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Abstract of the contribution: Proposes a solution for paging coordination between CN and UE.
1
Discussion
Describes a solution for clause 5.2.1 of TR 23.770.

2
Proposal
It is proposed to agree the following input for inclusion in TR 23.770.

################## START OF CHANGES ################

5.2.1
Solution1: Paging coordination between CN and UE
5.2.1.1
Description

MME/SGSN is aware of the paging timing for a given UE within the context of each eDRX cycle.


Paging triggers are buffered in the SGSN/MME and Paging messages are sent to the radio access nodes over relevant interfaces shortly before paging opportunity occurs for the paged UE within each set of cells comprising the paging area.

The solution relies on the existing DRX cycle mechanism for determination of Paging Occasions (POs) in conjunction with an absolute clock reference (Tref) and an eDRX timer value. The salient features of this solution are as follows:

· The UE requests the usage of eDRX using NAS signalling e.g. by sending the requested eDRX timer value or an eDRX indication in the Attach/TAU Request to the MME
· The MME responds in the Attach Accept/TAU Accept message with the same eDRX timer value if it is acceptable or suggests a new eDRX timer value. The MME also provides a reference timer value Tref. The Tref value is UE-specific and determines an instant on the time axis that is used as a time reference for determining which paging occasions (POs) the UE must monitor for reception of paging messages.
· After TeDRX timer expires, the next POs to monitor are defined to be the first PO occurrences after each periodic instant TN defined as TN = Tref + N * TeDRX (where N=1,2,3…) where the calculation of the PO occurrences is performed according to the legacy paging mechanism (i.e. based on the (non-extended) DRX cycle TDRX, the paging configuration within the cell, and the UE ID, as described in TS36.304).
· As shown in Figure 5.2.1.1-1 case 1, UE keeps track of the TeDRX timer in such a way that it wakes up shortly before the TeDRX timer expiry. Each time it wakes up, the UE needs to stay awake until it has monitored one PO based on the normal (legacy) DRX cycle, shown as TDRX. After it has checked for a paging message in its PO, the UE can go back to sleep for the remainder of the TeDRX interval.
Editor’s note: The notion of “shortly before” needs to be defined by the RAN groups or could be left to UE implementations. E.g. the preparation for the PO checking may include acquiring and reading SIBs, cell search and measurements.

· The MME may provide different reference times (Tref) to different UEs to stagger their paging cycles and prevent access related congestion.
· When the eDRX timer expires (e.g. 120seconds or 300seconds, etc.), the UE wakes up again for the next PO of the normal (legacy) DRX cycle (e.g. 2.56 seconds). The maximum delay to find a nearest PO and thereby to receive downlink notification at the PO is less than (TDRX + TeDRX) seconds.
· With this approach the MME knows that it can send the S1 Paging message shortly before the instants defined as TN = Tref + N * TeDRX.
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Case 2 – Extended DRX cycle using legacy PO and Tref + repetition
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Figure 5.2.1.1-1. Paging coordination between UE and CN: with one PO within eDRX cycle (Case 1) or with multiple POs within eDRX cycle (Case 2)
In order to improve paging reliability (e.g. to avoid paging misses due to cell reselection) the solution described previously can be enhanced to support multiple POs with one eDRX cycle, as illustrated in Figure 5.2.1.1-1 case 2. The number of multiple POs is referred to as Normal DRX Repetitions (NDRX). The salient features of this enhancement are as follows:

· Upon waking up at instants defined as TN = Tref + N * TeDRX, the UE must monitor more than one POs in order to make paging more reliable. Hence the POs to monitor are defined to be the first PO occurrences after each TN = Tref + N * TeDRX+ M * TDRX (where N=0,1,2,3…; and M=0..(NDRX -1)) where the calculation of the PO occurrences is performed according to the legacy paging mechanism. In the example shown in Figure 5.2.1.1-1 case 2, the number of repetitions NDRX is set equal to 2.
· The NDRX parameter is included in the [S1-AP] PAGING message to control the number of attempts of the RRC paging message within an eDRX cycle.
· The same parameter (NDRX) is included in the Attach Accept and TAU Accept messages.

· For each PO, the determination of the instant of the PO is based on the existing mechanisms (i.e. based on UE ID).

The time reference Tref can be based on Coordinated Universal Time (UTC) if it is signalled in the RAN (e.g. SIB16 in E-UTRAN). If UTC is not available in the RAN, then the periodic instants when UE wakes up can be determined in a relative way based on the instant of S1 release, as follows:

-
Upon completion of the S1 Release procedure at TrlsS1, the MME signals a TOffset value to the eNB in the [S1-AP] S1 UE CONTEXT RELEASE message, which in turn is signalled to the UE in the RRC Connection Release message.
-
The MME determines the periodic occurrences as TN = (TrlsS1 + TOffset + N * TeDRX), whereas UE determines the periodic occurrences as TN = (TrlsUu + TOffset + N * TeDRX), where TrlsUu is the instant of completion of the RRC Connection Release procedure at the UE
5.2.1.2
Impacts on existing nodes and functionality
-
MME/SGSN: support buffering of paging triggers, negotiation of eDRX parameters (TDRX, TeDRX, NDRX) and signalling of an absolute time reference Tref. The MME/SGSN keeps track of the periodic occurrences TN and sends the S1 PAGING message shortly before. The [S1-AP] PAGING message may include the number of DRX repetitions (NDRX). Optionally, if Tref is not available in the RAN, the MME signals a TOffset value in the [S1-AP] S1 UE CONTEXT RELEASE message.

-
UE:  negotiation of eDRX parameters (TDRX, TeDRX, NDRX). The UE keeps track of the periodic occurrences TN, wakes up shortly before and listens for NDRX paging occasions. Optionally, if Tref is not available in the RAN, the UE keeps track of the periodic occurrences TN based on the TOffset value signalled in the RRC Connection Release message.
-
eNB: Optionally needs to handle NDRX received in the [S1-AP] S1 PAGING message and TOffset value in the [S1-AP] S1 UE CONTEXT RELEASE message.
-
BSC: FFS

-
RNC:  Optionally needs to handle NDRX received in the [RANAP] PAGING message and TOffset value in the [RANAP] IU RELEASE COMMAND message.
5.2.1.3
Solution Evaluation


The solution with paging coordination between CN and UE has the following advantages:

-
It works with cells with heterogeneous eDRX capability.

-
It works with TAs with heterogeneous eDRX capability.

-
It allows for efficient support of MT data by exporting the TeDRX cycle to 3rd party AS/SCS. Due to the periodicity of the eDRX cycle and its being locked on an absolute time reference, the AS/SCS needs to be notified only once.
-
After being notified of the eDRX cycle, the SCS/AS always knows when to initiate sending of MT data, while minimising the delay of MT data delivery as well as the extended buffering in the SGW.
################## END OF CHANGES ################
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Case 1 – Extended DRX cycle using legacy PO and Tref
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Case 2 – Extended DRX cycle using legacy PO and Tref + repetition
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