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1 Introduction
In [1], broadcast service for public safety is described as:
“An authorized public safety UE in or out of E-UTRAN coverage shall be capable of sending a broadcast message to all authorized public safety UEs within transmission range, regardless of group membership, using ProSe Broadcast Communications in a single transmission.”
The SA requirement seems to indicate that regardless of in-network or out-of-network scenarios, the authorized UEs should have the capability of broadcasting, and within the coverage of the broadcast service, all other authorized UEs should be able to receive the broadcast. It is not very clear to RAN1 how to characterize broadcast services for public safety. The aim of this contribution is to associate the SA requirements for public safety broadcast to physical layer requirement, with discussion on related PHY issues.
2 Scenarios
The discussion on ProSe broadcast communication is very preliminary in RAN1.  There has been no conclusion on specific definition of scenario, nor the corresponding network structure and control mechanisms. Here we list a few possible scenarios shown in Fig. 1 where dashed lines are for control signaling and red solid lines are of broadcast messages. 
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Figure 1 Broadcast scenarios for public safety

· Scenario 1 – in coverage with eNB centralized control
When in network coverage, public safety UEs can perform ProSe communication in public safety band, fully controlled by the eNB. For broadcast services, resource scheduling by eNB may still be needed in order to coordinate the broadcast transmissions. 
· Scenario 2 – in coverage without eNB control

Even in network coverage scenario, UEs operated in public safety band can exchange control information directly to each other, without the supervision from the network. This also applies to broadcast transmissions. 
· Scenario 3 – partial coverage, with broadcasting UE in coverage
When the broadcasting UE is within the network coverage, the potential recipient UEs can be outside the coverage of the network, especially if the range of ProSe broadcast is large.  Such situation is considered to be partial coverage scenario.
If the control is done by eNB in centralized fashion, UEs outside the network coverage cannot receive the corresponding signaling for broadcast, therefore not being able to hear the broadcast messages.
· Scenario 4 – partial coverage, with broadcast UE out of coverage
This is similar to Scenario 3. The only difference is that UE in broadcast transmission is outside the coverage. Since UEs outside the coverage may use different broadcast mechanisms compared to UEs in the coverage, it is possible that UEs in coverage cannot get the resource signaling for ProSe broadcasting, and hence cannot properly decode the broadcast messages, even if they are within the broadcast range.
· Scenario 5 – out of coverage, controlled by owner UE
A public safety UE can be selected as the owner UE based on certain rules, to control other UEs over a local area. The owner UE is responsible for the D2D transmission, including broadcast communication. The owner has partial functionality of eNB and can perform resource coordination for public safety UEs within its serving area.
· Scenario 6 – out of coverage, ad-hoc network
This scenario has some similarity to Scenario 5. The main difference is that public safety UEs are all equal, i.e., no need to appoint an owner UE over other UEs. These self-organized public safety UEs form an ad-hoc network structure, and share the public safety spectrum. All the UEs authorized for the public safety broadcast would compete for the resource according to their own needs.  

From the above discussion of each specific scenario, each scenario may require a different solution which may include resource scheduling, control signaling and etc. Scenario analysis is the pre-requisite of the further study on ProSe broadcast communication,  
Proposal 1: Detailed scenario analysis for public safety broadcast, to facilitate the further study on potential solutions
3 Requirements at physical layer
ProSe Broadcast requires the following support from physical layer design：
· Duplex mode
PS ProSe is described in [1] as “A Public Safety UE can operate in Public Safety spectrum for Public Safety service and in MNO commercial spectrum, for general service (e.g. voice call), however, only Public Safety spectrum is used for Public Safety ProSe.” In another word, public safety ProSe communication should be carried in dedicated spectrum for public safety. Irrespective whether the public safety spectrum is of FDD or TDD, D2D communication should operate like TDD duplex, in the sense that, each UE can be transmitter or receiver in unicast /groupcast/broadcast communication. From the cost and complexity point of UE, using TDD duplex mode may provide some merits in Public Safety ProSe communication. 
Proposal 2: TDD duplex mode should be used in public safety band
Consider the one-to-many nature of broadcast services, the resources for broadcast message transmission should be pre-configured, or semi-statically configured. In public safety band, UEs can carry out either unicast, groupcast, or broadcast communications. For a particular public safety UE, a subframe can be either for transmission or for reception. Relatively stable or fixed resource allocation for broadcast helps all relevant UEs to align their resources to prepare for the reception.

Proposal 3: Resource allocation for public safety broadcast should be pre-configured or semi-statically configured.
When a public safety UE is in unicast communication, it should be able to receive broadcast messages from other public safety UEs. Hence, resources for broadcast and resources for unicast ProSe have to be separated. Fig. 2 is an example, the network pre-configures subframe #5 for the public safety broadcast. Except the broadcasting UE (UE C), all other UEs (UE S, UE A, UE B) would try to decode broadcast message in this subframe. UE A and UE B form a ProSe pair for unicast communication and the corresponding resources are marked in blue in Fig. 2.
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Figure 2 An example of subframe configuration for public safety broadcast
Proposal 4: The resources of public safety broadcast and unicast are TDM at subframe level
· Single hop vs. multi-hop
In cellular network, broadcast message is transmitted by eNB which can cover a wide range of area. In ProSe broadcast communication, due to the limitation of transmit power, antenna height/gain, etc., the range of the broadcast may be limited. Therefore, forwarding may be needed in order to improve the broadcast coverage.

Such forwarding can be amplify-and-forward, decode-and-forward. Different schemes have different requirements for physical layer. If it is amplify-and-forward, the forwarding process appears as multi-hop at physical layer. If the process is through higher layer to facilitate the path redirection, etc., there is only one hop at physical layer.
· Feedback
In traditional broadcast, transmitter does not require feedback signaling from the receivers. Since the number of potential receivers is very large and it is not clear which UEs would be the potential listeners, it is difficult to configure the channel to carry the feedback information. Normally, periodic repetitions are often employed to increase the reliability for detection. For public safety broadcast communication, in certain specific scenarios, feedback may be possible to boost the performance.

For example, in disaster zone, public safety personnel are equipped with ProSe UEs to carry out rescuing operation. When a rescuer finds a person with serious injury, he can broadcast “SOS” signal to nearby crew members. In traditional broadcast, this rescuer would not know whether his message has reached others. However, if certain feedback is available, the rescue operation would be more efficient.

Of course, the requirement for feedback is quite scenario specific. Further discussion is needed to decide whether feedback mechanism is necessary. 
4 Other aspects
· Idle UE
When in network coverage, idle UEs are able to receive system broadcast information and maintain the synchronization with downlink channels via downlink synchronization signals. For public safety ProSe communication, idle UEs may not be able to maintain the accurate synchronization, due to i.e., multiple broadcasting UEs. Hence, more discussion is needed on how idle UEs would receive public safety broadcast message, for example, whether fixed or pre-configured transmission timing [2] can be considered for broadcast.
· Resource allocation for broadcast
From above discussion, it is noted that when there is network coverage, centralized scheduling via eNB is the preferred choice for public safety ProSe communication, which allows eNB to effectively coordinate the resources among UEs or UE groups. Similarly, public safety broadcast communication should be scheduled by eNB when the network coverage is available. Such control from eNB includes the resource pool for broadcasting UEs, and the search space for the broadcast resource at the potential receivers.
More specifically, public safety UEs that want to broadcast should first apply the resource from eNB. Upon getting the positive response and resource indicator from eNB, those UEs begin to broadcast. In the subframe for ProSe broadcast under the public safety spectrum, UE A and UE B are granted the resources from eNB. If eNB has more information, for example, the location distribution of the relevant UEs, resource reuse may be possible, i.e., UE C and UE A transmit the different broadcast messages, each to its targeted UEs, without causing significant interference in between, as illustrated in Fig. 3.
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Figure 3 Public safety broadcast with resource scheduled by eNB
In self-organized ad-hoc network, all public safety UEs are equal where contention based resource scheduling can be considered. Similar situation for public safety broadcast, UEs can compete for the broadcast resources, like those schemes in WiFi, WLAN.
5 Simulation study
UEs dropping and association are based on [3] and the layout of Option 5 is considered. The operating band is 700 MHz and the system bandwidth is 10 MHz. In each sector (cell), on average there are 3 broadcasting UEs, using orthogonal resources to reduce the interference to UEs belonging to different broadcast groups. Two situations of resource reuse are simulated across cells: 1) orthogonal allocation; 2) reuse factor of 1. In the simulation, -112 dBm is the minimum received power of UEs to be accounted in CDF curves. Here, 4 dB SINR is assumed to be the threshold for correct decoding of the broadcast data. Such SINR operating point can allow roughly 1~1.3 bits/s/Hz spectral efficiency in real systems. There is no cellular communication in the simulation, i.e., only broadcast D2D transmission is simulated.

As Fig. 4 shows, reuse factor of 1 across broadcast UEs across cell brings significant interference, and the impact is even greater in the case of 31 dBm transmit power. 

The CDFs of broadcast distance are compared in Fig. 5. If the broadcast coverage is defined for 95 percentile, the distance would be around 2.2 km and 1.8 km for 31 dBm and 23 dBm, respectively, without the interference (orthogonal resource allocation across cells). However, when the same resource is reused between cells, the distance shrinks to about 1.2 km and the higher transmit power would not provide any gain in coverage. 
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Figure 4 Receiver SINR in D2D broadcast scenario
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Figure 5 Coverage CDF of D2D broadcast 
6 Conclusions

In this contribution，we proposed to further study the scenarios of public safety broadcast communication, especially from the aspect of physical layer study:
Proposal 1: Detailed scenario analysis for public safety broadcast, to facilitate the further study on potential solutions

Proposal 2: TDD duplex mode should be used in Public safety dedicated spectrum
Proposal 3: Resource allocation for public safety broadcast should be pre-configured or semi-statically configured.
Proposal 4: The resources of public safety broadcast and unicast are TDM at subframe level
Also some assumptions should be confirmed, for example, whether single-hop or multi-hop is allowed in public safety broadcast, whether feedback is available at the physical layer.
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Appendix 
Table 1 Simulation parameters

	Parameter
	Assumption/Value

	LTE Layout
	Option 5

	Inter-site distance (ISD)
	1732 m

	UE drop
	· Drop 2 RRH buildings (without RRHs) in each macro geographical area.

· All UEs randomly and uniformly dropped throughout the macro geographical area such that 20% UEs are outdoor, and 80% UEs are indoor.

	Outdoor to outdoor pathloss
	1. O2O pathloss uses Winner+ B1 pathloss (PL_B1) with:

a. h_BS = h_MS = 1.5m

b. h_BS’ = h_MS’ = 0.8m

c. LOS offset = 0 dB

d. NLOS offset = -5 dB (used to reduce pathloss)

2. Total O2O pathloss is given by PL_B1_tot = max(PLfreespace, PL_B1)

	Outdoor to indoor pathloss
	a. LOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in

b. NLOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in - 0.8*h_MS

	Inoor to indoor pathloss
	InH (36.814)

	LOS Probability
	Outdoor to outdoor
	ITU-R IMT UMi

	
	Outdoor to indoor
	ITU-R IMT UMi

	
	Indoor to indoor
	ITU-R IMT UMi

	Shadowing
	Outdoor to outdoor
	7 dB log-normal

	
	Outdoor to indoor
	7 dB log-normal

	
	Indoor to indoor
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	UE1 to UE2 Penetration Loss
	UE2 is inside
	(1) UE1 is inside a different building as UE2
	40dB

	
	
	(2) UE1 is outside 
	20dB

	
	
	(3) UE1 is inside the same building as UE2
	0dB

	
	UE2 is outside
	(1) UE1 is inside
	20dB

	
	
	UE1 is outside
	0dB

	Carrier frequency
	700 MHz

	Bandwidth
	10 MHz (50 RBs)

	Minimum distance between UEs
	3 m

	UE power class
	23 dBm, 31dBm

	UE noise figure
	9 dB
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