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1. Introduction

For TGm, each ABS may support multiple carriers. For paging operation in idle mode, how to transmit the paging messages on multiple carriers is a problem to solve. A simple way is transmitting the whole paging messages on each carrier, and AMS can monitor any carrier to receive. The overhead of this method is large due to the duplicated transmission.

In this proposal, three ways to solve the problem are discussed as following. Fig 1 shows an example of an ABS with multiple carriers and multiple PGIDs.
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Fig 1. An example of an ABS with multiple carriers

2. Proposed Solutions
2.1. Solution 1: Paging messages are transmitted on all fully configured carriers
In this solution, it is proposed to transmit all paging messages on all fully configured carriers.

In this case, after enters idle mode, AMS works as in single carrier deployment. As shown in Fig 1, ABS transmits all paging messages for PGID 1, PGID 2, PGID 3 on all fully configured carriers. Obviously, the overhead for transmitting identical paging message on all carriers is heavy. To reduce the cost, solution 2 and 3 are proposed as following.
2.2. Solution 2: Partial paging messages on each fully configured carrier
To reduce the overhead of paging, it is proposed to only transmit partial paging messages on each fully configured carrier.
As shown in Fig 1, ABS could transmit paging message for PGID1 on Carrier 1, and transmit paging messages for PGID 2 and PGID 3 on Carrier 2. The paging carrier information for each PGID is broadcasted in SFH IE along with PGID information to AMSs.

When AMS enters idle mode, the paging carrier for the PGID AMS belongs to is indicated by AAI-DREG-CMD message. Then AMS only monitors its paging carrier to listen to the paging message.

When AMS performs location update, the paging carrier information on current ABS is indicated to AMS by Location Update TLV in AAI_RNG-RSP message. If the paging carrier information is described by physical carrier index, AMS needs to receive multi-carrier configuration information first.

When an AMS moves to the coverage of this ABS, three possible cases would happen:

· Case 1: AMS {PGID2, working on Carrier 1}: AMS gets the paging carrier information from SFH IE, and then switch to Carrier 2 to keep monitoring;

Before Carrier Switching, AMS receive the multi-carrier configuration information at the ABS first.

· Case 2: AMS {PGID2, working on Carrier 2}: AMS gets information that PGID 2 is supported on Carrier 2 from SFH IE, and keep listening to the paging message during listening interval.
· Case 3: AMS {PGID 4}: AMS finds out the PGID 4 is not support on current ABS, then performs location update or network re-entry.

The corresponding S-SFH IE field for paging, the paging information TLV for AAI_DREG-CMD, and location update TLV for AAI_RNG-RSP are proposed as listed in the following tables.

	
	Contents
	Size

	S-SFH packet
	N_PGIDs

For (i=0; i<N_PGIDs; i++){

PGID;

Paging carrier information (physical carrier index)
}
	TBD


Paging Information TLV:

	Type
	Length
	Value
	Scope

	TBD
	TBD
	Bits #xx-yy: PGID assigned for AMS

Bits #yy+1-zz: paging carrier for PGID above (physical carrier index)
	AAI_DREG-CMD




Location Update TLV:

	Type
	Length
	Value
	Scope

	TBD
	TBD
	Bits #xx-yy: PGID assigned for AMS

Bits #yy+1-zz: paging carrier for PGID above (physical carrier index)
	AAI_RNG-RSP




2.3. Solution 3: Paging Messages are transmitted only on one fully configured carrier
In this solution, it is proposed to transmit all paging message only on one fully configured carrier. 

For example, as shown in Fig 1, ABS transmits all paging messages only on Carrier1. However, the PGID information shall be transmitted on all fully configured carriers. To reduce the carrier switching delay, the paging carrier information is included in the PGID information.
When AMS enters idle mode, the paging carrier for the PGID which AMS belongs to is indicated by AAI_DREG-CMD message. Then AMS only monitors the paging carrier to listen to the paging message.

When AMS perform location update, the paging carrier information on current ABS is indicated to AMS by Location Update TLV in AAI_RNG-RSP message. The paging carrier information is described by physical carrier index, AMS needs to receive Multi-carrier configuration information first.

	
	Contents
	Size

	S-SFH packet
	N_PGIDs;
For (i=0; i<N_PGIDs; i++){

PGID;
}
Paging carrier information (physical carrier index)
	TBD


Paging information TLV:

	Type
	Length
	Value
	Scope

	TBD
	TBD
	Bits #xx-yy: PGID assigned for AMS

Bits #yy+1-zz: paging carrier for PGID above (physical carrier index)
	AAI_DREG-CMD




Location Update TLV:

	Type
	Length
	Value
	Scope

	TBD
	TBD
	Bits #xx-yy: PGID assigned for AMS

Bits #yy+1-zz: paging carrier for PGID above (physical carrier index)
	AAI_RNG-RSP




2.4. Summary
Among the three solutions mentioned above, the 1st solution bears heavy overhead due to the identical paging messages transmitted on all carriers. In the 3rd solution, the paging carrier selected also suffers loading problem. 
The 2nd solution distributes the overhead of paging messages to multiple carriers, which is better for ABS to control load balancing. And for AMS’ point of view, the paging procedure is not changed compared to single carrier mode.

3. Text proposal in the 802.16m amendment

---------------------------------------------------------- Text Start ---------------------------------------------------------------- 
15.2.17 Idle mode
15.2.17.2.3 Operation during paging listening interval
…
The ABS shall transmit the PG ID information and the paging carrier information at a predetermined location in the paging listening interval in order to advertise the paging group(s) that is supported by the ABS. The PGID information and the paging carrier information shall be trans​mitted by the ABS regardless of whether or not there any notifications for AMSs. The location of PGID(s) is TBD.

…
15.2.17.4.2 Location update process
…
If the ABS evaluates the CMAC Tuple as valid and supplies a corresponding authenticating CMAC Tuple, then the ABS shall reply with a AAI_RNG-RSP message including the Location Update Response TLV and CMAC Tuple completing the location update process. If paging group has changed, then the ABS shall include Paging Group ID in the AAI_RNG-RSP message. The paging carrier information is included in the location update TLV.
…
x.x.x Paing information TLV

	Type
	Length
	Value
	Scope

	TBD
	TBD
	Bits #xx-yy: PGID assigned for AMS

Bits #yy+1-zz: paging carrier assigned for the specific PGID
	AAI_DREG-CMD




x.x.x Location Update TLV

	Type
	Length
	Value
	Scope

	TBD
	TBD
	Bits #xx-yy: PGID assigned for AMS

Bits #yy+1-zz: paging carrier assigned for the specified PGID
	AAI_RNG-RSP



------------------------------- ----------------------------Text End ------------------------------------------------------------
4. References

[1] IEEE 802.16-09/0010r2, “IEEE 802.16m Amendment Working Document”, March, 2009.

  


_1308466282.vsd
ABS
Fully configured carriers={C1, C2}
PGID={PGID1, PGID2, PGID3}




