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1 Introduction

In this contribution we discuss how some of the requirements for Group Communications map to LTE functionality. It seems as if most of the proposed functionality already is available in LTE or can be provided on higher layers (i.e. application layer). With reasonable adaptation of existing functionality in order to achieve expected function for Group Communications, performance requirements can be fulfilled.
2 Discussion

Group communication [1] is introduced as follows:
“A Group Communication Service is intended to provide a fast and efficient mechanism to distribute the same content to multiple users in a controlled manner. As an example, the concept of group communications is used extensively in the operation of classical Land Mobile Radio (LMR) systems used for, but not limited to, Public Safety organizations. At the moment, the primary use of a Group Communication Service in LMR is to provide "Push to Talk" (PTT) functionality, so a Group Communication Service based on 3GPP architecture, using LTE radio technology, should enable PTT voice communications with comparable performance. 

The service should allow flexible modes of operation as the users and the environment they are operating in evolves. For example, the capabilities of LTE allow for broadband communication, so Group Communication Service is expected to support, voice, video or, more general, data communication. Also LTE can allow users to communicate to several groups at the same time in parallel e.g. voice to one group, different streams of video or data to several other groups.

The users of Group Communication Service are organised into groups; a user can be member of more than one group. “

In the discussion below we divide the analysis into group management and performance aspects.
2.1 Existing Group Communication solutions
The definition of a GCSE Group is [1]: “A set of members that are entitled to participate in a Group Communication service.”

“A Group Communication Service is intended to provide a fast and efficient mechanism to distribute the same content to multiple users in a controlled manner.” 

An often quoted use case for group communication is that of classical Land Mobile Radio (LMR) system for Public Safety or similar groups. At present the primary use of LMR is push-to-talk (PTT), also referred to as walkie-talkie communication; voice only. One idea with providing group communications for LTE is to extend the functionality, making use of the data transport capability of LTE. 
The concept of “commercial” groups making use of multimedia communication is well-known, especially in current social Internet applications, many of which are available over mobile phones as well. Examples are Skype [3] and WhatsApp [4]. These applications can use existing LTE unicast connectivity to realize group communication. Group management as well as the delivery of data generated by one user to an entire group of users is accomplished by an application server. 

Users have the possibility to create new groups, add new users to groups or to subscribe to or unsubscribe from a group. Naturally, reception of communication can be restricted to the group. It is also possible to transmit simultaneously to all members in a group. 
Authentication is required for any UE in order to connect to the network. It is likely that an additional level of authentication is required in the applications, very similar to most communication applications. If integrated into the EPS, the authentication/authorization functionality on the two levels could probably be merged.

Another requirement states that Group members that are not connected to a 3GPP network should be able to participate in group communication. This is possible with the above-mentioned over-the-top applications as well as with EPS IMS solutions. 
Observation 1 Fundamental multimedia group communication can be realized as a service using existing LTE unicast connections.

To summarize, all fundamental functionality required to provide group communication is available in different kinds of Internet applications. Consequently, a relatively simple approach would be to realize Group Communication for public safety on application layer, e.g. using IMS. 

However, the question arises, whether the performance and system capacity of such a solution would be sufficient or whether LTE would require enhancements to support Group Communication Services efficiently. Therefore, we provide a brief performance evaluation in the following sub-section. 
2.2 Performance for 1-to-many communication

The most important performance requirements for GCSE available so far relate to latency during setup of a call and the end-to-end delay for the actual data transfer. The system should provide a mechanism to support a Group Communication end-to-end setup time less than or equal to 300ms [1]. It is assumed that this value is for an uncontended network, where there is no presence checking and no acknowledgements requested from Receiver Group Member(s). The end-to-end setup time is defined as the time between when a Group Member initiates a Group Communication request on a UE and the point when this Group Member can start sending via a voice or data communication. According to [1] the requirements are particularly important for half duplex voice communication and other data that is delay sensitive. The requirements may not be met in some cases where the data is delay insensitive e.g., transfer of a large document and/or where the type of Group Communication requires acknowledgement(s) from Receiver Group Members before it is allowed to proceed.
Assuming that a solution for group communication is built upon OMA PoC/IMS [5] voice communication, it will have delay characteristics for connection setup similar to VoLTE. The E2E delay for VoLTE has been measured [7] with different DRX settings and it has been shown that VoLTE fulfils the requirement on delay.

Being able to use DRX (and still fulfil requirements) is beneficial. The requirements for Mission Critical Communication [4] states that a UE should be able to operate for about 10 hours on a full battery and in order so surpass such numbers it is good to have DRX.

For data rates and number of users receiving a group call there are no requirements set. 
We assume that one essential service is a voice based group call where a talk spurt is delivered from one UE to a group of UEs. Even though some optimizations might be possible we assume that the resource utilization in LTE will be similar to that for delivering VoLTE in DL (the UL data transfer is negligible for larger groups and assuming unicast data transfer in DL).  The VoLTE capacity has been studied in Rel-8 and the results have been summarized in [6]. For the IMT-A evaluations provided for Rel-10 the VoLTE capacity was further evaluated [7]. As can be seen from those results, voice based group calls could support user groups with of more than 60 users per MHz per cell. Depending on the spectrum available the total number of VoLTE users can meet the requirement of 500 active users, mentioned in annex D in [1], even if all active users are in the same cell.
Observation 2 Voice based group calls could support user groups with more than 60 users/MHz/cell.

If user groups are very large or if group communication services require high data rates, the use of eMBMS could be more efficient than setting up unicast bearers for all group members. Unlike for existing MBMS use cases, the data to be broadcast would typically stem from a UE that is also part of the group. An example of a scenario when eMBMS is particularly efficient is when continuous video needs to be broadcasted from a helicopter flying over the site to the rescue workers on the ground. The UE transmitting the data would use a regular LTE unicast connection to transfer its data stream to an application server which then forwards it to the MBMS domain that decides whether and where to deliver the data by MBMS broadcast or by unicast. 
Should congestion situations occur, the eNB scheduler is capable of handling resources efficiently in order to make sure the most important information reaches the users.
One important question is whether MBMS can fulfil the latency requirements. While the actual data transfer with MBMS usually generates little latency, one needs to investigate how long it takes to setup an MBMS bearer to initiate a new message transfer within an existing MBSFN area. As it takes at least an MCCH modification period to announce and start a new MBMS service, one could consider to maintain a mission critical MBMS service over longer periods of time even if no data needs to be exchanged for a couple of second or even minutes. In order to save transmission resources, one could rely on MCH scheduling information to inform UEs whether the service is actually transmitted instantaneously and in which subframes.  Subframes that are not used for MBMS transmission can be reused for unicast transmission to users that support transmission mode 10 upwards.
The transfer delay from the BM-SC to the UE depends on the distance between the BM-SC and the most distant eNB in the multicast tree and also on the MCH scheduling period, which is at least 80 ms.

Observation 3 LTE with OMA PoC has capacity to fulfil and surpass the requirements given in TS22.486. 
Observation 4 With the use of eMBMS the capacity (in terms of UEs being able to receive communication) can be further increased.

Proposal 1 Group communication should be provided on the application layer, taking advantage of functionality available in LTE, e.g. using OMA PoC [3].
3 Conclusion

In this contribution we discuss how to fulfil the some of the requirements for Group Communications mapped to LTE functionality. It seems as if most of the proposed functionality already is available or can be provided on higher layers (i.e. application layer), e.g. by adopting the OMA PoC standard. In other words, no changes of the RAN2-controlled specifications seem to be needed. 
In section 2 we made the following observations:
Observation 1
Fundamental multimedia group communication can be realized as a service using existing LTE unicast connections.
Observation 2
Voice based group calls could support user groups with more than 60 users/MHz/cell.
Observation 3
LTE with OMA PoC has capacity to fulfil and surpass the requirements given in TS22.486.
Observation 4
With the use of eMBMS the capacity (in terms of UEs being able to receive communication) can be further increased.


Based on the discussion in section 2 we propose the following:
Proposal 1
Group communication should be provided on the application layer, taking advantage of functionality available in LTE, e.g. using OMA PoC [3].
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