



3GPP TSG RAN WG2 Meeting #91      
                                               R2-153700
Beijing, China, 24- 28 August 2015
Agenda Item:
7.10.1
Source: 
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title: 
Discussion on solutions for extended idle mode DRX
Document for: 
Discussion/Decision

1. Introduction

A LS [S2-152697] was received from SA2 with information on the SA2 discussion on extended idle mode DRX solutions. RAN2 was requested to analysis the solutions from RAN perspectives and decide on which solution to adopt for support of extended idle mode DRX. In this contribution we analyze the three solutions indicated in the SA2 LS and provide our opinion for selecting a solution.
2. Discussion

SA2 identified three possible solutions for extended idle mode 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)

Description of each solution
S2-152354: Solution 1
Paging a UE in idle mode needs to take into account the extended DRX length. the RAN based solution assumes that the UE syncs with the RAN on the POs for extended DRX, and the CN only needs to know the DRX cycle length in order to adjust the paging retransmission strategy. If the MME enabled extended Idle mode DRX, paging request message from the MME to eNB also includes the extended DRX length. For the paging retransmission scheme, the MME should take into account the extended Idle mode DRX cycle length if it was enabled. 
For solution 1 to work, the SFN cycle used should also be extended. There are a number of ways of extending the SFN cycle such as “super cycle” or cycle to be lengthen by adding more MSBs. The extended SFN cycle information can be provided to the UE over system broadcast. Again there are multiple options for signalling. A method for computing the paging occasion and paging frames appropriate to the extended idle mode DRX and extended SFN should be specified such that the UEs can monitor the paging at appropriate paging instances, i.e no missing paging. 

S2-152617: Solution 2
In solution 2, the paging occasions are determined using the legacy paging procedure. A new DRX cycle timer, T​​eDRX, is introduced for the extended Idle mode DRX cycle value and the value is negotiated between the UE and the CN on NAS level. At T​​eDRX expiry i.e. when the extended Idle mode DRX cycle elapses the UE monitors the network for paging using regular DRX parameters.
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Figure 1: Operation of extended Idle mode DRX for solution 2 and 3.
Tref corresponds in the CN to the instant when TAU/RAU Accept message is sent and in the UE to the instant when the respective Accept message is received. CN and UE start the extended T​​eDRX timer at transmission and reception, respectively, of the Attach Accept or TAU/RAU Accept message.
A Paging Transmission Window Time (PTW) described by its duration TPTW is introduced in order to improve paging reliability e.g. to avoid paging misses due to cell reselection or due to imperfect synchronization of the Tref parameter in the UE and the MME. During the PTW there may be multiple opportunities to page the UE which monitors the network for paging using regular DRX parameters. When paging the UE, the CN provides the PTW information in the relevant paging S1/Iu paging message to RAN.  RAN may repeat the paging during the PTW in multiple paging occasions determined by regular DRX parameters.

In case of a paging trigger received in the CN for a UE in ECM Idle state, the CN forwards the paging message towards relevant RAN node(s) immediately if the paging trigger was received within the PTW. Otherwise the CN forwards the paging message shortly ahead of the beginning of the next PTW taking possible imperfections in the synchronization between the CN and the UE into account.

S2-152673: Solution 3

The paging transmission/reception procedure of Solution 3 is the same as that of Solution 2. Only difference is that the method of synchronising the start of the TeDRX timer on the reference time Tref that is used by the UE and the CN.

In solution 3, the time reference Tref can be provided as an absolute time reference e.g. based on Coordinated Universal Time (UTC). Tref is included in Attach Accept or TAU/RAU Accept message. UE is able to base the absolute time reference Tref on clock information provided by the RAN (e.g. SIB16 in E-UTRAN). If RAN does not provide clock information on which to base the absolute time reference Tref, the MME triggers fallback to Solution 2 option by not including a Tref parameter in the TAU/RAU Accept message. The MME is configured to know if RAN nodes in a TA/RA provide clock information.
According to Solution 2 and 3, if the MME has provided the UE with extended idle mode DRX information, the MME shall page while the UE is monitoring for paging. If the PTW information is available in the MME, the MME adds the PTW information in the S1 paging message. In each S1 interface Page Request message, the MME sends PTW information for paging a UE that is using extended idle mode DRX. UE monitors the network for paging messages during the PTW using its regular DRX parameters,. At paging repetition by the MME within a given PTW the MME shall provide the adjusted PTW in the S1 interface Page request message.

The legacy paging procedure, the UE monitors the paging occasion (PO) in a given paging frame (PF) where how to derive the PO and PF information are according to the specified procedure and based on information provided in system broadcast. From the network point of view, the eNB receives the paging request from MME including the paging message. The eNB transmits the paging message at the appropriate PO. If the MME receives no response from the UE to the paging request message, the MME may repeat the paging according to the paging repetition strategy. Upon the reception of paging message, the UE performs service request procedure. Synchronization (SFN) of eNBs in a TA/RA is not required for the legacy paging operation. 
Three solutions are technically endorsed by SA2 for the coordination of extended idle mode DRX between the network and the UE. The solutions are designed to avoid the paging misses due to cell reselection when applying extended idle mode DRX. SA2 has requested to discuss the solutions from RAN procedure perspectives and decide on the appropriate solution. From CN perspectives, SA2 has considered all three solutions are valid and technically endorsed. Therefore, we analysis the solutions from RAN point of view. 

Solution 1. SFN based solution would require the eNBs in a TA/RA to be SFN synchronized to avoid risk of losing the paging message and subsequent need for paging repetitions. If using synchronized eNB as a requirement, it relies on the eNBs being upgraded to support SFN synchronization. If the eNB is not upgraded with SFN synchronization, the UE needs to fall back on the legacy DRX cycle and paging procedure.

The UE and network synchronization for extended Idle DRX is based on TAU/RAU transmissions/reception or UTC according to solution 2 and 3 respectively. With solution 3, issues due to large clock drift (eg: 30ms) or issues with synchronization based on the TAU/RAU messages can be handled as the UE and network message synchronization is based on an absolute time. From RAN procedure perspectives, Solution 2 and 3 share the same procedure. 
Support of paging in Legacy eNB
The UE handling for legacy eNB is different from Solution 1 compared to solution2 and 3. Solution 1 requires the UE follow legacy paging cycle when the eNB it’s camped on is a legacy eNB. However MME is transmitting the paging request message in TA/RA according to the extended idle DRX cycle. This means that the MME includes the extended DRX length in the paging request message and the extended DRX cycle length is taken into account in the paging retransmission from the MME. i.e, the MME sends the paging request message for a UE only once in a extended idle DRX cycle. If there is a legacy eNB in the RA/TA, the legacy eNB performs the paging request transmission when a paging request is received from the MME. Even though the UE is monitoring the paging cycle according to the legacy DRX cycle, the paging message is transmitted only once in a extended Idle DRX cycle. This results in the UE waking up unnecessarily leading to wasteful UE power consumption.
eNB synchronization

The UE operation according to solution 2 and 3 doesn’t see difference if the camped on eNB is legacy eNB or not. The UE wakes up according to the extended idle DRX cycle and monitors for paging accordingly. Note that not all the eNBs in a RA/TA be upgraded at the same time, therefore handling of legacy eNB is important factor. 
Solution 1 requires the eNBs in a RA/TA to be SFN synchronized. There could be many eNBs and possibly from inter-vendor in a RA/TA.  More over TA/RA are designed to overlap in order to avoid paging misses in legacy system. To guarantee all eNBs within a RA/TA are SFN synchronized is a difficult task. Note that some legacy network operates with no synchronization between eNBs. 
eNB buffering

Solution 1 also increases the eNB buffering requirements. The MME transmits the paging request message anytime within an extended Idle DRX cycle, however the eNBs needs to buffer the message until the UEs PO for transmission over the radio. Considering the extended Idle DRX cycle could be in the range of few tens of minutes, the eNB buffering increases significantly. For realization of solution 2 and 3, there is no special requirements on the eNB. 

RAN specification impact

From RAN perspective, specification updates to support solution 2 and 3 are minimal. The main aspect is to capture in the RAN specification is the PO computation when taking into account the PTW together with the extended idle DRX. There is no other identified RAN issues of solution 2 and 3.
For solution 1, a number of issues are yet to be discussed and resolved in RAN. There are number of proposals for the extending the SFN cycle. There are number of proposals for the signaling of extended SFN information to the UE. Also the method for computing the paging occasion and paging frame with respect to the extended SFN cycle should be discussed. From RAN point of view, there is more discussion/work to be carried out for specifying a solution based on RAN based solution. Expected RAN specification impact for realization of solution 1 is higher than that of solution 2 and 3.
The above discussion points can be summarized as:
1). Support of paging in Legacy eNB: more problematic for solution 1 and may result in Ue waking up unnecessarily leading to wasteful UE power consumption.

2). eNB synchronization: solution 1 requires eNB synchronization within a RA/TA which may be difficult in guarantee in some deployment. 

3). Solution 1 requires increase buffering at eNB.
4). From RAN point of view, there is more discussion/work to be carried out for solution 1. 

Proposal 1: RAN2 is requested to take technical points raised above into account and decide on timer based solution for extended idle mode DRX
The paging retransmission in legacy paging procedure in LTE is handled by the MME. There is no requirement for the eNB retransmission of the paging message. Therefore, there is no “paging stop” message over S1 in the legacy paging procedure. If paging retransmission to be conducted at the eNB level, the retransmission could only be conducted blindly and based on a configuration of maximum number of retransmission. Such eNB blind retransmission of the paging message results in wasteful radio resources. Worse for coverage enhanced MTC considering that message repetition is used to reach the CE MTC UEs. Therefore, we suggest following the legacy paging retransmission procedure even when applying the extended idle mode DRX.
Proposal 2: The legacy paging retransmission procedure should be followed even for extended idle mode DRX is applied. 
3. Conclusion

In this contribution, we have discussed technical issues from RAN perspective which should be discussed when selecting a solution for extended idle mode DRX. The following proposals are made.

Proposal 1: RAN2 is requested to take technical points raised above into account and decide on timer based solution for extended idle mode DRX
Proposal 2: The legacy paging retransmission procedure should be followed even for extended idle mode DRX is applied. 
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