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1. Introduction

RF combining within SFN area for additional gain on cell edge is the baseline for E-MBMS multi-cell transmission [1]. The uniform physical resource (time/frequency) in different eNBs within SFN area for the same MBMS services is one of the basic requirement for valid RF combining [2]. 
In this document we discuss how to achieve the uniform physical resource allocation for RF combining by service scheduling.
2. Discussion on E-MBMS service scheduling for RF combining
2.1 Architecture of E-MBMS service scheduling
According to the discussion in last three RAN3 meetings, a SYNC layer is agreed in RAN3 as the protocol layer to deal with the timestamp for the L2 content transmission synchronization of E-MBMS packets. SAE bearer synchronization mechanism is accepted as one of the basic architecture option for L2 content transmission synchronization for E-MBMS RF combining [3]. It can guarantee the same MBMS service data packets still keep synchronization after RLC/MAC/PHY processing in different eNBs with the same configuration.
On the other hand, it is agreed in RAN1[1]:

“It is desirable to have MBMS transmissions at high instantaneous data rates so that low transmission duty cycle per MBMS “channel” (source content) enables low power consumption for MBMS capable UEs.” And “TDM multiplexing of different MBMS streams is supported to minimize the MBMS reception time at the UE.”
Based on these agreements one of three RF combining requirements [2], that’s, the uniform physical resource allocation in different eNBs for the same MBMS service, can be achieved by the uniform service scheduling with TDM multiplexing of different E-MBMS services. The uniform scheduled E-MBMS services apply for the intersection of SFN areas in the same Multi-cell MBMS synchronization area.
With the TDM mode for the different E-MBMS service multiplexing the whole pre-configured E-MBMS frequency resource will be allocated to one E-MBMS service during a period of time. Then the uniform service scheduling pattern of all involved MBMS services can guarantee the same physical resource (Time/Frequency) is used for the same E-MBMS service. Then the physical resource allocation synchronization problem for E-MBMS RF combining can be achieved by service scheduling. 
In order to coordinate the scheduling among different involved eNBs the service scheduling function should be centralized. Based on the understanding of RAN3 discussion of common agreement on E-MBMS in Riga meeting [4] this E-MBMS service scheduling function should be implemented in MCE. 

The basic architecture of E-MBMS service scheduling scheme is illustrated in figure1.
MCE is responsible to deal with the allocation of the radio resource and radio configuration used by all eNBs in the SFN area for multi-cell MBMS transmissions using SFN operation [4]. Here the ‘time’ is the key resource for allocation to different E-MBMS services. MCE sends the final scheduling pattern to involved eNBs. To guarantee the reliability of this scheduling pattern transmission some “handshake” mechanism need to considered when transmit the scheduling pattern from MCE to eNB. Otherwise, MCE also will do the radio configuration for these MBMS services according to the MBMS QoS requirements. The session management information from MBMS Session Start/Stop/Update message is used for this purpose. 
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Figure 1: Architecture of service scheduling scheme for E-MBMS RF combining

The basic processing flow in MCE is shown in figure 2. There should define the two logical interfaces which are MCE-Central controller for MBMS in EMBMS-GW (CCM) and MCE-RRC. These two interfaces may be the internal interfaces according to the MCE location.
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Figure 2: Basic processing flow in MCE
Each involved eNB receive the E-MBMS service packet from UPE and the timestamp information is in-band with it. According to the timestamp information, the uniformly process in RLC and MAC entity with the same radio configuration parameters of this service from MCE in different eNBs is done for these data packets. Then MAC scheduler constructs the radio frames of these data packets to transfer on air interface based on the service scheduling pattern from MCE.
There are 2 basic alternatives of MBMS service scheduling schemes which are:

· Alt1: fixed pattern and fixed PRB with O&M, dynamic service-RB mapping with MCE
(Ext Alt1: fixed pattern with O&M, dynamic service-RB mapping and remapping with MCE)

· Alt2: fixed RB parameters with O&M, dynamic pattern and service-RB mapping with MCE
2.2 Alt1 fixed pattern and fixed PRB with O&M, dynamic service-RB mapping with MCE
The basic idea of this scheme comes from the R6 MBMS RB configuration. With this scheme all optional RB parameters and a fixed format of service scheduling pattern are pre-defined and configured through O&M to all involved eNBs and MCE according to the service statistic result in advance. That is fixed scheduling pattern and fixed PRB allocation with O&M.
For example the service statistic results show that the most primary data rate request of MBMS service are 512Kbps, 256Kbps, 128Kbps and 64Kbps, which cover the most majority instances of service providing.  And for each data rate requirement there may be exist several RB configuration schemes for example 1 for 512Kbps, 2 for 256Kbps, 2 for 128Kbps and 2 for 64Kbps. According to this statistic result of the MBMS service the pre-defined the service scheduling pattern can be determined in advance. An illustration with 2Mbits the bandwidth for E-MBMS service and 9 services simultaneously at most is show in figure 3. 
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Figure 3: Example of static fixed scheduling pattern and fixed PRB allocation scheme
In this scheme the RB configuration and the scheduling pattern are all pre-fixed and configured in involved eNBs and MCE by O&M. The MCE select the RB configuration parameters for one MBMS service among these pre-defined available options and once the RB configuration parameter is selected it also accomplishes the scheduling of this service implied with the fixed relation of service-RB mapping. That is dynamic service-RB mapping with MCE selection. The service-RB mapping information should be kept in MCE for the subsequent service scheduling. No scheduling pattern updated is need because it is fixed. 
In order to reduce the signalling transmission about the scheduling pattern the index of each data rate PRB allocation in the scheduling pattern can be defined. For example, in figure 3 we can define index indicator of this fixed pattern as {PRB512,0, PRB512,1, PRB256,0, PRB256,1, PRB128,0, PRB128,1, PRB64,0, PRB64,1, PRB64,2}. Then this service scheduling pattern information can be transferred to eNB within the radio configuration setting parameters by adding a PRBrate,index indicator. 
This scheme has the static and simplicity characteristics. It especially fit the service status fixed scenario such as Mobile TV service and etc. But if the maximum number of simultaneous services exceeds the pre-defined value then it can not support the new coming service. Otherwise when the new coming service’s data rate requirement is not coincident with the pre-defined value, it may not support. 
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Figure 4: Example of Ext Alt1 scheme
For example in figure 4 if a new service with 128Kbps data rate requirement comes and there is no 128Kbps PRB available but other available data rate PRB left is enough to support this service. Then with Alt1 scheme this new coming service can not be supported. 

The Alt1 extension scheme “fixed pattern with O&M, dynamic service-RB mapping and remapping with MCE” can fetch up some shortage of Alt1 mentioned above. The difference between Alt1 and Alt1 extension is consideration of the dynamic service-RB mapping/remapping and multiplexing to improve the radio resource efficiency. 
An illustration is also shown in figure 4. The above example in Alt1 scheme the new coming 128Kbps service can not be supported. Bu in Ext Alt1 scheme this service can be supported with 2 available 64Kbps PRB multiplexing. Another possibility may change the mapping of former two 128Kbps service into one available 256Kbps PRB and free the 128Kbps PRB for the new coming service. This instance may impact exist ongoing services of 128Kbps requirement and we suggest not to do so except no other methods.

Another example for Alt1 extension scheme can be in figure 5. All 64Kbps allocations are occupied and a new 64Kbps service comes it can be allocated in the available 128Kbps PRB. Then if another 64Kbps service comes, it also can be multiplexed with the former 64Kbps service on the previous 128Kbps PRB.
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Figure 5: Another example of Ext Alt1 scheme
2.3 Alt2 fixed RB parameters with O&M, dynamic pattern and service-RB with MCE

In this scheme the RB configuration parameters are still pre-defined and all options are configured by O&M like Alt1. But the scheduling pattern is not fixed and the service distribution status is also not fixed. The detailed scheduling pattern is determined by MCE according to the actual service coming status.
The basic processing step of Alt2 scheme is:

1. MCE receive MBMS Session Start/Update message from UPE.

2. “Radio configuration setting” function block in MCE determine the RB related configuration parameters according to the QoS requirement information such as ‘Label’ value and etc.

3. “MBMS service scheduling” function block in MCE perform the service scheduling to update the uniform scheduling pattern. QoS requirement such as MBR, GBR from session management messages, MCS parameters of this service from radio configuration setting block and predefined system parameters are all used in the determining of service scheduling pattern.
4. MCE send the radio configuration parameters of this service and the updated uniform service scheduling pattern to the involved eNBs.
There may be ‘holes’ in scheduling pattern generated by MCE due to not apropos matching between the requirement and available resources. In order to improve the resource efficiency these left resources (time/frequency) corresponding to the ‘holes’ in the scheduling pattern can be TDM multiplexed by unicast service which is determined by eNB itself.

The E-MBMS service scheduling pattern will remain valid until the session status of the MBMS service changes, such as a MBMS session start, update or stop. MCE will receive the correlation information from UPE and re-schedule the pattern. The new scheduling pattern will be performed in the next scheduling period by eNB.

The main difference between Alt2 and Alt1 is that the scheduling pattern in Alt1 is fixed with the predefined service set while in Alt2 the scheduling pattern is dynamic and change in real time according to the actual service session start and stop status.

Figure 6 illustrates the difference. The same example in Alt1 of figure 4 but has the different scheduling pattern result in Alt2. There exist some spare ‘holes’ in the scheduling pattern which can be multiplexed with unicast service which is decided by eNB itself and to improve the resource efficiency.
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Figure 6: Example of Alt2 Scheduling scheme
Alt2 scheduling scheme has the much more flexible than Alt1 no regarding the service distribution status. It can fit the service status uncertainty instance. The scheduling pattern information transferred from MCE to eNB can also transform into the index of the time slots resource to reduce the complexity. It can define the time slot resource index as {T0, T1, …, Tn} according to the definition of the smallest scheduling unit. 
3. Conclusion

In this contribution, the E-MBMS service scheduling for the purpose of uniform physical layer resource allocation for E-MBMS RF combining is discussed. There would be two alternatives of the MBMS service scheduling scheme. 

· Alt1 “fixed pattern and fixed PRB with O&M, dynamic service-RB mapping with MCE” and its extension is more simple and suitable for service static scenario like mobile TV services deployment.  It can be easily implemented for the O&M configured MCE implementation scheme.

· Alt2 “fixed RB parameters with O&M, dynamic pattern and service-RB mapping with MCE” is more dynamic in the resource allocation. It suits better to dynamically service deployment and is more suitable for the separate MCE node implementation scheme.

We hope the above mentioned proposals can be discussed and related content can be approved. Then we can prepare the text proposal.
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15.x Service scheduling for RF combining

With the TDM mode for the different E-MBMS service multiplexing the whole pre-configured E-MBMS frequency resource will be allocated to one E-MBMS service during a period of time. Then the uniform service scheduling pattern of all involved MBMS services can guarantee the same physical resource (Time/Frequency) is used for the same E-MBMS service. The physical resource allocation synchronization problem for E-MBMS RF combining can be achieved by service scheduling. 
In order to coordinate the scheduling among different involved eNBs the service scheduling function should be centralized and implemented in MCE.

The basic architecture of E-MBMS service scheduling scheme is illustrated in figure X.
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Figure X: Architecture of service scheduling scheme for E-MBMS RF combining

MCE is responsible to deal with the allocation of the radio resource and radio configuration used by all eNBs in the SFN area for multi-cell MBMS transmissions using SFN operation. Here the ‘time’ is the key resource for allocation to different E-MBMS services. MCE sends the final scheduling pattern to involved eNBs. The session management information from MBMS Session Start/Stop/Update message is used for this purpose. 
There are 2 basic alternatives of MBMS service scheduling schemes which are:

· Alt1: fixed pattern and fixed PRB with O&M, dynamic service-RB mapping with MCE

(Ext Alt1: fixed pattern with O&M, dynamic service-RB mapping and remapping with MCE)
In this scheme the RB configuration and the scheduling pattern are all pre-fixed and configured in involved eNBs and MCE by O&M. The MCE select the RB configuration parameters for one MBMS service among these pre-defined available options and once the RB configuration parameter is selected it also accomplishes the scheduling of this service implied with the fixed relation of service-RB mapping. That is dynamic service-RB mapping with MCE selection. The service-RB mapping information should be kept in MCE for the subsequent service scheduling. No scheduling pattern updated is need because it is fixed.

An illustration with 2Mbits the bandwidth for E-MBMS service and 9 services simultaneously at most is show in figure X. 


[image: image8.emf]Service Scheduling Period = 640ms

Bandwidth for E-MBMS = 2Mbits

time

512Kbps

512Kbps 256Kbps 256Kbps 128Kbps

128Kbps 64Kbps

64Kbps64Kbps


Figure X: Example of static fixed scheduling pattern and fixed PRB allocation scheme
This scheme has the static and simplicity characteristics. It especially fit the service status fixed scenario such as Mobile TV service and etc. But if the maximum number of simultaneous services exceeds the pre-defined value then it can not support the new coming service. Otherwise when the new coming service’s data rate requirement is not coincident with the pre-defined value, it may not support. 

The Alt1 extension scheme “fixed pattern with O&M, dynamic service-RB mapping and remapping with MCE” can fetch up some shortage of Alt1 mentioned above. The difference between Alt1 and Alt1 extension is consideration of the dynamic service-RB mapping/remapping and multiplexing to improve the radio resource efficiency. The illustration of the difference between Alt1 and Alt1 extension is also shown in figure x and figure y. 
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Figure x: Difference of Alt1 and Ext Alt1 scheme
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Figure y: Another example of Ext Alt1 scheme
Alt1 “fixed pattern and fixed PRB with O&M, dynamic service-RB mapping with MCE” and its extension is more simple and suitable for service static scenario like mobile TV services deployment.  It can be easily implemented for the O&M configured MCE implementation scheme.

· Alt2: fixed RB parameters with O&M, dynamic pattern and service-RB mapping with MCE

In this scheme the RB configuration parameters are still pre-defined and all options are configured by O&M like Alt1. But the scheduling pattern is not fixed and the service distribution status is also not fixed. The detailed scheduling pattern is determined by MCE according to the actual service coming status. The main difference between Alt2 and Alt1 is that the scheduling pattern in Alt1 is fixed with the predefined service set while in Alt2 the scheduling pattern is dynamic and change in real time according to the actual service session start and stop status.
There may be ‘holes’ in scheduling pattern generated by MCE due to not apropos matching between the requirement and available resources. In order to improve the resource efficiency these left resources (time/frequency) corresponding to the ‘holes’ in the scheduling pattern can be TDM multiplexed by unicast service which is determined by eNB itself.

Figure w illustrates the Alt2.
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Figure w: Example of Alt2 Scheduling scheme

The E-MBMS service scheduling pattern will remain valid until the session status of the MBMS service changes, such as a MBMS session start, update or stop. MCE will receive the correlation information from UPE and re-schedule the pattern. The new scheduling pattern will be performed in the next scheduling period by eNB.

Alt2 “fixed RB parameters with O&M, dynamic pattern and service-RB mapping with MCE” is more dynamic in the resource allocation. It suits better to dynamically service deployment and is more suitable for the separate MCE node implementation scheme.
------------------------------------------       The End of Text Proposal      --------------------------------------------
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