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1 Introduction

In RAN #75 meeting, new WID on Even Further NB-IoT enhancements was agreed [1]. One of the objectives is to reduce power consumption for physical channels:

	A-1. Further latency and power consumption reduction

· Power consumption reduction for physical channels
· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]


In RAN1 #90, the following agreements are made:

	Working assumption:
· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· Wake-up signal or DTX
· Wake-up signal with no DTX
· FFS 
· Information conveyed by the physical signal
· Design of the physical signal
· Resources which can be used for the physical signal, considering scheduling flexibility, overhead, etc.


We will discuss the impacts on the RAN2 specifications for this issue based on the RAN1’s agreements. And provide our considerations in this paper.
2 Discussion

2.1 Wake-up signal for IDLE mode paging

According to RAN1 agreements, the following two candidate solutions for IDLE mode paging are considered in this paper.

Alt1. Wake-up signal or DTX

In this solution, if the UE detects Wake-up signal, it will continue to monitor NPDCCH. Otherwise, it will go to sleep rapidly. If there has no paging, the eNB will not transmit anything in Wake-up channel. However, in this solution there has the risk that the UE may miss paging as the UE may detect nothing with an error, e.g, the Wake-up signal is sent but not detected.  In such case, the Wake-up signal and the paging message would be transmitted repeatedly, but the UE would not monitor them. As a result, much resource may be wasted.

Alt2. Wake-up signal with no DTX

In this solution, no matter whether there has paging, the eNB needs to transmit Wake-up signal all the time. Different Wake-up signals are corresponding to the indication of wake-up and go-to-sleep. Comparing to the solution of ‘Wake-up signal or DTX’, the eNB would explicitly transmit a special go-to-sleep signal to indicate that there is no need for the UE to monitor NPDCCH. This solution may cause extra resource consumption even there has no need for the UE to receive paging. However, it is more robust than the previous solution. By detecting go-to-sleep signal, the risk of incorrect judgment is reduced. The UE can find an error if no signal is detected in the Wake-up channel and the UE will continue to detect NPDCCH for the further judgment to avoid missing the paging. 
Observation 1: The Alt1 of Wake-up signal or DTX and the Alt2 of Wake-up signal with no DTX have their own advantages and disadvantages. The Alt1 needs less signal transmission and monitoring but with more incorrect signal detecting possibility. The Alt2 is more robust but needs more resources.
We think both Alt1 and Alt2 can be used in the system. The eNB needs to broadcast the capability of supporting wake-up signal. Also, the eNB needs to indicate which solutions (Alt1 or Alt2) will be used at a certain time. The eNB can choose one of the solutions based on some principles, e.g., the air link condition, amount or quality of system resources, etc.

Proposal 1: From RAN2 perspective, it’s suggested to support both of two candidate wake-up signal solutions for the IDLE mode paging. Which solution is currently used can be configured by eNB.

After wake-up signal is supported for R15 NB-IoT UE, the eNB needs to know whether the UE has such capability or not. The UE can report its capability to MME in the procedure of attach or TAU. Then, the MME transmits this capability together with paging message to eNB. The eNB can decide whether and how to transmit wake-up signal based on UE’s capability.  

Proposal 2: The UE should report its capability of supporting wake-up signal to the MME and the MME can send this capability to eNB along with paging.
2.2 Wake-up signal for connected mode DRX
The UE monitors the NPDCCH when the onDurationTimer is running to check whether there is a DL scheduling or not. If Wake-up signal is used for connected mode DRX, it can indicate the UE to go to sleep at the beginning of on Duration if there is no scheduling in the next DRX. It can reduce monitoring of NPDCCH in the next on Duration. But, as detecting the wake-up signal consumes the extra power, And, as the data transmission in RRC connected mode is usually continuous, the partial resource which is taken up by wake-up signal  may have bad impacts on the data transmission efficiency, we think the benefit of Wake-up signal for connected mode DRX is very small. And even worse, if wake-up signal in connected mode has same design as wake-up signal for idle mode, it may cause extra interference and cause more incorrect signal detection for the idle mode UE. If wake-up signal in connected mode has different design, it will cause more complicated modification to the specifications.
Observation 2: If wake-up signal is introduced in connected mode DRX, the benefit for power saving seems very small and it will cause bad impacts on the data transmission efficiency and also may cause interference to the idle mode UEs.

Proposal 3:  Wake-up signal should not be supported for connected mode DRX.
In NB-IoT system, the starting subframe of the searching space is configured by higher layer signalling, i.e. semi-statically. Therefore, the detection period cannot be adjusted dynamically based on actual data transmission status. As shown in figure 1, in data transmission period, UE’s NPDCCH detection period is configured to “T”. Even there has no data transmission (BSR=0 and No DL data), the UE is still needed to keep monitoring the NPDCCH with the configured “T”, that will cause unnecessary power consumption.
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Figure 1
If the NPDCCH detection period can be dynamically adjusted based on the actual data transmission status, the UE power consumption will be reduced. 
One optimized option is that eNB can modify the NPDCCH detection period via high layer signalling, however, signalling overhead would be significant. UE power consumption is also increased due to high layer signalling reception and feedback. We prefer to consider a physical optimization, e.g., adding one bit indicator in DCI. 
As shown in figure 2, based on such DCI indication, UE can use T1(larger than T) as the NPDCCH detection period when no data transmission happens; based on SR+UL grant/DL grant,  UE can use T as the NPDCCH detection period during data transmission. Here two sets of USS parameters with different T and T1 can be configured by RRC message and new DCI is used to dynamically indicate which USS parameter will be used.
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Figure 2 
For example, two sets of USS parameters, or two periods can be indicated by 0 or 1 in the new DCI bit. When UE is detecting NPDCCH with period T and finds the DCI indicator ‘1’, UE will switch to monitoring NPDCCH with period T1, otherwise UE continues to use T. Currently DCI format N0/N1 has 23 bits, therefore, adding 1 bit indicator for dynamic period indication has minimal impacts.

Similar with the above optimization of dynamic NPDCCH detection periods, DRX also can be configured dynamically. For example, two sets of DRX parameters could be configured by high layer, each of them contains different NPDCCH detection period and DRX parameters. 1 bit in DCI is used to indicate which set will be used. 
Proposal 4: It’s suggested to support dynamically adjusted NPDCCH period for connected mode.

3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: The Alt1 of Wake-up signal or DTX and the Alt2 of Wake-up signal with no DTX have their own advantages and disadvantages. The Alt1 needs less signal transmission and monitoring but with more incorrect signal detecting possibility. The Alt2 is more robust but needs more resources.
Observation 2: If wake-up signal is introduced in connected mode DRX, the benefit for power saving seems very small and it will cause bad impacts on the data transmission efficiency and also may cause interference to the idle mode UEs.
Proposal 1: From RAN2 perspective, it’s suggested to support both of two candidate wake-up signal solutions for the IDLE mode paging. Which solution is currently used can be configured by eNB.
Proposal 2: The UE should report its capability of supporting wake-up signal to the MME and the MME can send this capability to eNB along with paging.
Proposal 3:  Wake-up signal should not be supported for connected mode DRX.
Proposal 4: It’s suggested to support dynamically adjusted NPDCCH period for connected mode.
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