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1 Introduction

At RAN#66, a new RAN2 study item on “Support of single-cell point-to-multipoint transmission in LTE” was agreed [1]. The focus of the study is to investigate technical solutions for single-cell point-to-multipoint (SC-PTM) transmission in E-UTRAN and evaluate the gains and feasibility of the solutions. 
The objectives of the SI cover 
· Improved radio resource efficiency
· Dynamic multicast area configuration

The following use cases are considered in the SI description: 
1) Critical communications, e.g. Public Safety
2) Commercial use cases, such as top video or popular apps download, mobile advertising, traffic information for cars etc.
The main focus will however be on critical communications, while commercial use cases are secondary. We think that another possible use case to be addressed could be machine type communication (MTC) with low complexity UEs.

As a base line in [1], the potential solutions should:
· Reuse the existing eMBMS system architecture and focus on the radio efficiency improvement
· Be flexible and efficient enough to support “dynamic multicast” for a wide range of use cases
· Reuse existing standardized functionalities when possible and justified

· Be able to complement an MBSFN deployment in the same cell
2 Overview of single-cell point-to-multipoint transmission

In contrast to the legacy MBMS deployment in LTE where pre-configured MBSFN subframes are used, the idea of single-cell PTM transmission covers the following [2]:
· Use of regular unicast subframes

· Group scheduling on PDSCH to allow for multiplexing with other traffic
· Use PDCCH addressed to a common Group-RNTI

However, the study item is not limited to the solution examples listed above.
2.1 Use cases and assumptions
For a successful SI conclusion it is important to narrow down the different target use cases and focus on the related requirements. Also, these evaluations should be made considering expected enhancements for existing group communication functionality, for example ”MBMS enhancements” specifically for mission critical push-to-talk (MCPTT) [3] and “Group based enhancements” [4]. Below we list a few areas and potential solutions based on existing or discussed functionality.
2.1.1 Critical communication 
As can be seen from the SI description, the main target for SC-PTM transmission is group communication such as Public Safety. The intention of the SI is to study potential limitations of the current eMBMS solution. It seems thus reasonable to use the service requirements for MCPTT as defined in [3].

The most relevant MCPTT service requirements to be met in this SI are related to:
· Dynamic multicast area reconfiguration
· Call performance, specifically latency

· Location (Section 6.12)

· e.g. UE location tracking and reporting
· Service continuity

Latency requirements

In order to meet these latency requirements, it is assumed that for group communication via eMBMS, pre-established MBMS Point-to-Multipoint Radio Bearer (MRB) is used; see Section 5.2.1 in [4].
The latency requirements for MCPTT are provided in the annex based on [6]. Also some time calculations are provided in the annex based on [8].

Detection of Affiliated Users 

There are different solutions to detect/track UEs in a group. Tracking of UEs could be either controlled by the BM-SC reusing the UE location reporting as defined for MBMS operation on Demand (MooD) or by the GCSE AS as discussed in [3]. 
Service continuity

The interruption time when moving out of a cell providing the service via SC-PTM should also be considered and potential solutions should mitigate the interruption time. It should be considered to reuse the SYNC protocol. This would also have the advantage that the BM-SC would not have to know whether MBSFN mode or SC-PTM mode is used. When moving between cells within the relevance area, MBSFN mode could be more beneficial for use cases requiring high reliability. For higher reliability, SC-PTM would have to allow for e.g. ACK/NACK based retransmissions, but during handover, service continuity may not be guaranteed.
MTC with low complexity UEs to avoid changing the eMBMS framework
For MTC, group based enhancements are studied and it was agreed to use eMBMS for group message delivery in E-UTRAN [4]. However, if Rel-13 low complexity UEs [5], which only support transmission bandwidth of up to 1.4 MHz, were supposed to receive group message via eMBMS, MCH transmission on partial system bandwidth would have to be supported, requiring changes on physical layer and on the link layer to signal the new configuration. If the eMBMS framework is extended with single-cell PTM, the benefit of one-to-many transmission could be exploited while fulfilling the partial bandwidth usage requirement for Rel-13 low complexity UEs. 
Proposal 1 Use-cases and associated service requirements are defined for use in the evaluation of solutions for SC-PTM

Proposal 2 Applicable MCPTT service requirements are used as basis for defining the Public Safety requirements for SC-PTM solutions

Proposal 3 Rel-13 low complexity UE are considered as one component in SC-PTM to complement the eMBMS framework
2.2 Radio resource efficiency
In the study item description, the current mechanisms for MBMS are described as non-optimised for dynamically changing number of groups, which are localised and have dynamically changing traffic load. There are situations when pre-assigned resources for critical services may remain unused. The SI should thus study and evaluate the gain in resource efficiency for solutions in relevant scenarios considering defined performance requirements and by comparing to existing functionality such as unicast and eMBMS in MBSFN mode.
SI lists some potential drawbacks with current MBSFN mode:

· Subframe granularity: if eMBMS data does not fill the whole subframe, no frequency multiplexing with unicast is possible due to the different subframe structure in the data region. MBSFN subframes have a longer OFDM symbol duration and CP duration.
· If the MBSFN area is small or only consists of one cell, the use of the extended CP is not needed, so that less data can be transmitted per subframe
· If there are no data transmissions the overhead for pre-configured eMBMS bearers with no data transmission can be up to 2.5 % of the total subframes if the delay-acceptable MSP of 40 ms that has been introduced for GCSE Rel-12, is used
In the following the radio resource efficiency of MBSFN and SC-PTM, respectively, will be compared to unicast performance:

· In MBSFN mode, we typically assume large areas comprising at least a ring of 1 tier (7 cells) or 2 tiers (19 cells) and have a switching point of 1-2 users per cell depending on the cell load
· SC-PTM: 

· Without link adaptation the MCS configuration must be chosen for cell edge UEs

· the switching point is expected to be around 5 users per cell according to [2] for 95 % coverage and 1 % BLER
· The use of MIMO is questionable if the transmission mode has to be selected for cell-edge UEs
· If there are multiple neighboring cells providing the MBMS service via SC-PTM, there will be no MBSFN gain.
· For better adaptation to the dynamic user distribution and group size, it might be beneficial to discuss feedback mechanisms to allow for adaptive MCS selection and retransmissions specifically for cell-edge UEs. This will on the other hand increase the complexity.

The resource waste is only relevant when unicast resources are scarce and multiplexing of MBMS and unicast traffic is required. If unicast resources are scarce in a specific cell, the likelihood that neighboring cells are also crowded is rather high. With more interference from neighboring cells it seems the use of MBSFN transmission would be more efficient.
Consequently, what should be considered for evaluations in high load scenarios is the resource usage with and without the use of reserved cells to protect the MBSFN signal.
Observation 1 Radio resource efficiency is only required in highly loaded scenarios

Proposal 4 To evaluate radio resource efficiency, different MBSFN area configurations should be considered, e.g. use of reserved cells at the MBSFN area border

2.3 Latency analysis
Latency performance for legacy eMBMS and SC-PTM as well as unicast will need to be compared and evaluated. According to the SI description, SC-PTM could be more suitable for dynamic multicast area and group call configurations and this should be detailed in the evaluation results.
2.3.1 Dynamic group call setup

As discussed in [2], single-cell PTM transmission might be supported for UEs in idle mode. In contrast to unicast transmission, this would mean that group-specific PDCCH reading would have to be performed in idle mode. If frequent monitoring of PDCCH monitoring is not desired, the UEs would have to be paged. If the lowest paging cycle of 320 ms is configured, this would require on average  160 ms for the paging and 50-80 ms for idle to connected mode transition (Clause 16.2 of TR 36.912)  including dedicated signalling,  i.e up to 400 ms. As a consequence, group-scheduling would have to be configured to be less frequent or UEs would have to be kept in connected mode in order to avoid battery drain. In addition, it should be noted that lowest paging cycle is not UE power efficient. For unicast transmission, the same observations apply for idle mode UEs.
Thus, pre-established MBMS bearers allow for low call setup times while saving battery.

Observation 2 Supporting SC-PTM for idle mode UEs may increase the latency, while the use of pre-established MBMS bearers allows for a good trade-off between latency and battery saving.
Proposal 5 The Evaluation of solutions for SC-PTM include latency analysis and UE battery saving aspects

2.3.2 Dynamic multicast area configuration

In order to support dynamic multicast area configurations for single-cell PTM, the mapping of TMGI as provided in the User Service Description (USD) to the Group-RNTI have to be provided to affiliated group members. This means that mapping of TMGI to Group-RNTI does not seem to be suitable considering the requirement on dynamic reconfiguration. As a consequence, the eNB must be informed about such UEs meaning such UE information would be provided from BM-SC or GCSE AS to the eNB and provide the TMGI to Group-RNTI via dedicated signalling. 
On the other hand, it seems more desirable to let the RAN, i.e. the MCE decide whether to use MBSFN transmission in a specific area or single-cell PTM transmission. Such radio sensitive information cannot be provided to the BM-SC or the GCSE. It seems possible to make changes based on the architecture described in [8] to provide the MCE with information about the relevant multicast area, the group members and their locations.

Observation 3 Mapping of TMGI to Group-RNTI via SIB is not suitable for dynamic configurations

Observation 4 One possible solution is to map TMGI to Group-RNTI via dedicated signalling
3 Conclusion
In this contribution we gave an overview on single-cell PTM and highlighted aspects, which RAN2 needs to discuss during the study item phase. As a consequence, we concluded with the following: 
Proposal 6 Use-cases and associated service requirements are defined for use in the evaluation of solutions for SC-PTM
Proposal 7 Applicable MCPTT service requirements are used as basis defining the Public Safety requirements for SC-PTM solutions
Proposal 8 Rel-13 low complexity UE are considered as one component in SC-PTM to complement the eMBMS framework
Proposal 9 To evaluate radio resource efficiency, different MBSFN area configurations should be considered, e.g. use of reserved cells at the MBSFN area border

Proposal 10 The Evaluation of solutions for SC-PTM include latency analysis and UE battery saving aspects
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5 Annex

Latency Requirements for MCPTT

In the following, several parts from [5] are copied here to define the KPIs for MCPTT.
For MCPTT Users, one of the most important performance criteria is the MCPTT Access time (KPI 1). The MCPTT Access time is defined as the time between when an MCPTT User requests to speak (normally by pressing the MCPTT control on the UE) and when this user gets a signal to start speaking. This time does not include confirmations from receiving users.

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.

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. Figure 1 illustrates the MCPTT Access time and Mouth-to-ear latency.
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Figure 1: Illustration of MCPTT Access time and Mouth-to-ear latency

Late call entry is the activity when an Affiliated MCPTT Group Member joins an MCPTT Group calls in which other Affiliated MCPTT Group Members are already active. 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.

* Affiliated MCPTT Group Member: An MCPTT Group Member who has indicated an interest in the group and is prepared to receive and/or transmit Group Communications from/to the particular MCPTT Group.

The KPI requirements are captured in Table 1.

	Variable
	Meaning
	Value
	Reference

	KPI 1
	MCPTT Access time
	< 300 ms
	6.15.3.2

	KPI 2
	End-to-end MCPTT Access time
	< 1000 ms
	6.15.3.2

	KPI 3
	Mouth-to-ear latency
	< 300 ms
	6.15.3.2

	KPI 4a
	Maximum Late call entry time (without application layer encryption)
	< 150 ms
	6.15.4.2

	KPI 4b
	Maximum Late call entry time (with application layer encryption)
	< 350 ms
	6.15.4.2


Table 1: KPIs for MCPTT
Table 5.1.1.2-1: Calculation of time to join an ongoing group communication [7]
	Descriptions
	Time (ms)
	Comments

	RRC_IDLE to RRC_CONNECTED
	50 -80
	Clause 16.2 of TR 36.912

	Time from service request to 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
	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
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