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1. Introduction
This document highlights the need for considering the target UE’s link establishment latency with the GCSE application server for GCSE performance requirements in addition to the current definition in SA1. 

SA1 call set up requirement:

The SA1 requirement for call set up time, as defined in TS 22.468 considers a call set up approach whereby only the call originator’s link establishment to the GCSE application server is considered for call set up performance. This mode of call set up is referred to un-acknowledged mode or unconfirmed mode for PTT group communication.
End to end call setup delay is a key requirement for GCSE as defined by SA1 in TS 22.468 [1]. 

“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.”
Need for considering link establishment latencies for receiving UEs:

The above requirement was defined with PTT un-acknowledged mode as reference. This performance metric does not consider the delay of receiving side UE including paging, service request and bearer establishment.  

The group communication modes for PTT also supports a mode called the acknowledged mode or the confirmed mode where a response from the at least one of the recipient UEs must be received by the GCSE application server before the call set up is considered to be complete. 

The confirmed mode or the acknowledged mode of call set up provides the call originator the assurance that once the call set up notification is received at the call originator, the subsequent call media will be received by the call recipient(s). This is unlike the unconfirmed mode where the call establishment notification may be followed with a call failure notification after the user starts to speak as a result of unavailability of resources for recipient UE or unavailability of the recipient user.

In a packet switched system, where air interface resource reservation is dynamic (unlike the legacy trunked systems), there is a fair chance of unavailability of resources for the recipient users, thus leading to a false positive with un-acknowledged mode or unconfirmed mode for PTT group communication.
Even when it is assumed that calls are successful using the un-acknowledged mode, the recipient UE latencies will impact the initial media packets after the call set up as shown in the document in Figure 2.
To meet mission critical voice services, either the acknowledged mode or the optimized link establishment for both the originator and the recipient UEs must be considered. 
The following section details the call set up flow for group communication in acknowledged mode and provides an analysis

2. Group communication using unicast
The following figure illustrated group communication set up using the acknowledged mode or confirmed mode for unicast service.
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Figure 1. Example group call setup procedure using unicast for Acknowledged mode
The above call flow assumes that the UE have registered with the GCSE application server before the call is placed. The UE are maintained in RRC Idle before the call is placed. The S5/S8 bearers  (default or dedicated ) used for communication have been established before the call is placed.
The following table illustrates the breakdown of the call set up latency.

Table 1.  Call set up performance for unicast service with acknowledged mode for GCSE
	Step
	Delay Description
	Delay 

(ms)
	Comments

	1
	Originating UE RRC Idle to RRC Connected state
	80
	Annex B.1.1 of 3GPP TR 36.912 

	2
	OTA delay for delivering application layer signaling for floor request/ call set up
	10
	Reference: Annex B.2 of 3GPP TR 36.912

	3, 3a
	Round trip Network transmission delay between eNB and GCSE AS for the call originator
	40
	Out of RAN2 scope, the figure is shown as an example representative of the procedure.

	4, 
	Application server processing delay, 
	50
	Out of RAN2 scope, the figure is shown as an example representative of the procedure.

	5, 5a
	Round trip Network transmission delay between GCSE AS and eNB for the recipient UEs
	40
	Out of RAN2 scope, the figure is shown as an example representative of the procedure.

	6
	Paging Cycle Schedule Delay
	320
	Smallest Idle mode paging cycle configuration

	7
	Target UE(s) RRC Idle to RRC Connected state
	80
	Annex B.1.1 of 3GPP TR 36.912 

	8
	OTA delay  to deliver Application layer signaling for call or floor notification to the Target
	10
	Reference: Annex B.2 of 3GPP TR 36.912

	9
	OTA delay  to transmit Application layer signaling for call or floor acknowledgement
	10
	Reference: Annex B.2 of 3GPP TR 36.912

	10
	OTA delay  to transmit Application layer signaling for floor grant notification to the originator
	10
	Reference: Annex B.2 of 3GPP TR 36.912

	
	Total
	650
	


Note: There may be additional application layer processing delays on the UE out of RAN2 scope.
The following figure illustrates the call set up and initial media flow using un-acknowledged mode. The figure highlights the need to consider the acknowledged mode and recipient link establishment latencies within call set up performance to provide better user experience and consistent synchronous media quality.
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Figure 2. Example group call setup procedure using unicast for un-acknowledged mode
As shown in the figure, the recipient latencies adversely impact the following:
· The receiving side UE delays  will adversely impact the first media packet latency  in unacknowledged mode resulting in higher initial media latencies 
· In a group communication using unicast service, different receiving UEs will have different paging cycles. This result in different times for UEs to move to RRC Connected state. Since the beginning of the media play out after call set up depends on the paging cycle delay thus resulting in different UEs receiving the media packet at different times at relative to each other which may lead to inconsistent and bad user experience.
· In case of the acknowledged mode, the call set up procedure allows a majority of the UEs to establish the link and hence improves upon the unacknowledged mode case.
1 Group communication using eMBMS 
3.1 Group communication using pre-established eMBMS
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Figure 0‑2 End to end call setup over pre-established eMBMS in acknowledge mode
Table 3 shows the delay of initial end to end call setup over pre-established eMBMS in acknowledge mode
	
	Time (ms)
	Comments

	RRC_IDLE to RRC_Connected (originator)
	80
	Annex B.1.1 of 3GPP TR 36.912 

	Time from PTT floor request to floor grant
	55
	Out of RAN2 scope, the figure is shown as an example representative of the procedure.

	Dedicated bearer for VoIP establishment (originator side)
	0~115
	This delay can be avoided if the bearer is pre-established

	MSI receiving
	80
	Shortest MSP is 80ms

	Total
	215~330
	


Table 3 End to end call setup over pre-configured eMBMS in acknowlege mode
Similar to the unicast case, the subsequent call setup delay would be shorter: 135~250ms
3.2 Use of unicast bearer for data transmission while establishing eMBMS bearer
In this solution, the end to end call setup delay of acknowledge mode is same as unicast solution.
3. Conclusion
Observation: User perceived call setup delay includes both originator side and receiving side.

Proposal 1: Acknowledge mode of group communication shall be taken into consideration in RAN2 GCSE design and study.
Proposal 2: Take the acknowledged mode end to end call setup delay into TR 36.838
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