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Discussion
1 Introduction
The objective of this paper aims to clarify Public Safety Communication use case and also to establish direction of study on this use case. 
2 Discussion
2.1 Infrastructure coverage

Depending on whether and how infrastructure coverage is available for Public Safety UEs, three different scenarios can be considered:

· Public Safety Communication out of infrastructure coverage

· Public Safety Communication with partial infrastructure coverage

· Public Safety Communication within infrastructure coverage
Figure1 illustrates those scenarios. 
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(a) Public Safety Communication out of infrastructure coverage
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(b) Public Safety Communication with partial infrastructure coverage
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(c) Public Safety Communication within infrastructure coverage
Figure 1. Public Safety Communication in different infrastructure coverage scenarios
The Public Safety operation shall be continued in all coverage scenarios above. Whatever coverage scenarios Public Safety UE does encounter during mission-critical operation, this should impact neither Public Safety Communication and thus nor the on-going operation.  

Proposal1

Public Safety Communication should be possible irrespective of availability of infrastructure coverage 
2.2 Spectrum

It is a general trend that dedicated spectrum is allocated to communication for Public Safety use in order to effectively enable broadband Public Safety Communication and non-segmented Public Safety technologies/markets. The use of dedicated spectrum as illustrated in Figure2 is essential for reliable Public Safety Communication in emergency situation when commercial spectrum may be quite overloaded.  
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Figure 2a. Public Safety Communication on dedicated carrier with partial infrastructure coverage

On the other hand, it is also true that there is a case that Public Safety Communication should be operated on commercial spectrum like when dedicated spectrum is not available. In this case, to ensure the quality of service for Public Safety Communication, infrastructure may have to suppress connection establishment and resource request from non-Public Safety Communication UEs. Resource coordination opportunity to avoid interference issue caused by Public Safety Communication should be also carefully studied for this case.
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Figure 2b. Public Safety Communication on shared carrier within infrastructure coverage

For initial study on Public Safety Communication for REL-12, we assume that Public Safety Communication will be operated on dedicated Public Safety spectrum that is separated from MNO commercial spectrum. 
With this assumption in mind, we further assume that Public Safety Communication will cause minimal (or no) interference on MNO commercial spectrum and vice versa. Then, when it comes to Public Safety Communication, RAN2 will not see urgency to look into any interference issue between MNO commercial spectrum and Public Safety spectrum.
Proposal2
RAN2 discuss whether to prioritize Public Safety Communication use case that utilizes dedicated Public Safety spectrum that is separated from MNO commercial spectrum
2.3 D2D Communication method
Our understanding is that Public Safety Communication would deliver mostly voice packets, as main driver of Public Safety Communication is to assist First Responders who usually communicate in the form of voice rather than other media during mission-critical operation. The voice service should support group call feature, as studied under GCSE_LTE, in order to assist operation where normally a group of people are simultaneously involved. 
Proposal3
The primary design goal of Rel-12 Public Safety Communication is to deliver lossy services like voice call with group call feature supported, rather than lossless data services. The lossless data delivery is a secondary goal of Re-12 Public Safety Communication. 
The following methods are under considerations as means for D2D communication: 

· D2D Unicast

D2D Communication occurs between two UEs. 
· D2D Groupcast
D2D Communication occurs from one UE to multiple UEs??
· D2D Broadcast
D2D Communication occurs from one UE to multiple UEs??
For Public Safety Communication use case, we think all D2D communication methods above could be used in theory. 
However, different communication method could fulfill different level of QoS requirements, and available services of different communication method would be also different. Different method would have of course different level of impact to existing LTE protocols. 
It is our view that D2D Groupcast/Broadcast would be suitable to support lossy service delivery but they are not suitable for lossless service delivery, whilst D2D Unicast would be capable of supporting lossless service delivery. 

One clear beneft of D2D Groupcast/Broadcast would be that they have less impact to existing LTE protocol than D2D Unicast when incorporating the selected method. As long as D2D Communication of interest fulfills requirements/design goal of Public Safety use case, we prefer to start studying simpler method as a starting point for our study. We also believe that D2D Groupcast/Broadcast could be the one RAN2 should first study as method for D2D Communication for Public Safety use case.  

Considering the limited time slot assigned for D2D study in RAN2 and wide range of potential issues for D2D, it should be important to have prioritized approach to make progress.  
Proposal4
RAN2 study should prioritize simpler D2D Communication method as means of Public Safety Communication. Assuming that D2D Groupcast/Broadcast would fulfill requirements of Public Safety Communication and also have less impact to specifications than D2D Unicast, D2D Groupcast/Broadcast should be prioritized.  
It may happen that during operation of First Responders, two officers (Robert and John in Figure below) are beyond D2D communication range, but in the middle of them, Nick is placed and in communication range with both of them. In this case, Nick may play a role of relay to extend communication range for John and Robert, such that John and Robert can communication each other. 
The feature of relaying D2D communication between D2D UEs would introduce some additional complexity on top of (basic) D2D communication that operates without relaying node. Different D2D Communication method would have different level of compatibility to supporting relaying feature.  

Proposal5

RAN2 should discuss whether to study mechanism that enables Public Safety UEs that are out of D2D communication range to be able to communicate via other Public Safe UE providing D2D relaying feature 
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Figure 3. Relaying two D2D communications to expand D2D communication range via relay UE (blue dot)
2.4 Concurrent Infrastructure connectivity 
In-Coverage scenario, we think it should be possible for Public Safety UE to utilize infrastructure connectivity like other normal UEs for normal voice or data services even while maintaining Public Safety services being provided; a Public Safety UE in operational task may want to download some information (e.g. map) from internet via infrastructure. While the Public Safety UEs is downloading the information, Public Safety Communication should not be suspended for integral tasking of Public Safety operation.

[image: image7.emf]Public Safety network on 

dedicated carrier

Infrastructure network 

on commercial carrier

m

a

p

voice


Figure 4. Public Safety UE (red dot) maintaining both 1) Public Safety services via Public Safety Communication and 2) normal services via infrastructure
To maintain both Public Safety services via Public Safety Communication (e.g.D2D) and normal services via infrastructure could look like a sort of managing dual connectivity. 
Assuming that Public Safety Communication is provided on dedicated Public Safety spectrum, UE can almost independently manage Public Safety Communication and normal services if it supports simultaneous operation of dual carriers where one is used for Public Safety and another for normal services. 
However, if simultaneous operation of dual carrier is not supported, there should be time split between Public Safety Communication and non-Public Safety Communication for normal services, in which study is needed to see how such time split can be efficiently achieved. 
Proposal6
RAN2 study should look into how Public Safety UE manages multiple connectivity to maintain both 1) Public Safety services via Public Safety Communication and 2) normal services via infrastructure. 

When discussing management of dual connectivity for Public Safety UEs, UE capabilities and spectrum usage should be taken into account. 

Infrastructure connectivity should be also asked for the Partial-Coverage scenario where at least one Public Safety UE is under infrastructure coverage while others are not. To enable other UEs under no infrastructure coverage to be able to be connected to infrastructure, the UE under infrastructure coverage may play a role of relay by transferring data from/to its serving eNB to/from other Public Safety UEs. 

This relay feature seems interesting to us, because this virtually extends infrastructure coverage and this coverage extension is useful in a certain case where a radio tower is destructed and the corresponding coverage is out of service. By placing one high-capability Public Safety UE (e.g. cell on Wheel) under infrastructure coverage and having the UE communicate with other Public Safety UEs with use of Public Safety Communication, the infrastructure coverage would be extended and as a result operational task of Public Safety UEs would benefit from enabled connectivity to infrastructure
Proposal7

RAN2 should discuss whether to study mechanism that enables Public Safety UEs out of infrastructure coverage to be connected to EPC via other Public Safety UE in infrastructure coverage 
3 Conclusion
Proposal1

Public Safety Communication should be possible irrespective of availability of infrastructure coverage 
Proposal2
RAN2 discuss whether to prioritize Public Safety Communication use case that utilizes dedicated Public Safety spectrum that is separated from MNO commercial spectrum
Proposal3
The primary design goal of REL-12 Public Safety Communication is to deliver lossy services like voice call with group call feature supported, rather than lossless data services. The lossless data delivery is a secondary goal of REL-12 Public Safety Communication.
Proposal4
RAN2 study should prioritize simpler D2D Communication method as means of Public Safety Communication. Assuming that D2D Groupcast/Broadcast would fulfill requirements of Public Safety Communication and also have less impact to specifications than D2D Unicast, D2D Groupcast/Broadcast should be prioritized.  
Proposal5

RAN2 should discuss whether to study mechanism that enables Public Safety UEs that are out of D2D communication range to be able to communicate via other Public Safe UE providing D2D relaying feature 
Proposal6
RAN2 study should look into how Public Safety UE manages multiple connectivity to maintain both 1) Public Safety services via Public Safety Communication and 2) normal services via Infrastructure. 

Proposal7

RAN2 should discuss whether to study mechanism that enables Public Safety UEs out of infrastructure coverage to be connected to EPC via other Public Safety UE in infrastructure coverage 
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