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Proposed IEEE 802.16m Amendment on E-MBS support with multi-carrier 
Soojung Jung, Juhee Kim, Eunkyung Kim, Jaesun Cha, Kwangjae Lim, Hyun Lee, Chulsik Yoon
ETRI
I. Introduction
This contribution proposes amendment text on E-MBS support for the WirelessMAN-OFDMA Advance System with multi-carrier.
II. E-MBS support with multi-carrier 

IEEE 802.16m system may designate the partially configured carriers for E-MBS only. E-MBS data can be transmitted in broadcast only carrier. In this case a fully configured unicast or unicast/E-MBS mixed carrier could be used to provide signaling support needed for service initiation, and additions and terminations as well as other service and security related exchanges between the AMS and the serving ABS or the MBS servers in the network. And IEEE 802.16m defines E-MBS scheduling interval to facilitate power saving mechanism. For each E-MBS zone there is an E-MBS scheduling interval. The AMS wakes up in each E-MBS scheduling interval in order to check whether there is data to be decoded. In case that the partially configured carrier is designated for E-MBS only, the same operation will be performed.  
The multi-carrier AMS which is capable of processing multiple radio carriers at the same time may perform normal data communication at one carrier while receiving the E-MBS content over another carrier.

On the other hand, the multi- carrier AMS which is incapable of processing multiple radio carriers at the same time may perform multi-carrier operation by using the carrier switching mode. Therefore, the AMS of this type has to switch between the primary and the dedicated carrier to support E-MBS service on dedicated carrier. This is significantly different from the legacy MBS support with separate zone within PHY frame for MBS traffic. That is, Carrier switching between different carriers will lead to the interruption of E-MBS content or unicast traffic. To solve this problem, we propose that the carrier switching for E-MBS service on dedicated carrier may be operated in consideration of the E-MBS scheduling interval.
· E-MBS support in carrier switching mode 

· Active mode

When an AMS is in active mode and is incapable of concurrently processing multiple radio carriers, the AMS and the serving ABS may communicate over AMS’s primary carrier. If the AMS of this type subscribes to an E-MBS service on dedicated carrier, the AMS has to switch between different carriers to receive the E-MBS service contents and signaling messages as well as unicast traffics. To operate without interruptions in spite of limited AMS’s capability, the switching to the dedicated carrier for E-MBS only has to be made to fit when the E-MBS service is provided. In IEEE 802.16m system, the E-MBS service is provided according to the scheduling interval to facilitate power saving mechanism. Therefore, carrier switching mode for E-MBS service needs to be operated according to the E-MBS scheduling interval. Moreover, a transmission of the unicast traffic and signaling messages through the primary carrier has not been scheduled during this interval. Figure 1 shows an example flow in active mode according to the previous consideration.
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Figure 1 Example flow of active mode operation with E-MBS connection on dedicated carrier
· Sleep mode

When an AMS enters sleep mode, a negotiation is made between serving ABS and AMS. 

During the listening window of sleep mode, the traffic indication and data traffic are transmitted through the primary carrier for AMS in the carrier switching mode

For an AMS which is operating in carrier switching mode due to limited capability, the different factor regarding the sleep mode has to be considered according to inclusion or exclusion of the E-MBS connection on the dedicated carrier. There are two options for sleep mode operation in the carrier switching mode   
Option I: 

In this option, the E-MBS connection through the dedicated is excluded in negotiation procedure of sleep mode. Therefore, there will be the interruption of E-MBS content or unicast traffics due to limited AMS’s capability. That is, a transmission of unicast traffic through the primary carrier during listening window and a transmission of E-MBS content through the dedicated carrier may occasionally overlap each other. Therefore, some interruption of E-MBS contents or unicast traffic may occur. Figure 2 shows an example flow in sleep mode with those interruptions.
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Figure 2 Example flow of sleep mode operation without consideration of E-MBS connection on dedicated carrier
In this case, those interruptions may be removed by scheduling, such as shifting within listening window, deferring till next listening window or listening window extension for unicast traffic through primary carrier. Figure 3 shows an example flow of sleep mode operation removed the interruptions by scheduling.
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Figure 3 Example flow of sleep mode operation removed the interruptions by scheduling
But this method can’t completely remove the interruption and may increase the complexity of scheduling operation. 

Option II: 

In this option, the E-MBS connection on the dedicated carrier is included in negotiation procedure of sleep mode. That is, sleep mode parameters are configured with consideration of E-MBS connection on the dedicated carrier. Therefore, an AMS which is incapable of concurrently processing multiple radio carrier will be received the E-MBS contents without interruption by using carrier switching during the listening window or sleep window. First, in case of carrier switching during the sleep window, transmissions of E-MBS content are occurred during sleep window. Figure 4 shows an example flows in sleep mode with this option. But, if the listening windows are extended, this method is still facing the interruptions of E-MBS contents.

[image: image4.emf]Active mode

ABS

FA#1

FA#n

FA#1FA#2FA#iFA#n

Sleep mode

Active mode

Control signaling(sleep mode->active mode)

Control signaling(active mode->sleep mode)

Carrier 

switching

Carrier 

switching

Carrier 

switching

Carrier 

switching

Carrier 

switching

Carrier 

switching

Carrier 

switching

Carrier 

switching

AMS#1

Fully configured(unicast)

partially configured

Fully configured(mixed)

EMBS streaming

Interruption of 

EMBS streaming

Scheduling interval

Listening window

Unicast data

Listening 

Window

extension


Figure 4 Example flow of sleep mode operation in consideration of E-MBS connection on dedicated (carrier switching during sleep window)
Next, A transmission of E-MBS content is received during listening window and a transmission of unicast traffic and signaling through the primary carrier are scheduled during reminder of listening window by serving ABS. Figure 5 shows an example flow in sleep mode with this option. 
Interruptions can be solved with the scheduling in option I. However, we may consider the option II as one method to avoid the interruption if we can adjust sleep mode operation to E-MBS service during the negotiation of the sleep mode.
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Figure 5 Example flow of sleep mode operation in consideration of E-MBS connection on dedicated (carrier switching during listening window)
III. Proposed Text

----------------------------------------------------------- Text Start ---------------------------------------------------------------
15.X.4.7.2 Carrier switching between a primary carrier and a secondary carrier 
[Add the following text into Amendment Working Document]
When carrier switching is used to support the E-MBS service on the dedicated carrier, which is partially configured, carrier switching between different carriers may be operated in consideration of the E-MBS scheduling interval. 
15.X.4.9.1 sleep mode
[Add the following text into Amendment Working Document]
For a multi-carrier AMS which is operating in carrier switching mode, the E-MBS connection through the dedicated carrier which is partially configured may be considered in negotiation procedure of sleep mode. 
15.x.4.10 E-MBS support

[Add the following text into Amendment Working Document]
The multi-carrier AMS which is incapable of processing multiple radio carriers at the same time may perform carrier switching mode. The carrier switching for E-MBS service on the dedicated carrier which is partially configured may be operated in consideration of the E-MBS scheduling interval.
----------------------------------------------------------- Text End ---------------------------------------------------------------
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