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1 Introduction
RAN2#89bis concluded the discussions on group priority for ProSe communication with the following statement that reflected the divergent understanding on off-network MCPTT priority requirements among companies.

=>
There is a need to have a better understanding of requirements before proceeding with a solution

Therefore, in order to make further progress in RAN1/RAN2 it is imperative to identify relevant off-network Mission Critical Push To Talk over LTE (MCPTT) priority requirements and translate them into RAN terminology using Rel-12 ProSe as the baseline RAN architecture. This contribution proposes ProSe RAN functional description for realizing off-network MCPTT priority to guide the design of Rel-13 group priorities for public safety ProSe communication in RAN1/RAN2. More specifically, it addresses how ProSe groups and their priorities can support off-network MCPTT users and MCPTT groups and their respective MCPTT priorities.
2 Discussion
The 3GPP Stage-1 MCPTT requirements are depicted in TS 22.179 [1]. The off-network MCPTT priority requirements are defined in Clause 5 (MCPTT Service requirements common for on the network and off the network) and Clause 7 (MCPTT Service requirements specific to off-network use).
2.1 Stage-1 Off-network MCPTT Priority Service Requirements

The following clauses of TS 22.179 [1] contain priority-related MCPTT service requirements that are directly applicable to the design of RAN ProSe priority solution to at least support MCPTT service in Rel-13.

Clause 5

5.1.7 
Prioritization 

5.2.2 
Group-Broadcast Group (e.g., announcement group)

5.2.3 
User-Broadcast Group (e.g., System Call)

5.5.2 
Requirements (Receiving from multiple MCPTT calls)
5.7.2 
Call types based on priorities

5.7.2.1
MCPTT Emergency Group Call

5.7.2.1.1 
MCPTT Emergency Group Call requirements

5.7.2.1.2 
MCPTT Emergency Group Call cancellation requirements

5.7.2.2 
Imminent Peril group call

5.7.2.2.1
Imminent Peril group call requirements

5.7.2.2.2
Imminent Peril group call cancellation requirements

5.7.2.3 
MCPTT Emergency Private Call (with Floor control)

5.7.2.3.1
MCPTT Emergency Private Call (with Floor control) requirements

5.7.2.3.2 
MCPTT Emergency Private Call (with Floor control) cancellation requirements

5.7.2.4 
MCPTT Emergency Alert

5.7.2.4.1 
MCPTT Emergency Alert requirements

5.7.2.4.2 
MCPTT Emergency Alert cancellation requirements

Clause 7
7.3.3 
Override (Floor Control)
7.7 
MCPTT priority requirements

7.8 
Call types based on priorities

7.8.1 
MCPTT Emergency Group Call requirements

7.8.2 
MCPTT Emergency Group Call cancellation requirements

7.8.3 
Imminent Peril Call
7.8.3.1 
Imminent Peril group call requirements

7.8.3.2 
Imminent Peril group call cancellation requirements

2.2 Stage-1 Off-network MCPTT Priority Service Requirements In Plain English
This contribution is restricted to consideration of MCPTT service for off-network MCPTT group call types. In MCPTT, there are the priority of a MCPTT group and the priority of a MCPTT user. The priority of the MCPTT user deals with the capability of distinguishing users within a single group, so that one MCPTT user may interrupt (override) the voice transmission of another MCPTT user of the same MCPTT group. Whereas, the priority of a MCPTT group is used to allocate MCPTT group call resources across MCPTT groups. For example a MCPTT group with higher group priority could make an MCPTT group call by interrupting the MCPTT group call resources being used by another one or more MCPTT groups with lower priority.

Observation 1: There are a MCPTT user priority and MCPTT group priority associated with a MCPTT group call. MCPTT group priority is used for MCPTT group call resource allocation among MCPTT group calls (and competes with other MCPTT group call types).  And the MCPTT user priority is used for priority treatment at by the MCPTT application layer floor control within a given MCPTT group (of any type).
MCPTT voice communication starts with push of a button. If there is no prior establishment of resources for a device to be part of a MCPTT group, then the push of the button is going to produce a MCPTT group call. If the group call is already established then the push of the button does not create a MCPTT group call. However, if a user pushes the button in addition to wanting to indicate higher priority situation (e.g., Emergency MCPTT Group Call or an Imminent Peril Group Call) then the combination of the push of the button and the emergency indication, changes the priority of the existing MCPTT group call. It may also cause an override (interruption of an existing transmission).
There are a MCPTT user priority and MCPTT group priority associated with any MCPTT group call. There is a set of MCPTT group calls that relate to MCPTT groups. MCPTT Groups are defined with a priority (hierarchy), that when a MCPTT group call is made, there is a MCPTT group priority associated with it. There is also a MCPTT priority (hierarchy) of MCPTT group calls with other MCPTT group calls. However there is no standard for assigning those priority relationships, except for those stated in TS 22.179, clause 5.7, [5.7.2.1.1-004]; [5.7.2.1.1-006]; [5.7.2.2.1-002]; & [5.7.2.2.1-004].
Furthermore, there is MCPTT pre-emption priority associated with a MCPTT group call in addition to MCPTT group priority. When there is contention of the resources between two MCPTT group calls, there are two:

1) If both MCPTT group calls request the resources at the same time, then the MCPTT group call with higher MCPTT group priority would be granted the resources and the other MCPTT group call with lower priority is queued.

2) If one MCPTT group call is competing for the resources with another on-going MCPTT group all, the pre-emption would be invoked only if the MCPTT pre-emption priority of the newly arrived MCPTT group call is higher than the on-going MCPTT group call. Otherwise, the newly arrived MCPTT group call should be queued.
Observation 2: The off-network MCPTT service needs to be flexible to accommodate the practices that each public safety jurisdiction may have for their unique plans defining the relationship and assignment of MCPTT group priorities, MCPTT pre-emption priority and MCPTT user priorities.

2.3 ProSe RAN Functional Description for Realizing Off-Network MCPTT Group Priority
The above off-network MCPTT priority requirements are clear from the MCPTT service perspective, what isn’t clear is how these MCPTT service requirements are realized on PC5, and that is why RAN1/RAN2 have had so many questions. The realization of off-network MCPTT group priority requirements requires at a minimum the mapping of the two distinct MCPTT priorities of a MCPTT group call, i.e. a MCPTT user priority and a MCPTT group priority, to proper scheduling functions over the PC5 interface.
2.3.1 Handling Off-network MCPTT user priority
The MCPTT user priority is the priority of voice transmission for each MCPTT user within a MCPTT group. It is noted that a MCPTT floor control function within a MCPTT application is required by default to ensure that there is only one talker within the MCPTT group at any given time. Therefore, the MCPTT user priority naturally should be handled by the MCPTT floor control function within the MCPTT application on UEs of the MCPTT group over PC5. Even though the floor control function resides in MCPTT application, it is unclear whether a MCPTT floor control with MCPTT user priority could be realized at purely application layer over half-duplex Sidelink of PC5 interface without additional L1/L2 signaling. For example, how the floor control function effectively and timely overrides the floor granted to an on-going voice transmission by a UE with lower MCPTT user priority under the half-duplex Sidelink restriction of PC5? An UE transmitting continuously in SA periods cannot receive in the same SA periods. Therefore, The MCPTT application on a transmitting UE is not able to be aware (or notified) that its granted floor has been overridden until the UE stops transmitting.
Observation 3: The MCPTT user priority should be handled by the MCPTT floor control function within the MCPTT application; and RAN1/RAN2 should investigate potential L1/L2 impacts to support override and notification of the MCPTT floor control on PC5 with half-duplex Sidelink restriction. Even though the L1/L2 support for MCPTT floor control is not explicitly identified in the scope of ProSe enhancements WID, the concepts of pre-emption and of priority under the control of MCPTT in a connectionless/half-duplex PC5 are not decoupled.
2.3.2 Handling Off-network MCPTT group priority
The MCPTT group priority is the situational priority of a MCPTT group call. At any given time there could be multiple group calls with different or same priorities on PC5 contending for SA and data resources. When there is a contention, the scheduler of PC5 interface needs to allocate SA and data resource for each group call according to its MCPTT group priority. For Mode1 ProSe communication the PC5 scheduling function resides in eNB, whereas for Mode2 ProSe communication the PC5 scheduling function must be distributed among all UEs on the PC5 interface. Unlike supporting on-network MCPTT group call over connection-orient Uu interface with radio bearer, the PC5 interface is connectionless and half-duplex with no establishment of radio bearer for any MCPTT group call. Thus, it is required that every MAC PDU of a MCPTT group call is associated with consistent L1/L2 identifiers across PC5 scheduling function for Mode1 and Mode2; such that SA and data resources for each MAC PDU of the same MCPTT group call could be properly and consistently scheduled based on the associated L1/L2 identifiers correspondent to the pair of MCPTT group priority and MCPTT group ID, albeit lacking of PC5 radio bearer.  
For example, the MCPTT user experience needs to be the same as much as possible in the on-network and off-network use of priorities. From RAN’s perspective on-network MCPTT application and off-network MCPTT application are similar, except that the former is supported on Uu interface and the later is supported on PC5 interface. If SIP (Session Initiation Protocol) is used by an on-network MCPTT application to support the establishment of an on-network MCPTT group call, SIP creates a session and associated radio bearers from which the MCPTT application can use. The result is that radio resources of the bearer have been allocated on Uu for properly scheduling, and thus even if there is no voice to be sent a bearer has been established. From a RAN’s perspective this is when the on-network MCPTT group call is initiated. Subsequently there is no difference when the push-button is pushed again because the SIP session already established the on-network MCPTT group call and allocated resources with the radio bearer. However, if there is a situational change of the MCPTT group priority associated with the on-network MCPTT group call due to an emergency, the MCPTT application needs to either establish (or just use pre-established) another MCPTT group call using the elevated higher priority through SIP; or the radio bearer associated with that MCPTT group call anywhere in the network also has to be signalled and elevated in priority and possible QCI. There are inherited latency and scalability issues that need to be addressed for either approach.
On the contrary, the PC5 interface is connectionless and half-duplex with no establishment of PC5 bearer for scheduling MAC PDUs of MCPTT off-network group call. In order to perform consistent scheduling for each MAC PDU in a MCPTT group call in absence of PC5 bearer, a potential solution is to identify a service flow of the MCPTT group call with associated group priority in the PC5 scheduling function.

A possible approach is to identify the service flow by the ProSe L2 group ID carried in each MAC PDU of the same group call. The MCPTT group ID and the MCPTT group priority of the MCPTT group call are mapped to the ProSe L2 group ID by the transmitting UE. The result is that radio resources of the MCPTT group call could be scheduled consistently on PC5, and thus even if there is no voice to be sent an pseudo PC5 bearer has been virtually established without incurring L2 signalling for bearer setup. From a RAN’s perspective an off-network MCPTT group call has been initiated by the creation of the mapping between the pair [MCPTT group ID, MCPTT group priority] of the MCPTT group call and the ProSe L2 group ID. Subsequently there is no difference when the push-button is pushed because the pseudo PC5 bearer already established for the off-network MCPTT group call, identified by ProSe L2 group ID in each MAC PDU. However, if there is a situational change of the MCPTT group priority associated with the off-network MCPTT group call due to an emergency, the MCPTT application needs to establish (or just use pre-configured) another MCPTT group call using the elevated higher priority through SIP. 
Another possible scheme is to identify the service flow of a MCPTT group call within the PC5 scheduling function by a pair of ProSe L2 group ID and a ProSe L2 group priority. The mapping between a pair of [MCPTT group ID, MCPTT group priority] identifying the MCPTT group call and a pair of [ProSe L2 group ID, ProSe L2 priority] identifying the correspondent pseudo PC5 bearer could be signalled by the network to the PC5 scheduling function for Mode1 and pre-configured in the UE for Mode2.
The latency and scalability issues are expected to be minor for both approaches because the pseudo PC5 bearer is connectionless and could be pre-configured for Mode2. There are 24 bits for ProSe L2 group IDs in Rel-12 (16.7 million groups possible) to accommodate all combinations of MCPTT Group IDs and associated MCPTT group priorities for off-network operations in an incident area.
There are other possible approaches that should be studied by RAN1 and RAN2 to meet off-network MCPTT group priority requirements.

Observation 4: The service flow of a MCPTT group call with associated group priority needs to be identified across PC5 scheduling function for Mode1 and Mode2, such that SA and data resources for each MAC PDU of the same MCPTT group call could be properly and consistently scheduled.
1. However, when two MCPTT group calls are transmitting simultaneously and there is contention of SA and Data resources, the PC5 scheduling function needs to perform either pre-emption or queuing based on MCPTT group priority and MCPTT pre-emption priority respectively. It is noteworthy that the concepts of pre-emption and of priority in a connectionless and half-duplex system are not decoupled. The PC5 is connectionless and half-duplex, i.e. there is no established bearer, so no admission control, and there is a potential opportunity for pre-emption every SA period. However, a transmitting D2D UE cannot receive any pre-emption signal until it switches to receiving mode due to the half-duplex design of Sidelink. Therefore, the sidelink half-duplex restrictions require RAN1/RAN2 to define a generic early-termination/pre-emption scheme, such that pre-emption at network or higher layers could be effectively implemented over PC5.
Observation 5: RAN1/RAN2 should investigate potential L1/L2 impacts to support MCPTT group priority and coupled MCPTT pre-emption priority on PC5 with half-duplex Sidelink restrictions. The concepts of pre-emption and of priority in a connectionless/half-duplex PC5 are not decoupled.
Observation 6: RAN1/RAN2 should define a generic early-termination/pre-emption scheme for Sidelink, such that pre-emption at network or higher layers could be effectively implemented on PC5.
2.3.3 RAN Functional Description

1. There are two priorities associated with each off-network MCPTT group call i.e. MCPTT user priority and MCPTT group priority.

2. The MCPTT user priority within an off-network MCPTT group is handled by a MCPTT floor control function among all members of the MCPTT group. For each MCPTT group call the assigned situational MCPTT user priority of the call is handled by the MCPTT floor control mechanism on PC5 interface.

3. There is a PC5 scheduling function that is in eNB for Mode1 and distributed among all ProSe-enabled UEs for Mode2. Each MCPTT group call is associated by consistent L1/L2 identifiers across PC5 scheduling function for Mode1 and Mode2; such that SA and data resources for each MAC PDU of the same MCPTT group call could be properly and consistently scheduled based on the associated L1/L2 identifier correspondent to the pair of MCPTT group priority and MCPTT group ID.

4. When a MCPTT user transmits a voice spurt of a MCPTT group call, the MCPTT user has to request the floor, which is granted by the MCPTT floor control function based on the MCPTT user priority. If an override has occurred, the MCPTT floor control function must notify the overridden MCPTT group member, who subsequently needs to stop transmission if the MCPTT group has been configured to do so. The results of that request are needed to know if the MCPTT user can transmit the voice spurt. If the transmission is granted, then SA and Data resources are selected from available resource pools by the PC5 scheduling function based on the L1/L2 identifier correspondent to the pair of MCPTT group ID and MCPTT group priority of the MCPTT group call. If there is contention of SA and Data resources from another newly initiated MCPTT group call, the PC5 scheduling function needs to perform either pre-emption or queuing based on MCPTT group priority and MCPTT pre-emption priority respectively.
2.3.4 Handling Off-network MCPTT Group Priority with Assigned Resources for Mode2
The Rel-12 PC5 interface is connectionless with no L1/L2 feedback channel. For Mode2 the distributed PC5 scheduling function in each UE basically randomly select SA/data resources from available SA/data resource pool(s) to transmit MAC PDUs. It is a grand challenge for RAN1/RAN2 to design an enhanced Rel-13 PC5 scheduling function for Mode2 on top of Rel-12 scheduling behaviour of randomly selecting SA/data resources to accommodate off-network MCPTT group priority. Especially for MCPTT, high priority group requires assurance in resolving contention with other groups when selecting SA/data in the same resource pool.
Straightforwardly, the contention of SA/data in a resource pool between groups could be resolved by assigning orthogonal SA/data (sub-pool) to each ProSe L2 group in the resource pool. Alternatively, if there are enough resource pools, each high priority ProSe L2 group that requires assurance in SA/data allocation could be assigned to occupy a dedicated resource pool.
The rationales and RAN requirements of assigned resources for high priority off-network MCPTT groups were proposed in R1-143259 [2], R2-143322 [3] and R1-145125 [4]. It is required by public safety to ensure assigned off-network MCPTT communication resources could be configured (at least semi-statically) for high priority MCPTT groups, when required. Our primary concern on sharing SA/data in resource selection without a robust priority scheme is the possibility of voice service degradation/discontinuity at a critical moment, e.g. a team leader/supervisor of a police group operating off network communicating to a group of snipers on the roof fails to give a "shoot" or "don't shoot" voice message in time.
Observation 7: Handling off-network MCPTT group priority with assigned SA/data resources for Mode2 is supported in Rel-13 as a supplemental scheme for group priority.
3 Conclusion
In the case of off-network MCPTT, highly robust ProSe group prioritized communication with pre-emption is fundamentally required for public safety. The following proposals are presented to guide the design in RAN1/RAN2 of Rel-13 group priorities for public safety ProSe group communication in support of group MCPTT priorities.
Proposal 1: The MCPTT user priority is handled by the MCPTT floor control function within the MCPTT application; RAN1/RAN2 should investigate potential L1/L2 impacts to support override and notifying of the floor control on PC5 with half-duplex Sidelink restrictions.
Proposal 2: The service flow of a MCPTT group call with associated group priority needs to be identified across PC5 scheduling function for Mode1 and Mode2, such that SA and data resources for each MAC PDU of the same MCPTT group call could be properly and consistently scheduled
Proposal 3: RAN1/RAN2 should investigate potential L1/L2 impacts to support MCPTT group priority and coupled MCPTT pre-emption priority on PC5 with half-duplex Sidelink restrictions.

Proposal 4: RAN1/RAN2 should define a generic early-termination/pre-emption scheme for Sidelink, such that pre-emption at network or higher layers could be effectively implemented on PC5.
Proposal 5: Handling off-network MCPTT group priority with assigned SA/data resources for Mode2 is supported in Rel-13 as a supplemental scheme for group priority.
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