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1 Introduction

One of the objectives of the Rel-15 WI on “further NB-IoT enhancements” for LTE [1] is to study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.
In this contribution, target use cases, evaluation metric and possible solutions are discussed. 
2 Analysis the assumption/use cases 
2.1 Paging reception in idle mode 
In idle mode, paging is used to wake up the UEs when data arrives to the UE, and the paging message is transmitted in group-common NPDCCH/NPDSCH. Before decoding the NPDSCH and reading pagingRecordList, UE doesn’t know if the paging message is for itself or not.  And, in order to guarantee the performance of bad coverage UEs, the NPDCCH/NPDSCH for paging message will repeat several times as shown in Figure 1. Therefore, the power consumption including: 

· Time spent on reception of the NPDCCH/NPDSCH: (T/DRX cycle)*(t1+t2)
· Power consumption in receiving and decoding the paging message: (T/DRX cycle)*(t1+t2)*80mW
· Time spent on light sleep: (T/DRX cycle)*t3
· Power consumption on light sleep: (T/DRX cycle)*t3*3mW
· Time spent on deep sleep, (T/DRX cycle)*( t4-t1-t2-t3)
·  Power consumption on deep sleep: (T/DRX cycle)*( t4-t1-t2-t3)*0.015mW
For normal LTE UE, UE only spends 1ms to decode PDCCH and PDSCH to receive paging message at a time, the energy consumption to decode all paging message (including paging message for the related UE and paging messages not for the related UEs) is not too much. And for NB-IOT UE, the NPDCCH and NPDSCH will repeat much more times (e.g., up to thousands times) for bad coverage UEs than eMTC UEs, then, the UE will spend even more time to decode NPDCCH and NPDSCH to receive paging message at a time, and the energy consumption to decode all paging message (including paging message for the related UE and paging messages not for the related UEs) is very much. Therefore, some enhanced mechanism to reduce the probability of detection of NPDCCH and NPDSCH not for the related UEs is more necessary. If a UE specific extended DRX value of 512 radio frames is configured by upper layers, T =512. Otherwise, T is a default DRX value broadcast in system information.
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Figure 1

Table 1 summarizes the device power consumption. .

Table 1 Device power consumption
	Device power consumption 

	TX (23 dBm, integrated PA: 45% eff.)
	500 mW (incl. 60 mW support circuity) [4]

	RX
	80 mW [4]

	Idle – Light sleep
	3 mW [4]

	Idle – Deep sleep
	0.015 mW [4]


2.2 Data reception in connected mode DRX
In connected mode, the UE will monitor the NPDCCH to get the radio resource for a UE to receive data on NPDSCH. To save the UE power, DRX function is configured. A DRX cycle consists of an ‘On Duration’ and ‘DRX period’. During ‘On Duration’ state, a UE should monitor the NPDCCH to check if a schedule is granted. If a schedule message is received during the “On Duration” period, the UE will start an “Inactive Timer”. UE keeps monitoring the NPDCCH until the timer ‘Inactivity Timer’ expires or is stopped by a MAC command. Then UE will be in “DRX” period, the UE can go into the sleep mode to save power. Two DRX cycles are introduced to balance the power saving and low latency requirement. 
For this use case, the enhanced mechanism is to reduce the probability of blind detection of NPDCCH not for the related UEs.
2.3 Fast synchronization recovery 
When waking up after long time sleep, the UE may lose synchronization. For UE in extended coverage, up to seconds are needed for synchronization. Therefore, the wake up signal can be used as synchronous signals to help UEs get downlink synchronization quickly.
For this use case, the enhanced mechanism is to reduce the waiting time for PSS/SSS for the UEs losing synchronization.

Proposal 1: Enhanced mechanism to save power in idle mode and in connected-mode and fast synchronization recovery can be studied.
3 Evaluation metric 
If new wake-up signal/ channel is introduced. The total overhead needs to be considered.  Moreover, both UE and eNB complexity needs to be considered. For example, the solution shall avoid additional hardware upgrade of eNB. For UE, unless the power saving gain is significant, the extra hardware component shall not be considered. 
For the power consumption evaluation, in order to keep the reception of the signal simple, it is likely that a single signal would need to serve a group of UEs. That is, when the wake-up signal is transmitted it wakes up multiple UEs that are part of the group that monitors the wake-up signal. The number of UEs per group will determine the power saving benefits as well. If there are too many UEs in a group, then the probability of a UE waking up is higher which limits power savings. 
For NB-IOT UE in idle mode, the NPDCCH may repeat many times for bad coverage UEs, in order to judge if the paging message is for the UE, UE should decode the NPDCCH and NPDSCH, the power saving benefit is more.
For NB-IOT UE in connected mode, the NPDCCH may repeat many times for bad coverage UEs, in order to judge if the NPDSCH and NPUSCH is for the UE, UE only needs decode the NPDCCH, the power saving benefit is less than in idle mode.

When calculating the power saving, the power consumption for receiving physical signal or channel should be precluded.
Proposal 2:Power saving benefit,  resource overhead, eNB complexity and UE complexity should be considered when evaluating the benefit of enhanced mechanism for NB-IOT.
4 Potential solutions

There are several potential solutions for to reduce power consumption for paging or connected mode DRX. For example:
Opt 1: A new physical signal prior to NPDCCH to indicate if there is NPDCCH transmission.  The physical signal may be also used for synchronization or frequency error estimation. 

Opt 1a: New physical signal before each NPDCCH for paging.


Opt 1b: New physical signal on pre-defined/configured subframes, i.e., TSS.
Opt 2: Introduce a physical channel (e.g., DCI with small payload) prior to NPDCCH to indicate if UE needs to detected for NPDCCH.  For example, in the new physical channel, it will transmit group-specific information to indicate which group of UEs need to attempt to decode NPDCCH.

Opt 3: Modified current UE behavior for power saving and NPDCCH overhead saving. For example, introducing a UE-specific Rmax and paging period for paging. For UE in good coverage, this UE-specific Rmax can be smaller than cell specific Rmax but this can go with a shorter paging period.  

The pros/cons needs to be further studied. The backward compatibility also needs to be considered. 
5 Conclusions

This contribution considered paging and connected-mode DRX in NB-IOT and proposes the following. 
Proposal 1: Enhanced mechanism to save power in idle mode and in connected-mode and fast synchronization recovery can be studied.
Proposal 2:Power saving benefit,  resource overhead, eNB complexity and UE complexity should be considered when evaluating the enhanced .
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