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1
Introduction
In this contribution, we propose signaling for D2D Broadcast.  Note that the following agreement was made in [1] in order to simplify the design of D2D Broadcast

Additionally, following issues were identified in [1]:


In this contribution, we propose a signal design for D2D Broadcast. 
Along with contributions [2] and [3], these address the issues raised regarding broadcast design [1] at a high level.

2  Broadcast Signal Design

This section is structured as follows:

· Section 2.1 proposes overall frame structure 

· Section 2.2 proposes waveform design for D2D sub-frames

· Section 2.3 discusses modulation and coding aspects

· Section 2.4 discusses the power control aspects

· Section 2.5 discusses the multiplexing between D2D and WAN

Note that issues regarding synchronization and resource allocation/interference management are discussed in [2] and [3] respectively.

2.1 Frame Structure 
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Figure 1 Frame Structure for D2D Broadcast

We propose the following frame structure (motivated by [4]):
· The overall bandwidth is divided into sub-channels of 360 KHz bandwidth each 

· Each sub-channel is divided into D2D sub-frames of length 1 ms 
Note that  

· 360 KHz number is used for illustration and also used for simulation in the companion contribution [2]. This number can be left configurable.
· For in-coverage, these resources would be multiplexed with UL WAN resource in some manner. We propose to take one or more H-ARQ interlaces to be dedicated to D2D in a semi-static manner. 

2.2 Waveform
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Figure 2 Proposed Waveform Design
We propose to reuse the PUSCH structure with 14 symbols per sub-frame including 2 reference signals. 

2.3 Coding, Modulation, and H-ARQ 
We propose to reuse Convolutional or Turbo codes from 36.212. Additionally, application layer codes can be reused for further improving reliability.

We propose that sub-frames be sent at fixed MCS that is left configurable.

We propose that blind H-ARQ retransmissions be used for data sub-frames to improve reliability.  

We believe that chase combining instead of incremental redundancy may perform better for the following reasons:

1. This reduces the signaling as there is no longer a need to indicate the redundancy version

2. With significantly varying interference, interference to RV=0 packets limits the performance (due to systematic bits being lost).

a. Based on the system simulations, we expect the interference to be varying significantly for D2D Broadcast
Some simulation results justifying these observations are provided in Appendix A.
The number of blind re-transmissions can be left configurable, and additionally the DM-RS can be used to carry one bit information regarding new packet transmissions. 
2.4  Power Control

We propose fixed maximum power transmissions.  This is mainly because it is hard to design power control mechanisms without feedback from the receiver as per the current baseline agreement [1].
2.5  Multiplexing between D2D and Uu

We propose TDM between D2D and WAN communication at a device level. 
At a system level some spatial reuse can be allowed between D2D and WAN especially for the partial network scenario. This should be controlled by the network based on interference seen – e.g. a UE at the edge of the cell can reuse the resource with another UE close to the center of the cell. The appropriate reuse mechanisms for this case should be studied further. 
3 
Conclusion

In this contribution, we propose signaling for D2D broadcast that reuses the uplink/PUSCH signaling. The proposals are summarized in the table below. 
	Design Issues 
	Proposed Solution

	Method for achieving synchronization
	See [2]

	Method for scheduling and resource allocation
	See [3]

	Closed loop physical layer feedback
	None

	Physical channel design
	Reuse uplink/PUSCH signal structure 

	MCS selection
	Fixed but configurable

	H-ARQ
	
Blind retransmissions – possibly chase combining only 

	Power setting
	Max power transmissions

	Handling of interference coordination
	See [2]

	Method of multiplexing D2D and Uu
	Should be studied further
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Turbo Coding – Incremental Redundancy (IR) vs Chase Combining (CC)

We study the performance of IR vs. CC. We look at a 352 bit packet motivated by the VOIP packet size (with CRC), and 576 coded bits (2 RBs with QPSK modulation).

First, we look at performance of IR vs. CC with more and more transmissions but at fixed SNR per transmission. This shows IR to perform better than CC due to the coding gain, and we see about 1-1.5 dB coding gain of IR over CC. This is shown in the figure below. 
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Figure 3 CC vs. IR at fixed SNR

Next, we look repeated transmissions at fixed SNR but with packet drop probability of 0.5. The motivation for this is the varying interference environment in D2D – especially due to in-band emissions that will cause significant variation in interference seen.  This is shown in the figure below, and we see that CC does better than IR. 
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Figure 4 CC vs. IR at fixed SNR with 0.5 drop probability
This is caused by the way redundancy versions are defined in [5] – the RV = 0 packet has a lot of systematic bits, and hence is more important than RV=1, 2 etc. packets. This means that if RV=0 packet is lost (or sees high interference), then that causes significant degradation to the performance.
Given the rate matching algorithms in [5] -- we expect similar behavior to hold at other block-lengths as well.
Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 








Conclusions: Aspects of D2D communication on D2D link needing study/decision:


Method for achieving synchronisation


Method for scheduling / resource allocation


Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 


Under network coverage, are at least some of the D2D link transmissions scheduled?


Whether any closed loop physical layer feedback is used, and if so, what (e.g. for support of HARQ, power control etc)


Agreement: Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 


Physical channel design: 


Signal structure based on existing LTE signals/channels?


If based on existing LTE signals/channels,


is the D2D link based on existing UL signal structure and/or DL signal structure? 


MCS selection 


Power setting/control


Handling of interference coordination


Method of multiplexing between D2D and Uu
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