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Neighborhood paging group area for IEEE 802.16m
Xiaoyi Wang, Shashikant Maheshwari, Xin Qi, Yousuf Saifullah

Nokia Siemens Networks
1 Paging group concept in 16e

Idle mode in IEEE 802.16e is a mechanism for providing efficient power saving for MS by allowing MS to become periodically available for DL broadcast traffic messaging (e.g. Paging message) without registration at a specific BS. MS selectively monitors the paging message in the idle mode.

Paging group is constructed by a set of pre-decided BSs. MS is registered in one of the paging group. When Networks wants to page MS, all the BSs under this paging group will send paging message. One MS can only belong to one paging group. MS compares its own paging group ID with the paging group ID broadcast by the BS. If the MS detects it belongs to the same paging group ID then it does no location update (LU). Otherwise, it performs LU. 

MS at the boundary of the paging group may perform ping-pong LU by moving back and forth between the two neighboring paging group. To avoid such ping-pong LU, BSs at the boundary of a paging group could belong to multiple paging groups as described in figure 1.
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Figure 1: Paging Area design in IEEE 802.16e

2. Issues in current 16e paging group concept
There is a trade-off between paging group and LU frequency. A large paging group means large overhead to transmit paging message but less frequent LU. The small paging group means lower paging load but higher frequency of LU.

As can be seen from figure 1, to avoid the frequent LU, paging group generally overlaps and BSs belonging to boundary of the paging area are part of multiple paging area. This reduces the probabilities of frequent LU (ping pong effect). Larger the overlapping area, lower chances of sub-sequent LU because MS is far inside of new paging group before MS performs LU. Lower the overlapping area, higher chances of sub-sequent LU. Therefore, current paging group concept does not maximize the output of sub-sequent LU and depends upon the size of overlapping area. 

Effect of creating overlapping paging area:

BS belonging to overlapping paging area has to broadcast multiple paging group ID. In 802.16m Idle Mode AHG discussions, BS supposes to broadcast paging group IDs in the BCH or in SFH (20 ms frequency). Transmission of PGID at high frequency introduces overhead especially at the overlapping paging area where BS is required to broadcast multiple PGIDs. It can be seen from figure 1 (e.g. PG #5), In order to keep MS relatively center of the paging group after LU, almost every BS is part of more than one PGID. Transmitting multiple PGID at higher frequency introduces overhead.

We propose “Neighborhood paging group area” that makes sure MS is relatively at the center of the paging group area after performing LU procedure and reduces the overhead of BS transmitting multiple PGIDs.

3. Neighborhood Paging Group
We propose to create smaller non-overlapping paging group of neighboring BSs as shown in figure 2 (e.g. 3 – 7 BSs in each paging group area). A Paging group ID identifies a paging group. 

Each BS belongs to only one paging group. However, MS belongs to multiple Paging group area.

In order to create larger paging group area to avoid frequent LU by MS, BSs broadcast/unicast the list of paging group IDs containing the Paging group IDs of neighboring paging group area to MS when MS performs LU or enters idle mode. 

MS stores the list of Paging group IDs which include the PGID of the BSs where it enters idle mode plus the list of neighboring paging group IDs associated with the BS. MSs uses this list to make a decision when to perform LU.

Each BS has to broadcast its own paging group ID it belongs to in BCH or SFH. MSs in idle mode would check the PGID transmitted by the BS during Paging listening interval and verify whether the PGID transmitted by the BS is part of MS PGID list. If BS PGID is part of MS’s PGID list then MS is not required to perform LU. If BS’s PGID is not part of MS’s PGID list then MS will perform LU. 

After LU, BS either unicasts the list of neighboring PGID to MS or MS re-acquires the new PGID list broadcast by the BS.

If network wants to send Paging message for the MSs, Paging controller will schedule the paging messages for the MSs from each of the paging group area which are part of MS’s paging group ID list.

By having the smaller non-overlapping paging group and creating the list of neighbor paging group ID list, the effect of overlapping paging area can be achieved as can be seen from two big circles in figure 2. However, the overhead of transmission multiple PGID is removed with additional signaling message for providing list of PG ID for MSs.
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Figure 2: Proposed Neighborhood Paging Area for IEEE 802.16m

Comparing with traditional paging group, the proposed paging method ensures that MS is in the center of paging area after each time of LU. This enhances the LU efficiency greatly and reduces the overhead. See figure.2

With the proposed neighborhood paging area, BS is only required to be part of one paging group, it is possible to keep the Paging group ID as part of BSID to reduce the overhead of transmitting two identifier BSID and PGID.

The paging group ID could be a part of BSID. E.g. 2 bytes of BSID could represent PGID.

Anchor Paging Group ID Concept:

In order to support 2-step paging procedure and load balancing (distributing the paging load over multiple frame/sub-frame), We propose that one of the PGID in the list of PGID stored by the MS will be the anchor PGID. Selection of anchor Paging group ID for MS is implementation dependent and could depend on the load distribution. Paging controller may assign anchor PGID, either implicitly (based on hashing algorithm) or explicitly using signalling. How to assign anchor PGID is out side the scope of this contribution. Because of neighbourhood paging area, MS belongs to multiple PGIDs, however, when BS is transmitting paging message to specific MS, it will transmit in pre-determined location (e.g. frame/sub-frame) according to MS’s anchor PGID and paging cycle and paging offset.
Supports for 2-step paging: BS transmits only one PGID in broadcast message (e.g. BCH). When BS is required to transmit paging message for MS belonging to anchor PGID (e.g. PGID X), BS will transmit the list of anchor PGID at the pre-determined location, for which paging messages are scheduled to be transmitted. MS detects the list of anchor PGID and checks if its own anchor PGID is in the list, If yes then it will decode the paging messages at specific location otherwise go back to paging unavailable interval.

Illustration of proposed Neighborhood paging area using Example: Consider Figure 2 as a reference to describe the proposed neighborhood paging group area. BS(s) belonging to PGID #7 transmits PGID #7 in BCH and list of neighbouring paging group IDs (e.g. PGID # 2,3,8,11,10,6) in e.g. MOB_NBR_PGID_ADV. BS may either broadcast this list of PGID or unicast to MS.

MS stores this PGID list and assumes anchor PGID is 7 (either implicitly depending on where MS enters into idle mode or assigned by network during IDLE mode entry)

Now MS is moving within PG area of 7 and 2,3,8,11,10,6. Each BS transmits only one PGID in SFH according to their PGID. MS monitors BCH and if PGID in BCH is found to be part of its list. No LU is needed.
Let’s say MS is in paging area #8. Paging controller wants to transmit paging message to MS. It sends paging messages to all the BSs in the PGID list and also provides MS’s anchor PGID (PGID 7 in our example) in the backbone message.

In case of 2-step paging, All the BSs belong to PGID list will transmit List of anchor PGID (In our example only PGID 7) in Paging indicator channel. MS detect that it has paging. It will go and decode paging in pre-determined location (e.g. Sub-frame x).

BS will decide the location of transmitting Paging messages based on anchor PGID (PGID 7). Therefore, both BS and MS know the location. This will provide load balancing.

When MS move to PG area #12, which is not part of MS’s stored PGID list, MS will perform LU and acquire new PGID list from BS. New PGID list would be PGID #12 plus PGID # 11,8,9,13,17,16. Please note that after LU, MS is relatively center of the new neighborhood paging group area.

4 Advantages

With the smaller paging area and transmitting list of neighbouring Paging area, BS is not required to be part of multiple PG area. BS transmits only one PGID in broadcast message.

Existing 16e method: BS generally belongs to multiple overlapping paging groups to avoid ping pong effect. This method requires BS to transmit list of PGIDs in 16e DCD and MOB_NBR-ADV messages during paging listening interval.

Current 16m proposals: BS has to transmit list of PGID in BCH during paging listening interval. BCH transmits every 20 ms. If BS belongs to 2 PGIDs, then BS will transmit additional 1 PGID, 100 times in 2 seconds.  

Proposed scheme: BS transmits only one PGID in broadcast message (e.g.BCH) and transmits list of PGID every 1-2 secs (could be unicast also). If we assume list of paging group ID = 7 (each PGID has 3-5 BS, therefore logical PG is still bigger (7*5 = 35 BS) to existing paging group area) than overhead of transmitting additional PGIDs is 7. (Therefore even though we transmit list of PGID, overhead is less than existing solution, provided BS belongs to more than 1 PGID)

· Reduces the overhead of transmitting multiple PGID by creating neighbouring PGID list

· Low probability of paging message loss: BS is required to transmit only one PGID therefore, BS can transmit PGID more often so MS can detect the change in PGID faster and can perform the location update faster so that probability of paging message loss is reduced.

· Most of the time (> 50%), MS is found to be in the same cell where MS last performed location update, therefore it is expected that load of location update is much less than transmitting list of PGID by the BSs.

· Reduces the # of LU performed by MS

· Proposed scheme is scalable. Operator has more controlled on designing paging group area and how many BSs in particular PG area.

· Support load balancing and 2-step paging procedure

5 Proposed Text for C80216m-08/1128r1
-------------------------------------------------------Start of the text------------------------------------------------------------
Insert the following text ]

10.x.2.1.0 Neighborhood Paging Area
Paging group area consists of smaller non-overlapping paging group of neighboring BSs as shown in figure 2 (e.g. 3 – 7 BSs in each paging group). A Paging group ID identifies each paging group. 

[insert figure 2 here]

Each BS belongs to only one paging group. However, an MS could belong to multiple Paging groups.

In order to create larger paging group area to avoid frequent LU by MS, BSs broadcast/unicast the list of paging group IDs containing the Paging group IDs of neighboring paging group area to MS when MS performs LU or enters idle mode. 

MS stores the list of Paging group IDs which include the PGID of the BSs where it enters idle mode plus the list of neighboring paging group IDs associated with the BS. MSs use this list to make a decision when to perform LU.

Each BS broadcasts its own paging group ID in BCH or SFH. MSs in idle mode check the PGID transmitted by the BS during paging listening interval and verify whether the PGID transmitted by the BS is part of MS PGID list. If the BS PGID is part of the MS’s PGID list, then MS does not perform LU. If the BS PGID is not part of the MS’s PGID list, then MS performs LU. 

After LU, BS either unicasts the list of PGID to MS or MS re-acquires the new PGID list broadcast by the BS.

If network wants to send Paging message for the MSs, Paging controller will schedule the paging messages for the MSs from each of the paging group which are part of MS’s paging group ID list.

The paging group ID is 2 bytes of BSID. BSID is consists of 3 bytes operator ID and 3 bytes serial number. 2 Most significant bytes of serial number could represent paging group ID.
Anchor Paging Group ID Concept:

In order to support 2-step paging and load balancing (distributing the paging load over multiple frame/sub-frame), one of the PGID in the list of PGID stored by the MS will be anchor PGID. MS belongs to multiple PGIDs, however, when BS is transmitting paging message to specific MS, it will transmit in pre-determined location (e.g. frame/sub-frame) according to MS’s anchor PGID and paging cycle and paging offset. The selection of anchor PGID can be either implicitly depending on where MS enters into idle mode or assigned by network during IDLE mode entry.
Supports for 2-step paging: BS transmits only one PGID in broadcast message (e.g. BCH). When BS is required to transmit paging message for MS belonging to an anchor PGID, BS transmits the list of anchor PGID, for which paging messages are scheduled to be transmitted, at the pre-determined location. MS detects the list of anchor PGID and checks if its own anchor PGID is included, If included, then it decodes the paging messages at the pre-determined location.
-------------------------------------------------------End of the text------------------------------------------------------------
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