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Procedures of Synchronization for Paging
1 Introduction
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. The principle of synchronization for paging which can avoid impact of extended DRX cycle is described in sub-clause 8.1.5.1 in the latest TR [2], and basic procedure to realize extended DRX cycle is included in the LS sent to SA2 [3] in GERN#66. The same principle and procedure are also applicable to eDRX_GSM. This paper describes the detail procedures of synchronization for paging.
2 Achievement of cell synchronization
In the LS sent to SA2 in GERAN#66, WA8: The set of cells within a routing area in which eDRX is supported shall be time coordinated on the radio interface such that the largest difference in radio interface synchronization between any two cells in the set shall not exceed 4 seconds. 

The working assumption is reasonable and the assumed level of time synchronization between the cells can be achieved. Nevertheless a paging occasion corresponds to a specific frame in the radio interface. In order to achieve paging occasion synchronization between the different cells, the frame numbers should be synchronized and the relative time difference between the frame numbers of the cells shall not exceed 4 seconds. If all the cells start at the same time, frame synchronization can be achieved. However cells in one base station may lose the frame synchronization with other cells in the same routing area when the corresponding base station starts or restarts due to maintenance or abnormal causes. In order to make these cells resynchronized again, the core network needs to maintain a common “time reference information” (e.g. frame number and a corresponding absolute time of the frame timing etc.) for the routing area, where cell synchronization is required. The following signalling procedure is proposed by sourcing companies and is shown in Figure 1.
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Figure 1. FN synchronization procedure
1) The base station sends start/restart indication using legacy mechanism to the core network when it starts or restarts. 

2) The core network receives the indication from some base station,

> If there is no “time reference information” available in core network, the core network initiates a frame number (e.g. 0) and stores it together with the corresponding absolute time as the frame timing, then sends a response to the base station using the legacy mechanism, just adding a new IE “time reference information” in the response message. 

> Else it sends a response with “time reference information” it has stored. 

3) The base station receives the response from the core network, and uses the “time reference information” to calculate the frame number and frame timing. 
3 Notification of “time remaining until the next paging occasion” to CN
In the LS sent to SA2 in GERAN#66, WA2: A BSS should send the SGSN information that can be used for determining the “time remaining until the next paging occasion”.

Alternative 1:

A related document S2-152671 was agreed in SA2 [4], and in that document the notification procedure is: After reception of a BSS restart indication, the SGSN sends to the BSS a Dummy Paging message including a IMSI and the extended idle mode DRX parameters to the BSS. BSS will for this Dummy Page message calculate the “time remaining until the next paging group occurence” and reply back to the SGSN including the “time remaining until the next paging group occurrence” in a Dummy Paging response. SGSN will use that “time remaining until the next paging group occurence” information to adjust the paging timing for all MSs that are subject to extended Idle mode DRX.
In this procedure, the core network is assumed to be able to adjust the paging time of all MSs based on the information “time remaining until the next paging occasion” of one MS.

However different MSs may have different DRX cycles, and the base station calculates the MS specific paging occasion based on IMSI, DRX cycle and cell specific paging configurations. Taking GSM as an example, paging group is determined as follows,

 CCCH_GROUP (0 .. BS_CC_CHANS‑1) = ((IMSI mod 1000) mod (BS_CC_CHANS x N)) div N

PAGING_GROUP (0 .. N‑1) = ((IMSI mod 1000) mod (BS_CC_CHANS x N)) mod N

where


N = number of paging blocks "available" on one CCCH = (number of paging blocks "available" in a 51-multiframe on one CCCH) x BS_PA_MFRMS.

BS_CC_CHANS and BS_PA_MFRMS are cell specific paging configuration of the cells in the base station. Even though the core network has received the information of “time remaining until the next paging occasion” for one MS, it is still impossible to calculate the exact paging time of other MSs, unless the core network knows the cell specific paging configuration of the base station (assuming that the paging configuration is the same for all cells of a routing area/tracking area). Normally, the UE specific information such as DRX cycle and IMSI are known by the core network. Therefore, for the core network to be able to calculate the exact paging time of each MS, the base station should also provide these cell specific paging configuration in the Dummy Paging response message. However, from the sourcing companies’ point of view, it seems strange to inform the radio access network configuration of base station to the core network. 
Alternative 2:
Similar as proposed in GP-150107 [5] by Huawei, the base station notifies the information “time remaining until the next paging occasion” to the core network when receiving a paging request for a specific MS. The core network will take this MS-specific information into account to resend the paging request. 
The base station needs to evaluate the time duration between the point of time when the paging message is received and the next paging occasion on the air. If the time duration is larger than a predefined value (e.g. the maximum DRX cycle 15s in GERAN), the base station will discard the paging request and notify the “time remaining until the next paging occasion” to the core network. Otherwise it will handle the paging message in the legacy way. The procedure is shown in Figure 2. 

One additional paging request message and one additional notification message are needed and hence will increase the signalling load between the base station and the core network. However it is thought that the impact is negligible, because the paging requests are infrequent when extended DRX is used and because this only happens for the first paging request of a specific MS sent to the base station. 
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Figure 2. Procedure of notification of “time remaining until the next paging occasion” to CN

Considering the simplification of core network implementation and the clear division of functionalities between base station and the core network, the Alternative 2 is preferred by sourcing companies.
4 Summary
This paper describes the detail procedures of synchronization for paging, and proposed adopt these procedures into the TR.
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