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1
Introduction
In last RAN2 meeting, it is concluded that the SC-PTM will be evaluated against the GCSE requirements (should also consider MCPTT requirements if available). The contribution introduces the latency analysis for SC-PTM.
2
GCSE Latency Requirements
The following GCSE requirements are considered [2].

The system should provide a mechanism to support a Group Communication end-to-end setup time less than or equal to 300ms. 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 start sending a voice or data communication.

The time from when a UE requests to join an ongoing Group Communication to the time that it receives the Group Communication should be less than or equal to 300ms. 

Note: 
The 300 ms indicated in the preceding requirements is based on requirements from ETSI ETR 086 [8] 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. 

The end to end delay for media transport for Group Communications should be less than or equal to 150 ms [6, 7].
3
Latency analysis against GCSE Latency Rrequirements
3.1
End to end setup time
In 36.868, the following analysis is given for MBMS.
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 clause 5.1.1.1 also applies when using a pre-established MRB for the delivery of media to the receiving group members.

In 36.868 5.1.1.1, the end to end setup time is 220 – 250 ms. The unicast bearer is used for transmitting group member UE and the GCSE AS. So the analysis is also applicable for SC-PTM. 
Observation 1: The end to end setup latency requirements for group communication using SC-PTM can be met.
3.2
Time for joining an ongoing group communication
In 36.868, the following analysis is given for MBMS.

When the receiving group member decides to join the ongoing communication, the user checks whether the corresponding TMGI(s) is provided over MBMS in its location. If so the UE acquires the scheduling information for the corresponding TMGI and starts receiving the data on MTCH. The total time to join an ongoing group communication provided over MBMS is shown in table 5.2.1.1.2-1. 

Table 5.2.1.1.2-1 Time for joining an ongoing group communication estimation 
when using MRB for media delivery
(The values indicate average delays and the value in parenthesis indicates worst case delay.)

	
	Time [ms]
	comments

	Acquisition of MCCH configuration in SIB13 
	10
	Processing delay at the UE

	Average delay due to MCCH scheduling period
	160 (320)
	For MCCH Repetition period of 320ms. 

	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 (100)
	Maximum MCCH offset value is 100ms. It is assumed that the reading of multiple MCCH is performed in parallel

	Average delay due to MCH scheduling period
	40 (80)
	80ms of mch-SchedulingPeriod 

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

	Total time 
	275 (525) 

or

45 (85) if the 

UE has up to date  MCCH content
	The value shows the average time for joining an ongoing group communication. 


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 MBMS. Therefore the transmission of joining request and reception of joining request Ack are performed in parallel to the acquisition of MBMS control information and not directly add extra delay to the procedure.

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

For SC-PTM, the transmission of joining request and reception of joining request Ack are performed in parallel to the acquisition of SC-PTM control information. The time for acquisition of SC-PTM control information is shown in table 1.
Table 1 Time for acquisition of SC-PTM control information
	
	Time [ms]
	comments

	Read new SIB
	10
	Processing delay at the UE

	Acquisition of SC-PTM configuration
	10
	SC-MCCH mapping to DL-SCH (For SC-PTM, it is assumed that the control channel is called SC-MCCH.)

	Total time 
	20
	


The time for transmission of joining request and reception of joining request Ack is shown in table 2.
Table 2 Time for transmission of joining request and reception of joining request Ack
	Descriptions
	Time (ms)
	Comments

	RRC_IDLE to RRC_CONNECTED
	50 -80
	Clause 16.2 of TR 36.912

	Time from joining request to joining request Ac
	55
	

	Total time 
	105-135
	


The total time for joining an ongoing group communication is the longer time in table 1 and table 2: 105-135 ms.

Observation 2: The joining ongoing group communication latency requirements for group communication using SC-PTM can be met.
3.3
End to end delay for media transport
In 36.868, the following analysis is given for MBMS.
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 value 20ms, is shown as an example representative of the time required for 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
	


For SC-PTM, the only difference is that the MSP is not needed. Some DRX method could be introduced, considering the UE power consumption. The time for End to end delay for media transport is shown in table 3.
Table 3 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 value 20ms, is shown as an example representative of the time required for the procedure. Backhaul transmission delay of 10ms on each network interface is assumed

	BM-SC ( eNB
	40
	Assumes SYNC sequence length = 40ms. 

The eNB processing time and M1 delay are captured into the 40ms.

	DRX
	0 (40)
	40 if DRX is introduced

	eNB ( Receiving UEs
	10
	Receiving and processing

	Total
	80 (120)
	


Observation 3: The end to end media transport latency requirements for group communication using SC-PTM can be met.
4
MCPTT Latency Requirements
The following MCPTT requirements are considered [3].

[R-6.15.3.2-013] For MCPTT Emergency Group Calls and Imminent Peril Calls the MCPTT Service shall provide an MCPTT Access time (KPI 1) less than 300 ms for 99% of all MCPTT Requests.

[R-6.15.3.2-014] The MCPTT Service shall provide an End-to-end MCPTT Access time (KPI 2) less than 1000 ms for users under coverage of the same network when the MCPTT Group call has not been established prior to the initiation of the MCPTT Request.

[R-6.15.3.2-015] The MCPTT Service shall provide a Mouth-to-ear latency (KPI 3) that is less than 300 ms for 95% of all voice bursts.

[R-6.15.4.2-003] The maximum Late call entry time (KPI 4a) for calls without application layer encryption within one MCPTT system shall be less than 150 ms for 95% of all Late call entry requests.

[R-6.15.4.2-005] The maximum Late call entry time (KPI 4b) for application layer encrypted calls within one MCPTT system shall be less than 350 ms for 95% of all Late Call Entries into encrypted calls.

5
Latency analysis against MCPTT Latency Rrequirements
5.1
KPI 1

The KPI 1 is defined in 22.179 as following

The MCPTT Access time (KPI 1) is defined as the time between when an MCPTT User request to speak (normally by pressing the MCPTT control on the MCPTT UE) and when this user gets a signal to start speaking. This time does not include confirmations from receiving users.
The KPI 1 is similar to the end to end setup time. The latency analysis for the end to end setup time (220 – 250 ms) can be reused for KPI 1. The analysis is also applicable for SC-PTM. 

Observation 4: The KPI 1 requirements for MCPTT using SC-PTM can be met.
5.2
KPI 2

The KPI 2 is defined in 22.179 as following
The End-to-end MCPTT Access time (KPI 2) is defined as the time between when an MCPTT User requests to speak (normally by pressing the MCPTT control on the MCPTT UE) and when this user gets a signal to start speaking, including MCPTT call establishment (if applicable) and possibly acknowledgement from first receiving user before voice can be transmitted. Group calls can be set up with or without acknowledgements from receiving users. A typical case for the End-to-end MCPTT Access time including acknowledgement is an MCPTT Private Call (with Floor control) request where the receiving user's client accepts the call automatically.

NOTE:
The End-to-end MCPTT Access time (KPI 2) is not applicable for an MCPTT Group transmission call setup when no acknowledgement is requested from any Affiliated MCPTT Group Member.

In KPI 2, the first receiving user shall send acknowledgement using unicast. The total time is KPI 1 + Receiving user RRC_IDLE to RRC_CONNECTED + Receiving user send acknowledgement = 220(250) + 50(80)+55 = 325(385). 
Observation 5: The KPI 2 requirements for MCPTT using SC-PTM can be met.
5.3
KPI 3

The KPI 3 is defined in 22.179 as following
The Mouth-to-ear latency (KPI 3) is the time between an utterance by the transmitting user, and the playback of the utterance at the receiving user's speaker.
The KPI 3 is similar to the end to end delay for media transport. The time for end to end delay for media transport is 80(120) ms.
Observation 6: The KPI 3 requirements for MCPTT using SC-PTM can be met.
5.4
KPI 4a
The KPI 4a is defined in 22.179 as following

The Late call entry time (KPI 4) is the time to enter an ongoing MCPTT Group call measured from the time that the user decides to monitor such an MCPTT Group Call, to the time when the MCPTT UE's speaker starts to play the audio.
The KPI 4a is similar to Time for joining an ongoing group communication. The time for joining an ongoing group communication is 105-135ms.
Observation 7: The KPI 4a requirements for MCPTT using SC-PTM can be met.
5.5
KPI 4b
The KPI 4b is the KPI 4a +time for application layer encryption. The time for application layer encryption is out of RAN2 scope. Assuming time for application layer encryption is 40ms, the total time for KPI 4b is 145-175ms.
Observation 8: The KPI 4b requirements for MCPTT using SC-PTM can be met.
6
Conclusion 
RAN2 is respectfully asked to discuss and agree on the following Observations capture the results in TR 36.890:
Observation 1: The end to end setup latency requirements for group communication using SC-PTM can be met.
Observation 2: The joining ongoing group communication latency requirements for group communication using SC-PTM can be met.
Observation 3: The end to end media transport latency requirements for group communication using SC-PTM can be met.

Observation 4: The KPI 1 requirements for MCPTT using SC-PTM can be met.
Observation 5: The KPI 2 requirements for MCPTT using SC-PTM can be met.
Observation 6: The KPI 3 requirements for MCPTT using SC-PTM can be met.

Observation 7: The KPI 4a requirements for MCPTT using SC-PTM can be met.
Observation 8: The KPI 4b requirements for MCPTT using SC-PTM can be met.
7
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