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1
Introduction
SA2 is working on the MTCe (Machine-Type and other mobile data applications Communications Enhancements) work item and has discussed and documented potential solutions for several key issues in the TR 23.887[1]. As some of these solutions may have significant impacts to Radio Access Networks, SA2 sent an LS [2] on RAN2#81 asking for the feedback from RAN and GERAN. 
As a result, RAN#59 has approved a SI [3] led by RAN2, i.e. study on the RAN aspects of Machine-Type and other mobile data applications Communications enhancements, where the evaluation of SA2 identified solutions shall be firstly discussed to help SA2 take the final decision under their time plan. This paper analyses the SA2 solutions as listed in the LS (quoted below) and their potential impact on RAN.

For UEPCOP:

1. Ch. 7.1.3.1 “Extended DRX in idle mode”;

2. Ch. 7.1.3.2 “Extending DRX using UE Assistance Information”;

3. Ch. 7.1.3.5 “Transmission delay until better coverage conditions”;

4. Ch. 7.1.3.6 “Long DRX cycles in connected mode”; and

5. Ch. 7.1.3.7 “Factors for determining extended DRX”.
2
Evaluation of SA2 solutions for low power consumption
2.1  Extended DRX in idle mode
The solution enables extended paging cycles by providing the parameters for extended DRX cycles in NAS to allow the UE to save battery as waking up and listening for a potential paging message is one major power consuming functionality. The current DRX parameters from UE to network in TS24.008 are extended in a backward compatible way to ensure the normal UE(s),i.e. UEs not requiring low power consumption, are not impacted. For enabling the extended DRX cycle in UTRAN/E-UTRAN, UE and network should exchange their support for the extended DRX (either by an explicit capability indication or implicitly when requesting the extended DRX cycle value). 
For E-UTRAN, the MME needs to indicate eNB to adopt the UE specific DRX value in the paging message rather than the shortest one of the UE specific DRX value and a default DRX value broadcast in system information. After UE reports the extended DRX value in the NAS, the UE also ignores the default value broadcasted in the system information and adopt the reported one.

In GERAN longer paging transmission periods are enabled by extending the parameter “BS-PA-MFRMS” (see 3GPP TS 44.018 chapter 10.5.2.11). The extension could be done e.g. by multiplying the BS-PA-MFRMS parameter with a given value used as a paging multiplier factor. This factor should then be communicated between UE and CN and then from CN to GERAN e.g. by adding the multiplier factor to the paging message. 

2.1.1
Impact on RAN side 
Impact on RAN2 related specifications: 

· This is not RAN impact but whether UE supports extended DRX cycle or not has to be provided in the NAS layer so that MME can indicate extended DRX only for those UEs who support extended DRX cycles. 
· UE has to support extended DRX cycle in addition to UE specific DRX cycle and normal DRX cycle.
· UE has to know whether eNB supports extended DRX cycle or not so that it can decide whether it should follow the behaviour of extended DRX cycle or UE specific/normal DRX cycle.

· eNB has to support the new handling of paging requests to accommodate the extended DRX cycle along with the normal DRX cycle.
· It has to clarified that which network equipment needs to store the paging until UE wakes up. (Application layer or MME or eNB?)

Impact on RAN3 related specifications: 

· MME sending extended UE specific DRX value in Paging message to eNB 

· MME adding a new indicator (or paging cause) to indicate eNB to adopt the UE specific DRX value in the paging message rather than the shortest one of the UE specific DRX value and a default DRX value broadcast in the system information.

· eNB adding a new optional IE to S1 Setup Request message to inform the MME the ability for supporting the extended DRX.
2.1.2
Open issues 
This solution saves the UE battery by extending the DRX cycle in idle mode, however, there are still some concerns from RAN side:

· In current specification, the allowed DRX cycle is shorter than SFN so as to identify the unique paging frame and paging occasion. If the DRX cycle is to be extended to longer than SFN wrap around cycle, RAN2 need to look into extensions of the time allowed by the SFN, which may impact everything associated with SFN in the specification. This would cause big impact to the RAN related procedure.
· With normal DRX cycle, eNB would buffer the paging message received from MME for maximum one SFN wrap around cycle before it sends the paging message over air interface on proper paging occasions. However, if DRX cycle is extended to a value longer than one SFN wrap around cycle, the eNB buffer size may need to be extended as well to adapt to the longer DRX cycle. This has the impact on the eNB complexity and shall be carefully evaluated by the network vendors. Otherwise buffering paging in the MME is expected or application layer has to make sure that paging is sent only while UE is awake.
· In case the maximum DRX cycle is extended to a value less than SFN due to the difficulty of time extension, it is still a question whether and how much benefit it could bring by extending the DRX value only to such a limited extent. The scenario where extended DRX cycle intends to apply shall be confirmed firstly.
· Considering the delay for call setup due to the extended DRX, this solution does not seems to suitable for smart phone.

2.1.3
Recommendation 
Considering the complexity in eNB implementation and uncertainty of solution, extending the current DRX should be carefully considered. Especially as long as application layer controls the paging cycle to be very long, UE is detached in most of time and application layer makes sure that UE is awake when paged, without any specification impact, the same power saving can be achieved.
2.2  Extending DRX using UE Assistance Information
UE Assistance Information procedure defined in TS 36.331[4]. The purpose of this procedure is to inform E-UTRAN of the UE’s power saving preference. E-UTRAN may assume that the UE prefers a default configuration for power saving initially when it configures and enables the UE for power preference indication. This solutions will inform the UE the extended DRX cycle from EUTRAN after it receives the UE Assistance Information with PPI indicating the low power consumption. The actions for extending connected mode DRX cycle and paging DRX cycle are illustrated in Figure 2-1 and Figure 2-2 respectively.
· For extending connected mode DRX cycle, the RRC Connection Reconfiguration is used to inform the UE the extended DRX cycle after it receives the UE assistance information.
· For extending paging DRX cycle, the RRC Connection Release is used to inform UE the extended paging cycle if the eNB decides to initiate S1 release immediately on receiving the UE assistance information.
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Figure 2-1 Extending connected mode DRX based on UE Low Power Preference Indication
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Figure 2-2 Extending paging DRX based on UE Low Power Preference Indication
2.2.1
Impact on RAN side 
Impact on RAN2 related specifications: 

· It should be clarified first how long DRX SA2 is considering. IF the DRX cycle is longer that 2.56s, overall DRX operations will have impact both in eNB and UE.

· eNB has obe able to send a new optional IE to inform UE the Long Paging DRX value in RRC Connection Release message.

Impact on RAN3 related specifications: 

· eNB adding lowpower Ind IE to S1 UE Context Release Req message to inform the MME the low power status.
· MME adding the Long Paging DRX value in S1 UE Context Release Complete.
2.2.2
Open issues 
This solution saves the UE battery by extending the connected DRX cycle and paging DRX cycle in idle mode, however, there are still some uncertain issues from RAN side:

· If DRX cycle has to be extended longer than SFN wrap around cycle, the same concerns apply as indicated in section 2.1.2.
· For the proposed method in Figure 2-2, the PPI indication is sent by UE during connected mode. It could serve as an indication of UE’s preference for low power consumption during the connection, but it may be improper to utilize the indication to decide the paging cycle in idle mode.
2.2.3
Recommendation 
The intended DRX cycle should be first confirmed. If the intended DRX cycle length is beyond SFN wrap around cycle, it is not recommended due to the complexity in different network equipments as well as in UE. If the intended DRX cycle under current definition, it should be proven how much gain to be achieved with this enhancement as UE in IDLE will have relatively long DRX cycle. 
2.3  Transmission delay until better coverage conditions
This solution allows UEs to transmit at lower power levels via transmission delay until better coverage conditions. When the UE is in idle mode and needs to connect in order to transmit and the coverage conditions are not good (below certain threshold), the transmission could be delayed until better coverage conditions.
2.3.1
Impact on RAN side 
It should be clarified how UE can decide ‘transmission delay time’ and ‘signal quality threshold’. If this is provided via OMA DM or in the application layer, no impact is exected in RAN side. However, these parameter are expected to provided by eNB/RNC, impact to RAN side is expected.
2.3.2
Open issues 
This solution is applicable only when the UE is moving and to time tolerant MTC devices. 
Sometimes delaying the transmission may not lead to improved coverage conditions. If signal quality is getting worse over a time, it is better for the UE to make connection before the transmission delay timer expires to avoid any further worsening of the coverage conditions.
The solution is not suitable for the smart phones as this solution will increase connection setup time without guaranteeing the better result.

2.3.3
Recommendation 
Unless the details are clarified, it is not recommended to adapt this solution as the solution does not guarantee predictable result.
2.4  Long DRX cycles in connected mode
Allowing for longer DRX cycles in connected mode allows the terminal to switch off its radio transmitter and receiver for longer periods of time, and thus reduce its power consumption.
2.4.1
Impact on RAN side 
As long as the range of DRX cycle is under the current definition, no impact is expected.
2.4.2
Open issues 
This solution already had been discussed during Rel-11 DDA discussion. To optimize the number of UEs in CONNECTED mode and resource utilization as well as to reduce the signalling overhead, further studies are required in Rel-12 time frame like IDLE /CONNECTED decision based on UE mobility or PUCCH optimization, etc.

There can be impacts on mobility performance if the options for DRX cycles are extended from their current values. The measurements are delayed and hence the mobility events are triggered with some delay. Further studies are needed in which situations this can be allowed.

2.4.3
Recommendation 
As this solution is already under discussion in RAN2 and the solution can be applicable to both MTC devices and smart phones, it is recommended to study further. For eNB to make more optimized decision on IDLE and CONNECTED, further inputs to eNB can be considered.
2.5  Factors for determining extended DRX
This proposal outlines the factors for determining extended long DRX for both idle mode and connected mode:
· PPI indication from the UE
· UE Subscription information
· QoS params (QCI value, ARP, etc)
· Service used by UE (e.g. CSFB w/o SMS-only)
The factors above may be used by core network to determine whether extended long DRX can be applied, or such factors can be provided to / used by the RAN to determine the extended long DRX. 
2.5.1
Impact on RAN side 
Connected mode DRX is already configured based on PPI and QoS parameters as well as eNB internal logic. However how UE subscription or service itself can influence DRX cycle setting and how eNB receive this information should be clarified. Also QoS parameters or service cannot be used for IDLE mode DRX cycle setting as UE does not have bearers.
2.5.2
Open issues 
It should be clarified how long DRX cycle SA2 is considering. If the DRX cycle is longer than SFN wrap around, the same problem as 2.1.2 is expected. Also it should be clarified how the listed information can decide IDLE mode DRX and how much gain it will bring comparing to the current UE behaviour. 
2.5.3
Recommendation 
Same recommendation as 2.4.3.
3
Summary of the evaluation
We summarize the evaluation results related to UE power consumption in the tablebelow. Among the candidate SA2 solutions, it is proposed to exclude the solutions which are either associated with unclear performance or requiring signaificant specification efforts, including Ch. 7.1.3.1, Ch. 7.1.3.2 and Ch. 7.1.3.5.  

Proposal : it is proposed to exclude the following SA2 solutions as the first step:

· Ch. 7.1.3.1 “Extended DRX in idle mode”;

· Ch. 7.1.3.2 Extending DRX using UE Assistance Information 
· Ch. 7.1.3.5 Transmission delay until better coverage conditions 
4
Conclusion
It is proposed to send an LS to SA2, to inform the above evaluation of SA2 solutions and to exclude some SA2 candidate solutions from RAN point of view:

Proposal: it is proposed to exclude the following SA2 solutions as the first step:

· Ch. 7.1.3.1 “Extended DRX in idle mode”;

· Ch. 7.1.3.2 Extending DRX using UE Assistance Information 
· Ch. 7.1.3.5 Transmission delay until better coverage conditions 
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