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1. Introduction
In [1], one of the requirements for group communication is resource efficiency which states that “The system shall provide a mechanism to efficiently distribute data for Group Communication”. In this contribution, we analyze group communication with eMBMS and unicast from the perspective of resource efficiency, and we show that the resource efficiency of group communication can be improved by using RAN level unicast based on the eMBMS bearer.
2. Discussion
Considering the scenario shown in Figure 1, group communication is restricted in a defined geographic area (the grey area in the figure), a corresponding MBSFN area can be deployed for the geographic area to enable the group service transmission using the eMBMS transmission scheme (light orange area in the figure). In this scenario, it is possible that the group members may not be evenly distributed among cells in the MBSFN area [2], i.e. it is possible that dense UEs are distributed in some cells, while in other cells, only a few UEs or even no UEs of the group. We think this scenario could be more likely with HetNets and small cell deployments.
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Figure 1 UE distribution for a group service
For this scenario, when a unicast transmission scheme is used for group communication in an area, for the cells with only a few UEs in the group, using EPS unicast bearer is more efficient than eMBMS. However, for the cells with many UEs in the group, it is obvious that using EPS unicast bearer for transmission consumes more resources, as the same content is transferred many times via EPS bearers for different UEs. Therefore, using only an EPS unicast bearer in the area for the group service cannot guarantee efficient group data delivery.
On the other hand, if an eMBMS transmission scheme is used for group service transmission in the MBSFN area, to fulfil the GCSE delay requirement, e.g. the end to end setup time and the time for joining an ongoing group communication, then a pre-established MBMS bearer can be used to reduce the latency for a group call. In this way, for the cells with dense distribution of group users, the eMBMS transmission scheme is more efficient than unicast as the data can be transmitted only once for all the UEs in a cell. However, we think such pre-established eMBMS transmission scheme may not be that efficient for the case when UE distribution is sparse in some cells in the area because of the following reasons:
· The MBSFN-subframe is usually configured in a semi-persistent way to provide a relatively long-lasting resource for traditional MBMS service like TV program. However, as group communication may happen only occasionally, always keeping the MBSFN resource for a group may result in resources being wasted. 
There are ways that current schemes can avoid wasted resources. One way , is that using current specifications TM9/TM10 capable UEs can be scheduled in MBSFN subframes when these subframes are not used for MBMS service scheduling [3], however, this relies on there being sufficient TM9/TM10 capable UEs, in the network, a cell may not always have enough TM9/TM10 capable UEs present.
Another way is that the dynamic scheduling of PMCH using the MCH scheduling Information MAC CE can indicate that a MBMS session is not scheduled in the current period, so the corresponding TMGI does not schedule the radio resources until it is necessary to transmit traffic [4]. But in our understanding, even though the MBSFN subframes are indicated not to be scheduled for the specific MBMS session, these subframes can only be used by other MBMS sessions of the same PMCH, as the MBSFN subframe for a PMCH is configured by RRC. Thus, in case there is also no traffic for other MBMS sessions, these subframes are still not used and will be wasted.

· In current specification, a MBMS Transport Block occupies all the MBSFN resource in a MBSFN subframe. For the MBMS service with low traffic rate, it only required that several PRBs are used to carry the data, thus the current MBMS resource allocation scheme is not efficient for such kind of a service.

· Signaling overhead caused by periodical signaling. 
For a pre-established eMBMS bearer solution, even if there is no traffic for a group service, BCCH/MCCH signalling including the configuration corresponding to the group service should be broadcasted with repetition a certain period e.g.320ms. To enable the MBMS transmission for one group service, the configuration should include the MBSFN area id, MBSFN subframe pattern, notification reconfiguration, MBMS session id, RLC/MAC/physical configuration, which is around 150 bits in total. Also, MSI MAC CE should be transmitted every e.g. 80ms, and its size depends on the number of MBMS sessions belonging to the PMCH being 2 bytes for each session. Moreover, to minimize the end to end setup and transport delay and fulfil the delay requirement of GCSE, companies have proposed to introduce a reduced MCCH repetition and MCH scheduling periods [5]
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[6]. If MCCH signaling and MCH scheduling information is transmitted more frequently, this will further increase the signalling overhead for the group service. Based on this, we think the signalling overhead for pre-established eMBMS bearers may not be negligible.
· Unnecessary data delivery. Assuming that different groups are using the same pre-established eMBMS area. Then it is possible that there is no user for a particular group in a cell. In Table 1 in [2], there are 27 groups in cell A but only 2 groups in cell C; in this case, data transmission via eMBMS for the other 25 groups in cell C is unnecessary.
Based on the above considerations, only using an EPS unicast bearer or a pre-established eMBMS multicast bearer for a group service area could result in resource usage efficiency, especially in the scenario that the group members are not evenly distributed in a given area. Therefore, in this scenario, a cell specific transmission mode can be used to improve the resource efficiency. That means, depending on the number of group users in a cell, different cells in the group service area can use different transmission schemes. For cells with only a few UEs, unicast is more appropriate, while for cells with significant number of UEs, multicast using pre-established eMBMS is preferred.
Proposal 1: Different cells in the group service area can decide to use different transmission scheme according to the number of group members in the cell.
To achieve different transmission schemes per cell for the same group, two methods can be used [7].
For method 1, as shown in Figure 2 (a), GCSE AS decides whether to distribute future data in a cell via an EPS unicast bearer or an eMBMS broadcast bearer, based on the number of users in the group in the cell collected by the UE location report, then uses a single-cell MBSFN area to achieve this.

For method 2, as shown in Figure 2 (b), it is possible to reuse the eMBMS architecture for group service distribution in the CN level toward the associated eNBs. The eNB can then decide whether to use unicast or multicast for group service transmission in the air interface, based on the number of group members in that cell.
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Figure 2 Illustration of methods to achieve cell-specific transmission scheme for Group communication
Comparing these 2 methods, we consider method 2 is more efficient because of following reasons:
· In method 2, only a radio bearer is required and there is no need to establish the whole EPS bearer when unicast is used for a cell, this can save both the resource that should be reserved for an EPS bearer and signaling overhead to establish an EPS bearer.

· As UE distribution in a cell in an area may vary with time, so transmission schemes of a cell need to be adjusted to accommodate this. For method 1, a very dynamic MBSFN area deployment is required. A cell may need to switch between eMBMS transmission and EPS unicast bearer transmission frequently, thus resulting in increased signaling overhead for frequently establishing and releasing both the eMBMS paths and the EPS unicast bearers. There is no such requirement for method 2, as it only needs to establish or release the radio bearer when switching between unicast and multicast.

· For method 2, it is more convenient for eNB to make a decision whether to use unicast or multicast according to the number of group members in the cell. That is because that the eNB can easily acquire such information by using a counting function or other measurement schemes. 

Furthermore, since thre is no need to establish the entire EPS bearer when unicast is preferred to be used in method 2, the time to join an ongoing group communication will be further reduced, which can be useful for the group communication in public safety use cases.

Proposal 2: RAN2 is kindly requested to discuss the RAN level unicast based on eMBMS bearer and captures the above analysis in TR36.868.

3. Conclusions
In this contribution, we analyze the resource efficiency of the solutions we have on the table for group communication, and we propose the following: 

Proposal 1: Different cells in the group service area can decide to use different transmission scheme according to the number of the group members in the cell.
Proposal 2: RAN2 is kindly requested to discuss the RAN level unicast based on eMBMS bearer and capture the above analysis in TR36.868.
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