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1
Introduction
In RAN2#89, RAN2 agreed to evaluate single-cell point-to-multipoint transmission against GCSE requirements and also consider MCPTT requirements if available.

This contribution discusses which requirements of GCSE and MCPTT are relevant for RAN2 and proposes an evaluation of single-cell point-to-multipoint transmission towards them.

2
MCPTT/GCSE requirements
The GCSE requirements from TS 22.468 considered during the evaluation of unicast and MBMS are captured in TR 36.868 section 4. In TS 22.179 section 4.1, it is clarified that "the MCPTT Service also builds upon service enablers: GCSE_LTE and ProSe. [...] the requirements are grouped according to applicability to on-network use, off-network use, or both."
In our understanding, this means that all GCSE requirements also apply for MCPTT in on-network use, even though they may not be mentioned. In TS 22.179, for the "on-network use" and "both", we have identified the following RAN2-related requirements
[R-6.15.3.2-012]
The MCPTT Service shall provide an MCPTT Access time (KPI 1) less than 300 ms for 95% of all MCPTT Request.
[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-6.15.4.2-004] The maximum Late call entry time (KPI 4b) for application layer encrypted calls within one MCPTT system should meet the requirements for KPI 4 for unencrypted calls.

[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.

[R-6.15.6-001] Radio resource shall be able to be utilized in an efficient manner for the MCPTT Service up to a certain threshold, the radio resource allocation for MCPTT Service shall be on-demand basis and flexible, or in a predefined manner.

[R-6.4.1-001] Interruption to an MCPTT Group Call shall be minimized when participates move from one area to another.
[R-6.5.1-002] The MCPTT Service shall support Broadcast Group Calls to a dynamically defined geographic area.

[R-6.6.4.2-002] The MCPTT Service shall provide a means for combining a multiplicity of MCPTT Users into a new, temporary group based on a parameter or a combination of parameters (e.g., particular geographic area, Participant type).
It seems that there is some redundancy between TS 22.149 and TS 22.468, e.g. "KPI 1" of MCPTT seems to be the same like "end-to-end setup delay". We suggest a "mapping table" below.
Table 2-1:
Mapping of MCPTT and GCSE requirements
	MCPTT requirement
	GCSE requirement
	Remark

	KPI 1 < 300ms for 95/99% calls
	end-to-end setup time < 300ms
	

	KPI 2 < 1000ms
	-
	

	KPI 3 < 300 ms for 95% bursts
	end-to-end media transport delay < 150 ms
	MCPTT requirement seems looser than GCSE requirement

	KPI 4a < 150ms
	time to join an ongoing group communication < 300ms
	In TR 36.868, no application layer ciphering is assumed

MCPTT requirement is tighter than GCSE requirement

MCPTT clearly considers the "worst case"

	KPI 4b < 350ms
	time to join an ongoing group communication < 300ms
	In TR 36.868, no application layer ciphering is assumed

	radio resource shall be able to be utilized in an efficient manner
	The system shall provide a mechanism to efficiently distribute data for Group Communication
	MCPTT requirement and GCSE requirement are basically identical.

No specific target. Not evaluated in TR 36.868.

	Interruption to an MCPTT Group Call shall be minimized when participates move from one area to another.
	When UEs are moving among cells during Group Communication, service continuity shall be supported
	MCPTT requirement and GCSE requirement are basically identical. 

No specific target

	Support Broadcast Group Calls to a dynamically defined geographic area
	GCSE Groups may be geographically restricted.
	MCPTT requirement seems more clear. Not evaluated in TR 36.868.

	Combining a multiplicity of MCPTT Users into a new, temporary group
	The system shall provide a mechanism for the dynamic creation, modification, and deletion of GCSE Groups.
	MCPTT requirement and GCSE requirement are basically identical.

Not evaluated in TR 36.868.

	MCPTT scalability guide in Annex C
	The number of Receiver Group Members in any area may be unlimited
	MCPTT requirement and GCSE requirement are basically identical.


For the requirements on latency, we observe that,

-
KPIs 1 and 3 seem to be the same like GCSE latency requirements, with a looser target for KPI 3.

-
KPI 2 does not match with any GCSE latency requirement.
-
KPI 4a and 4b both match with a single GCSE latency requirement, with different targets depending whether application layer ciphering is used or not.
Therefore, to evaluate SC-PTM against MCPTT/GCSE requirements on latency, it is sufficient to use the same scenarios like in TR 36.868 with the addition of one scenario to cover KPI 2, which could be called e.g. "end-to-end access time with acknowledgement from first receiving user".
3
Latency analysis
3.1
End to end setup time / KPI 1

3.1.1
Call flow
In order to analyse the latency when using SC-PTM MRBs for MCPTT, we consider the same steps like in TR 36.868, assuming the group session is pre-established, but there is no pre-established bearer.
Figure 3.1.1-1: Group communication setup over SC-PTM
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1)
The MCPTT AS requests the BM-SC to assign a TMGI to a group call.

2)
UE 1 downloads User Service Description (USD) for the corresponding service.

3)
UE 1 establishes QCI=5 EPS bearer for MCPTT signalling and registers to the MCPTT AS over the EPS bearer. When the UE 1 registers with the MCPTT AS, the UE 1 reports its capability, provides its location on a cell basis. The UE may also register to BM-SC for security keys.
4)
A group call session is pre-established similarly to the session establishment procedure of Push to talk over Cellular (PoC).

5)
As UE 1 pushes the MCPTT button, if UE 1 is in RRC_IDLE, a service request procedure is initiated in order to transit from RRC_IDLE to RRC_CONNECTED.

6)
UE 1 sends a PTT floor request to the MCPTT AS.

7)
If the MCPTT AS wants to accept the PTT floor request, the MCPTT AS prepares in parallel:
7a)Uplink media transport

7a1)
The MCPTT AS grants the floor to UE 1.

7a1)
The MCPTT AS initiates the activation of a unicast bearer towards UE 1 for uplink media transport.
7b)
MBMS bearer activation over SC-PTM
7b1)
The MCPTT AS activates an MBMS bearer in cells where there are a number of group members UEs.

7b2)
The BMSC initiates MBMS session start towards the MCEs controlling the cells indicated by the MCPTT AS.

7b3)
The MCE confirms the session to the BMSC.

7b4)
The BMSC confirms the session to the MCPTT AS.

7b5)
The MCPTT AS sends the talker ID over the MBMS bearer.

7b6)
The concerned eNBs indicate the SC-PTM configuration (e.g. TMGI and corresponding Group-RNTI, scheduling subframes) and that a transmission is scheduled in the next subframes.

7b7)
The Talker ID is transmitted over the MRB.
8)
UE sends media to GCSE AS. GCSE AS forwards the media to the MRB over SC-PTM.

3.1.2
Evaluation
According to TR 36.868, 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 MCPTT AS.
According to section 5.1.1.1 in TR 36.868, this time could be between 220 and 250 ms, assuming the MCPTT grants the floor before initiating the establishment of a dedicated VoIP bearer and the UE waits until establishment of the dedicated VoIP bearer before sending initial data.
Table 3.1.2-1: End to end setup time calculation for group communication (black arrows)
	Descriptions
	Time (ms)
	Comments

	RRC_IDLE to RRC_CONNECTED 
	50 -80
	Clause 16.2 of 3GPP TR 36.912 

	Time from PTT floor request to floor grant
	55
	Out of RAN WG2 scope, the value 55ms, is shown as an example representative of the time required for 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. 

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


In figure 3.1.1.-1, we have shown in blue the MBMS bearer setup initiated from the MCPTT AS. For SC-PTM MRBs, one possibility is to consider similar mechanisms like for MBSFN, i.e. using a periodic broadcasting of SC-PTM configurations (e.g. TMGIs and their group-RNTIs/LCIDs) and a scheduling period in order to allow DRX.
Table 3.1.2-2: MRB over SC-PTM setup time (blue arrows)
	Descriptions
	Time (ms)
	Comments

	Propagation of the MCPTT AS to the BMSC, MBMS-GW, MCE and eNB
	20
	This time includes backhaul delay and node processing delay.

	Acquisition of SC-PTM configuration
	40(80)
	SC-PTM configuration, such as TMGIS and their group-RNTIs/LCIDs, is provided every 80ms


	Total time
	60 (100)
	


This means that it could take less time than to setup a dedicated VoIP bearer so that the MCPTT AS can request the MBMS bearer (over SC-PTM) activation only upon reception of a floor request.
Observation 1: Using SC-PTM, the end-to-end setup time could be 220-250ms, like for unicast and MBSFN, but without the need to pre-establish MBMS bearers for receiving UEs. The GCSE group call setup time/MCPTT KPI1 requirement could be satisfied with SC-PTM.
3.2
Time for joining an ongoing group communication / KPI 4
3.2.1
Call flow

As indicated in TR 36.868, in order to join an ongoing group communication, the UE needs to send a joining request to the MCPTT AS indicating which group communication it’s willing to join and wait for the acknowledgment. Meanwhile, the UE needs to acquire the SC-PTM configuration and start receiving the data.
Figure 2: Joining an ongoing group communication
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1)
UE 1 downloads User Service Description (USD) for the corresponding service.

2)
UE 1 establishes QCI=5 EPS bearer for MCPTT signalling and registers to the MCPTT AS over the EPS bearer. When the UE 1 registers with the MCPTT AS, the UE 1 reports its capability, provides its location on a cell basis.

3)
A group call session is pre-established similarly to the session establishment procedure of Push to talk over Cellular (PoC).
4)
Media transmission is ongoing.

5)
As UE 1 pushes the MCPTT button, the UE takes the two following actions in parallel:

5a)
The UE joins the group communication

5a1)
If UE 1 is in RRC_IDLE, a service request procedure is initiated in order to transit from RRC_IDLE to RRC_CONNECTED.

5a2)
A request to join an ongoing communication is sent to the MCPTT AS.

5a3)
The UE receives the response.
5b)
In parallel, the UE starts acquiring the SC-PTM configuration for the desired TMGI.

6)
The UE starts receiving the media and may perform application layer deciphering, if needed.
3.2.2
Evaluation
The UE can start acquiring all SC-PTM configurations in the cell even before receiving the confirmation that the UE is allowed to join the call. It is assumed that the registered user has acquired the SC-PTM SIB and kept up-to-date information during the communication, like the MBSFN case in TR 36.868.
Table 3.2.2-1: Time for joining an ongoing group call (blue arrows and red arrows)
	Descriptions
	Time (ms)
	Comments

	Acquisition of SC-PTM configuration
	40 (80)
	SC-PTM configuration, such as TMGIS and their group-RNTIs/LCIDs, is provided every 80ms,

	Processing of SC-PTM configuration
	10
	Processing delay at the UE 

	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	eNB ( Receiving UEs
	10
	Receiving and processing at the UE

	Total time
	70 (120)
	


In parallel, it takes 50-80ms to establish the RRC connection and 55 ms to join the ongoing group communication, i.e. 105-135ms. This means that at the latest, 135ms after the user has pressed the "join group call" PTT button, the UE can start receiving data.

Observation 2: Using SC-PTM, the time to join an ongoing group communication, with or without application layer ciphering, could be 105ms-135ms in all cases. The GCSE ongoing group call join time/MCPTT KPI4 requirement could be satisfied with SC-PTM.
In the case of MBSFN in TR 36.868, it was considered that "on average", if the UE has up to date MCCH contents, the time to join an ongoing group communication could be 45ms. However, the UE is certainly not be allowed to listen to a call until the MCPTT AS has accepted the request to joint this call, which may take up to 105-135 ms.  

Observation 3: Using MBSFN, the time to join an ongoing group communication with or without application layer ciphering cannot be less than using SC-PTM.

3.3
End to end delay for media transport / KPI 3
We can evaluate the end to end delay for media transport as follows.

Table 3.3-1 User plane delay estimation when using SC-PTM for media delivery

	Description
	Time (ms)
	Comments

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

	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
	20
	Backhaul delay and node processing delay, no SYNC delay.



	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	eNB ( Receiving UEs
	10
	Receiving and processing at the UE

	Total
	70 (80)
	


Observation 4: Using SC-PTM, the end to end media transport delay can be 80ms. The GCSE media transport time/MCPTT KPI3 requirement could be satisfied with SC-PTM.
3.4
End to end access time with acknowledgement from first receiving user/ KPI 2
The case when an acknowledgment is required was not analysed in TR 36.868. We assume the same sequence like when no acknowledged mode is required, with the addition of the acknowledgment after receiving the talker ID.
Figure 3.4-1: Group communication over MRB (SC-PTM) - acknowledged mode
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1) to 7b7) are the same like in section 3.1.1 above.
8)
If UE2 is in RRC_IDLE, the UE moves to RRC_CONNECTED.
9)
The UE send an acknowledgement to the MCPTT AS.

10)
Media transmission is started.

3.4.2
Evaluation
We evaluate the time it takes for end-to-end setup including reception of acknowledgement from the first receiving user.
 Table 3.4.2-1: Time to setup SC-PTM and receive acknowledgement from first receiving UE
	Descriptions
	Time (ms)
	Comments

	Sender UE moves from RRC_IDLE to RRC_CONNECTED 
	50 -80
	Clause 16.2 of 3GPP TR 36.912 

	Time from PTT floor request to floor grant
	55
	Out of RAN WG2 scope, the value 55ms, is shown as an example representative of the time required for the procedure.

	Propagation of the MCPTT AS to the BMSC, MBMS-GW, MCE and eNB
	20
	This time includes network interface delays and node processing times.

	Acquisition of SC-PTM configuration
	40 (80)
	SC-PTM configuration, such as TMGIS and their group-RNTIs/LCIDs, is provided every 80ms

	Processing of SC-PTM configuration
	10
	Processing delay at the UE

	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	Reception of the talker ID
	10
	Processing delay at the UE 

	First receiving UE moves from RRC_IDLE to RRC_CONNECTED 
	50 -80
	Clause 16.2 of 3GPP TR 36.912 
This includes the setup of the DRB for signalling to MCPTT AS, which remains established in the MME.

	Acknowledgment from the first receiving UE to the MCPTT AS
	20
	This considers air interface and network delay.

	Acknowledgement to the sender UE
	20
	This considers air interface and network delay.

	Total time
	285-345

(335-395)
	


The VoIP bearer establishment for the sender UE occurs in parallel with SC-PTM bearer establishment and RRC connection establishment at the first receiving UE. 
Observation 5: Using SC-PTM, KPI 2 of MCPTT could be 335-395ms in the worst case without the need to pre-establish MBMS bearers, which is much shorter than the required access time. 
4
Analysis on other GCSE/MCPTT requirements
4.1
Support Broadcast Group Calls to a dynamically defined geographic area
For public safety, the geographic area for a group call should be dynamically decided based on e.g. incident’s physical location. For SC-PTM, the broadcast area is quite dynamic and could be adjusted cell by cell, therefore this GCSE/MCPTT requirement could be satisfied.
Observation 6: SC-PTM could satisfy the GCSE/MCPTT requirements on “Support Broadcast Group Calls to a dynamically defined geographic area”.
4.2
Dynamic group creation/modification/deletion
The MCPTT AS may want to dynamically setup a group, e.g. to combine a multiplicity of MCPTT Users into a new and temporary group. As indicated in section 3.1.2, using SC-PTM, the group call setup time could be 220-250ms without the need to pre-establish MBMS bearers for receiving UEs, therefore this GCSE/MCPTT requirement could be satisfied. Then of course SC-PTM can support dynamic modification and deletion of groups, since they are not as delay sensitive as dynamic group creation.
Observation 7: SC-PTM could satisfy the GCSE/MCPTT requirements on “Dynamic group creation/modification/deletion”.
4.3
Others

For the GCSE/MCPTT requirements on radio resource utilisation, it will anyway be considered in the comparison with MBMS and unicast. For SC-PTM, the GCSE/MCPTT requirements on scalability could be satisfied if SC-PTM reception is supported for Idle mode UEs, which is discussed in [2]. The analysis on service continuity requirements for SC-PTM is provided in [3]. 
6
Conclusion

In this document, we analysed the relevant GCSE/MCPTT requirements and evaluated whether SC-PTM could satisfy these requirements, and we have following observations:
Observation 1: Using SC-PTM, the end-to-end setup time could be 220-250ms, like for unicast and MBSFN, but without the need to pre-establish MBMS bearers for receiving UEs. The GCSE group call setup time/MCPTT KPI1 requirement could be satisfied with SC-PTM.
Observation 2: Using SC-PTM, the time to join an ongoing group communication, with or without application layer ciphering, could be 105ms-135ms in all cases. The GCSE ongoing group call join time/MCPTT KPI4 requirement could be satisfied with SC-PTM.
Observation 3: Using MBSFN, the time to join an ongoing group communication with or without application layer ciphering cannot be less than using SC-PTM. 
Observation 4: Using SC-PTM, the end to end media transport delay can be 80ms. The GCSE media transport time/MCPTT KPI3 requirement could be satisfied with SC-PTM.

Observation 5: Using SC-PTM, KPI 2 of MCPTT could be 335-395ms in the worst case without the need to pre-establish MBMS bearers, which is much shorter than the required access time. 
Observation 6: SC-PTM could satisfy the GCSE/MCPTT requirements on “Support Broadcast Group Calls to a dynamically defined geographic area”.
Observation 7: SC-PTM could satisfy the GCSE/MCPTT requirements on “Dynamic group creation/modification/deletion”.
We have the following proposal:
Proposal: Agree on the above observations and capture them into TR 36.890.
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