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1. Introduction
Service continuity when UEs engaged in group communication moves between different cells providing multipoint service is considered to be a prioritized topic in RAN for the GCSE work [1]. The rationale for prioritization is mentioned as follows:
“We believe that this is a critical aspect of Group Communication, as without this messages could be lost even though the user has remained within network coverage. We also see this as being inextricably linked with Resource efficiency.”

Thus, it is important that seamless mobility within the network for UEs receiving group communication should be provided without interruptions in service irrespective of whether UEs are receiving unicast or multicast data. In this contribution, we analyse the currently standardized mechanisms available for providing service continuity within the radio access network, and consider possible shortcomings. Similar analysis was done in [10] as well, but here we try to provide some impact evaluation using simulations in a mobile environment. Here the baseline assumption in the evaluation is that UE requests service via unicast, as discussed in [11].
2. Discussion
The currently agreed composite view of the GCSE architecture based on solutions proposed in SA2 TR [2] is as shown in Figure 1. The key architectural requirement is that “The architecture shall allow as an option for the GCSE AS to determine whether to deliver the group call data using Unicast delivery or Multicast delivery or both.”. Thus current architecture in SA2 assumes that both unicast (PTP) and multicast (PTM) delivery of group communication data needs to be supported. Related to multicast delivery, various proposals were made in RAN2#83b to consider eMBMS as the means for delivery of multicast data. The main reason behind this would be that minimal standardization effort would be required, and study needs to cover only those aspects that are not currently supported in eMBMS for meeting the requirements defined for group communications. Apart from these considerations, the following principles were agreed in TR 23.768 section 7.1 as common among all the solutions in SA2 and considered to be used to form the baseline solution [2]:
“1. Use of BM-SC and MBMS-GW in the core network for Multipoint Service.

2. GC2 is used to request the setup of the Multipoint Service. GC2 consists on both user plane and control plane components.

3. GC1 is used by the UE for GCSE group registration and to relay eMBMS related info, and for signalling to the GCSE AS for the purpose of service continuity.. No protocol work is expected on GC1. It is shown for completeness only.

4. GCSE AS determines if DL media for a particular GCSE group communication (or UE/Receiving group member) is using Unicast Delivery or Multicast Delivery.

5. UL traffic is always done via unicast.

6. Multipoint Service is to be realized using eMBMS (TS 23.246 [6]).”

Proposal  AUTONUMLGL  \* Arabic \e : Based on these agreed considerations in SA2, RAN2 is requested to discuss and agree on the usage of eMBMS for multicast (PTM) transmissions.
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Figure 1: Composite view of the architecture diagram for GCSE_LTE [2].
While receiving unicast traffic when UEs are moving between cells do not have any significant issues considering a macro-only network, as this is covered by connected mode mobility procedures. It needs to be discussed whether public safety communications would be provisioned in a HetNet environment, or homogeneous macro-only scenario can be assumed as part of this study. In this contribution we assume homogeneous macro-only network. 
Various scenarios for service continuity were considered in [3], which could be broadly classified into: Service continuity of the same group communication between eMBMS and unicast at the same cell, Service continuity of the same group communication between eMBMS and unicast at different cells (handover) and Service continuity of the same group communication between different MBSFN areas on the same frequency or different frequencies. Assuming that cells using MBMS for group communication would use the same frequency, service continuity of same group communication between such neighboring cells would not be a significant issue.
Mobility between different MBSFN areas could follow service continuity procedures defined in [4]. Also, service continuity from multicast MBMS transmissions to unicast is also not an issue, since currently defined specifications ensure that such a transition occurs in a reliable manner after UE reads the system information block related to MBMS. Service continuity for this scenario can also be ensure in an implementation-specific manner such that UE drops the unicast bearer only after it starts receiving data on the MBMS bearer. Based on these, the following observations are made:
Observation 1: Service continuity of same group communication between neighboring cells employing MBMS would not be a significant issue assuming that they are all part of the same MBSFN area.

Observation 2: Service continuity from unicast to multicast MBMS bearer can be ensured in a reliable manner without disruption using currently defined standards.

The significant challenge for the provisioning of group communication using MBMS would be to enable service continuity from multicast MBMS bearer to a unicast bearer. This could happen when UE is moving within a cell or while moving from one cell to another. Within a cell, due to the modulation and coding scheme (MCS) and other radio parameters used, the coverage of the MBMS radio bearer would be smaller than the coverage for unicast bearers. Due to lack of CQI feedback from UEs subscribed to group communication, use of same radio configuration for all the UEs receiving data over MBMS bearer, as well as the need for radio resource efficiency the coverage of MBMS radio bearer would be different from the unicast bearers. Depending on the service provisioned on the MBMS bearer (for e.g. video, file transfer, etc.) for radio resource efficiency, MCS with better spectral efficiency would be more efficient, thereby reducing the coverage relative to unicast traffic.
The two possible scenarios where Group Communications (GC) using (e)MBMS could need additional standards support, is as shown in Figure 2. In scenario-1, a GC UE is moving from a region with MBMS coverage to unicast traffic region within the same cell. In scenario-2, UE is moving from a cell having MBMS to a different cell without MBMS. In both cases, there is no service continuity procedure currently defined in RAN specifications which could provide smooth transition from multicast to unicast without service disruption. Ensuring end-to-end media delivery delay of less than 150 ms as defined in [5] for such scenarios would require further study.
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Figure 2: Multicast to unicast service continuity scenarios.
Proposal  AUTONUMLGL  \* Arabic \e : RAN2 is requested to discuss and study further the multicast to unicast service continuity scenarios considered in this paper.

3. Possible Solutions
1. Application Layer Unicast Service Triggering:

This could be considered similar to the legacy mechanism for switching from MBMS to PSS access as documented in [6], with the relevant text present in the informative annex F.2.2. Similar solutions where UE or GCSE AS detects the loss of GC over eMBMS and initiates action to establish unicast service delivery were considered in [7]. The solution presented in [7] could be considered applicable for both scenario-1 and 2, where UE in an implementation specific manner initiates unicast service delivery after detecting the loss of MBMS coverage based on MBSFN signal strength or based on packet loss rate. Thus, here the unicast service triggering is done only after the multicast service is disrupted, and hence cannot essentially be termed as service continuity. If the delay between loss of coverage and unicast service delivery request cannot be measured, then end-to-end service delivery delay of 150 ms cannot be ensured. As presented in [8], time required for establishing unicast bearer alone could take 480 ms (> 300 ms the end-to-end setup time and end-to-end media delivery delay, defined in [5]).

Using implementation specific scheme for triggering the bearer modification would also mean that the network no longer has control over when UE would send unicast bearer request. The implementation specific selection of unicast bearer requests would not take into account the dynamic radio configuration settings used in different cells even within the same network. Due to the strict delay requirements, dedicated EPS bearers would have to be used for service delivery, which requires significant amount of signaling to the core network. If UE behavior cannot be controlled by the network and uniform UE behavior ensured, spurious UE actions could cause large amount of unicast bearer requests, and increased signaling load to the core network. The delay between UEs physical layer detecting loss of service over unicast and application layer actually triggering unicast service delivery also cannot be standardized. But, in terms of standardization effort, such solutions would be relatively simpler, since no standardization would be required.
Observation 3: Multicast to unicast switching behavior using implementation specific criteria might cause non-uniform behavior between UEs, and ensuring strict delay requirements currently defined for group communications will not be possible.
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Figure 3: Unicast Delivery of Group Communication Data.
2. Extending Currently Standardized Mechanisms:

Possible extensions of currently defined mechanisms is considered in [9], mainly for scenario-2 where UE moves from eNB-1 having MBMS service to eNB-2 without MBMS coverage for the subscribed group. Among the possible solutions mentioned, option-1 considers requesting unicast service delivery after UE reaches eNB-2 and detects that GC is not provisioned over eMBMS in the cell, since currently UE cannot read SIB13 or MCCH of another cell before handover. This would entail significant delay of possibly 480 ms as documented in [8]. Option-2 involves providing neighbor cell MBMS configurations in a proactive manner, but how this information would be used by the UE needs to be investigated further, since handover decisions are taken by the eNB. Also, it is important to consider the MBMS service coverage within the same cell (scenario-1), since such solutions assume that MBMS and unicast coverage are the same. Another possible means for providing service continuity would be to extend mechanisms currently defined for connected mode mobility for measuring and reporting MBMS reference signals as well. But here the key assumption would be that UEs are always in connected mode, and could require significant amount of standardization effort. MBMS reference signal measurements are currently being standardized in RAN1 as part of [9] within Rel-12 timeframe.
Observation 4: Extending currently defined standardized mechanisms for providing service continuity needs to be investigated further with minimal standards impact.

3. Network Assisted Application Layer Based Mechanism:

Here we consider a possible network-assisted service continuity mechanism which uses application layer unicast service triggering. The possible mechanism is as shown in Figure 3 REF _Ref369794719 \h 
. Here once the UE enters the coverage area of a cell providing group communication over eMBMS, the eNB sends measurement configurations to the UE for triggering unicast service delivery. The UE on reach the cell edge or regions with poor eMBMS coverage based on the eNB configurations will trigger application layer unicast service delivery. In order to ensure service continuity, it is assumed that eNB configurations are made in such a manner that UE will trigger unicast service delivery before actually losing the eMBMS coverage. How the eNB makes the configurations and how idle mode UEs could trigger unicast service delivery could be studied further.
Observation 5: Network assisted, application-layer based mechanism could provide service continuity with minimal impacts to standards, and would be in line with the current agreements of UE triggering unicast service switch.

There are many closely inter-linked aspects while providing group communication over eMBMS in a radio resource efficient manner, while providing service continuity at the same time. Service continuity can be ensured best by providing group communication over unicast, but this would not be radio resource efficient. Radio resource efficiency in turn needs to take into account the distribution of UEs receiving group communication within a cell, the traffic characteristics, as well as the mobility state of the UE. eNB is the best entity to take all these factors into account, also providing service continuity for e.g. re-using MBMS measurements currently being defined for configuring unicast triggering thresholds at the UE. The main drawback of a pure application layer or UE based approach is that both these entities are unaware of the real-time conditions of the network, possibly leading to a high probability of error.
4. Evaluation
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Figure 4: Mean resource utilization and normalized multicast-to-unicast switching requests.

In this section we simulate the provisioning of group communication in a multicast environment. With a uniform distribution of users moving at 30 km/h, we evaluate whether group communication can be provided in a radio resource efficient manner. We compare three approaches, where UE is either receiving group communication over unicast, multicast or a mix of both unicast and multicast. Detailed radio parameters used for simulations are described in the appendix.
From the mean UE resource utilization distribution curves shown in Figure 4, we can observe that while unicast is not radio resource efficient in this scenario, using only multicast with the least possible MCS is also not efficient. Whereas, providing a mix of unicast for cell edge users and a less robust MCS closer to cell centre enables much more efficient radio resource utilization. Thus, the decision of how the service should be transmitted over the radio access network should be left to the eNB, which could evaluate realistic radio conditions, or based on operator configurations, determine mode of transmissions.
Another metric involved in such mixed mode of transmission is the multicast-to-unicast switching. Here we consider an error factor δ which for e.g. could indicate the difference between the RSRP threshold when UE requests service via unicast as compared to the actual eMBMS coverage border RSRP. Thus, if δ = 0, that means UE requests unicast exactly at the eMBMS coverage border, and δ = 1 implies unicast service was requested 1 dB before the coverage border was reached. From the mean resource utilization figure, we can observe that there is significant impact on the radio resource utilization if unicast service is requested earlier than actually required (δ = 1 case), due to larger number of UEs receiving unicast transmission. In terms of multicast-to-unicast switching requests, we can observe that there is a 150 % increase in the requests to the GCSE AS, which translates to higher signalling load to the core network.
The main aim of the evaluations done in this section is to show that radio access network is the ideal entity to determine how group communication services should be transmitted in an efficient manner. The results also indicate that, if for e.g. unicast triggering is left purely to UE implementation, this could lead to a significant increase in terms of signalling to the core network, since the triggering even does not take into account the real-time radio conditions of the network. Using the results we also try to quantify the possible impact, in terms of increased signalling load. Based on these evaluations, we make the following proposal:
Proposal  AUTONUMLGL  \* Arabic \e : Based on this discussion, we propose to include the network assisted application layer based mechanism solution approach (3) in TR 36.868, and study the solution further, considering specification impacts and related time constraints.
5. Conclusion

 In this paper, we study possible scenarios and solutions for enabling service continuity in group communication. We also propose a simple network assisted application layer based solution for service continuity. The following observations and proposals are made:
Observation 1: Service continuity of same group communication between neighboring cells employing MBMS would not be a significant issue assuming that they are all part of the same MBSFN area.

Observation 2: Service continuity from unicast to multicast MBMS bearer can be ensured in a reliable manner without disruption using currently defined standards.

Observation 3: Multicast to unicast switching behavior using implementation specific criteria might cause non-uniform behavior between UEs, and ensuring strict delay requirements currently defined for group communications will not be possible.

Observation 4: Extending currently defined standardized mechanisms for providing service continuity needs to be investigated further with minimal standards impact.

Observation 5: Network assisted, application-layer based mechanism could provide service continuity with minimal impacts to standards, and would be in line with the current agreements of UE triggering unicast service switch.

Proposal 1: Based on these agreed considerations in SA2, RAN2 is requested to discuss and agree on the usage of eMBMS for multicast (PTM) transmissions.

Proposal 2: RAN2 is requested to discuss and study further the multicast to unicast service continuity scenarios considered in this paper.

Proposal 3: Based on this discussion, we propose to include solution approach (3) in TR 36.868, and study the solution further, considering specification impacts and related time constraints.
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Appendix

	Macro Cell ISD
	500 m

	Shadowing Standard Deviation
	8 dB

	Spectrum Allocation
	5 MHz channel

	Max Tx Power
	46 dBm

	Antenna Gain
	15 dB

	UE Speed
	30 km/h

	No. of UEs
	10 per cell, uniformly distributed

	Data Rate
	256 kbps GBR Traffic


The basic simulation setting, MCS selection, related SINR mapping, etc. is based on [12]. UEs are assumed to be uniformly distributed and moving in random directions until the end of the simulation world, and moves in a different direction once it reaches the end. Antenna patterns, pathloss models, etc. follows 3GPP Case-1 model defined in [13]. For calculating resource utilization per UE, for multicast users, the total resource utilization due to multicast traffic is averaged over all the UEs receiving this traffic. For unicast users, real-time calculation of resource utilization averaged over a period of 1 s is considered. For the multicast case, the most robust MCS is used to provide same coverage as unicast traffic within a cell.
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