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Abstract of the contribution: This paper is proposed to discuss the solutions for paging coordination for extended I-DRX in GERAN and in E-UTRAN.  
1. Background
In SA2 meeting #110, the LS S2-152697 is sent to request RAN2 to evaluate and provide a conclusion on a preferred solution from the 3 solutions for paging coordination for eI-DRX:
· Solution 1: RAN based approach (SFN extension)

· Technically endorsed CR: S2-152354 (TS 23.401)

· Solution 2: Core Network based with event based time reference

· Technically endorsed CRs:  S2-152617 (TS 23.682), S2-152672 (TS 23.401)

· Solution 3: Core Network based with absolute time reference

· Technically endorsed CRs:  S2-152673 (TS 23.682), S2-152672 (TS 23.401)

RAN2 provides the feedback (R2-153914) and the following agreements were made in RAN2 #91 meeting.

· To improve power saving gains, the UE should be able to re-synchronize over Uu with the RAN without sending uplink signalling (i.e. H-SFN or time clock broadcast information).

· H-SFN based paging will be adopted in the RAN  

· RAN2 has agreed that it would be desirable to minimize or avoid storing paging messages in eNB. To avoid storing of paging message would require the MME to have some awareness of approximate time of when the UE will become reachable. It is up to SA2 how this is achieved.
· For paging robustness purposes for mobile UEs, some lose H-SFN synchronization between cells may be required.
It can be concluded that all the 3 existing solutions can not meet the RAN requirements, and it is necessary to propose new solution for paging coordination for extended idle mode DRX.
And in SA2 meeting #110AH, GERAN2 has sent the LS (S2-152747_GP-150988) to inform SA2 of following recent progress within GERAN2 regarding the realization of extended DRX in Idle state for Rel-13:

· A BSS should send the SGSN information that can be used for determining the “time remaining until the next paging occasion”. The SGSN uses the negotiated eDRX cycle length and “time remaining until the next paging occasion” to determine the occurrence of ongoing paging occasions for that device.

· Regarding the method for providing the SGSN with “time remaining until the next paging occasion”, GERAN2 views the following solutions as being feasible:

· Solution 1: At any point following the completion of a RAU/Attach procedure for which the SGSN received eDRX information (applicable to the Idle state) in the RAU/Attach Request, the SGSN can perform a paging procedure to trigger the BSS to send back “time remaining until the next paging occasion”.
· Solution 2: Upon sending a downlink BSSGP PDU the SGSN can include IMSI + eDRX cycle information (e.g. in a RAU Accept). This can logically serve as a Dummy Page and therefore trigger the BSS to calculate “time remaining until the next paging occasion” and include it in a Dummy Page Response sent to the SGSN.
The solutions provided by GERAN2 can also be applied to E-UTRAN, that is, the eNB can notify the information “time remaining until the next paging occasion” to MME, so that the MME is able to have awareness of the approximate time when the UE will become reachable.

This paper is proposed to evaluate the solution1 and 2, and determine which solution should be chosen for paging coordination for extended I-DRX in GERAN and in E-UTRAN.
2. Discussion
2.1 Solution 1
2.2.1 Solution 1 for GERAN
A related document GP-150951 was approved in GERAN meeting # 67. In solution 1, 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 procedure is shown in Figure 1. 

[image: image1.emf]MS

core network base station

Paging Request

Notification (time remaining until the 

next paging occasion)

Paging

Paging Request


Figure 1: Procedure of notification of "time remaining until the next paging occasion" to CN
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 request in legacy way.
In Solution 1, the core network sends a normal paging message to base station when the MS needs to be paged in legacy way. And for BSS, one additional notification message is needed. However it is thought that the impact is low, because this only happens for the first paging request of a specific MS sent to the base station.

Observation 1: Solution 1 can realize the paging coordination for extended I-DRX in GERAN with negligible impact on base station and core network.
2.2.2 Solution 1 for E-UTRAN
The H-SFN based paging is adopted for eDRX in E-UTRAN, and the paging message can be repeated on different paging occasions determined using the legacy DRX formula for a certain paging window, depicted as figure 2.

To avoid storing of paging message in eNBs, the MME needs to know when the start point of paging window for the paged UE. And the start point of the paging window corresponds to the UE’s first (PF, PO) within the paging hyper-frame, where the (PF, PO) follows the legacy DRX formula.
In E-UTRAN, the paging coordination for eDRX can be realized as following:

· The eNBs within the paging area calculate the start point of the paging window and notify the information “time remaining until the next paging occasion” to MME when receiving a paging request for a specific UE. 
· The MME uses the “time remaining until the next paging occasion” along with the UE specific eDRX cycle to determine the occurrence of ongoing paging occasions and maintain the periodicity of paging occasions.
· The MME sends the Paging messages to the eNBs shortly before the paging window starts for the paged UE within each set of cells comprising the paging area.
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Figure 2: H-SFN based paging for eDRX

Note that the start points of the paging window notified by different eNBs will be early or late because of loose H-SFN synchronization between eNBs, the MME should send the Paging messages to the eNBs shortly before the earliest start of paging window.
Observation 2: According to the information“time remaining until the next paging occasion” notified from eNBs, MME can have awareness of approximate time of when the UE will become reachable.
Considering the impact on the network, it only needs to introduce a new S1AP notification message to send the “time remaining until the next paging occasion” to the MME. So the impact of solution 1 on RAN and core network is negligible.
Observation 3: Solution 1 can realize the paging coordination for extended I-DRX in E-UTRAN with negligible impact on RAN and core network.

2.2 Solution 2
2.2.1 Solution 2 for GERAN
A related document GP-150604 was approved in GERAN meeting #66, and in that document the notification procedure is as following:
· Upon receiving an uplink LLC PDU, a BSS should include “time remaining until the next paging occasion” information for the corresponding device when forwarding the LLC PDU to the SGSN.
· The legacy Routing Area Update (RAU) procedure can be modified so that it can be used as an opportunity for the SGSN to provide the BSS with the information it needs to calculate the “time remaining until the next paging occasion”.

· The SGSN includes IMSI, eDRX cycle and Coverage Class information within the BSSGP PDU used to send the RAU Accept from the SGSN to the BSS.

· The BSS retains these TLLI specific parameters (IMSI, eDRX cycle and Coverage Class) for a certain minimum amount of time (e.g. 10 seconds).

· If it receives an uplink LLC PDU (containing a RAU Complete) having a TLLI for which it still has these TLLI specific parameters it will calculate the “time remaining until the next paging occasion” and include it along with the received uplink LLC PDU within the BSSGP PDU it sends to the SGSN.

In solution 2, the notification procedure is based on the modified RAU procedure, and the BSS will notify the information “time remaining until the next paging occasion” when it receives an uplink LLC PDU (containing a RAU Complete). However, according to TS 23.060, “If P‑TMSI was reallocated, the MS acknowledges the new P‑TMSI by returning a Routeing Area Update Complete message to the SGSN.” The BSS can not always receive an uplink LLC PDU (containing a RAU Complete) during the RAU procedure when the P-TMSI is not reallocated. So solution 2 can not work any more when the BSS doesn’t receive the uplink LLC PDU from the MS.
Another issue is the impact on the BSS and core network. The Solution 2 needs to modify the existing RAU procedure, and 2 messages need to be extended: the downlink BSSGP PDU (containing RAU Accept) needs to be extended to include IMSI, eDRX cycle information; and the uplink BSSGP PDU (containing RAU Complete) needs to be extended to include the “time remaining until the next paging occasion” information. And the BSS needs to retain the TLLI specific parameters received from SGSN for a certain amount of time, and notify the “time remaining until the next paging occasion” when it receives an uplink LLC PDU still with these TLLI specific parameters. The related processing accordingly increases the complexity of BSS.
Observation 4: Solution 2 can not always keep work because the BSS can not always receive an uplink LLC PDU (containing a RAU Complete) during the RAU procedure, and also increases the processing complexity for BSS and core network. 
2.2.2 Solution 2 for E-UTRAN
The notification procedure for eDRX in E-UTRAN is similar as in GERAN, and the current Tracing Area Update (TAU) procedure can be modified to notify the “time remaining until the next paging occasion” information. The same observations can also be obtained.
Observation 5: Solution 2 can not always keep work because the eNB can not always receive an uplink RRC PDU (containing a TAU Complete) during the TAU procedure, and also increases the processing complexity for RAN and core network.
And another issue needs to be considered is the loose H-SFN synchronization. In Solution 2, only one eNB notifies its start point of the paging window to MME. However, the start points of the paging window of different eNBs within a tracing area are also different because of loose H-SFN synchronization between eNBs (e.g. within 10.24s). So the MME should send the Paging messages to the eNBs before the notified start of paging window for more time (e.g. more than 10.24s), while for Solution 1 the MME only needs to send the Paging messages to the eNBs shortly before the earliest start of paging window. Thus it will make the eNBs to store paging massages for long time, especially when the notified start of paging window is the earliest.
Observation 6: The Solution 2 will make the eNBs to store paging massages for long time because of the loose H-SFN synchronization between eNBs.

3. Proposal

It is proposed to choose Solution 1 based paging coordination for eDRX in GERAN and in E-UTRAN, and agree the CR S2-153322 based on above discussion and feedback the result to RAN2 and GERAN2.[image: image3.png]
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