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E-MBS Operation on Multicarrier Deployment in IEEE P802.16m (16.9.2)
Eunkyung Kim, Soojung Jung, Jaesun Cha, Sungcheol Chang, Hyun Lee, Chulsik Yoon 
ETRI
Instructions

IEEE 802.16m Amendment Draft Standard [1] describes the Enhanced Multicast Broadcast Service (E-MBS).

According to the IEEE 802.16m Amendment Draft Standard [1], E-MBS data can be transmitted via an alternative carrier, i.e., other than AMS’s primary carrier where service flows are configured the AMS is redirected to relevant carrier through DSA. During the transmission of AAI_E-MBS-CFG message and the E-MBS data to which AMS is subscribed, the AMS with only one transceiver may not be available for signaling exchange with ABS on the primary carrier. The AMS with multiple transceivers may be able to receive E-MBS data while communicating with ABS on the primary carrier. 

In order to receive the AAI_E-MBS-CFG message and the E-MBS data, the AMS with only one transceiver should switch its carrier to the relevant carrier. Rest time of the transmission of AAI_E-MBS-CFG message and the E-MBS data to which AMS is subscribed, the AMS either return to the primary carrier or stay in the relevant carrier. When the ABS tries to transmit some non E-MBS data in the primary carrier but the AMS has not returned to the primary carrier, the ABS cannot transmit any traffic via the primary carrier. On the other hand, the AMS does not have to return to the primary carrier when there is no traffic to be transmitted via the primary carrier. Furthermore, the AMS transmitting/receiving in the primary carrier in the specific time but the E-MBS data is transmitted via E-MBS carrier, the E-MBS data may be interrupted due to the carrier switching.
Because the E-MBS zone is divided by FDMed in the IEEE 802.16m Amendment Draft Standard [1], the E-MBS data in an E-MBS zone may span along with the MSI. 

To avoid any interrupt between non E-MBS data exchange and E-MBS data due to carrier change, following operations are proposed in [2]

 REF _Ref266303792 \n \h 
[3]

 REF _Ref266303794 \n \h 
[4]

 REF _Ref266303796 \n \h 
[5]. 
· Report from the AMS which channel it is receiving periodically or when the channel is changed using new messages [4]

 REF _Ref266303796 \n \h 
[5]
· Carrier switching based on the unicast available interval using DSx message [2]

 REF _Ref266303792 \n \h 
[3]
The concept of [4]

 REF _Ref266303796 \n \h 
[5] may make AMSs report the status which channel they received frequently. The concept of [2]

 REF _Ref266303792 \n \h 
[3] makes ABSs may not assign the available interval because of FDMed E-MBS zones.
Therefore, E-MBS operation in multicarrier deployment is proposed in this contribution in order to achieve an efficient carrier switching operation which can resolve the reporting overhead as well as unavailability of interval. 

Proposed E-MBS operation includes following

· Report from AMS to ABS which E-MBS the AMS to start receiving using a new message in connected state and location update in idle state.
· Avoiding the scheduling simultaneously between non E-MBS data and E-MBS data on the individual carrier using grouping a new paging zone as well as TDMed E-MBS Zone allocation.

Proposed Carrier switching operation to support E-MBS

In order to support carrier switching operation resolving report overhead as well as unavailability of interval, we propose an efficient scheme as follows;

· If the state of the AMS is connected state before starting E-MBS service,

· An AMS needs to report that the AMS starts/change E-MBS service using a new message

· In the response to the report, the ABS does not schedule any non E-MBS data to the AMS in the primary carrier and E-MBS data in the dedicated carrier at the same time
· If the state of the AMS is idle state before starting E-MBS service,

· An AMS needs to report that the AMS starts/changes E-MBS service in the part of location update

· In the response to the report, 
· The ABS groups the AMS as an specific paging group which has the following property;

· The paging group is only for the AMSs receiving E-MBS

· Paging listening interval of the paging group is not scheduled with overlapping the E-MBS data

· The ABS does not schedule any non E-MBS date via primary carrier and E-MBS data via dedicated carrier to the AMSs at the same time (in unit of superframe)
· If the AMS ends E-MBS service, it reports to the ABS using a new message/location update according to the state of the AMS.

· In the case of idle state, the ABS may reassign another paging group ID.

· To achieve non overlapped scheduling between primary carrier and dedicated carrier efficiently,

· E-MBS zone is divided with TDMed manner.

Proposed TDMed E-MBS Zone Allocation

Figure 1 and Figure 2 show an example of TDMed E-MBS zone allocation in 1 MSI (16 superframes) in mixed carrier and dedicated carrier respectively. 
In the mixed carrier as shown Figure 1, subbands are used either unicast or E-MBS. In the region assigned E-MBS, some superframes (8~11) are used for unicast. In the dedicated carrier as shown in Figure 2, all subbands are used for E-MBS but some superframes (8~11) are not used for E-MBS where the AMS can return to the primary carrier.

As shown in Figure 1 and Figure 2, whether the superframe in the MSI is used for E-MBS (set to “1”) or not (reset to “0”). In the example, superframe 0~7 and 12~15 are used for E-MBS. Among the superframes which are used for E-MBS, E-MBS Zone allocation bitmap is used from the first. If the subsequent superframe is used for the same E-MBS zone, the index bit of the E-MBS zone allocation bitmap is set to “0.” Otherwise, the index bit of E-MBS zone allocation bitmap is set to “1,” which means the number of E-MBS zones is the total number of bitmap set to “1” plus one.
In the case of any AMS receiving E-MBS data of E-MBS zone #2, the operation is as follows.
· E-MBS data is transmitted in the superframe 5~7 when the AMS switches to the E-MBS carrier to receive E-MBS data including E-MBS MAP, E-MBS contents, and E-MBS configuration message
· Superframe 0~4, 12~15 are unicast available interval in which the AMS does not switch to the E-MBS carrier
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Figure 1 - TDMed E-MBS zone allocation in mixed carrier (E-MBS Region allocation bitmap: 1111111100001111; E-MBS Zone Allocation bitmap: 00001001000)
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Figure 2 - TDMed E-MBS zone allocation in dedicated carrier (E-MBS Region allocation bitmap: 1111111100001111; E-MBS Zone Allocation bitmap: 00001001000)
Text Proposal for the 802.16m Amendment Draft Standard
Note:

The text in BLACK color: the existing text in the 802.16m Amendment Draft Standard
The text in RED color: the removal of existing 802.16m Amendment Draft Standard Text
The text in BLUE color: the new text added to the 802.16m Amendment Draft Standard Text
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Remedy1: Add the following text into 16.2.3 of 802.16m/D6]
16.2.3.x AAI_E-MBS-REP
The AMS shall send the AAI_E-MBS-REP message to the ABS upon starting/changing/ending the E-MBS including the following parameters:
· Control Message Type: Type of AAI_E-MBS-REP message.

· Report Mode: Action code for an AMS’s report of starting/changing/ending the E-MBS service.

· E-MBS Zone ID: Indicates an E-MBS zone where the AMS tries to receive E-MBS data, only included in the case report mode is starting/changing.

Table xxx – AAI_E-MBS-REP parameters

	M/O
	Attributes/Array of attributes
	Size(bits)
	Value/Note
	Conditions

	M
	Control Message Type
	8
	AAI_E-MBS-REP
	N.A.

	M
	Report Mode
	2
	Action code for an AMS’s report of starting/ending
0b00: AMS starts E-MBS

0b01: AMS changes E-MBS

0b10:AMS ends E-MBS

0b11: reserved
	

	O
	E-MBS Zone ID
	7
	Indicates an E-MBS zone from which the AMS receives E-MBS
	Present only if the Report Mode is set to 0b00 or 0b01


[Remedy2: Modify and add the following rows in the Table 679-AAI_RNG-REQ in 16.2.3.1 of 802.16m/D6]
Table 679—AAI_RNG-REQ message Field Descriptions
	M/O
	Attributes/Array of attributes
	Size(bits)
	Value/Note
	Conditions

	…..
	…..
	…..
	…..
	…..

	O
	Ranging Purpose Indica​tion
	4
	0b0000 = it indicates that the AMS is currently attempting HO reentry, or, in combination with a Paging Controller ID, indicates that the AMS is attempt​ing network reentry from idle mode to the ABS. If this value is set and Pag​ing Controller ID is absent, it indi​cates that the AMS is currently attempting HO reentry. If this value is set and Paging Controller ID is present, it indicates that the AMS is attempting network reentry from idle mode to the ABS. 
0b0001 = it indicates that the AMS is initiating the idle mode location update process, or, in combination with CRID, it indicates that the AMS is initiating DCR mode extension. If this value is set and CRID is absent, it indicates that the AMS is initiating the idle mode location update process. If this value is set and CRID is present, it indicates that the AMS is initiating DCR mode extension. 
0b0010 = ranging request for emer​gency call setup. When this value is set, it indicates AMS action of Emer​gency Call process. 
0b0011 = it indicates that the AMS is attempting to perform location update due to a need to update service flow management encodings for E-MBS flows. 
0b0100 = it indicates that the AMS is initiating location update for transition to DCR mode from idle mode. 
0b0101 = it indicates that the AMS is currently attempting reentry from DCR mode, coverage loss or detection of the different ABS restart count. 
0b0110 = it indicates that the AMS is currently attempting network reentry from a Legacy BS 
0b0111 = it indicates that the AMS is currently experiencing “femto inter​ference”
0b1000=it indicates that AMS is starting/ending/changing E-MBS
0b1000 - 0b1111 = reserved
	It shall be included when the AMS is attempting to perform reen​try, HO, location update or DCR mode extension. 

	…..
	…..
	…..
	…..
	…..

	O
	Report Mode
	2
	Action code for an AMS’s report of starting/ending E-MBS
0b00: AMS starts E-MBS

0b01: AMS changes E-MBS

0b10:AMS ends E-MBS

0b11: reserved
	Present only if the Ranging Purpose Indication is set to 0b1000

	O
	E-MBS Zone ID
	7
	Indicates an E-MBS zone from which the AMS receives E-MBS
	Present only if the Report Mode is set to 0b00 or 0b01


[Remedy2: Modify and add the following text in 16.9.2 of 802.16m/D6]
16.9.2 E-MBS Operation
Establishment of E-MBSs for a specific AMS with respect to certain service flow, when needed, shall be performed while the AMS is in connected state. E-MBS service flows are not dedicated to the specific AMS and are maintained even though the AMS is either in Active/Sleep mode or in the Idle mode. When an AMS is registered at an ABS for receiving E-MBS, multicast and broadcast service flows shall be instantiated as multicast connections. Data of multicast and broadcast service flows may be transmitted from ABS and may be received at AMS also regardless of what mode the AMS is currently in. The ABS may establish a DL E-MBS by creating a multicast and broadcast service flows when the service commences. Mapping of multi​cast and broadcast service flows to corresponding E-MBS IDs and FIDs shall be known and be the same for all ABSs belonging to the same E-MBS Zone. The method of making all ABS in the same E-MBS Zone aware of E-MBS flows and associated E-MBS service flows-including E-MBS ID and FID assignment, QoS parameter set, and Classification Rule(s)-is outside the scope of the standard. As the classification and trans​mission of E-MBS flows may be supported on an ABS in an E-MBS Zone regardless of the presence or absence of any AMS in Active mode receiving the service, the ABS may retain E-MBS service flow man​agement encodings to do classification and scheduling of E-MBS flows, even when no AMS in Active mode receiving the service is registered at the ABS. 
In order to improve the efficiency of radio resource utilization, dynamic multicast service may be supported, in which the transmission of the multicast service data should be decided based on the number of the AMSs within the ABS. Dynamic multicast service may be supported regardless of the AMS operating state – Con​nected State and Idle State.
16.9.2.1 E-MBS Connection Establishment
To discover E-MBS service, AMS will inform ABS of support of E-MBS transmission by AAI_REG-REQ message and the ABS will indicate if it supports any of E-MBS modes for that AMS through AAI_REG-RSP message. The basic E-MBS capability exchange in AAI_REG-REQ/RSP message is described in16.2.3.7 and 16.2.3.8.
When an AMS registers for receiving multicast and broadcast services, the serving ABS or the AMS may initiate the DSA procedure for multicast and broadcast connections. The AMS’s discovery and registration of the E-MBS services with the ABS through upper layer signaling are outside the scope of this standard. 
To prepare for subsequent E-MBS operation, the AMS obtains the E-MBS related configuration information receiving AAI_SCD message and AAI_E-MBS-CFG message on the corresponding E-MBS carrier described in Table 716 and Table 980.
The AMS learns the E-MBS_Zone_ID(s) to which the serving and neighboring ABS belongs through AAI_E-MBS_CFG message.
The ABS sends DSA, DSC and DSD messaging respectively to establish, change and delete E-MBS service flows. The AMS initiated DSx may also be supported. In addition the E-MBS service flows may also be established optionally through upper layer signaling£¨which is outside the scope of this specification. When E-MBS services involve multiple flows the compact form of DSx with group parameter should be used to reduce overhead and signaling delay associated with E-MBS flow management. 
The ABS sends the AAI_DSA-REQ/RSP to the AMS containing the relevant E-MBS/MBS parameters. The parameters sent will indicate to the AMS whether to listen to E-MBS on an AAI zone or to listen to MBS on a legacy MBS zone. It also includes E-MBS IDs and FIDs, E-MBS zone IDs, E-MBS carrier information (physical carrier index). Selective decoding of content is at the granularity of FID's.
If multicarrier feature is supported by the AMS and the ABS, the ABS should use AAI_DSA-REQ/RSP message to redirect the MS to legacy MBS zones or AAI E-MBS zone of other carriers, if such redirection is needed. 
A Start time parameter is included in AAI-DSA message for carrier switching mode to indicate the time the AMS performs carrier switching to the E-MBS carrier for detecting and decoding the AAI_E-MBS_CFG message. 
The AMS may continue to receive E-MBS transmissions from any ABS that is part of the E-MBS Zone, regardless of the AMS operating mode-Active Mode, Sleep Mode, Idle Mode-without need for update to any service flow management encoding for the E-MBS flow.
To allow seamless transition from one E-MBS Zone to another without any interruption of E-MBS data ser​vice and operation, the AMS should update E-MBS service flow management encodings including E-MBS IDs and FIDs, Packet Classification Rule parameter(s), E-MBS Zone Identifier Assignment parameter. If the AMS has no E-MBS IDs and FIDs information regarding the new E-MBS Zone, then the AMS is required to acquire E-MBS IDs and FIDs context through the other procedures, i.e., location-update if AMS is in the idle mode and handover if MS is in connected mode.
After successful configuration, the AMS shall reuse the same configuration when it moves to another ABS in the same E-MBS Zone without re-configuration.
16.9.2.2 E-MBS Operation in Connected State
When an AMS moves across E-MBS zone boundaries in Active Mode or Sleep Mode, the AMS performs the handover procedure described in 16.2.6.3. 
When the AMS transits to a new E-MBS Zone while in Active Mode or Sleep Mode, and the E-MBS service flow management encodings of the AMS have not been updated, the AMS shall send AAI_RNG-REQ mes​sage with Ranging Purpose Indication = 0b0011 at the target ABS and the ABS shall include E-MBS ID and FID Update in AAI_RNG-RSP parameters to provide updated service flow management encodings for any affected E-MBS flow as part of the handover procedure.
Once an AMS has received the E-MBS allocation information in the E-MBS-MAPs, it may not listen to the downlink channels till the next transmission of desired E-MBS flow or the next E-MBS-MAP. 
When EMBS data is transmitted on an alternative carrier, i.e. other than the AMS’s primary carrier where service flows are configured the AMS is redirected to relevant carrier through DSA as described in 16.9.2.1
During the transmission of EMBS configuration messages and the EMBS data to which AMS is subscribed, the AMS with only one transceiver may not be available for signaling exchange with ABS on the primary carrier.
The AMS with multiple transceivers may be able to receive EMBS data while communicating with ABS on primary carrier.
Other EMBS operations in idle and connection states as described in 16.9.2.2 and 16.9.2.3 also applicable to this scenario. 
The AMS does monitor down link channels and follow the entire idle mode and connected mode procedures as required by other services. While receiving E-MBS data, the AMS may temporary interrupt the reception of E-MBS packets for any reason, e.g. if time critical scanning is needed, without notifying the ABS.
16.9.2.3 E-MBS Operation in Idle State
When an AMS in Idle mode moves to an ABS which does not belongs to AMS' previous E-MBS Zone, the AMS is expected to update the E-MBS service flow management encodings at that ABS to provide continu​ous reception of E-MBS content. The AMS may obtain the E-MBS information in the target E-MBS zone through broadcast messages in the E-MBS-Zone of the serving ABS. If the idle AMS has not received such information from the serving E-MBS Zone, the AMS shall use location update procedure to acquire updated E-MBS service flow management encodings. In order to perform the MBS location update process, the AMS shall transmit AAI_RNG-REQ message with Ranging Purpose Indication =0b0011. In response to the request for MBS location update, the ABS shall transmit AAI_RNG-RSP message which may include the E-MBS zone identifier, E-MBS ID, FID, and E-MBS Zone Identifier Assignment parameter and etc. to pro​vide update service flow management encodings for any affected E-MBS flow(s).
The AMS may also conduct re-entry from Idle mode if required by quality of service of corresponding E-MBS flow.
16.9.2.x E-MBS Operation on the multi-carrier deployment
E-MBS operation on the single carrier in idle and connected states is described in 16.9.2.2 and 16.9.2.3. It may also be operated on the multicarrier deployment as described in this subsection.

If multicarrier feature is supported by the AMS and the ABS, the ABS should use AAI_DSA-REQ/RSP message to redirect the MS to legacy MBS zones or AAI E-MBS zone of other carriers, if such redirection is needed.
When EMBS data, including E-MBS configuration message, E-MBS MAP, and E-MBS contents, is transmitted on an alternative carrier, i.e. other than the AMS’s primary carrier where service flows are configured the AMS is redirected to relevant carrier through DSA as described in 16.9.2.1
The AMS with multiple transceivers may be able to receive EMBS data while communicating with ABS on primary carrier.
The AMS with only one transceiver may perform primary to secondary carrier switching where E-MBS configuration message and the E-MBS data are transmitted on an alternative carrier to the AMS and other communication with ABS is performed in the primary carrier.

To start or end primary to secondary carrier switching, the AMS shall send the AAI_E-MBS-REP message to the ABS upon starting/changing/ending the E-MBS in connected state and the AAI_RNG-REQ mes​sage with Ranging Purpose Indication = 0b1000 in idle state.
After receiving the report, the ABS does not schedule any non E-MBS data to the AMS in the primary carrier and E-MBS data in the E-MBS carrier at the same time. 
To avoid scheduling simultaneously in the primary carrier and E-MBS carrier, E-MBS zone may be divided with TDMed manner. Figure xxx shows an example of TDMed E-MBS zone allocation in 1 MSI (16 superframes). As shown in Figure xxx, whether the superframe in the MSI is used for E-MBS (set to “1”) or not (reset to “0”) using E-MBS region allocation bitmap where superframe 0~7 and 12~15 are used for E-MBS. Among the superframes which are used for E-MBS, E-MBS Zone allocation bitmap is used from the first. If the subsequent superframe is used for the same E-MBS zone, the index bit of the E-MBS zone allocation bitmap is set to “0.” Otherwise, the index bit of E-MBS zone allocation bitmap is set to “1,” which means the number of E-MBS zones is the total number of bitmap set to “1” plus one.

In the case of any AMS receiving E-MBS data of E-MBS zone #2, the operation is as follows.

· E-MBS data is transmitted in the superframe 5~7 when the AMS switches to the E-MBS carrier to receive E-MBS data including E-MBS MAP, E-MBS contents, and E-MBS configuration message
· Superframe 0~4, 12~15 are unicast available interval in which the AMS does not switch to the E-MBS carrier
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Figure xxx - TDMed E-MBS zone allocation in dedicated carrier (E-MBS Region allocation bitmap: 1111111100001111; E-MBS Zone Allocation bitmap: 00001001000)

For idle state AMS, the ABS groups idle state AMSs as an specific paging group when the AMS starts the E-MBS where the paging group is only for the AMSs receiving E-MBS and paging listening interval of the paging group is not scheduled with the E-MBS data simultaneously. The ABS may assign another paging group ID when the AMS ends the E-MBS.
[-------------------------------------------------End of Text Proposal----------------------------------------------------]
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