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1 Introduction

According to the evaluation results from SA2, in TR23.887 v 0.9.0 Section 7 “UE Power Consumption Optimizations (UEPCOP)”, extended DRX cycle with longer values was captured as one of the key solutions for improving battery savings in IDLE mode MTC devices. 

Specifically for RRC_IDLE mode, the following solutions were captured in RAN2 TR 37.869.
	Solution 1a: Extended DRX in idle mode

Solution 1b: Extended DRX using UE Assistance Information


In this document we will discuss how to support such extended DRX cycle for IDLE mode MTC devices .
2 Discussion
The key motivation to perform extended DRX in IDLE mode is potential power savings gain. As discussed in the last meeting [9], the maximum achievable power saving may limited by the power leakage of the modem, with some level of saturation observed when the DRX cycle length goes beyond 10.24s. 
The power leakage of a modem may be dependent on two factors – (a) what percentage of the total power consumption is accounted for by leakage due to underlying semiconductor technology and (b) how much of the modem can be shut off during DRX.  (b) will depend on the overall modem architecture design which may be optimized for the allowed DRX lengths.  For example, it might be easier to shut down more circuitry with longer DRX values.
Observation 1: The maximum power saving possible with extended DRX in IDLE is dependent on the implementation assumptions, and may vary significantly in different architectures.
Also, with different values of power leakage, the saturation point for power savings may be very different, and the higher values of DRX cycles will provide more significant gains with smaller leakage.

Observation 2: Different  power leakage values show different power savings with the same DRX cycle values. 
Proposal 1: RAN2 should consider a wider range of power leakage values and varying modem architectures when weighing the benefits of longer DRX cycles.
3 Design Impacts
In RRC_IDLE, the UE monitors the paging cycle to detect incoming calls and SI changes. The specific Paging Frame (PF) and the paging occasion are determined by the UE ID (i.e. IMSI), Paging Cycle length (in frames) and number of paging subframes per paging cycle.  

The key idea of Solution 1a and Solution 1b is that the maximum DRX cycle in idle mode is to be extended with larger values allowing the UE to save battery. When this solution is used, paging transmission period is also adjusted based on the extended DRX cycle applied to the UE.

Currently the maximum paging cycle, i.e. DRX cycle, is 2.56 seconds. The System Frame Number (SFN) right now is setting value cycle from 0~1023. One SFN cycle time would be 10.24 seconds. It is clearly that the maximum DRX cycle is less than the SFN cycle. It can guarantee the PF and PO calculatation results are exclusive in one DRX cycle and UE only wake up one time per DRX cycle for paging monitoring. 

From the UE perspective, any given UE is only required to monitor one PO per paging cycle, and this PO is determined by the parameters specified above, provided to the UE via system information and/or dedicated signaling info.
The following are the key considerations in adding support for extended DRX in RRC_IDLE:

1. Issue #1: Impact on Paging Calculations

2. Issue #2: Configuration of extended DRX

3. Issue #3: Delays due to missed paging
4. Issue #4: System Information update
5. Issue #5: Cell re-selection procedure
3.1 Impact on Paging Calculations 
In the current specification, the timing of paging is identified by a combination of the Paging Frame and Paging Occasion.  Paging Frame is calculated as follows: 

SFN mod T = (T div N)*(UE_ID mod N)

Where,

N = min (T, Nb) (Note that N will never be greater than T, but can be as small as T/32)

UE_ID is IMSI mod 1024
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. 
Nb: number of paging subframes per paging cycle. Range from 4*T to T/32 (in multiples of ½).
As seen from the equation, the Paging Frame calculation assumes the DRX cycle (T) is no greater than a SFN cycle. 
There are two proposed ways to implement extended DRX: 
1.   Option 1 Extend SFN cycle length by introducing extra SFN bits [7]:

2.    Option 2 Introduce a SFN cycle index [5]:

In Option 1, the SFN cycle length is increased to more than 1024 frames, and extended DRX is maintained within one SFN cycle length. Additional bits are used to signal the SFN cycle, for example 14 digits would imply the SFN cycle spans 2^14, i.e. 16384 frames. In the UE, SFN is used for the various calculations, for e.g. paging, system information modification period and measurement gap offset, and changing the SFN cycle length may have implications to various parts of the specification. 
For example, the Paging Frame calculation distributes the UEs randomly using UE_ID, which is calculated as (IMSI mod 1024), where 1024 is associated with the SFN cycle size. Thus, for Option 1, the calculation of paging frame will need to be updated to account for increased SFN cycle size. 
In Option 2, each SFN cycle is still maintained at 1024 frames and a new SFN cycle index is introduced, such that a UE paging cycle can span multiple SFN cycles. The extended long DRX cycle length would be configured as a multiple of the SFN cycle length (i.e. 1, 2, 4, 8, 16, 32, 64 times of SFN cycle).
Figure 1 illustrates the concept of SFN cycle index.
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Figure 1 SFN Cycle Index Illustration

In this option, the existing formula can remain unaffected, and in order to support the determination of the exact PF/PO for paging monitoring, the UE needs to be provided with the SFN cycle index which indicates the current SFN cycle in one extended long DRX.  The SFN cycle index can be broadcast, either in the MIB or SIB and the range of SFN cycle index can be network determined and configured.
For paging cycle calculations, the MTC UE first needs to calculate the Paging SFN cycle index, and use legacy calculation to obtain the Paging Frame and Paging Occasion within that SFN cycle. Thus, the introduction of SFN cycle index provides the most intuitive way to enable DRX cycle greater than 1024 frames, and can keep the existing paging formulae unmodified.

Proposal 2: Introduction of SFN cycle index should be evaluated as a baseline solution for supporting extended DRX in IDLE mode.
3.2 Configuration of Parameters
Similar to existing mechanism, the extended DRX configuration could be provided by the network, where the MME can indicate to the UE the chosen DRX in certain NAS procedures (Attach Accept, TAU Accept, etc), and indicate it to the eNB in the S1 paging message or Initial Context Setup. A negotiation of extended DRX values between UE and MME could also be possible.

In the SA2 TR 23.887 v0.9.0, these observations were captured regarding configuring the extended DRX 

	· Extended DRX cycles are enabled in UTRAN/E-UTRAN by providing the parameters for extended DRX in NAS.
· 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.


Based on these discussions, and considering NAS procedures already exist to exchange DRX information, it would be useful to agree to consider NAS procedures as baseline to configure the UE specific extended DRX parameters.

Proposal 3: Agree using NAS procedures to configure UE specific extended DRX parameters should be considered as baseline for further discussion.
3.2.1 Default Extended DRX cycle 

Given the minimal specification impact, and the recent agreements in SA2, the extended DRX should be NAS configuration received for each UE. As different MTC applications/devices have different activity patterns and different power saving requirements, it may not be useful to define a cell level default extended DRX cycle. Also, NAS signalling already allows the configuration of UE specific extended DRX parameters, which may be sufficient for deploying this feature.
Proposal 4: Agree that a common cell level default-ExtendedDRXCycle parameter is not necessary to support extended DRX operation.
3.2.2 Power Preference Indicator

The key difference between SA2 proposed solutions Solution 1a and Solution 1b, is the use of PPI for the eNB to be informed that the UE would like to be configured with extended DRX. The UE sends PPI, and if the network knows that the UE is capable of extended DRX, it interprets this indication to mean that that the UE needs to go to extended DRX mode. Then network sends a configuration to move the UE to extended DRX mode. 
For RRC_IDLE, the operation is specified as follows: the eNB on receiving the UE assistance information provides UE with extended DRX cycle in RRC Connection Release message. However, this information has to be conveyed to the MME, and impacts the S1/Iu signalling. Further, the DRX paging cycle is now configured to the UE in the RRC Connection Release message.

The Power Preference Indicator was introduced in Release-11 eDDA Work Item specifically to indicate UE’s preference to be configured for power saving. The details of how the UE sets the indicator and how the network responds to it is left to implementation. Thus, it is not currently feasible for the network to determine what parameters are used by the UE to set this indication and whether the UE intends to indicate preference for extended DRX or RRC Connection release. It can be considered that the eNB may use it’s knowledge of the UEs profile and capabilities to make the distinction, but if the eNB already has this information about the UE, then it is not very useful to send the power preference indicator.

Given that NAS signalling already allows the negotiation of UE specific extended DRX parameters, the use of PPI does not provide clear benefits, and significantly increases specification impact. Thus, we the use of PPI is not necessary to support extended DRX operation.
Proposal 5: Agree that PPI should not be considered for providing UE assistance for extended DRX operation.  
3.2.3 Alternating Normal and Extended DRX Pattern 
It’s also possible that the UE may not stay in the extended DRX mode all the time, but may need to switch between normal DRX mode and extended DRX mode. For example, the device may have more activities in the day time and thus need a normal DRX, and much less activities in the nightime and thus need to switch to extended DRX mode to achieve more power-saving. The MME may make such a decision according to some pre-defined pattern information in the UE profile or some trigger from the MTC applications via IWF.
One concern with the use of extended DRX cycles is that the UE could miss a paging cycle; it would result in a long delay in obtaining the next page due to very long paging cycles. SA2 has discussed this issue, and has suggested RAN2 analyze the use of alternating extended DRX cycle with one or several normal DRX cycle(s) to mitigate the issue. 
One option is using mixed extended DRX and normal DRX pattern to address this concern. This can effectively multiply the paging opportunities and reduce the risk of missing paging. For example, network could configure UE with extended/long DRX cycle and followed with M number of the normal DRX cycles. In this configuration, after MTC device wakeup from the Extended DRX, it will perform normal DRX cycle for a period of time. This pattern can be explicitly signalled or implicitly understood between the eNB and the UE.
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Proposal 6: Discuss the use for supporting a pattern for UE to alternate between normal and extended DRX to mitigate risk of missing paging indication.
If a pattern is considered necessary, SA2 23.887 v0.9.0 has discussed the use of NAS signalling to also configuring this alternating pattern.

3.3 Cell re-selection

Normally the UE needs to evaluate reselection criteria for the serving cell at least once every DRX cycle in IDLE mode. If a UE with extended DRX cycle still sticks to this rule, the evaluation of the serving cell could be serverely delayed.

For UEs with moderately long DRX cycles, such as one or two SFN cycles, the issue can be remedied a bit by performing multiple measurements during one DRX cycle. However more measurements will counteract the power-saving purpose. So the number of measurements in one DRX cycle should be carefully chosen to balance the power-saving and mobility performance.

For UEs with extremely long DRX cycles, increasing the number of measurements may not help much so it should be limited to stationary devices or those with very low mobility.

Proposal 7: The extended DRX should be carefully chosen for UEs according to their mobility characteristics.
Furthermore, in the recent email discussion, there was a concern raised by some companies that the UE may need to perform cell reselection procedure before each paging occasion. However, in our understanding, an existing UE implementation would already need to evaluate the cell and perform AGC/AFC settling for CRS measurements before it wakes up, and will only need to perform cell re-selection when necessary (i.e. if the measurement is below the threshold). If the UE has moved to a new cell, the UE would anyway need to calculate a new paging cycle, and thus provisioning for additional wake-up time for this scenario does not seem necessary.  
Proposal 8: Agree that additional wake-up time for cell reselection before every Active Time may not be necessary to support extended DRX, especially for low mobility UEs.
3.4 System Information update 
UEs with extended DRX may not (depending on the cycle length used) be able to monitor SIB update paging messages and hence may not be able to have the latest SIBs.  This issue can be remedied in a few possible ways. 
One method is to have such UEs check SIB1 valueTag from time to time, how often the UE should check SIB1 can be left to UE implementation. As the range of valueTag is limited to (0…31), there could be some concern that the valueTag returns to the same value after many changes, but in our understanding, this should not happen often, assuming reasonable maximum extended DRX durations is not very long. 
If larger extended DRX durations are expected, another method is to have such UEs always read SIB before network access, but we need to evaluate if this is really necessary.
Proposal 9: Discuss the expected maximum value of extended DRX and if ValueTag is sufficient means to ensure the UE gets up-to-date SIB information.
4 Conclusion
In this paper, we discussed the motivation and impacts of supporting extended DRX in IDLE mode UEs.
Proposal 1: RAN2 should consider a wider range of power leakage values and varying modem architectures when weighing the benefits of longer DRX cycles.
Proposal 2: Introduction of SFN cycle index should be evaluated as a baseline solution for supporting extended DRX in IDLE mode.

Proposal 3: Using UE specific NAS procedures to configure extended DRX should be considered as baseline for evaluation.

Proposal 4: Agree that signalling a cell level default extended DRX cycle is not necessary.
Proposal 5: Agree that PPI should not be considered for providing UE assistance for extended DRX operation.  

Proposal 6: Discuss the need for configuring a pattern for UE to alternate between normal and extended DRX
Proposal 7: The extended DRX should be carefully chosen for UEs according to their mobility characteristics.
Proposal 8: Agree that additional wake-up for cell reselection may not be necessary to support extended DRX, especially for low mobility UEs.
Proposal 9: Discuss the expected maximum value of extended DRX and if ValueTag is sufficient means to ensure the UE gets up-to-date SIB information.
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