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1 Introduction

Study on group communication for LTE was completed in the last RAN2 meeting and the TR36.868 captures the outcome of the study. The study concluded that the LTE system can fulfil the requirements of group communication under certain assumptions on the bearer configurations and network implementation of eMBMS network. Moreover, it was discussed during the study further enhancements which could be considered for optimized group communication support over E-UTRA considering the future extension flexibility of number of group communications support in parallel. As there is possibility for introducing further enhancements in the future, it is useful to investigate forward compatibility of the legacy UE operation. This paper provides forward compatibility discussion on potential enhancements for group communication.  
2 Discussion

The conclusion of the TR 36.868 (section 6.1) captures the possible enhancements which could be considered in the future for the optimised group communication systems. Some possible enhancements introduce new functions/ features, thus forward compatibility issues may not be seen. Some other enhancements require the modifications to the legacy features/functions where the operation of legacy UEs in the presence of the modified functions should be investigated. Below shows a list of potential enhancements which require modification to the current supported features.  
· If pre-configured MBMS bearers are not used, the time to establish a MBMS radio bearer for the service could take up to one or two MCCH modification periods, depending on the position of the time MCE receives the session start message in the MCCH modification period and depending on the use of MCCH change notification. The MCCH modification period can be configured to either 5.12 seconds or 10.24 seconds per the current specification. Shortening of MCCH modification period can be considered to reduce the end to end setup time for a service delivery over MBMS.

· Given the current value range of MCH Scheduling Period, the required end-to-end delay for media transport may exceed the requirement of 150ms by 10ms.  Shorter values for MCH Scheduling Period can be considered to reduce the end-to-end delay for media transport.
· Given the current value range of MCH Scheduling Period and MCCH Repetition Period, the required time for joining an ongoing group communication may in worse case exceed the requirement of 300ms by 225ms. Shorter values for MCH Scheduling Period and MCCH Repetition Period can be considered to reduce the time for joining an ongoing group communication.
MCCH modification period

Pre-configured MRBs were considered for the delivery of group communication to avoid the delay resulted due to legacy MCCH modification period. If short MCCH modification is introduced in the future release (e.g. Rel-13), the Rel-12 UE and Rel-13 UE will be operating in the same system and receiving the same service mapped on to the same MTCH. Considering Rel-12 UE operation and if the service is delay critical service, pre-configured MRB should be used for the delivery of the service. If however, all UEs in the system are guaranteed to be Rel-13 UEs which supports the short MCCH modification period, it is possible to have MRB configuration when it is needed.
MCCH change notification relates to the MCCH modification period. When the network changes (some of) the MCCH information, it notifies the UEs about the change during a first modification period. In the next modification period, the network transmits the updated MCCH information. Upon receiving a change notification, a UE interested to receive MBMS services acquires the new MCCH information immediately from the start of the next modification period. The UE applies the previously acquired MCCH information until the UE acquires the new MCCH information. If the MCCH modification period is shorten, the MCCH change modification should follow the short MCCH modification period to gain advantage of the short MCCH modification period. The legacy system uses a common notification occasions for all configured MCCHs and the common notification occasions are defined based on the MCCH with the shortest modification period. The notification occasions are configured using MBMS-NotificationConfig IE transmitted in SIB13. Shortest MCCH modification period is an input to the notification occasion configuration. Therefore the UEs supporting shorter MCCH modification period would calculate the notification occasion differently than that of Rel-12 UEs. The network can repeat the MCCH change notification to cover for the legacy MCCH modification period. However as long as the shorter MCCH modification period is a modular division of the legacy MCCH modification period, all UEs can receive the MCCH change modification.

Figure 1 illustrates the operation where the UE configured with a short MCCH modification period and how the legacy UE with legacy MCCH modification period would see the same MCCH in the system.  
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Figure 1: An illustration of short and legacy MCCH operation
In order to enable the operation of both Rele-12 UEs and future release UEs, the network should provide the MCCH change notification at the notification occasion corresponding to both short and legacy MCCH modification periods. This is easily achievable at the network, therefore no forward compatibility issue is identified on the MCCH change notification due to the introduction of short MCCH modification period.

The future release UE starts acquiring modified MCCH content at time B in the figure 1 while legacy UEs start acquiring the updated MCCH content at time C. In order to avoid any ambiguity scenarios, the network must not re-update the MCCH content prior to the legacy UE has an opportunity to acquire it. For example, referring to figure 1, the network should refrain from update of the MCCH content during time B to C. At time C, both legacy and future UEs have the same MCCH content. From time B to C, the legacy UEs operate based on the old MCCH content therefore there may have some content un-synchronisation between the legacy UE and the network.
MRB configuration is provided to the UE in MCCH. Logical channel ID is allocated for the MTCH where a particular MBMS service is mapped onto for the transmission over radio interface. MTCH scheduling information is signalled to the UE using MSI MAC CE, where MTCH is identified by the LCID. The UE listen to LCID corresponding to it’s interested service. 

MSI MAC CE is a variable size MAC CE where the MAC sub-header indicates the length of the MAC CE. Radio scheduling for LCIDs configured in MCCH provides in MSI MAC CE. If a LCID is not scheduled this is indicated with special code point. The UE looks for the scheduling information for the interested LCID in MSI. If the service is indicated as scheduled the UE decodes the corresponding MTCH. If the UE cannot find the interested LCID in the MSI, the UE behaviour is not specified. However it is specified that the sessions are scheduled in the order in which they are included in the MCCH session list signalled in MCCH (TS36.300). If the UE finds the order of LCIDs in MSI not corresponding to the session list in MCCH, the UE behaviour is unspecified in the standards, therefore there is possibility that the UE may not attempt to decode the MTCH corresponding to it’s interested service. 
Considering that the updated MCCH content is different from the previous MCCH content during time B to C, it is not always possible for the network to guarantee the order of LCID list to be the same before and after the MCCH update. Thus forward compatibility issues may rise with the introduction of short MCCH modification period. To avoid such issues, it is proposed to clarify that from the UE perspectives, the order of LCID in the MSI may not always be the same order as the MBMS session list in MCCH.

The same ordering rule is used to assist the eNBs involved in the MBMS transmission to generate the same MSI generation in MBSFN transmission. Therefore, from network (eNB) perspective, the order of LCID appearance in the MSI must follow the MBMS session list in MCCH.

Proposal 1: In order to allow for forward compatibility, it is proposed to clarify that the order of LCID in the MSI may not always follow the same order as the MBMS session list in MCCH from the UE MBMS reception perspectives.  
MCCH repetition period

MCCH is repeated based on the MCCH repletion period. The repetition of MCCH enables the UE to join an ongoing service at any time, without waiting for the MCCH modification boundary. This function is isolated to a particular UE’s MBMS reception. Therefore, no forward compatibility issue is foreseen with introduction of short MCCH repetition period in the future.

Observation 1: no forward compatibility issue is foreseen with introduction of short MCCH repetition period in a future release.

MCH Scheduling Period (MSP)
Short MSP could possibly be considered for reduction of media transfer delay as well as reduction of UE joining an ongoing MBMS service. The reduction of joining time could also be achieved with the short MCCH repetition period.  The media transfer delay is exceeded the 150ms requirement only by 10ms with the legacy MSP configuration. Therefore it is questionable the need for short MSP. However the possible introduction of short MSP is evaluated here from forward compatibility point of view. 

MSP is configured per PMCH in the MCCH. At the eNB, the received data for a MSP is buffered at the eNB. The eNB schedules the data available in the buffer for the next MSP. Scheduling information is provided to the UE in MSI where LCIDs are listed in the order of MBMS session list in the MCCH. For each LCID, the start and the end subframe where the corresponding MTCH delivered is provided in the MSI. Consecutive MBSFN subframes can be allocated to a given LCID, this subframe allocation is shown in figure 2. With the legacy MSP, the data received from time A to B is buffered at the eNB and scheduled in the next MSP (in the example MBSFN subframe #2 is scheduled for the LCIDn). With short MSP, the eNB can schedule the received data from time (a) to B in the MSP period shown in B-b. To allow for both Rel-12 and the UE supporting the short MSP, the data buffering should still be performed from time A to B even though the short MSP is used. From data buffering point of view there is no benefit seen from the introduction of short MSP if both Rel-12 and future release UEs are to be offered with same service on the same MTCH.
Observation 2: the introduction of short MSP shows forward compatibility issues if both Rel-12 and future release UEs are to be offered with the same service over the same MTCH.
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Figure 2: An illustration of legacy MSP and short MSP operation
How to provide the forward compatibility depends on design of short MSP and how the network would use the legacy MSP and short MSP in combination to address Rel-12 and future release UEs. Considering that the benefit of introduction of short MSP is not clear and the complexity involved in providing forward compatibility for operation of both legacy and future release UEs, we proposed to further study the need of short MSP and the solutions prior to the decision on the forward compatibility support for short MSP.

Proposal 2: It is proposed to further study the need of short MSP and the solutions for introduction of short MSP prior to the decision on the forward compatibility support.   

3 Conclusions

In this paper we discussed the forward compatibility support for possible enhancement which could be considered for optimised group communication in the future. The following observations and proposal are made:

Observation 1: no forward compatibility issue is foreseen with introduction of short MCCH repetition period in a future release.

Observation 2: the introduction of short MSP shows forward compatibility issues if both Rel-12 and future release UES are to be offered with the same service over the same MTCH.

Proposal 1: In order to allow for forward compatibility, it is proposed to clarify that the order of LCID in the MSI may not always follow the same order as the MBMS session list in MCCH from the UE MBMS reception perspectives.  

Proposal 2: It is proposed to further study the need of short MSP and the solutions for introduction of short MSP prior to the decision on the forward compatibility support.   
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