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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, SA, discovery and PD2DSCH.
2 Physical Direct Discovery Channel Overview
The following was agreed in RAN1#77:
Agreement: 

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

· Details FFS, including: 

· FFS whether the hopping is PUCCH-like or PUSCH-like or something else.

· FFS: Whether or not frequency hopping is used, e.g:

· configurable for Mode 1

· preconfigured for Mode 2

· FFS details of hopping parameters and how they are (pre-)configured

· Intra-subframe frequency hopping is not supported (neither for data communication nor for discovery nor for SA transmission)

Agreements:
· If number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 or 3 contiguous PRB in frequency and 1 sub-frame without frequency hopping across slots
· FFS: The number of contiguous PRB in frequency, and down selected between “2” or “3”
Working assumption:
· Repetition (FFS: either contiguous or non-contiguous in time domain) of transmission of a given MAC PDU by a UE within a discovery period is supported

· For Type 1 discovery, UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.

· FFS: Receiver behavior

Here, we compare the performance of different frequency hopping patterns and transmission formats by link simulation. 

We consider two different frequency hopping (‘FH’) schemes:

· Scheme 1: pseudo-random frequency hopping (PUSCH-like), where D2D resources are randomly allocated over the entire bandwidth (see Figure 1(a)).

· Scheme 2: bandwidth-edge hopping (PUCCH-like), where D2D resources are allocated close to the bandwidth edges (see Figure 1(b)).

The motivation behind Scheme 2 is to avoid spectrum fragmentation while ensuring frequency diveristy.
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	(a) Frequency hopping Scheme 1 (PUSCH-like).
	(b) Frequency hopping Scheme 2 (PUCCH-like).


Figure 1. Frequency hopping schemes evaluated in this paper.
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Figure 2. Link simulation results for the physical discovery channel: (a) Performance for varying number of retransmissions and inter-frame frequency hopping methods. (b) Performance for 3 and 4 retransmissions with PUCCH-like hopping under different propagation conditions.
In Figure 2(a), we show 2-4 retransmissions for bandwidths of 2 and 3 PRBs. We observe that at least 2 retransmissions are required to meet similar coverage requirements as for communication. However, using more retransmissions is recommended for achieving better coverage. In addition we note that, due to the total power constraint, the performance is identical for both evaluated bandwidths.

In Figure 2(b), we show that the performance for 3 and 4 retransmissions in combination with PUCCH-like hopping meet the requirements in different propagation conditions. The performance does not change for other hopping methods because the retransmissions are well space in time (1s) according to the proposed discovery resource clustering [1]. However, if discovery resource clustering is not supported, the proposed PUCCH-like frequency hopping avoids spectrum fragmentation without sacrificing performance.

The choice of reduncancy versions for retransmissions is discussed in the appendix. 
Proposal:

· The following transmission parameters are proposed for discovery:

· Bandwidth: 2 PRBs.

· QPSK modulation.
· PUCCH-like frequency hopping (inter subframe).
· 2 or 4 blind retransmissions with RV sequence [0, 2] (for 2 reTX) and RV sequence [0, 2, 3, 1] (for 4 reTX).
· 1 blind retrandmission may be supported for high load scenarios
3 Scheduling Assignments Physical Channel Format
In RAN1#77 the following was agreed:

Working Assumption:

· FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA

· T-RPT in the SA indicates:

· Transmission interval(s) between transmission of multiple MAC PDUs

· Number of transmissions of a given MAC PDU (if more than one value is possible)

· Resources for transmission of each MAC PDU

· T-RPT has no more than 256 values

· Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers

· FFS whether (and if so how) the frequency resource might be jointly signalled with time domain info

· FFS whether the interpretation of the bits is UE-specific or common

At RAN1#78, consider details of the T-RPT.

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. More details are provided in [2].
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). A more detailed analysis of timing aspects is provided in [2].
For a discussion about the fields included in the SA please see [3], where a 39 bits SA payload is proposed. 
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Figure 3. Link simulation results for the physical broadcast data channel carrying scheduling assignments: (a) Performance with bandwidth of 1 and 2 PRBs BW and 1 and 2 transmissions with FH. (b) Comparison of different hopping schemes.
In Figure 3(a) we compare the SA performance for 1 and 2 PRB BWs, with EPA3. The performance difference is marginal, therefore we prefer 2 PRBs BW in order to reduce the coding rate and allow for better robustness to puncturing if needed. It may also be a wise choice in terms of forward compatibility to opt for 2 PRBs for the SA. In Figure 3(a) we also study the performance of SA as a function of the number of retransmissions. We conclude that 2 transmissions with FH are needed for fulfilling the RSRP requirements for PS.

 In Figure 3(b) we observe that PUCCH-like hoping improves on the performance of the other two frequency hopping alternatives (no hopping and PUSCH-like hopping). (The different hopping schemes are described in Section 2).
Proposal:

· The following parameters are preferred for transmitting scheduling assignments:
· Bandwidth: 2 PRB. 
· QPSK modulation.
· 2 blind retransmissions.
· PUCCH-like frequency hopping.
4 D2D Data Physical Channel Format
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 symbol)

· 24 bits CRC

· UL timing (RRC_CONNECTED), DL timing (RRC_IDLE)
· 4 or 8 HARQ retransmission of each VoIP packet

· Frequency hopping across retransmissions 
In Figure 4(a) and Figure 4(b), we show simulation results to evaluate the performance of the format previously described.
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Figure 4. Link simulation results for the D2D data physical channel: (a) Performance for varying number of retransmissions and inter-frame frequency hopping methods. (b) Performance for 4 and 8 retransmissions with PUCCH-like hopping under different propagation conditions.
In Figure 4(a), we observe that at least 4 retransmissions are necessary to meet the RSRP requirements. The number of retransmissions may need to be extended to 8 to meet more conservative requirements. In addition, we note that the use of PUCCH-like (inter frame) frequency hopping yields better performance that PUSCH-like hopping. (The different hopping schemes are described in Section 2).
In Figure 4(b), we show that 4 or 8 retransmissions in combination with PUCCH-like hopping meet the requirements in different propagation conditions. 

The choice of reduncancy versions for retransmissions is discussed in the appendix. 

Proposal:

· The following transmission parameters are proposed for transmission of data:

· Bandwidth: 2 PRBs.

· QPSK modulation.
· PUCCH-like frequency hopping (inter subframe).
· 4 or 8 blind retransmissions with RV sequence [0, 2, 3, 1] (for 4 reTX) and RV sequence [0, 2, 3, 1, 0, 2, 3 ,1] (for 8 reTX).

· Only for certain TDD configurations fewer retransmissions may be considered

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 signals. Such a necessity can be avoided as long as all the incoming signals 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 and testing complexity/cost 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 from different transmitters (discovery, communication, SA, PD2DSCH, D2DSS) that a receiver may be 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 and RAN1#77, leading to the following agreement:

Agreement:

· A preamble is not needed for discovery or communication

· A D2DSS can be used for timing and frequency synchronization 

The above defines a generic QCL association between D2DSS, discovery and communication. However the details regarding when it is appropriate to use a certain D2DSS for synchronization of a given physical channel are yet to be defined.

Table 1: Summary of proposed QCL assumptions for new D2D-related antenna ports
	
	D2DSS
	PD2DSCH
	SA
	Physical D2D data channel
	Physical D2D discovery channel

	D2DSS
	
	All large-scale channel properties if associated to same SSID
	Doppler shift, Doppler spread and average delay if associated to same (original) SSID.
	Doppler shift, Doppler spread and average delay if associated to same (original) SSID.
	Doppler shift, Doppler spread and average delay if associated to same (original) SSID.

	PD2DSCH
	
	
	Doppler shift, Doppler spread and average delay if associated to same (original) SSID.
	Doppler shift, Doppler spread and average delay if associated to same (original) SSID.
	Doppler shift, Doppler spread and average delay if associated to same (original) SSID.

	SA
	
	
	
	All large-scale channel properties if associated to same data transmission

	


Proposals:

· Specify QCL assumptions according to Table 1.
6 Physical Channels Scrambling

In this section we summarize our proposals for completing the design of the D2D physical channels.
Table 2: Summary of proposed scrambling and DMRS parameters for D2D channels. Existing agreements/working assumptions are marked in green.
	
	Cellular control information on PUSCH, PDCCH, ePDCCH
	PD2DSCH
	SA
	Physical D2D data channel
	Physical D2D discovery channel

	DMRS CS
	Same as cellular
	Fixed in spec
	0
	Fixed in spec
	0

	DMRS OCC
	Same as cellular
	Fixed in spec
	Fixed in spec
	Fixed in spec
	{[1 1],[1 -1]} depending on MAC PDU length (for differentiating PS and commercial discovery)

	DMRS Base seq
	Same as cellular
	Based on ID carried by associated D2DSS
	510
	Based on ID carried by associated SA
	510

	DMRS hopping
	Same as cellular
	Disabled
	Disabled
	Disabled
	Disabled

	L1 scrambling
	Same as cellular
	Based on ID carried by associated D2DSS
	510
	Based on ID carried by associated SA
	510

	CRC scrambling
	Same as cellular
	Based on ID carried by associated D2DSS
	Based on ID carried by associated D2DSS
	Based on ID carried by associated SA
	Based on ID carried by associated D2DSS


Proposals:

· Complete the specification of D2D channels according to Table 2.
7 Conclusions
Based on the analysis in the paper, the following is proposed:
Proposal:

· The following transmission parameters are proposed for discovery:

· Bandwidth: 2 PRBs.

· QPSK modulation.
· PUCCH-like frequency hopping (inter subframe).
· 2 or 4 blind retransmissions with RV sequence [0, 2] (for 2 reTX) and RV sequence [0, 2, 3, 1] (for 4 reTX).

· 1 blind retrandmission may be supported for high load scenarios
· The following parameters are preferred for transmitting scheduling assignments:
· Bandwidth: 2 PRB.
· QPSK modulation.
· 2 blind retransmissions.
· PUCCH-like frequency hopping.
· The following transmission parameters are proposed for transmission of data:

· Bandwidth: 2 PRBs.

· QPSK modulation.
· PUCCH-like frequency hopping (inter subframe).
· 4 or 8 blind retransmissions with RV sequence [0, 2, 3, 1] (for 4 reTX) and RV sequence [0, 2, 3, 1, 0, 2, 3 ,1] (for 8 reTX).

· Only for certain TDD configurations fewer retransmissions may be considered

· Specify QCL assumptions according to Table 1.

· Complete the specification of D2D channels according to Table 2.
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Appendix A: Link Simulation Parameters
In this appendix, we provide the link level simulation assumptations used in this paper.
	Parameter
	Value

	System parameter

	Carrier frequency (GHz)
	0.7

	Bandwidth (MHz)
	10

	Antenna configuration
	1Tx, 2Rx

	Channel model
	EPA/ETU

	Guard Period
	1 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)


Appendix B: Comparison of Redundancy Versions

In this appendix, we compare the performance of different choices of the redundancy versions for 2 and 3 retransmissions.
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Figure 6. Link simulation results for D2D channels: (a) Performance for 1, 2, and 4 retransmissions with different redundancy versions (b) Performance for 2 with remaining choices of redundancy version.
We consider a bandwith of 2 PRBs and a payload of 256 bits. 
For single transmission, we observe in Figure 6(a) that RV=0 gives the best performance. For 2 blind retransmissions, we observe in Figure 6(a) and Figure 6(b) that RV=[0; 2] outperforms all other choices. Similarly, for 4 blind retransmissions, RV=[0; 2; 3; 1] gives the best performance according to our results. We remark that for 2 and 4 blind retransmissions, the order of the RVs is not relevant. Other system configurations yield similar results.

� The average delay between SA and associated data is corrected by the value signalled in the SA.





