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Proposed Text for Idle mode support in Multi-carrier operation
Chie Ming Chou, Chun-Yen Wang, Frank Ren, Yung-Han Chen, Jung-Mao Lin 
ITRI
 Wern Ho Sheen
Chaoyang University of Technology / ITRI
1. Introduction 
During IEEE 802.16 #63 and #63.5 meeting, several contributions are proposed for idle mode support in Multi-carrier operation. In this contribution, we compare the overhead of each proposal and make proposed text for idle mode support in Multi-carrier operation.

2. Analysis and discussion
When an ABS implements multiple carriers, three different operations could be employed for idle mode support: 
· The operation in current P802.16m D2: 
All carriers transmit identical PGID Info and AAI_PAG-ADV. Under this operation, PGID Info and AAI_PAG-ADV will be duplicated An AMS does not need to perform carrier change or location update process when moving within the same paging area.
· The operation in C802.16m-09_2062r1:

All carriers support same paging group(s) but AAI_PAG-ADV for an AMS will be transmitted on one carrier. PGID Info will add additional information for advertising the hash rule in this operation. With the hash information, an AMS can calculate which carrier will transmit its AAI_PAG-ADV and perform associated carrier change for idle mode support. Compared with current D2 specification, the required overhead of PGID Info will increase but the overhead of AAI_PAG-ADV can be reduced in an ABS. Also an AMS does not need to perform location update when moving within the same paging area.
· The operation in C802.16m-09_1740r1:

Carrier can support different paging group(s) and advertise its PGID Info. AAI_PAG-ADV for an AMS will be transmitted on the carrier(s) which belongs to associated paging group. By the way ABS can distribute supported number of paging groups along different carriers and the overhead of PGID Info can be reduced. Under this operation, location update process is required when an AMS selected incorrect carrier. If paging group of an AMS can be supported by other carrier(s) in the ABS, the ABS can respond the physical carrier index of carrier and then AMS can perform carrier change to receive its AAI_PAG-ADV. The occurrence of this action depends on the probability of cell reselection for an idle mode AMS (related to moving speed, cell coverage), the number of AMSs, and the number of carriers.
To make the comparisons, we take three scenarios into considerations: (1) ABS implements two fully configured carriers and belongs to one paging group. (2) ABS implements four fully configured carriers and belongs to one paging group. (3) ABS implements four fully configured carriers and belongs to four paging groups. Table 1 is the parameters used in the analysis.
Table 1, parameters used in the analysis
	Name
	Value
	Note

	PGID Info periodicity
	60 ms (3 superframe)

80 ms (4 superframe)
	This value represents how long the PGID Info will be advertised by an ABS. 

	Cell to cell distance
	1.5km 
	

	Probability of cell selection for an idle AMS in one second
	0.0046 (AMS with 6km/hr speed)
0.044 (AMS with 60km/hr speed)
	This value represents the probability which an idle mode AMS will cross from one cell to another cell. 

	PGID Info overhead in an carrier
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	N is the number of paging groups in an ABS. This equation is derived according to table 751 in D2. 

	Modified PGID Info overhead (C802.16m-09_2062r1) in an carrier
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	M is used to convey the hash information about each carrier. It can be a bitmap to set indicates the carriers that are used as paging carriers. (Ref. C802.16m-09_2062r1)

	AAI_PAG-ADV overhead in an carrier
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	Num_AMSs is the number of paged AMSs in a particular paging group. This equation is derived according to table 750 in D2

	AAI_RNG-REQ overhead for one location update purpose
	56 (bits)
	This value is calculated according to table 674 in D2.

	AAI_RNG-RSP overhead for one location update purpose
	82+16 (bits)
	One (82 bits) for responding with ranging code (in average, one round ranging can be successful) and one (16 bits) for responding with AAI_RNG-REQ. (Ref. C802.16m-09_1740r1)


· Scenario (1) ABS implements two fully configured carriers and belongs to one paging group:
Figure 1-A is the case of advertising PGID Info every 60ms in an ABS and Figure 1-B is the case of advertising PGID Info every 80ms in an ABS. Both Figures show total required radio resources to support idle mode operations in the Multi-carrier supporting ABS. For operation in #1740r1, ABS configures one carrier to support the paging group, and the other carrier will not support any paging group (by setting the number of paging groups to zero in the PGID Info message on that carrier). We can observe that #1740r1 with 6km/hr averaged AMS speed will have the lowest overhead. However, when the averaged AMS speed being 60km/hr, the operation in #1740r1 may have highest overhead when idle mode AMS number is large (>260 in 1-A; >180 in 1-B). This is because the probability of cell selection will be increased when AMS has high mobility speed and may cause frequent location update process. Another observation is that the operation in current D2 specification will be better than #2062r1. The reason is that the operation in #2062r1 needs additional overhead in its PGID Info and the duplicate issue in D2 specification is not serious when ABS only implements two carriers. 
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Figure 1-A, scenario (1) with 60ms PGID Info periodicity
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Figure 1-B, scenario (1) with 80ms PGID Info periodicity

· Scenario (2) ABS implements four fully configured carriers and belongs to one paging group:

For operation in #1740r1, ABS configures one carrier to support the paging group, and the other three carriers will not support any paging group (by setting the number of paging groups to zero in the PGID Info message on that carrier). We can observe that #1740r1 will have the lowest overhead except few conditions (average 60km/hr and >320 idle mode AMS users in an ABS). Due to having four carriers, the duplicate of AAI_PAG-ADV will be serious in D2 specification and it will have highest overhead when AMS number is large (>200 in 2-A; >180 in 2-B). Because of only one AAI_PAG-ADV for an AMS in this Multi-carrier supporting ABS, the increasing overhead will be lighten in both #1740r1 and #2062r1. 
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Figure 2-A, scenario (2) with 60ms PGID Info periodicity
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Figure 2-B, scenario (2) with 80ms PGID Info periodicity

· Scenario (3) ABS implements four fully configured carriers and belongs to four paging group:

For operation in #1740r1, ABS configures one carrier to support one paging group (the number of paging groups will set to one in the PGID Info on each carrier). In this scenario #1740r1 will have the lowest overhead. This is because the PGID Info overhead in #1740r1 can be distributed along carriers (23 bits, when N=1) and be smaller than that on D2 specification (71 bits, when N=4) and #2062r1 (80 bits, when N=4, M=4). Besides, due to having four carriers, the difference will be larger in an ABS. 

[image: image8.emf]0

50

100

150

200

250

300

350

400

450

500

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

Number of idle mode AMS in an ABS

Overhead (bits/60ms)

Current D2 specification

#1740r1(6km/hr AMS speed)

#1740r1(60km/hr AMS speed)

#2062r1


Figure 3-A, scenario (3) with 60ms PGID Info periodicity
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Figure 3-B, scenario (3) with 80ms PGID Info periodicity

In summary, #1740r1 with 6km/hr averaged AMS speed will always have best performance. Even with 60km/hr averaged AMS speed, it will have better performance in most conditions. As the number of carriers and paging groups increase, the PGID Info overhead can be lighten up with the operation in #1740r1. Therefore, we suggest that TGm shall adopt this method for idle mode support in Multi-carrier operation.
3. Proposed Text
[Accept the following modifications marked in blue underline]
---------------------------------------------------- Start of Proposed Text----------------------------------------------------
[Insert the text in Section 15.2.17.2.1]
15.2.17.2 Operation during Idle mode

15.2.17.2.1 Broadcast paging message
The ABS shall transmit the paging message within a frame known to both the ABS and the AMS. The remaining message, if any, shall be transmitted in the very next AAI subframe of the frame. If the overflow happens in the last DL AAI subframe of a frame, then the remaining message is transmitted in the next frame. The extension of paging listening interval shall be indicated by the extension flag in the paging message. Thus, in this case, an idle mode AMS remains awake and monitors the subsequent AAI subframe or frames for paging message. After receiving the complete paging message, the idle mode AMSs returns to paging unavailable interval if the AMS is not paged.
When an ABS implements multiple carriers, a carrier shall transmit paging message based on the advertised PGID Info on the carrier.
[Modify the text in Section 15.2.17.2.3]

15.2.17.2.3 Operation during paging listening interval 
The ABS shall transmit the PGID Info at a predetermined location in the paging listening interval in order to advertise the supported paging group(s) that is supported by the ABS. The PGID info shall be transmitted by the ABS regardless of whether or not there any notifications for AMSs.
When an ABS implements multiple carriers, the supported paging group(s) can be different among those carriers.
The ABS transmits the PGID Info right after SFH and A-MAP of the 1st AAI subframe during AMS's paging listening interval as shown in Figure 450. The PGID Info shall be transmitted as described in the section <<15.3.6.5.2.1>>.

The PGID Info shall be present before any AAI_PAG-ADV message in the superframe. The PGID Info includes the PGID(s) that the ABS carrier belongs to.
The PGID Info format is presented in Table 751.
Table 751 PGID Info Format
	Name
	Value

	Num_PGIDs
	Number of paging groups in the ABS

	PGID
	Identifier of paging group (0~216)

	m
	Time domain hash parameter (1 ~ 4) used to determine the frame number of a superframe for paging message transmission of an idle mode AMS.


[Modify the text in Section 15.2.17.4.2]
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 an encrypted AAI_RNG-RSP message including the Location Update Response completing the location update process. If paging group can be supported by other carrier(s) in the ABS, then the ABS may include physical carrier index of that carrier in the AAI_RNG-RSP message. If paging group has changed, then the ABS shall include Paging Group ID in the AAI_RNG-RSP message.
When receiving the AAI_RNG-RSP with target carrier index, AMS will re-select the target carrier as its preferred carrier for idle mode support. 
[Modify the table in Section 15.2.3.2 table 675]
15.2.3.2 AAI_RNG-RSP
Table 675 Parameters for AAI_RNG-RSP
	Name
	Value
	Usage

	Location Update Response
	0x00= Success of Location Update

0x01= Failure of Location Update

0x02 = Reserved

0x03=Success of location update and DL traffic pending

0x04 = Allow AMS’s DCR mode request

0x05 = Reject AMS’s DCR mode request
0x06 = Carrier change
0x067~0xFF: Reserved
	It shall be included when an ABS sends an AAI_RNG-RSP message in response to an AAI_ RNG-REQ message used to perform location update

	Target carrier index
	Target carrier index for supporting original PGID (6 bits)
	It shall be included only if the Location Update Response is set to 0x02

	Paging Cycle
	New Paging Cycle of the AMS

0b0000 - 0b1111
	It shall be included only if the Location Update Response is set to 0x00 (Success of Idle Mode Location Update) and the Paging Information has changed

	Paging Group ID 
	New PGID of the AMS
	

	Paging Offset
	New PAGING_OFFSET of AMS
	


---------------------------------------------------- End of Proposed Text ------------------------------------------------
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