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1   Introduction
(Comparing to R2-133933 submitted at RAN2#84, section 2.3 of this contribution is updated.)

At RAN#61 meeting, a new Study Item “Group Communication for LTE” [1] was approved, with the following objectives: 

· Evaluate LTE air-interface when distributing the same content using unicast, to many public-safety -capable UEs taking into account the expected public safety use cases (including voice and multimedia communication);

· Evaluate ability of eMBMS or other mechanisms to provide group communication for public safety applications. 

· Provide feedback to SA1and SA2 on findings and any further questions based on the analysis in RAN

In this contribution, we will propose a so called “group scheduling” scheme for GCSE. We will also analyze whether the group scheduling scheme could fulfil the GCSE requirements.
2   Discussion
2.1   Group Scheduling scheme
With the group scheduling scheme, all the users within a cell that are interested to participate the same GCSE group will be assigned with a common Group RNTI. These users will then be scheduled by the eNB with the Group RNTI, thus the group communication data is delivered via shared radio resources to multiple group members.
Figure 1 below shows the general procedures for group scheduling, including the high-level interactions between different entities that involve the group communication.
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Figure 1: General procedures for group scheduling

Step 1:
UE initiates a group communication setup for a particular GCSE group using application level signalling. GCSE AS performs the authorization.
Step 2-4:
As per the request from the GCSE AS, EPC and eNB setup the bearer in downlink for the group communication. If there are multiple users interested in the same GCSE group, a common bearer might be used.
Step 5:
eNB acquires the information regarding which GCSE group(s) each UE is interested to participate. eNB could get such information either from EPC or from UE report. For a particular GCSE group, depends on the number of interested UEs, eNB decides which scheduling scheme to use, i.e. PtP or PtM (group scheduling).

Step 6:
If eNB decides to use group scheduling for a particular GCSE group,  eNB configures the Group RNTI as well as the mapping between the Group RNTI and the corresponding GCSE group identifier to the group members. The configuration could be achieved by either dedicated RRC signalling or shared RRC signalling (SIB or Paging).
Step 7:
eNB performs group scheduling for the GCSE group. The PDCCH for downlink radio resource assignment is scrambled by the corresponding Group RNTI.
Step 8:
UE decodes the group communication data . HARQ feedback may or may not be needed.

2.2   GCSE requirements fulfilment
In this section, we will analyze whether the group scheduling scheme could fulfil the GCSE requirements (as specified in [2]).

Radio resource efficiency:

With the group scheduling scheme, the group communication data is delivered via shared radio resources to multiple group members in the same cell. It is clearly this could fulfil the GCSE requirements on radio resource efficiency and will benefit the deployment of public safety system especially in the high user density scenario.
Delay:

With the group scheduling scheme, the same C-plane latency and U-plane latency could be achieved as those of unicast. As analyzed in [3], unicast delivery could fulfil the GCSE requirements on delay, therefore we can conclude that the group scheduling scheme could fulfil the GCSE requirements on delay as well.
Service continuity:

Same as unicast, with the group scheduling scheme, the service continuity for group communication could be guaranteed by intra E-UTRAN PS handover.

Scalability:

Same as unicast, there is no limitation on the number of distinct Group Communications supported in parallel.

If we only apply the group scheduling scheme for connected mode UEs for the sake of simplifying solution design, it might put some limitations on the number of Receiver Group Members in extreme high user density scenario. However, this should not be a serious limitation, because pure RRC signallings will not consume much system resources. On the other hand, for other potential solutions, e.g. eMBMS, the same issue exists, because sometimes a dedicated bearer is required to carry the application level signalling (for e.g. session setup and floor control) which will demand the UE to enter into connected mode.
QoS (priority and pre-emption):

Same as unicast, the group scheduling is performed in the eNB. Based on the configured QoS parameters (e.g. QCI and ARP), higher priority group communications could pre-empt lower priority group communications and non-group communications traffics during the exceptional situation of resource limitation.
For the group scheduling scheme, the fulfilment status for each GCSE requirement is summarized in Table 1 below.
Table 1: Summary of the fulfilment of GCSE requirements
	GCSE requirements
	Fulfilment

	Radio resource efficiency
	Yes

	Delay
	Yes

	Service continuity
	Yes

	Scalability
	Yes

	QoS (priority and pre-emption)
	Yes


2.3   Advantages comparing to MBSFN in terms of radio efficiency
MBSFN was originally designed for the delivery of pre-planned multimedia content (such as mobile TV) to multiple users in a large area. The MBSFN configuration is rather static. There might be some challenges for MBSFN to meet the GCSE requirements on radio resource efficiency.
For MBSFN, the assumption is that MBMS interested users are evenly distributed in a MBSFN area, where broadcasting is a simple and efficient solution. However, for group communication, due to the limited number of MBSFN area, multiple GCSE groups will share the same MBSFN area. As different GCSE groups might have different geographical scopes, user of a GCSE group might not be evenly distributed in the MBSFN area, e.g. it is possible there are no users at all for a GCSE group in a relative large area (i.e. several cells). It is of low radio efficiency to broadcast the group communication data for that GCSE group over MBSFN in such an area. With the group scheduling scheme, there is no such an issue, because broadcast is preformed on a per cell basis. The eNB could freely switch between PtP mode and PtM mode based on the number of interested UEs for a GCSE group in a cell.

MBSFN was designed for continuously transmitted media over a long period of time. However, for public safety, the talk spurts will only happen occasionally, as the consequence:
1) During the inactive period, the semi-configured MBSFN subframes might be unnecessarily wasted. From Rel-10, MBSFN subframes could be used for unicast transmission when necessary, however only TM9/10 UEs could be scheduled. If the MBSFN area cells have no sufficient number of TM9/10 UEs, the MBSFN subframes can not be fully reused for unicast transmissions.

2) Every MCH needs periodical transmission of MSI regardless if there is any real data to be transmitted. If there is no data to be transmitted for one MCH, the TB containing MSI will contain a lot of padding because there is no enough data included. The periodic “empty” MSI transmission will lead to a waste of radio resources.

3) If there is only one active call in all GCSE groups mapped to a given MCH, there will not be any multiplexing of data in one TTI, resulting in under utilization of radio resources.
If MBMS bearers are pre-established, the above issues will be even serious. With the group scheduling scheme, there is no such an issue, because group scheduling is performed by the eNB and system resources for group communications are dynamically shared with that for unicast services.
3   Conclusion
In this contribution, we briefly introduced the group scheduling scheme for group communication. 
Based on the analysis, it was observed that the group scheduling scheme could fulfil all the GCSE requirements as specified in TS 22.468 [2].
With the “pre-established eMBMS bearers” solution as specified in TR 23.768, the C-plane delay of the eMBMS scheme could be reduced so that the GCSE requirement on end-to-end setup time (i.e. 300ms) could be fulfilled. However, the eMBMS scheme still might encounter radio resources efficiency problems for the group communication, which were further analyzed in this contribution. Comparing to the eMBMS scheme, the group scheduling scheme is more flexible and efficient.
For operators who have no plan to deploy MBSFN infrastructure however have the interests to operate group communication services for public safety case or commercial case, the group scheduling scheme is an attractive technology choice.

Proposal: Discuss the group scheduling scheme for group communication.
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