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Discussion
1.
Introduction
L1 channel design for broadcast D2D communication has been extensively discussed in RAN1#74bis. It was agreed that TDM can be used to multiplex D2D signal and cellular UL signals from the perspective of an individual UE, including a mechanism to handle or avoid collisions. The use of FDM including impacts onto the waveform and dealing with near-far effects was left for further studies. Working assumptions were taken to assume SC-FDMA for the purpose of SI evaluations, to reuse the PUSCH structure with 24 bit CRC, turbo coding and rate matching, scrambling, to transmit PUSCH DMRS. Many D2D PUSCH details and aspects, such as additional DMRS, modifications to the interleaver structure, CP length and GP, RE mapping were left FFS. Furthermore, how to transmit control signaling on the D2D link, if required, was left FFS.
In this contribution we provide an overview of our proposal for L1 channel design in order to support broadcast D2D communications.
In section 2 we present design principles. In section 3, we provide a summary overview on the required physical channels and we briefly describe their supported functionality. In Section 4, we discuss multi-frame channel allocations for efficiently multiplexing large number of D2D transmitter groups while supporting cluster head (CH) functionality from the timing perspective. Section 4 also includes a discussion on how control signaling is used by CH and D2D transmitter UEs to support resource allocations and flexibility for link adaptation functionality. In the Appendix of this document we show link level results for the D2D data channel based on the R8 shortened PUSCH transmission format.
2
Design principles for broadcast D2D communication
Synchronous vs. asynchronous
In order to reuse existing LTE implementations, we propose that D2D radio links to support broadcast D2D communication in the public safety scenario for out-of-coverage operate in synchronized manner. It derives from this fundamental design choice that some form of prior timing/frequency acquisition is necessary for the receiving D2D UEs prior to demodulation. D2D PUSCH for carrying VoIP PDU’s reuses the R8 shortened PUSCH format with 2 DMRS per subframe. ProSe transmitters send their D2D PUSCH in selected UL subframes over a number of periodically occurring transmission opportunities (Tx Op’s) during a talk spurt. A given receiver UE will monitor a certain number of these Tx Op’s to demodulate and decode broadcast D2D transmissions from those UEs for all allowed groups that it is a member of.

Support for asynchronous detection is required when D2D PUSCH carries discovery information or beacons or when carrying control information from either ProSe UEs or a CH. Here, asynchronous detection will require L1 design changes to PUSCH such as more DMRS symbols to aid AFC and timing acquisition or guard times to provide for Tx/Rx switching within a single subframe. We note that coverage of a D2D PUSCH when carrying discovery or control information from a CH does not determine the achievable radio communications range for any D2D UE attached to that CH.

Cluster heads
A cluster head in a given area mostly serves the purpose of aiding timing/frequency acquisition for ProSe devices in its radio range. A CH is not required to provide resource or channel allocations to ProSe UEs in vicinity which can be done by other means. However, when the CH is acquired by a D2D UE, the CH will also advertise preferred UL subframes for co-located transmissions of D2D PUSCH carrying discovery and control information to be used by the individual D2D UE’s. This is done in order to allow for power-efficient and timely acquisition of existing broadcast groups by D2D UE’s in an area. Presence of a CH will greatly improve upon achievable spectral efficiency and channel usage ratios for D2D communication. Synchronization signals and pilot symbols for the purpose of AFC and coherent demodulation are still transmitted by some D2D UEs during a talk spurt to allow any receiving D2D UE in its own radio range to acquire and demodulate the signal. By limiting the role of the CH to provide basic support for synchronization and D2D channel usage to D2D UEs in vicinity, it is also ensured that the required ProSe UE implementations do not require much additional functionality. Any D2D UE should be capable of taking on the role of the CH when appearing first on an incident scene. Communications range for individual transmitter UEs is never determined by the CH.
Control information

Control information is not exchanged by D2D UE’s using a bi-directional protocol. In fact, control information such as where to locate D2D Tx Op’s in use by a D2D transmitter UE or the choice of MCS serve the purpose of providing some elementary link adaption functionality for D2D communication in order to increase spectral efficiency for the allocated D2D transmission resources. No feedback from receiving D2D UE’s is required. Its functionality should be seen as similar to that provided by SIB13, MCCH and scheduling MAC CEs for MTCH transmissions with eMBMS.

3
Physical channels/signals for D2D

From above design considerations, it derives that the following physical channels in support of broadcast type D2D communication are introduced:

Physical D2D Channel (PDACH)

· Carries VoIP PDU’s and/or control information from transmitting D2D UE
· Shortened R8 PUSCH format with 2 DMRS per subframe
· 1-4 PRB allocations supporting payload in the range of TB sizes 200-600 bits

· Turbo coding with support for Chase combining or IR using pre-determined fixed RV’s
· Multiple re-transmissions per TB using the R8 n+8 timeline

Physical D2D Beacon Channel (PDABCH)

· When transmitted by a CH, contains a master information block with the synchronisation message and carries channel reservation information for D2D UE’s where and when to transmit their respective D2D beacons
· When transmitted by a D2D UE, carries discovery information and channel usage info for that D2D UE

· Modified R8 PUSCH format based on R8 shortened PUSCH with 3 DMRS per subframe
· 2 PRB allocations supporting payloads of 80-120 bits

· Convolutional coding
· Single subframe acquisition with possibility of combining across repeated transmission opportunities
· Typically sent 2x per sec up to once every 1-3 sec

D2D Synchronization Signal(s) (DSS)
· When transmitted by a CH, used to aid frequency/timing acquisition prior to acquisition of PDABCH from CH
· When transmitted by a D2D UE, used to aid frequency/timing acquisition for demodulation of PDACH

· Based on PSS/SSS with randomization based on reuse of R8 LTE cell IDs
· Typically sent once every 40-60 ms

We note that the PDABCH for ProSe D2D communication re-uses the same L1 transmission format as also proposed for Discovery Beacons in the commercial in-coverage use cases, i.e. it allows for the possibility of asynchronous detection by D2D UE’s only decoding the subframe carrying the PDABCH. The motivation for such an approach is twofold. First, flexibility is increased to acquire scheduling control information from D2D UE’s without prior frequency/timing acquisition of DSS. This feature is in particular useful when considering that only a limited number of UL subframes are available for each D2D UE to receive and track transmissions from other D2D UEs due to the half-duplex constraint. Maintaining the ability to decode the PDABCH is desirable in order to allow for one-shot detection by decoding only the subframe that carries the PDABCH. Second, reusing the same design as for the Discovery Beacon reduces the need to introduce an additional L1 transmission format in support of the D2D feature.

The DSS is transmitted by each CH. For broadcast type of D2D communication in-between D2D UE’s that are all associated and in radio range with the same CH, it is not necessary that each D2D UE transmits a DSS on its own, i.e. it can rely on that other UE’s have achieved oscillator lock onto the CH to demodulate the PDACH. A D2D UE that receives a signal from the CH with strong Rx signal power, it is likely that its own radio range and that of the CH are the same under the assumption of same Tx power used. However, a D2D UE’s that measures a weak Rx signal level from the CH is likely to have a radio communication range that does not overlap with that of the CH, i.e. it is likely that many receivers of its broadcast D2D transmission are outside the radio range of the CH. Therefore, the D2D UE should provide a synchronization reference and it will transmit the DSS to aid demodulation of PDACH.

It derives from the above design approach, i.e. relying on timing-aligned and frequency-locked transmitter pairs that D2D communication can be realized by using the LTE normal CP. Tx-Rx switching guard times are created by re-using the R8 shortened PUSCH format (13 OFDM symbols).

4
Transmission and reception procedures for D2D

Figure 1 shows transmission procedures for broadcast D2D communication. Cluster heads transmit DSS and PDABCH carrying the master information block and synchronization message. Procedures how to determine and (re-)elect cluster heads are described in [1].

A D2D UE that acquires a CH will find the reserved Tx Op’s for transmission of its own discovery beacon, i.e. PDABCH carrying scheduling information when reading the PDABCH transmitted by the CH. The D2D UE will then transmit its own PDABCH with scheduling information to allow any receiving D2D UE’s of its own broadcast group to identify the D2D Tx Op’s its PDACH carrying voice uses. In addition, the D2D UE will also monitor the CH-advertised Tx Op’s for PDABCH transmitted by other D2D UE’s to find their respectively used PDACHs for any group that it is a member of.
The D2D UE selects Tx Op’s for its PDACH from the pool of available D2D resources as advertised by the PDABCH of the CH. In order to allow for spatial reuse, we recommend applying a listen-before-talk principle whereby a D2D UE first measures Rx signal power on Tx Op’s reserved for transmission of discovery beacons and then elects a Tx Op from the least interfered ones. This implies a deterministic relationship between transmission resources reserved for PDABCH transmissions by D2D UE’s and actual Tx Op’s available over the following transmission periods(s).
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Figure 1: Transmission procedures for broadcast D2D communication

In order to demodulate PDACH in the SINR range of 0-5 dB for VoIP payloads, some 4-6 total transmissions are necessary to support VoIP payloads in the range of 200-600 bits. We summarize link-level results for shortened PUSCH based on R8 LTE with EPA 3km/h and ETU 60km/h in the Appendix.
It derives from it that the transmission of a single VoIP PDU is typically not completed by using a single subframe. Transmitting D2D UE’s will use recurring Tx Op’s in subframes following the R8 UL HARQ transmission timelines, n+8, to allow for co-existence and re-use of existing implementations. For VoIP, SDU arrival of every 20 ms with average 3 re-transmissions means an average UL subframe utilization ratios of 20-30%, i.e. 2-3 subframes every frame are occupied by a PDACH transmission from that UE during a talk spurt. Due to the half-duplex constraint, the transmitting D2D UE will not be able to receive broadcast transmissions from other groups it is part of in those subframes it uses itself. However, for the half-duplex voice principle based ProSe groups, it is more important that the transmitting D2D UE can monitor and timely demodulate any incoming talk spurt from any other groups that it is part of. Therefore, a design approach allowing for reception of D2D subframes when not in a talk spurt is the more important consideration.
5
Conclusions and Recommendations

In this contribution we presented our recommendation on physical channels required to support broadcast D2D communication. In summary, we propose to assume the following L1 channels for D2D communication for the purpose of SI evaluations:
Physical D2D Channel (PDACH)

· Carries VoIP PDU’s and/or control information from transmitting D2D UE

· Shortened R8 PUSCH format with 2 DMRS per subframe

· 1-4 PRB allocations supporting payload in the range of TB sizes 200-600 bits

· Turbo coding with support for Chase combining or IR using pre-determined fixed RV’s

· Multiple re-transmissions per TB using the R8 n+8 timeline

Physical D2D Beacon Channel (PDABCH)

· When transmitted by a CH, contains a master information block with the synchronisation message and carries channel reservation information for D2D UE’s where and when to transmit their respective D2D beacons

· When transmitted by a D2D UE, carries discovery information and channel usage info for that D2D UE

· Modified R8 PUSCH format based on R8 shortened PUSCH with 3 DMRS per subframe

· 2 PRB allocations supporting payloads of 80-120 bits

· Convolutional coding

· Single subframe acquisition with possibility of combining across repeated transmission opportunities

· Typically sent 2x per sec up to once every 1-3 sec

D2D Synchronization Signal(s) (DSS)

· When transmitted by a CH, used to aid frequency/timing acquisition prior to acquisition of PDABCH from CH

· When transmitted by a D2D UE, used to aid frequency/timing acquisition for demodulation of PDACH

· Based on PSS/SSS with randomization based on reuse of R8 LTE cell IDs

· Typically sent once every 40-60 ms
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Appendix – PUSCH performance for PDACH
Link-level simulation parameters are summarized in Table 1.

Table 1: Link level simulation assumptions

	Parameters
	Value

	Carrier frequency
	700 MHz

	System bandwidth
	10 MHz

	Channel model
	EPA 3 km/h, ETU 60 km/h

	TBS
	224 bits for lower VoIP coded rate (2RBs)

	
	328 bits with header compression for VoIP traffic (2RBs)

	
	616 bits without header compression for VoIP traffic (4RBs)

	Modulation
	QPSK

	PUSCH format
	Shortened

	HARQ
	Incremental Redundancy (0, 2, 3, 1)

	Antenna setup
	1Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Realistic

	CP type
	Normal CP

	VoIP outage rate (residual BLER)
	2%
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