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1
Introduction
As captured in RAN1 chairman’s highlights of RAN plenary #60 [1], the focus of RAN1 on D2D communication will be on the Broadcast and Relaying capability with an understanding that groupcast and unicast communication can be implemented using the to-be-developed broadcast technique. 

Hence, in this contribution, we focus on the broadcast design, and in particular on the out of coverage broadcast design. 
Broadcast problem as stated in the agreement in RAN1 #73 meeting [2] is as follows:

1. There are certain UEs that are designated as TX UEs

2. All the remaining UEs are designated as RX UEs

3. A RX UE is interested in receiving from all TX UEs that are within -112 dBm RSRP 

Given this problem statement and agreed deployments, we first present some results on the topology implied by the deployments, and then present some design guidelines based on the topology and the problem definition.  

2
Understanding Broadcast Topology
We look at the following three topologies amongst the options agreed upon in [3].
	
	Option 1
	Option 3
	Option 5

	ISD
	500m
	500m
	1732m

	Topology
	3 Buildings per macro cell
	Outdoor only
	2 Buildings per Macro cell

	Carrier Frequency (MHz)
	2000
	2000
	700

	Number of TX UEs/cell
	3
	3
	3

	Number of RX UEs/cell
	32
	32
	32


The following figure shows the network topology after the broadcast association procedure of associating UEs with -112 dBm RSRP (or 135 dB pathloss). The square nodes denote the transmitters, and the round nodes denote the receivers. For each broadcast group, the receivers are plotted in the wraparound locations with the nearest distance to the transmitter. Thus, a receiving UE may be plotted at multiple locations if it is associated with multiple broadcast transmitters.  As seen in the figure, a given RX UE could be part of multiple broadcast sessions, and a given TX UE can be connected to a large number of RX UEs. 
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Figure 1 Deployment Snapshot for Option 5

The following figures show the CDFs of the degrees for both TX and RX UEs – with degree defined to be the number associated TX or RX UEs respectively. As seen from the figure, there is a significant variation in degrees across the options with up to 200 receivers associated with a single transmitter, and a receiver associated with up to 25 transmitters for Option 3. The numbers being up to 43 associated RX, up to 7 associated TX for the mandatory Option 5.  
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Figure 2 Associated RX CDF 









Figure 3 Associated TX CDF

Observation 2a: there are potentially 100s of RX UEs interested in receiving from a TX UE.

Observation 2b: a RX UE is potentially interested in receiving from 10s of TX UEs. 
In order to further understand the topology we look at pathloss CDF of the associated UEs. The following figure shows the pathloss CDF of all associated UEs as well as the weakest associated RX UE to a given TX UE. The latter is important as the performance of a broadcast session may be dictated by the weakest UE (at least to a first order). We see that for Options 1, 3 the weakest receiver is fairly close to the 135 dB association limit – whereas for Option 5, about 30% of the transmitters have all the associated UEs within 120 dB pathloss. 
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Figure 4 Pathloss CDF
Observation 2c: the pathloss to the weakest receiver to a given transmitter shows much more concentrated behaviour than the pathloss to all receiver UEs with majority of the transmitters having a weak UE with pathloss > 130 dB.

Finally, looking at TX UEs for a given RX UE, we plot the dynamic range of pathloss seen by a RX UE – defined to be the difference of max and min pathloss amongst all TX UEs. 
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Figure 5 Dynamic Range of Pathloss
Observation 2d: the dynamic range of pathloss to associated TX UEs for a given RX UE can be as high as 80 dB.
3  Design Principles
3.1 Signal Structure  

As shown in the Figure 4 above, a TX UE may have associated RX UEs that have a fairly large pathloss. For such TX UEs, it makes sense to use a narrowband signal as the link to the weakest RX UEs is power limited, and not bandwidth limited.

This suggests a design with narrowband transmissions from a single TX UE. This also naturally leads to  FDMed transmissions from different TX UEs to fully utilize the bandwidth. 

Proposal 3a: the broadcast design should allow multiple TX UEs to send narrowband signals in an FDM manner.

A narrowband FDMed design naturally leads to a RX UE receiving signals from multiple TX UEs at the same time. Given that a RX UE may be interested in receiving from the weaker TX UE or possibly multiple TX UEs at the same time, the RX UE should try to receive/decode from multiple TX UEs at the same time.  However, this is subject to interference constraints in particular subject to the in-band emissions caused by one transmission that will cause interference with another FDMed transmission.  The level of signal leakage across FDMed signals will also depend on the level of synchronization or lack thereof.   

Thus, we propose that:

Proposal 3b: a RX UE should simultaneously try to receive from different TX UEs subject to constraints imposed by in-band emissions interference. 

Additionally, we also see that there are number of TX UEs for which the weakest RX UE is within 120 dB pathloss thereby enabling possible wider band transmissions to support higher data rates. However, to utilize this, the TX UE needs to know the pathloss to the weakest associated RX UE.  

Observation  3c: a mechanism for determining the pathloss to the weakest associated RX UE can help TX UEs select transmission bandwdith appropriately. 

3.2 Interference Management  SHAPE  \* MERGEFORMAT 



The figure above shows multiple RX UEs that want to receive from multiple TX UEs. In order to enable this, either frequency or time orthogonalization is needed from both TX UEs. Assuming narrowband FDMed transmissions, a way for different TX UEs to select different channels is needed.

Observation 3d: a mechanism for channel selection is needed to avoid interference or collision across different transmitters.

Additionally, given results shown in Figure above, a RX UE (RX4) that is interested in receiving from a weaker TX UE (TX1) will not be able to do so because of the in-band emissions (also see Figure 5 for dynamic range of the pathloss). This implies a need for time orthogonalization across different transmitters in order to deal with in-band interference at the receiver. 

Observation 3e: a mechanism for TDM across different transmitters is needed to deal with in-band emissions interference at a receiver UE. 
3.3 Other aspects – Coding, Ack, H-ARQ 

We propose to use SC-FDM signaling with appropriate PUSCH/PUCCH signaling including the corresponding error correcting codes. Additionally, application layer codes such as raptor codes can be studied for providing robust communication.
Typically broadcast designs do not allow for physical layer acknowledgements as they can take up significant resources especially for large number of RX UEs. Hence, mechanisms to reduce overhead of Ack signaling (for example by multiplexing multiple Ack signals on the same resource) can be considered. 

Regardless of ACK signaling, (potentially blind) H-ARQ retransmissions can be used for increasing reliability especially with unpredictable interference due to in-band emissions.
4  Design Ideas
Following the design principles and observations outline in the earlier section, we present two designs that build upon the proposals above.  

4.1 Asynchronous Signaling and Interference Management 
Here, we assume that system wide synchronization is not available, and hence propose a candidate asynchronous scheme as follows:

1. BW is divided into 50 narrowband channels each of 180 KHz (1 RB)
2. Each transmitter picks one (or more) narrowband channel to transmit on based on energy measurements 

3. Each transmitter chooses to stay silent for x fraction of the time (as per Observation 3e)
This proposed design is similar to the TETRA DMO design [4] except for the need for TDM to deal with interference caused by in-band emissions. 
4.2 Synchronous Signaling and Interference Management
Mechanisms for UEs to get synchronized are discussed in [5]. Here we discuss the potential benefits of having synchronization to the system performance as well as UE implementation. 

The design ideas here can be thought to build upon the asynchronous design of Section 4.1. 

Having a system wide synchronization can enable

1. Simplified RX architecture allowing a RX UE to receive from multiple TX UEs with a single front-end receive chain 

2. Lower in-band noise from one TX UE to another FDMed TX UE

3. Power efficient operation allowing UEs to wake up at pre-determined times.
Additionally, system synchronization can be used to enhance the performance of broadcast scheme by incorporating
1. Synchronized frequency hopping to get frequency diversity while avoiding collisions with other TX UEs 
2. More coordinated algorithms for both TDM and FDM across multiple TX UEs

5 
Conclusion

Observation 2a: there are potentially 100s of RX UEs interested in receiving from a TX UE.

Observation 2b: a RX UE is potentially interested in receiving from 10s of TX UEs. 

Observation 2c: the pathloss to the weakest receiver to a given transmitter shows much more concentrated behaviour than the pathloss to all receiver UEs with majority of the transmitters having a weak UE with pathloss > 130 dB.

Observation 2d: the dynamic range of pathloss for a given receiver can be as high as 80 dB.

Proposal 3a: the broadcast design should allow multiple TX UEs to send narrowband signals in an FDM manner.

Proposal 3b: a RX UE should simultaneously try to receive from different TX UEs subject to interference constraints. 

Observation  3c: a mechanism for determining the pathloss to the weakest associated RX UE can help TX UEs select transmission bandwdith appropriately. 
Observation 3d: a mechanism for channel selection is needed to avoid interference or collision across different transmitters.

Observation 3e: a mechanism for TDM across different transmitters is needed to deal with in-band emissions interference at a receiver UE. 
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