messages

· CP length is configurable for Type-2 discovery messages

· A ½ symbol guard period  at the end of each discovery subframe is used

4 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 [4] 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, identified 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 the physical 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 (SAs). 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.
4.1 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)

· 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 the TA was applied. Furthermore, the eNB must have the freedom to configure common mode-1 and mode-2 SA pools and it is useful for this purpose if all SAs share the same TA=0.
Similarly, extended CP is needed to maintain low ICI given the potentially large time dispersion of the SAs received in a given subframe (which is due to the intrinsic nature of the many-to-many topology).
For a discussion about the fields included in the SA please see [5], where a 32-bits SA payload is proposed. Two different payload sizes are considered in Figure 2: 23 and 39 bits (excluding CRC). 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 (MCL=-130dB).

Proposal:

· When carrying scheduling assignments, the physical data channel is configured with QPSK, 2 PRBs, extended CP, 1/2 symbol guard period, DL timing

· Transmission of redundant SAs may be considered for reliability and for coping with half-duplex constraints

4.2 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

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

· 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 across retransmissions (as further described in Section 4.4) 
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 data packets (scheduled by the SA) follow the UL timing (in Mode-1). 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 guard period, 4 HARQ blind retransmissions, UL timing, and frequency hopping.
4.3 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.
One of the building principles of the data patterns is that consecutive (re)transmissions of a given transport block should be spaced by at least 4ms. The reason is that 4ms is the LTE assumption for UL decoding time of PUSCH. If retransmissions of a given packet have smaller spacing than 4ms, the receiver will not be able to combine and decode previous retransmissions before deciding for detection of a new incoming retransmission, which prevents DRX and increases latency.
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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 retransmission 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

· Consecutive retransmissions of the same packet should be spaced by at least 4ms

4.4 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, but subframe-hopping instead of slot-hopping), such that fragmentation 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 fragmented 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., for Mode-2) and reserving the band edges to D2D transmission would allow the eNB to still safely use parts of such subframes for UL transmissions. 

From a performance perspective, PUSCH-like FH and PUCCH-like FH have the same performance at 30km/h and PUSCH-like FH has a ~0.5dB advantage at 3km/h. Detailed 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 per subframe is preferred for data transmission
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 [7]

	Multiplexing:
	FDM with other D2D/cellular channels
	FDM with legacy UL channels/signals
	TDM* with other D2D/cellular channels

	CP length:
	Extended CP
	Configurable Normal/Extended CP
	Extended CP

	Format
	QPSK, 2 PRBs
	QPSK, 2 PRBs (VoIP)
	QPSK, 6 PRBs

	HARQ
	No (Mode-2)
1-2 Retransmissions/SA (Mode-1)
	4 blind retransmissions/VoIP packet
	No

	Randomization
	Time randomization, 
Frequency hopping
	Time randomization, 
Frequency hopping
	No


*PUCCH may happen to be transmitted in the same subframe (according to eNB implementation)
5 Quasi-Colocation Assumptions

One of the main concerns from a receiver implementation perspective is the necessity to implement multiple parallel FFT associated to different timings and Doppler shifts of the incoming beacons. Such a necessity can be avoided as long as all the incoming beacons of interest are received within the receiver window, which is based on the associated D2DSS. In other words, the combination of time misalignment and delay spread should not exceed the CP. 

Another important aspect affecting receiver complexity as well as performance performance and testing complexity is whether estimation of large-scale channel properties that may be used to initialize channel estimation filters may be performed jointly for different channels (i.e., antenna ports). Considering the large number of D2D signals (discovery and communication) that a receiver is exposed to in a given subframe, it is fundamental to define quasi co-location properties that allow exploitation of common large-scale channel properties.
D2D antenna ports quasi co-location was briefly discussed at RAN1#74bis:

Stefano’s proposal: At a given time the UE may assume that all signals that it is expected to detect are quasi-co-located w.r.t. propagation delay
Here, we extend the previous proposal as follows:
Proposals:

· Antenna ports associated to the direct discovery physical channel and the direct communication physical channel may be assumed to be quasi co-located to the associated D2DSS with respect to propagation delay and Doppler shift 

· Antenna ports associated to PD2DSCH may be assumed to be quasi co-located to the associated D2DSS with respect to all large-scale channel properties
6 Conclusions
Based on the analysis in the paper, the following is proposed:
Proposal

· Specify the following direct physical channels

· A physical direct discovery channel

· 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 the data channel as L2 control information

Observation:

· Pending RAN2 conclusions on the discovery MAC PDU size, L1 may need to provide means to distinguish between consumer and PS discovery message payloads at the receiver.

Proposal:

· No discovery preamble is needed 

· Scrambling is cell-specific (or SSID-specific) for reasonable detection complexity

· PUSCH DMRS structure is reused

· The DMRS scrambling is cell-specific (in-coverage, edge of coverage) or SSID-specific (out of coverage)

· The DMRS cyclic shift can be used to indicate consumer or PS discovery payload

· Extended CP is always used for Type-1 discovery messages

· CP length is configurable for Type-2 discovery messages

· A ½ symbol guard period  at the end of each discovery subframe is used

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

· The transmission parameters and resource mapping of the physical 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, extended CP, 1/2 symbol guard period, 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 guard period, 4 HARQ blind retransmissions, UL timing, and frequency hopping.

· Time-domain randomization is supported for data transmission

· Consecutive retransmissions of the same packet should be spaced by at least 4ms

· PUCCH-like frequency hopping per subframe is preferred for data transmission

Proposals:

· Antenna ports associated to the direct discovery physical channel and the direct communication physical channel may be assumed to be quasi co-located to the associated D2DSS with respect to propagation delay and Doppler shift 

· Antenna ports associated to PD2DSCH may be assumed to be quasi co-located to the associated D2DSS with respect to all large-scale channel properties
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Appendix A: Comparison of Frequency Hopping Patterns
Two frequency hopping (‘FH’) 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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