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1 Discussion and proposal
The objective of this contribution is to agree on editorial update of the TR.

Beginning of text proposal
1
Scope

The present document is related to the study item "Study on Group Communication for E-UTRA" [2]. This Technical Report is to study and perform an evaluation of existing E-UTRA procedures to support Group Communication for E-UTRA. The Stage-1 requirements for this study are defined in 3GPP TS 22.468 [3].

This document is intended to gather all technical outcomes of the study and analysis, and draw a conclusion on the way forward.
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

BM-SC
Broadcast/Multicast Service Center
GCSE
Group Communication System Enabler
GCSE AS
Group Communication System Enabler Application Server
GCSE_LTE
Group Communication System Enabler over Long Term Evolution
MBMS-GW
MBMS Gateway
MBMS SAI
MBMS Service Area Identity
MSP
MCH Scheduling Period

P-GW
PDN Gateway
PCRF
Policy and Charging Rule Function
PoC
Push to talk Over Cellular

PTT
Push To Talk
TETRA
Trans European Trunked RAdio
TMGI
Temporary Mobile Group Identity
USD
User Service Description
4
Focus group communication requirements for evaluation of E-UTRA

The Stage-1 requirements for the evaluation of E-UTRA procedures for group communication are defined in 3GPP TS 22.468 [3]. The following requirements are taken from the group communication requirements specified in 3GPP TS 22.468 [3] and identified as directly applicable to the study.
-
A user can be a member of more than one group and communicates to several groups at the same time in parallel; section 4.1 of 3GPP TS 22.468 [3].

-
The group communication procedure should support the following performance requirements, section 5.1.2 of 3GPP TS 22.468 [3].

-
End to end setup time for group communication should be less than or equal to 300ms.The end-to-end setup time is defined as the time between a group member initiating a group communication request on a UE and the point at which 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 time to join an ongoing group communication to the time it receives the group communication should be less than or equal to 300ms. The 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.

NOTE:
The 300ms indicated in the preceding requirements is based on requirements from ETSI ETR 086 [4] for legacy TETRA mission critical voice systems. It is understood that these requirements are particularly important for half duplex voice communication and other data that is delay sensitive. These requirements may not be met in some cases where the data is delay insensitive e.g., a large document and/or where the type of Group Communication requires acknowledgement(s) from Receiver Group Members before it is allowed to proceed.
-
End to end delay for media transport should be less than 150ms. The end to end delay for media transport is assumed to be the time required for the transmission of data from transmitting group member to the receiving group member.  
-
The evaluation in E-UTRAN should take into account the scalability support of the group communication taking into account that the number of receiver group members in any area may be as large as the value specified in 3GPP TS 22.468 [3] and the future extension flexibility of number of group communications supported in parallel, section 5.1.5 of 3GPP TS 22.468 [3].

-
Service continuity shall be supported when the participating UEs moving among cells during group communication, section 5.1.3 of 3GPP TS 22.468 [3]

-
The evaluation should take into account radio efficiency in support of data distribution for group communication, section 5.1.4 of 3GPP TS 22.468 [3].

-
The evaluation should take into account the different priority level of group communications and support of pre-emption of lower priority communication (ie: group communications and non-group communications), section 5.3.4 of 3GPP TS 22.468 [3].

5
Evaluation of E-UTRA procedures for group communication

5.1
Group communication using unicast bearers 

5.1.1
Latency Analysis

5.1.1.1
End to end setup time 

End to end setup time requirement assumes that there is no acknowledgement from receiver group members before it is allowed to proceed with the communication. The end to end setup time requirement can be understood as a time for the establishment of the transmission path between the Transmitting Group Member UE and the GCSE AS.
The end to end setup time for a RRC_IDLE UE requesting a group communication setup is analysed below. Figure 5.1.1.1-1 shows the signalling flow involved in RRC_IDLE UE requesting a group communication setup. It is assumed that the UE registration to the group communication application server is kept while in RRC_IDLE.

The end-to-end setup time involves the time spent in step 1) to step 9).
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Figure 5.1.1.1-1: An example procedure for RRC_IDLE UE establishing a group communication using 3GPP bearer setup for establishment of dedicated bearer for VoIP.
Table 5.1.1.1-1: End to end setup time calculation for group communication over unicast bearer

	Descriptions
	Time (ms)
	Comments

	RRC_IDLE to RRC_CONNECTED 
	50 -80
	Section 16.2 of 3GPP TR 36.912 [6]

	Time from PTT floor request to floor grant
	55
	Out of RAN WG2 scope, the figure is shown as an example representative of the procedure.

	Dedicated bearer for VoIP establishment by the Transmitting Group Member UE
	115 
	Assume dedicated bearer for VoIP is established using IMS. it is assumed 10ms for radio interface delay, 5ms for network interface delay ad 5ms for processing delay in the calculation 

	Begin establishment of VoIP bearers forthe Receiving Group Member UEs 
	0
	It is assumed bearers are pre-established for receiving group members. If the bearers are established for receiving group members, that could be assumed to be established in parallel to the establishment of the VoIP bearer for the transmitting UE, hence not contributing to the end to end setup time.

	End to end setup time
	220 – 250
	Total time satisfies the end to end setup time requirement


The analysis assumed that the transmitting UE is in RRC_IDLE prior to the transmission of group communication setup (i.e. floor request). The UE first gains connection to the network. A dedicated bearer is established for VoIP upon the group communication setup request. The estimated end to end setup time is 220 to 250ms. The upper value is due to the RRC connection setup procedure as per Rel.8 with 5ms PRACH cycle 3GPP TR 36.912 [6]. The end-to-end setup delay is less than 300ms which is the end to end setup requirement for strict latency traffic such as VoIP used in group communication. 

End to end setup time requirement assumes that there is no acknowledgement from receiver group members before the transmitting group member is allowed to proceed with the communication. Possible delays due to DRX (for the Receiving Group Member UEs in RRC_CONNECTED using DRX and RRC_IDLE) and time required for the Receiving Group Member UE to transit from RRC_IDLE to RRC_CONNECTED are not taken into account in the end to end group communication. If however DRX status of the Receiving Group Member UE is to be taken into account, additional time is required for the end to end group communication.
For Receiving Group Member UEs that are in RRC_CONNECTED and configured with DRX, additional time required due to the DRX operation depends on the DRX configuration parameters of the Receiving Group Member UEs. DRX periodicity could take value from 2ms to 2.56s, therefore, additional latency due to DRX operation could take values from 2ms to 2.56s depending on the DRX configuration.

For Receiving Group Member UEs that are in RRC_IDLE, the additional time for end to end setup consists of the time for paging the Receiving Group Member UEs and the time for RRC_IDLE to RRC_CONNECTED transitions by the Receiving Group Member UEs. The minimum paging cycle is 320ms therefore the additional latency due to the Receiving Group Member UEs in RRC_IDLE is 400ms when minimum paging cycle is configured. 

5.1.1.2
Time for joining an ongoing group communication
The time for joining an ongoing group communication requirement is on a user joining an ongoing group communication for receiving the group communication. The signalling step involves the user request for the group communication joining and the establishment of a bearer in the downlink for data reception. An example signalling flow is shown in Figure 5.1.1.2-1. It is assumed that the user has already performed the registration to the group communication application server and obtained the necessary application layer security authentication. The time for joining an ongoing group communication is calculated for the UE connecting from RRC_IDLE.
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Figure 5.1.1.2-1: An example procedure for receiving group member joining an ongoing group communication

The user joining an ongoing group communication has similar number of signalling steps to that of the Transmitting Group Member UE requesting a grant for transmitting data. The time to join an ongoing group communication calculation is shown in Table 5.1.1.2-1.

Table 5.1.1.2-1: Calculation of time to join an ongoing group communication

	Descriptions
	Time (ms)
	Comments

	RRC_IDLE to RRC_CONNECTED
	50 -80
	Section 16.2 of TR 36.912

	Time from service request to grant
	55
	Out of RAN WG2 scope, the figure is shown as an example representative of the procedure.

	Dedicated bearer for VoIP establishment
	115 
	Assume dedicated bearer for VoIP is established using IMS. it is assumed 10ms for radio interface delay, 5ms for network interface delay ad 5ms for processing delay in the calculation 

	Time for joining an ongoing communication
	220 – 250
	Total time satisfies the requirement for joining an ongoing communication


Similar to the discussion for "end-to-end setup time requirement", under the assumption that the user has already registered and obtained the application layer security, the time to join an ongoing group communication can be met.

5.1.1.3
End to end delay for media transport
The end to end delay for media transport is assumed to be the time required for the transmission of data from transmitting group member to the receiving group member.  When considering unicast bearers from transmitting group member UE to the GSCE AS and from GSCE AS to the receiving group member UE, the time for media transport can be calculated as shown in Table 5.1.1.3-1. The total end to end delay for media transport is in the order of 40ms.Therefore 150ms end to end delay requirement for media transport can be achieved for delay strict group communication applications.
Table 5.1.1.3-1: End to end delay for media transport estimation when using unicast bearers for media delivery
	Description
	Time (ms) 


	Comments

	Transmitting Group Member UE ( eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912[6]

	eNB(SGW/PGW(GCSE AS(eNB
	20
	Out of RAN WG2 scope, the figure is shown as an example representative of the procedure. Backhaul transmission delay of 10ms on each network interface is assumed. 

Reference: 3GPP TR 36.912 [6]

	eNB( Receiving Group Member UE
	10
	Reference: Annex B.2 of 3GPP TR 36.912[6]

	Total
	40
	


In conclusion:

1)
The end to end setup delay requirement (300ms) for group communication via a unicast  bearer can be met using E-UTRA procedures without a pre-established radio bearer for data transmission and also for RRC_IDLE UEs establishing the group communication setup.

2)
The time to join an ongoing group communication requirement (300 ms) can be met using E-UTRA procedures without a pre-established radio bearer and also for UEs in RRC_IDLE.  It is however assumed that user is already registered with the group communication application server and obtained the application layer security authentication.
3)
End to end delay for media transport requirement (150ms) can be met using E-UTRA unicast bearer for media transmission.
5.1.2
Scalability
VoIP capacity was evaluated through extensive simulations in both uplink and downlink in section 16.4.2 of 3GPP TR 36.912 [6].VoIP capacity is evaluated for the uplink and downlink directions assuming a 12.2 kbit/s codec with a 50% activity factor. Results shown in 3GPP TR 36.912 [6] indicates that for the same environment, the VoIP result is similar irrespective of duplex mode (FDD/TDD) and antenna configuration. 

Since in group communication, the typical scenario is that there is one transmitter and many receivers, DL VoIP capacity is more appropriate for current discussion. Average DL capacity results based on Annex A3 of 3GPP TR36.912 [6] are also included in tables. When considering the transmission of traffic to the Receiving Group Members in group communications, 100% activity factor should be considered because even though one Transmitting Group Member UE is transmitting media at a time, the traffic from a group of Transmitting UEs results in continues delivery of the traffic on the downlink bearer to the Receiving Group Member UEs. Therefore, the VoIP capacity for Group communication is around half of the capacity in a conventional VoIP communication system.

For example, for urban macro (UMa) environment, the number of supported VoIP users in group communication using unicast bearer is in the range of 34 to 37/MHz/cell for FDD, depending on antenna configuration. 

Table 5.1.2-1: VoIP capacity for group communication

	Antenna 
configuration
	Environment
	ITU requirement
	Number of samples
	Capacity [User/MHz/Cell]

	
	
	
	
	Min
	DL
	Group Communication 

	Antenna configuration (A)
	Indoor
	50
	3
	140
	148
	74

	
	Urban Micro 
	40
	3
	80
	89
	45

	
	Urban Macro
	40
	3
	68
	68
	34

	
	High Speed
	30
	3
	91
	91
	45

	Antenna configuration (C)
	Indoor
	50
	3
	131
	143
	71

	
	Urban Micro 
	40
	3
	75
	78
	39

	
	Urban Macro
	40
	3
	69
	74
	37

	
	High Speed
	30
	3
	94
	94
	47


NOTE:
Depending on the use of other types of media, e.g. multimedia content (video and/or pictures) with high bit rates, the supported number of Receiver Group Member UEs in a cell would further be limited.
5.1.3
Use of Bearer Type 

If a large number of dedicated GBR bearers for PTT voice application are kept established, there are impacts on call admission control on the other GBR bearers (GBR bearers request of other UEs). It is likely only one transmitting group user is granted for data transmission at a time. The number of dedicated bearer to be maintained for support of group communication may take a large value in some user scenarios according to 3GPP TS 22.468 [3]. Maintaining a large number of GBR bearers for support of group communication thus enforces the limits on how many users can be supported in a cell. 

QCI 1 is generally used for conversational voice application. QCI 1 bearer could also be used for the delivery of public safety voice applications where the media is delivered with the same level of quality of service requirement as for the conventional voice. QCI1 bearer has 100ms of Packet Delay Budget according to 3GPP TS 23.203 [7]. In the worst case scenario, if the voice packet experiences the maximum allowed PDB for both transmitting group member and receiving group member UEs, the end to end media transport delay for the voice packet would exceed the requirement of 150ms by 70ms (it assumes delay over the network interfaces of 20ms). Alternatively, another (specified or proprietary) QCI can be defined with lower PDB but that will impact the unicast capacity compared to the capacity from the use of QCI1 bearer.

If GBR bearers are used for carrying public safety voice applications (e.g. PTT), it would be up to the network decision to release the GBR bearer or for how long to keep GBR bearers established after the most recent transmission of the talk spurt.

It is also possible to use non-GBR bearers for transmission of public safety voice application as long as those non-GBR bearers are served with high enough scheduling priority hence satisfying the quality of service requirements (e.g. Packet delay Budget (PDB), BLER) of the public safety voice applications.

In conclusion: 

1)
If GBR bearers are kept established during long idle periods of the PTT service other GBR bearers (e.g. conversational Voice) may be rejected by the call admission control at the eNB.

2)
It is possible to use GBR bearers for carrying PTT data. It would be up to the network whether and for how long to keep GBR bearers established after the delivery of the most recent talk spurt. 

3)
It is also possible to use non-GBR bearers if those are given high enough scheduling priority so that these packets are delivered within the desired PDB.

4)
QCI1 is one feasible option. PDB of a QCI1 bearer is 100ms according to 3GPP TS 23.203[7]. In the worst case scenario, if the voice packet experiences the maximum allowed PDB for both Transmitting Group Member and Receiving Group Member UEs, the end to end media transport delay for the voice packet would exceed the requirement of 150ms by 70ms (it assumes delay over the network interfaces of 20ms). Alternatively, another (specified or proprietary) QCI can be defined with lower PDB but that will impact the unicast capacity compared to what is resulted from the use of QCI1 bearer.
5.2
Group communication using MBMS
5.2.1
Latency Analysis

5.2.1.1
Use of pre-established MBMS Point to Multipoint Radio Bearer (MRB)
Figure 5.2.1.1-1 shows an example procedure of group call over pre-configured MRB. The group members are 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.
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Figure 5.2.1.1-1 Group Communication over pre-configured MRB

1)
`Group is managed by GCSE AS. GCSE AS requests BM-SC to assign TMGI to the group.

2)
The MRB corresponding to the TMGI is pre-established.

3)
UE downloads User Service Description (USD) for the corresponding service.

4)
The UE establishes QCI=5 EPS bearer for GCSE signalling and registers to the GCSE AS over the EPS bearer. When the UE registers with the GCSE AS, the UE reports its capability and indicates if it is within MBMS coverage. The UE may also register to BM-SC for security keys.

5)
The group call session is established in advance. This step is similar to the session establishment procedure of Push to talk over Cellular (PoC). The unicast EPS bearer is established for future sending and/or receiving (in case of MRB is not available) of group communication. The UE initiates MBMS reception by reading SIB2, SIB13, SIB15 and MCCH.

6)
When a UE presses PTT button, the UE performs a service request procedure to enter RRC_CONNECTED if the UE is in RRC_IDLE. 

7)
The originating UE sends Floor Request to GCSE AS.
GCSE AS knows whether MRB is available from UEs’ location and capability information from step 4. GCSE AS sends Talker Identity to UEs in the same bearer as media, i.e. pre-configured MRB (if available) and/or unicast bearer (for UEs not in MBMS coverage).
The UEs in MBMS coverage monitor MBMS Scheduling Information (MSI) on Multicast Channel (MCH) at the beginning of each MCH Scheduling Period (MSP). The shortest MSP is 80ms in current standard. So, the average user plane delay on MBMS air interface can be as short as 40ms.
When the UE detects scheduling information for the MTCH of the group, the UE monitors the MTCH to receive the Talker Identity message and the associated media.

8)
The GCSE AS sends Floor Grant to the originating UE. It is up to GCSE AS implementation on the timing of sending Floor Grant. Ideally, the Talker Identity message and the first media packet should be sent by eNB in the same MSP. Otherwise, after the Talker Identity is delivered, one more MSP delay is needed for media transmission.

9)
UE sends media to GCSE AS. GCSE AS forwards the media to the MRB and/or the unicast bearer(s).

5.2.1.1.1
End to end setup time
End to end setup time requirement assumes that there is no acknowledgement from receiver group members before it is allowed to proceed with the communication. The end to end setup time requirement can be understood as a time for the establishment of the transmission path between the transmitting group member UE and the GCSE AS. The unicast bearer is used for the transmission path from the transmitting group member UE to the GCSE AS. Therefore, the end to end setup time calculation shown in section 5.1.1.1 also applies when using a pre-established MRB for the delivery of media to the receiving group members.
5.2.1.1.2
Time for joining an ongoing group communication
Provided that the UE has kept informed of MCCH contents and has already registered with the GCSE AS, the time for joining an ongoing group communication requirement (300ms) can be met with use of the MRB for the delivery of traffic in group communication 
Editor’s note:
Analysis of time for joining group call delivered via MRB to be included here.

5.2.1.1.3
End to end delay for media transport
The end to end delay for media transport 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 Scheduling Period (MSP) when MBMS is used as the transport delivery mechanism. An estimation of the end to end delay for media transport for Group Communications over MRB is shown in Table 5.2.1.1.3-1.

Table 5.2.1.1.3-1 User plane delay estimation when using MRB for media delivery
	Description
	Time (ms)
	Comments

	Talker UE ( eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [6]

	eNB(SGW/PGW(GCSE AS(BM-SC
	20
	Out of RAN WG2 scope, the figure is shown as an example representative of the procedure. Backhaul transmission delay of 10ms on each network interface is assumed

	BM-SC ( eNB
	40
	Assumes SYNC sequence length = 40ms = MSP/2. The eNB processing time and M1 delay are captured into the 40ms.

	MSP (Read MSI)
	80
	MSP = 80ms

	eNB ( Receiving UEs
	10
	Receiving and processing

	Total
	160
	


5.2.1.2
Use of unicast bearer for data transmission to Receiving Group Members while establishing MRB
In order to minimise the end to end setup time for group communication, a unicast bearer can be used for data transmission upon start of the group call. In this solution, E-UTRAN establishes a MRB for the data transmission as soon as the number of participating UEs exceeds a certain threshold. In this solution, the following steps can be considered:

-
E-UTRAN may broadcast MBMS SAIs to inform the UE about the service areas

-
Upon start of the group call, UEs are notified using application layer procedures

-
While in service area and session is ongoing and enter connected mode
-
All eNBs in the service area are informed about the start of the group call
-
For each group call a service area is configured (e.g. using O&M) covering the region of the incident

-
The eNBs will perform periodic counting to determine if the number of UEs is exceeding a threshold so that MBMS transmission should be used.
-
While the service is ongoing (based on application layer info), the UE is in the service area and the service (TMGI) is not indicated on MCCH, the service is transmitted to the UE over unicast bearer.
-
Somewhat after session start, the eNB starts periodic counting. In case the number of UEs exceeds the threshold, it starts employing MBSFN transmission.
6
Identified technical issues (if any)
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8) Begin establishing unicast voice bearers to receiving group members.  Zero or more Create Bearer  requests to the PCRF may be needed.


6b) SIP Invite (QCI=1)


6c) SIP 200 OK


6d) SIP 200 OK


a) Assume the UE registration to the application server is already performed and kept while the UE is in RRC_IDLE.


1) The UE idle to connected state transmission as per the 3GPP LTE standards.
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