3GPP TSG-RAN WG2#58bis

R2-072924
Orlando, US, 25 - 29 Jun 2007
Agenda item:

Source: 
Alcatel-Lucent
Title: 
E-MBMS transmission mode selection and switching
Document for:
Discussion and decision
1. Introduction

In TS 36.300[1], two types of MBMS transmission mode in E-UTRA/E-UTRAN are defined. 
· Multi-cell transmission
· Single-cell transmission

The main difference between these two types is the utilization of MBSFN operation in transmission for RF combining. 
Multi-cell transmission uses MBSFN operation. Multi-cell transmission provides considerable higher improvement of the cell edge performance by combining signals from other cells to get the diversity gains. MBSFN operation needs additional synchronization mechanism.
Single-cell transmission just transmits as the unicast service. The radio efficiency of single-cell transmission will be superior to the multi-cell transmission in cases where only in some isolated cell or cell outside the SFN area interested users have to be provided with the service. Employing feedback mechanisms to allow for link adaptation and HARQ allows to further increase the efficiency advantage of single cell transmission to serve users in these cells. 
According to last meeting result these two transmission modes are corresponding to two detailed transmission schemes with proper RB configuration, which are:

·  MBSFN (for Multi-cell transmission)
· SC-PTM (for single-cell transmission)
Transmission mode of E-MBMS is determined by service characteristics, network deployment status and user distribution status. In order to improve the MBMS performance and radio resource efficiency furthest the transmission mode and scheme of a MBMS service during a session period will change dynamically according to the actual status.
In this document we will first clarify the E-MBMS single-cell transmission deployment scenario and then discuss the transmission mode and scheme selection and switching decision.
2. Deployment scenario of single-cell transmission

Here we try to characterize the E-MBMS single-cell transmission. First we discuss the single transmission deployment scenario only for one service at a given time.
The basic characteristics of E-MBMS single-cell transmission is that the UE needs not to do the combining of signals from other cells. But it does not imply that in the Multi-cell MBMS synchronization area the single-cell transmission cannot be applied. The deployment of single-cell transmission for E-MBMS does not care about the synchronization status in eNBs. Whether the eNBs are synchronized or not can all apply the single-cell transmission mode for E-MBMS.
It needs to be clarified that the single-cell transmission does not refer to the restriction of MBMS service transmission area only in one cell coverage area. Some contiguous coverage cells can also use the single-cell transmission mode. The transmission is just performed cell by cell and each cell does its own single-cell transmission separately.

According to the involved discussion of E-MBMS SFN area definition [2] single-cell transmission can be deployed anywhere except the SFN Area. An illustration of E-MBMS single-cell transmission deployment scenario is shown in figure1.
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Figure 1: Illustration of E-MBMS single-cell transmission deployment scenario
Some rules for the E-MBMS single-cell transmission deployment for one MBMS service at a time are listed below:

· Single-cell transmission area can locate in the cells of MBSFN Synchronization Area 1. 
· Single-cell transmission area can locate in the cells out of the MBSFN Synchronization Area 2.
· Single-cell transmission area can not locate in the cells of MBSFN Area.
· Single-cell transmission area can locate in the cells of Max MBSFN Area except MBSFN area. In Max MBSFN Area, the cells using single-cell transmission may not border upon each other. They may be disjunctive3.
· Single-cell transmission area can locate in the cells of MBSFN Guard Area 4.
· Single-cell transmission area need not restrict only in one cell coverage area. It can be a contiguous coverage of several cells 5.
· Multiple cells belong to one single-cell transmission area can be the cells of one eNB or not. 
· There can be multiple single-cell transmission areas for one MBMS service simultaneously.
3. Transmission mode/scheme selection and switching decision
3.1 Transmission mode/scheme selection

The transmission mode/scheme is a concept related to RAN. It is part the radio configuration parameters for one E-MBMS service. It is the concept of service but not for users. According to the functionality definition of MCE in [3] the transmission mode selection should be done in MCE. 
For one service session at a time can simultaneously have single-cell transmission mode and multi-cell transmission mode in different transmission area. Some cells coverage area in the SA may use the single-cell transmission mode but others may use multi-cell transmission mode.
When MCE receive the MBMS Service Session Start/Update message from E-MBMS GW, it begins the processing of radio configuration setting and service scheduling which include the transmission mode selection. And the final result of the transmission mode selection will transfer to involved eNBs within the radio configuration parameters of this MBMS service. 
The main factors which will impact the transmission mode selection are:
· Service area (SA) definition.
· Network deployment status which include the neighbor cell relations of each cell and SFN operation capability of cells by Max MBSFN Area definition.
· Coverage Optimization, which could imply to involve also neighboring cell without interested users in MBSFN. The presence of users in cells can be obtained e.g. by polling.
· Radio Resource Efficiency optimization in which the transmission mode is selected to provide the most efficient usage of radio resources within the constraints of the other factors. It is likely that schemes as proposed in [4] will yield the most appropriate decisions with respect to radio resource efficiency.
An outline of the transmission mode selection algorithm is given below:
The SA (Service Area) defines the Maximum area of this service transmission. Only the cells in the intersection of SA and MAX SFN Area may use the multi-cell transmission mode. But it also needs to judge the conjunction status of these cells in the intersection by neighboring cell relation and polling result
The polling result reflects whether there is at least one user in this cell. The cells that have no user need not transmit this service data and it will impact the connectivity of other cells. 
Finally those cells, which locate in the intersection of SA and Max SFN Area and are connective between each other, will select the multi-cell transmission mode for this MBMS service. They also constitute the SFN Area of this service and there may be more than one MBSFN Area of a service in the Max MBSFN Area. The remained cells in the intersection of SA and Max MBSFN Area and which have users in it but disjoint to others only can use the single-cell transmission.  
Correspondingly, if any resource efficient scheme is used, for the cells which could take part in MBSFN transmission in a MAX MBSFN area it could be evaluated, if the overall radio resource efficiency is better in case of MBSFN transmission or in case of SC-transmission. 

The cells of SA but outside the intersection of SA and Max MBSFN Area just select the single-cell transmission mode for this MBMS service.

From above analysis we can see that some information used for transmission mode selection need to be kept in MCE, which include SA and cell mapping info, neighbor cells list for each cell, Max SFN Area and cell mapping info. The basic architecture related to the transmission mode selection in MCE is shown in figure 2.
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Figure 2: Transmission mode selection related architecture in MCE

For the multi-cell transmission mode only the PTM transmitting which is MBSFN transmission scheme is used. It just informs involved eNBs that the single-cell SC-PTM transmission mode is selected for this service. And the eNB itself selects related RB configuration according to actual instance because no coordination is needed among those eNBs using single-cell transmission mode. 
3.2 Transmission mode/scheme switching decision
During one session due to the user mobility and on/off operation the user distribution status of a MBMS service user may change. This will impact the cell connectivity characteristic. For instance a cell which would no longer have any interested user would provide the MCE with the information that it would not support any user or use any resource in SC-Mode.
There is only 1 type of MBSM service transmission mode/scheme switching for one service at a time in some area, which is:

· MBSFN(multi-cell transmission) (( SC-PTM (single-cell transmission)

Similar with the transmission mode/scheme selection all above factors also needed to be considered in the switching decision. But the trigger condition maybe that cells no longer contain interested users or a cell gets first interested users (learned e.g. by polling) or radio efficiency of SC-Transmission change in one cell. When eNB obtains polling results or updated efficiency figures due to changing link adaptation, less NACKs, it should send to MCE. Then MCE starts the transmission mode switching decision processing. The basic processing flow of switching decision is same as the transmission selection procedure. If the switching decision result is same as the previous transmission mode selection, MCE will need to do nothing. Otherwise MCE will inform the involved eNBs about new selection of the transmission mode and related radio configuration setting parameters. For the single-cell transmission mode it is also the eNB itself to determine the related RB configuration.
4. Conclusion

In this contribution, the E-MBMS single-cell transmission deployment scenario for one MBMS service at a time is clarified and then the selection/switching decision of transmission mode/scheme is discussed. We propose to discuss above content and agree to the points proposed below and the corresponding text proposals for TS36.300. 
· For one MBMS service at a time, the single-cell transmission deployment scenario rules list above should be clarified in the protocol as the supplement of E-MBMS transmission mode definition.
· The transmission mode selection and switching decision should be implemented as a function of MCE. This function should be clarified in the protocol as one of the MCE function.

· Multi-cell transmission mode only uses PTM (MBSFN) transmission scheme 
· Single-cell transmission mode only use SC-PTM transmission scheme. MCE just determines the single-cell transmission mode.
· The content of transmission mode selection should be include in the protocol and the factors such as service are definition, network deployment status and MBMS user distribution status or estimated used resource should also be captured.
· Some information used for transmission mode selection need to be kept in MCE, which include SA and cell mapping info, neighbor cell list for each cell, Max MBSFN Area and cell mapping info. This should be defined as a work assumption.
· Transmission mode switching is necessary for improving the resource efficiency. There would be one type of switching which is MBSFN((SC-PTM.
References
1. 3GPP TS 36.300 V0.4.0, “E-UTRA and E-UTRAN Overall description Stage 2”, 2007-1.
2. R3-061973 eMBMS definition, Nokia, Siemens, Mitsubishi, Alcatel, Orange, Nortel, Panasonic, 2006-11
3. R3-062015 LS on LTE-MBMS Discussions in RAN3, RAN3, 2006-11
4. R2-072662 MBMS transmission mode depending on used resources, 2007-06

Text Proposal for TS 36.300
------------------------------------------ The Beginning of Text Proposal --------------------------------------------
15.3
MBMS transmission

15.3.1
General

Transmission of MBMS in E-UTRAN is either a single-cell transmission or a multi-cell transmission.
These two transmission modes are corresponding to two detailed transmission schemes with proper RB configuration, which are:

·  MBSFN (for Multi-cell transmission)
· SC-PTM (for single-cell transmission)
Transmission mode of E-MBMS is determined by service characteristics, network deployment status and user distribution status or estimated used resources.
To avoid unnecessary MBMS transmission in a cell where there is no MBMS user, the network can detect the presence in a cell of at least one MBMS user interested in the MBMS service e.g. by polling. It is FFS whether or not it is needed to count to a greater granularity the number of UEs in a cell interested in an MBMS service. 
15.3.2
Single-cell transmission

Single-cell transmission of MBMS is characterized by:

-
MBMS is transmitted only on the coverage of a specific cell; 
-
Combining of MBMS transmission from multiple cells is not supported; 
-
MTCH and MCCH are mapped on DL-SCH for p-t-m transmission; 
-
Scheduling is done by the eNB;
-
Multiple UEs can be allocated dedicated uplink feedback channels identical to those used in unicast transmission, which enables them to report HARQ Ack/Nack and CQI. Where such a feedback mechanism is configured, AMC is applied, and HARQ retransmissions are made on DL-SCH using a group (service specific) RNTI in a time frame that is co-ordinated with the original MTCH transmission. All UEs are able to receive the retransmissions and combine them with the original transmissions at the HARQ level.
-
UEs that are allocated a dedicated uplink feedback channel are in either RRC_CONNECTED state or MBMS_RRC_CONNECTED state. 
For single-cell transmission, an eNB is not required to comply with the stringent timing requirements indicated by SYNC protocol. The following principles still applies for the single transmission:

1. 
An E-MBMS GW sends/broadcasts MBMS packet with the SYNC protocol to each eNB transmitting the service.
2.
The SYNC protocol provides additional information so that the eNBs identify the transmission radio frame(s). The E-MBMS GW does not need accurate knowledge of radio resource allocation in terms of exact time division (e.g. exact start time of the radio frame transmission).  
3. 
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNB, without taking into account any indication in the SYNC protocol..
NOTE: The usage of SYNC protocol for single cell localized services is for further study.  
15.3.2.1 Deployment scenario of single-cell transmission

The basic characteristics of E-MBMS single-cell transmission is that the UE needs not to do the combining of signals from other cells. It does not imply that in the Multi-cell MBMS synchronization area the single-cell transmission can not be applied. The deployment of single-cell transmission for E-MBMS does not care about the synchronization status in eNBs. Single-cell transmission can be deployed anywhere except the SFN Area.

Single-cell transmission does not refer to the restriction of MBMS service transmission area only in one cell coverage area. Some contiguous coverage cells can also use the single-cell transmission mode. 

An illustration of E-MBMS single-cell transmission deployment scenario is shown in figure x.


[image: image3.emf]MBSFN Synchronization Area

Max MBSFN Area

MBSFN Area

MBSFN Guard Area

E-MBMS single-cell transmission can be deployed

1

2

3

3

4

4

5

5


Figure x: Illustration of E-MBMS single-cell transmission deployment scenario

Some rules for the E-MBMS single-cell transmission deployment for one MBMS service at a time are: 

· Single-cell transmission area can locate in the cells of MBSFN Synchronization Area 1. 
· Single-cell transmission area can locate in the cells out of the MBSFN Synchronization Area 2.
· Single-cell transmission area can not locate in the cells of MBSFN Area.
· Single-cell transmission area can locate in the cells of Max MBSFN Area except MBSFN area. But in Max MBSFN Area, the cells using single-cell transmission may not border upon each other. They may be disjunctive 3.
· Single-cell transmission area can locate in the cells of MBSFN Guard Area 4.
· Single-cell transmission area need not restrict only in one cell coverage area. It can be a contiguous coverage of several cells 5.
· Multiple cells belong to one single-cell transmission area can be the cells of one eNB or not. 

· There can be multiple single-cell transmission areas for one MBMS service simultaneously.

15.3.3
Multi-cell transmission

Multi-cell transmission of MBMS is characterized by:

-
Synchronous transmission of MBMS within its MBSFN Area; 
-
Combining of MBMS transmission from multiple cells is supported; 
-
MTCH and MCCH are mapped on MCH for p-t-m transmission;
-
The MBSFN Transmitting, Advertising, and Reserved cells are either semi-statically configured e.g. by O&M (MBMS-dedicated cell or MBMS/Unicast-mixed cell), or are dynamically adjusted (MBMS/Unicast-mixed cell) e.g. based on counting mechanisms (FFS).

-
The MBSFN Synchronization Area is semi-statically configured e.g. by O&M. The MBSFN Area can be semi-statically configured by O&M or (FFS) dynamically configured by MCE. 
-
Scheduling is done by the MBMS Coordination Entity (MCE). 
-
It is FFS whether UEs receiving MBSFN transmission will be able to take part in a feedback mechanism of the type described for single cell transmission, to enable re-transmissions to be made via the DL-SCH of the cell. Should such a re-transmission mechanism be supported, all UEs that are receiving the MBSFN transmission will be able to receive the re-transmissions and combine them with the original transmission at a HARQ level.
The content synchronization for multi-cell transmission is provided by the following principles:
1.
All eNBs in a given MBSFN Synchronization Area have a synchronised radio frame timing such that the radio frames are transmitted at the same time. 

2.
All eNBs have the same configuration of RLC/MAC/PHY for each MBMS service. These are indicated in advance by the MCE.

3.
An E-MBMS GW sends/broadcasts MBMS packet with the SYNC protocol to each eNB transmitting the service. 
4.
The SYNC protocol provides additional information so that the eNBs identify the transmission radio frame(s). The E-MBMS GW does not need accurate knowledge of radio resource allocation in terms of exact time division (e.g. exact start time of the radio frame transmission).  
5.
eNB buffers MBMS packet and waits for the transmission timing indicated in the SYNC protocol. 

6.
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNB.
7. The SYNC protocol provides means to detect packet loss(es) and supports a recovery mechanism robust against loss of consecutive PDU packets (MBMS Packets with SYNC Header). 

8.  (FFS) For the packet loss case the transmission of radio blocks potentially impacted by the lost packet should be muted or padded.
9. (FFS) The mechanism supports indication or detection of MBMS data burst termination (e.g. to identify and alternately use available spare resources related to pauses in the MBMS PDU data flow).
15.3.4 Transmission mode/scheme selection

The transmission mode/scheme is a concept related to RAN. It is the concept of service but not for users. The transmission mode selection should be done in MCE. 

For one service session at a time can simultaneously have single-cell transmission mode and multi-cell transmission mode in different transmission area.

The main factors which will impact the transmission mode selection are:

· Service area (SA) definition.
· Network deployment status which include the neighbor cell relations of each cell and SFN operation capability of cells by Max SFN Area definition.

· Coverage Optimization, which could imply to involve also neighboring cell without interested users in MBSFN. The presence of users in cells can be obtained e.g. by polling.

· Radio Resource Efficiency optimization in which the transmission mode is selected to provide the most efficient usage of radio resources within the constraints of the other factors. It is likely that schemes as proposed in [4] will yield the most appropriate decisions with respect to radio resource efficiency.
An outline of the transmission mode selection algorithm is given below:
The SA (Service Area) defines the Maximum area of this service transmission. Only the cells in the intersection of SA and MAX SFN Area may use the multi-cell transmission mode. But it also needs to judge the conjunction status of these cells in the intersection by neighboring cell relation and polling result

The polling result reflects whether there is at least one user in this cell. The cells that have no user need not transmit this service data and it will impact the connectivity of other cells. 

Finally those cells, which locate in the intersection of SA and Max SFN Area and are connective between each other, will select the multi-cell transmission mode for this MBMS service. They also constitute the SFN Area of this service and there may be more than one MBSFN Area of a service in the Max MBSFN Area. The remained cells in the intersection of SA and Max MBSFN Area and which have users in it but disjoint to others only can use the single-cell transmission.  
Correspondingly, if any resource efficient scheme is used, for the cells which could take part in MBSFN transmission in a MAX MBSFN area it could be evaluated, if the overall radio resource efficiency is better in case of MBSFN transmission or in case of SC-transmission. 

The cells of SA but outside the intersection of SA and Max MBSFN Area just select the single-cell transmission mode for this MBMS service.
15.3.5 Transmission mode/scheme switching

During one session due to the user mobility and on/off operation the user distribution status of a MBMS service user may change. This will impact the cell connectivity characteristic. For instance a cell which would no longer have any interested user would provide the MCE with the information that it would not support any user or use any resource in SC-Mode.

There is only 1 type of MBSM service transmission mode/scheme switching for one service at a time in some area, which is:
· MBSFN(multi-cell transmission) (( SC-PTM (single-cell transmission)

------------------------------------------ The End of Text Proposal --------------------------------------------
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