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1 Introduction

To position LTE as technology for critical communications such as public safety, group communication will be needed. A study item was agreed in RAN#61 to evaluate the ability of LTE to fulfil the group communication requirements agreed in TS 22.468. One objective of the study item is to evaluate use of multicast bearer for distribution of the same content to many public safety capable UEs. 
In this contribution, we analyse in particular the latency requirement of group communication with use of multicast bearer for the distribution of the content.
2 Discussion

From radio resource perspective, the use of multicast in delivery of the same content to many receiving group members is efficient. eMBMS was specified in Rel-9 for support of broadcast delivery of multimedia traffic (eg: TV channel) to many users in a MBMS service area. Enhanced features for eMBMS were introduced in rel-10 and rel-11 and have stable specification. Group communication is intended for the delivery of the same content to many users and in high level has similar requirement of eMBMS. Therefore as starting point, the possibility of use of eMBMS for group communication should be evaluated. 
The group communication users can be categorised as “receiving group member” and “transmitting group member”. The receiving group member is not necessarily always a member of the corresponding transmitting group. In other words, the receiving user only requires a downlink bearer. Furthermore, the receiving UE is not required to be in RRC_Connected to the network to receive the media over eMBMS. eMBMS support the delivery of media to both RRC_Connected and RRC_Idle UEs.
Figure 1 illustrates the high level architecture view of GSCE_LTE where eMBMS architecture is used for support of multicast delivery. BM-SC has interface to the GCSE Application server. Use of PCRF between BM-SC and GCSE_AS for transmission of eMBMS control information is FFS.
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Figure 1: Architecture for 3GPP GCSE service

The group members can be provided with the group Ids to TMGI mapping information at the registration to the application server if the multicast delivery is supported. The service information together with the corresponding TMGI for the service can be provided to the user together with the application layer information. If the application uses multiple media streams (eg: voice, video or data), each media stream can be allocated with separate TMGI considering that there is need to deliver the media streams separately to the user. 
More than one user participates in a group communication. For example, many users may contribute to PTT group call. Voice traffic generated from all users is considered in the same way in the delivery to the other receiving group members. In other words the transmitting users are not differentiated in the delivery. All voice traffic is carried by the same TMGI.  
There are the following latency requirements (as per TS) to be considered for group communication; time for joining an ongoing group communication and end to end delay for media transport.
Latency requirement: time for joining a ongoing group communication

The time for joining a ongoing group communication is defined as the time from when a UE requests to join an ongoing group communication to the time that it receives the group communication. The time for joining a ongoing group communication should be less than or equal to 300ms.

Time for joining an ongoing group communication is defined as the time from when a UE requests to join an ongoing group communication to the time that it receives the group communication. The time for joining an ongoing group communication should be less than or equal to 300ms.

The group communication is assumed to be ongoing using eMBMS. The receiving group member is expected to have performed the registration to the application server and obtained the corresponding TMGI(s) for the group communication. When the receiving group member decides to join the ongoing communication, the user checks whether the corresponding TMGI(s) is provided by eMBMS in it’s location. If so the UE acquires the scheduling information for the corresponding TMGI and start receiving the data on MTCH. Figure 2 illustrates the steps involves in joining an ongoing group communication delivered using eMBMS.
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Figure 2: example of a receiving group member joining an ongoing group communication delivered via eMBMS
The total time to join an ongoing group communication provided over eMBMS can be calculated as follows:

	
	Time [ms]
	comments

	Acquisition of MCCH configuration
	10
	Processing delay at the UE

	Average delay due to MCCH scheduling period
	160 
	For MCCH_Repetitio period of rf32. 

	Acquisition of MCCH and MTCH configuration for TMGI 
	10 
	Processing delay at the UE



	Average time required if acquisition of multiple MCCHs is required.
	50
	Maximum MCCH offset value is 10rf. It is assumed that the reading of multiple MCCH is performed in parallel

	Average delay due to MSI scheduling period
	40
	8rf of mch-SchedulingPeriod 

	Acquisition of MSI for the corresponding service
	5
	L1 and L2 processing at the UE

	
	275 
	


Upon the decision to join an ongoing group communication, the uE sends a joining request to the GCSE_AS indicating which group communication it’s willing to join. While waiting for the joining request Ack from the GCSE_AS, the UE starts acquiring the control information necessary for receiving the service over eMBMS. Therefore the transmission of joining request and reception of joining request Ack are performed in parallel to the acquisition of control information and not directly add extra delay to the procedure.

It is assumed that the registered user has acquired the SIB13 and kept a up-to-date SIB13 information during the communication. 

E-UTRA employs one MCCH logical channel per MBSFN area. In case the network configures multiple MBSFN areas, the UE acquires the MBMS control information from the MCCHs that are configured to identify if services it is interested to receive are ongoing. 

For MBMS user data, which is carried by the MTCH logical channel, E-UTRAN periodically provides MCH scheduling information (MSI) at lower layers (MAC). This MCH information only concerns the time domain scheduling i.e. the frequency domain scheduling and the lower layer configuration are semi-statically configured. The periodicity of the MSI is configurable and defined by the MCH scheduling period.
The total time for acquiring all the information required for receiving the corresponding MTCH is 275ms. Therefore, it could conclude that the time to join an going group communication can be met with the service is provided over eMBMS.

Proposal 1: the time to join an ongoing group communication requirement can be met for services delivered over eMBMS under the assumption the user is already registered with the public safety application server and obtained the corresponding TMGI for delivery of the service.

Latency requirement: end to end delay for media transport

The end to end delay for media transport for group communication should be less than or equal to 150ms. 

This requirement defines the end to end delay for media transport including the processing and scheduling time taken at the network nodes. Therefore the requirement is directly link to the mch-SchedulingPeriod if eMBMS is used as the transport delivery mechanism. Taking the value of rf8 as an example of mch-SchedulingPeriod, the end to end delay for media transport using eMBMS can be calculated as:
	
	Time [ms]
	comments

	Average delay due to mch-SchedulingPeriod
	40
	mch-SchedulingPeriod: value of rf8 is assumed

	Processing delay at eNB
	5
	Processing delay at the eNB

	Transmission of MTCH 
	1.6 
	Calculation take into account that not all sunframes are available for MTCH transmission

	Processing delay in the UE
	15
	

	
	61.6
	


The calculated end to end media delay is 61.6ms which fulfils the requirement. 
Proposal 2: the end to end delay requirement for media delivery can be met for services delivered over eMBMS.

Latency requirement: end-to-end setup time

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 a voice or data communication. It is also assumed that there is no acknowledgement from receiver group members before it is allowed to proceed with the communication. The system should support end-to-end setup time less than or equal to 300ms.

End-to-end setup time is defined for the requirement on a group member initiates a group communication hence involves the UL transmission path setup. The multicast delivery is only assumed for the downlink transmission. As shown in R2-13xxxx, the requirement on end-to-end setup time with assumption of pre-established eMBMS bearer for delivery is met. 

The following discusses the time required for setting up eMBMS bearer for the delivery. eMBMS bearer for the delivery could be setup at the time of start of the group communication. For example at the start of communication setup by the first transmitting group member triggered by the floor request. Example signalling flow involve in eMBMS bearer setup is shown in Figure 3.
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Figure 3: example of a setting up an eMBMS bearer for data delivery 
The total time to setup a eMBMS bearer (step 1 to 6) as follows:

	
	Time [ms]
	comments

	Transmission of bearer establishment request from GCSE to BM_SC (step 1-2)
	15
	Including the Processing delay at the PCRF

	Establishment of eMBMS bearer
	20+ X 
	Include message transmission, MCE processing time. X represents the time required for notifying the bearer setup to the UE. 

	Transmission of eMBMS bearer establishment Ack (step 7a to 7b) 
	- 
	About 10ms, can be performed in parallel to the establishment of eMBMS bearer in E-UTRAN


	
	35+X
	


The total time to setup eMBMS bearer and notify the receiving group members of the start of session takes 35+Xms where X represents the time for notification which is one MCCH Modification Period. As per current standard, minimum configurable value for mcch-ModificationPeriod is 5120ms. With the current specified value for mcch-ModificationPeriod, it takes in the order of 5seconds to setup an eMBMS bearer and notify the UE. Such a long setup time may not be acceptable for public safety group communication. Therefore enhancements should be investigated for reducing the eMBMS bearer setup notification to the users. One possibility is to have smaller MCCH modification period to be used for application with tight setup time requirement such as public safety group communication.

Proposal 3: the time to notify the receiving group members of the eMBMS bearer setup for a new group communication should be further investigated and enhancement is required.

3 Conclusions

This contribution discusses the use of eMBMS bearers for group communication. It is shown that the requirement on time to join an ongoing group communication and the end to end delay requirement for media delivery can be met with the use of eMBMS bearer for data delivery over RAN. The following proposals are made:

Proposal 1: the group communication requirement can be met for services delivered over eMBMS under the assumption the user is already registered with the public safety application server and obtained the corresponding TMGI for delivery of the service.

Proposal 2: the end to end delay requirement for media delivery can be met for services delivered over eMBMS.

Proposal 3: the time to notify the receiving group members of the eMBMS bearer setup for a new group communication should be further investigated and enhancement is required.
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