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1. Introduction 

In the last RAN2#82 meeting, the RAN2 chair captured the following areas of interest for this meeting for UEPCOP solutions.

	5.2.2
UE Power Consumption

Companies are encouraged to study battery saving, mobility robustness and complexity with extended paging- and DRX cycles. What is the power consumption for SI acquisition and power consumption for sync (warm-up)? Does it increase with increasing paging cycles?


In this contribution, we look at the issues of power consumption and SI acquisition due to the extended paging cycle, specifically the impact of acquiring System Information reading and Cell detection before every PO on UE power consumption. 
2. Discussion
2.1 SI acquisition and power consumption
In [1], it was shown that extending the paging cycle beyond the current maximum period of 2.56 seconds may cause the UE to miss a change in SI notification if the extended DRX cycle exceeds the SI modification period. Note, the maximum value of the SI modification period is defined as modificationPeriodCoeff { = n2, n4, n8, n16} times defaultPagingCycle { = rf32, rf64, rf128, rf256}; which means modification period can vary from  640 ms to 40960 ms (40.96s) based on system configuration.
If the SI modification period is the maximum possible value of 40.96 seconds, then there still may be problems caused if the extended paging cycle value is increased beyond this value or if the extended paging cycle is greater than the SI modification period as shown in figure 1. 

In that case, in order to prevent the UE missing the SI change notification, it is proposed that the UE spend some time before the paging occasion to acquire System information and also perform cell detection in case the UE has moved from its original cell. During the email discussions [82#13] prior to this meeting, the SI reading period is assumed to be 200ms and cell detection period is assumed to be 600 ms. If we assume these values, then it has been shown by NEC during email discussions [82#13] that the power savings due to extended paging cycle are visible only after the paging cycle is extended to 6SF, i.e. 61.44s as can also be seen from figure 2, reproduced from their calculations below.
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 Figure 1:  UE misses SI change notification due to extended paging cycle
As also indicated by many other companies, we think that the cell detection time assumption may be too high and is unrealistic. We also think   that SI acquisition may not be necessary under the most common cases.
This is because extended paging cycles are being considered for MTC type devices which are most likely to be stationary. Furthermore SI updates may happen very infrequently to justify the need for the UE to spend so much time in SI reading and cell detection before every PO.  In addition, the UE already spends time to wake up a little before each PO to synchronize clocks, read MIB in preparation of reading the paging message, etc. and which has already been accounted for in the Tprepare value, which has been assumed to be 34ms. In the following figures, we show the impact of the different values of TSI-reading  and  TCell-detection on power consumption. Figure 2 shows the possible power savings achieved if we assume this default value. 
Given that the probability of SI update is very low, we propose a solution to reduce TSI-reading to 0 and TCell-detection to 0. This solution is for the case where the UE remains in the same cell and does not need to perform cell detection and the eNB supports extended DRX cycles during Idle mode mode and the SI modification period is less than the extended DRX cycle as shown in figure 1. Instead of the UE waking up and reading the SIs, we propose that the eNB instead updates the UE if there is a change in SI since its last PO during the paging cycle using the RRC paging message intended for such UEs with extended paging cycle only. The idea is to add another condition that triggers a paging message during the extended paging cycle  specifically for the UEs with extended paging cycle to update SI. The benefit of this solution is saving UE power and also insuring the UE is getting the latest information when needed.
Figure 2: Tprepare = 34ms, TSI-reading = 200ms,  TCell-detection = 600ms
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Figure 3: Tprepare = 34 ms, TSI-reading  =  0 ms and TCell-detection =100ms
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Observation 1: From Figures 2, 3 and 4, it is clear that the values of TSI-reading  and TCell-detection  change the power consumption benefits of extended DRX cycle drastically. 

Observation 2: From Figure 2, if TSI-reading = 200ms and TCell-detection = 600ms are chosen, then there is no power saving benefit to extending DRX cycle to 10.24s, in fact the benefits don’t start until 6 SF. 

Observation 3: From Figure 3, if we assume only that TCell-detection = 100ms and no SI reading time is required, we see the power savings benefit of extending DRX cycle to 10.24s up to 16%.
In Figure 4, the assumption is UE will be updated with latest SI during the PO by the eNB. 

Figure 4: Tprepare = 34 ms, TSI-reading = 0 ms and TCell-detection = 0ms
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Observation 4: As can be seen in Figure 4, using our solution where the eNB updates SI (only when there is a change during the PO) would allow a power savings gain increase of 57% instead of a gain of 16% from Figure 3. 

Conclusion
Proposal 1: For stationary UEs, if the UEs do not spend time performing cell detection and system information update before every PO, then extending the DRX cycle to 10.24s leads to significant power saving benefits. 
Proposal 2: In case the extended paging cycle is greater than the SI modification period, the UE may need to acquire the SI in order to be updated with the latest SI. Instead of the UE waking up to acquire SI before each PO, we suggest using a different mechanism that minimizes the UE wake-up before each PO in order to maximize power savings e.g. the eNB sending an RRC paging message specifically for such UEs.
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