
3GPP TSG RAN WG1 Meeting #89
R1-1707862
Hangzhou, P.R. China, 15th – 19th May 2017
Agenda item:

6.2.6.2
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Signalling for efficient decoding of physical channels
Document for:

Discussion and Decision
1 Introduction

In RAN1 #88bis, the following was agreed with respect to the study of techniques for power consumption reduction in idle mode paging and/or connected mode DRX [1]:

Agreements:
· Techniques to be evaluated:

· Wake-up signal/channel (either relying or not relying on DL synchronization)

· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)

· Compact DCI

· Reduced-bandwidth MPDCCH

· Dynamic USS periodicity

 In this contribution, we provide our views on these techniques for even further enhanced MTC and make some proposals.
2 Power consumption reduction techniques
In RAN1 #88bis, several design techniques were proposed for power consumption reduction in connected mode and idle mode. These techniques can be classified as in the agreement noted above. Below we briefly discuss each technique.
2.1 Wake-up signal/channel
The wake-up signal/channel is intended to wake up the main receiver when it is detected. Therefore, this signal is transmitted only when the UE is required to decode the physical downlink control/data channel. In idle mode, this means that the wake-up signal is transmitted just before the paging occasions. The wake-up receiver thus looks for this signal before the paging occasions. If the UE is configured for eDRX, the receiver is wakes up from deep sleep. It must then reacquire synchronization. Furthermore, if the UE has been in sleep for a sufficiently long period, it must also reacquire the MIB. It then looks for the wake-up signal. If the wake-up signal is detected, the receiver monitors the MPDCCH during the paging occasion. Alternatively, depending on the design of the wake-up receiver, the wake-up signal itself can trigger the receiver to wake up from deep sleep and perform synchronization.
If the wake-up receiver misses detecting the wake-up signal, it will fail to activate the receiver to monitor the MPDCCH. The UE will then not decode the MPDCCH when it is paged and hence misses the paging message. Therefore, missed detection impacts the performance. To minimize the chance of this occurring, the probability of missed detection must be sufficiently small. This probability can be similar to the target BLER for MPDCCH detection. For example, if the target MPDCCH BLER is 0.01, a probability of missed detection of 0.01 implies that the probability of missed detection after correctly detecting the wake-up signal is (1-0.01)*0.01=0.0099≈0.01 and hence, the probability of lost MPDCCH is maintained.
A false detection occurs if the wake-up receiver incorrectly determines that the wake-up signal has been transmitted when it is not actually transmitted. If multiple wake-up signals are supported, this may occur in low SINR conditions. When false detection occurs, the receiver is activated to monitor the MPDCCH even though it does not need to be. There is no impact on the receiver performance, but more power is consumed because the receiver is unnecessarily activated to perform the normal operations. Therefore, keeping the probability of false detection low helps with minimizing wastage of power.
The eNB transmits the wake-up signal only when the UE receiver needs to be activated. Therefore, resources are consumed for the wake-up signal only when UEs need to be woken up or activated to perform normal receiver operations. For a UE that needs to be woken up rarely, the overhead due to the wake-up signal is low.
2.2 Go-to-sleep signal/channel

The go-to-sleep signal/channel is intended to inform the main receiver to continue to sleep, i.e., not be activated when it is detected. Therefore, this signal is transmitted whenever the UE need not decode the physical downlink control/data channel. When the UE is in idle mode, this signal is always transmitted except when the UE is paged. Therefore, the UE scans for this signal before a paging occasion. If the signal is detected, it means that there is no paging message for the signal, so the UE does not need to decode the MPDCCH during the paging occasion. Therefore, it can go back to sleep. On the other hand, if the go-to-sleep receiver does not detect a signal, the main receiver is activated and the UE receiver performs the steps described above for the case when the wake-up signal is detected.
With the go-to-sleep signal, missed detection results in the main receiver being woken up unnecessarily to perform MPDCCH monitoring during the paging occasion. As discussed above, this amounts to wastage of power but there is no performance impact. Therefore, a low probability of missed detection ensures that power wastage is minimized.
A false detection of the go-to-sleep signal indicates to the UE that the main receiver can continue to sleep when actually it is required to wake up and monitor the MPDCCH during the paging occasion. False detection is more likely to occur in low SINR conditions. As a result of false detection, the UE misses the page. To minimize this impact on performance, the probability of false detection must be kept sufficiently low.

It is observed that false detection with a go-to-sleep signal is the same as missed detection with a wake-up signal and vice versa. The two performance metrics (probability of missed detection and the probability of false alarm) can be evaluated for either design and the ability to meet the design targets can be compared for the two designs.
The go-to-sleep signal is transmitted whenever the UE need not be woken up. Therefore, for a UE that needs to be woken up only rarely, the overhead due to the go-to-sleep signal is likely to be high. 
2.3 Compact DCI
In the compact DCI approach, a wake-up channel is used, which is similar to the MPDCCH but contains fewer DCI bits. Similar to the wake-up signal, the compact DCI channel is transmitted before the MPDCCH. Successful decoding of the compact DCI channel triggers the receiver to monitor the MPDCCH. The complexity of decoding the compact DCI is expected to be less than that of decoding the MPDCCH. Furthermore, due to the stronger encoding, fewer repetitions of the compact DCI are required in coverage enhancement compared with the MPDCCH. Therefore, power consumption for decoding the compact DCI will be reduced.
The receiver is required to be synchronized to be able to decode the compact DCI channel. Therefore, if it wakes up from deep sleep, it must go through synchronization procedure. If it has been asleep for a sufficiently long period, it must also reacquire the MIB.
The missed detection and false detection events in this case are similar to those of the wake-up signal.
2.4 Reduced bandwidth MPDCCH

In the reduced bandwidth MPDCCH technique, it is proposed that the bandwidth used for transmitting the MPDCCH is reduced while the duration of transmission is maintained by boosting the MPDCCH power. The argument in favor of this technique is that the several baseband receiver components are expected to consume less power processing a reduced bandwidth signal. It should be noted, however, that if the bandwidth is reduced by a factor of 6 (from 6 PRBs to 1 PRB), the power boost required to achieve the same SINR at the receiver is much larger than a factor of 6 and may not be feasible. Finally, it is not clear how much power consumption reduction can be achieved with this technique.
2.5 Dynamic USS periodicity
The approach of dynamic USS periodicity is aimed at the connected mode. In this approach, the UE specific search space is dynamically adjusted based on the actual data transmission status. That is, when there is UL or DL data, the periodicity is set to one value and when there is no data, it is set second value. The two values can be preconfigured through RRC signaling. This solution is applicable only to the connected mode, however. Therefore, the technique would work on top of connected mode DRX.
3 Power analysis
For comparing the power consumption with different techniques, we consider idle mode eDRX. This is illustrated in Figure 1. During each eDRX cycle, the receiver is wakes up and is active for the ON duration and goes back to sleep for the rest of the cycle. This means that in the absence of any wake-up signal/channel, the receiver monitors the MPDCCH in the search space for a duration corresponding to the repetition number Rmax. The search space periodicity is T=Rmax*G. Therefore, the receiver circuitry can be assumed to be active for Rmax ms every T ms. The power consumption assumptions are listed in Table 1 based on the agreements in [2]. Thus, the power consumed when the receiver is decoding the MPDCCH corresponds to the “receive” mode. When the receiver is not decoding the MPDCCH within the ON duration, it is assumed to be in “light sleep” mode and consumes the corresponding power. For the remaining part of the eDRX cycle, the receiver is assumed to be in “deep sleep” mode and consumes the corresponding power. Three eDRX scenarios are considered, corresponding to eDRX cycle durations of 1 minute, 10 minutes and 2 hours, as summarized in Table 2.
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Figure 1. Receiver behavior for reference case
Table 1. Power consumption model
	Operating mode
	Power [units/ms]
	Notes

	Receive (PRX)
	100
	RF and baseband circuitry

	Light sleep (PLS)
	1
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Idle, deep sleep (PDS)
	0.015
	Deep sleep during PSM and eDRX

	Transitions between states
	Not modeled
	Boot, reload memory etc. 


Table 2. eDRX cycle assumptions
	Scenario
	eDRX cycle

	1
	1 minute

	2
	10 minutes

	3
	2 hours


When the receiver wakes up from deep sleep, it is assumed to first perform synchronization before beginning to monitor the MPDCCH, as illustrated in Figure 1. During the synchronization time, the power consumed corresponds to the “receive” mode.

For analysis of the wake-up signal, we assume that the signal occurs with the same periodicity as the MPDCCH. Furthermore, it is assumed that the required length of the wake-up signal for a probability of missed detection equaling the MPDCCH target BLER is Rmax/16, based on the argument that it carries 1 bit of information [3]. It is also assumed that the minimum length of the wake-up signal is 0.5 ms. The behavior of the UE receiver for detecting the wake-up signal is illustrated in Figure 2.
It can be noted that for the power consumption analysis of the go-to-sleep signal, the receiver behavior assumptions would be the same as for the wake-up signal.
For the reduced bandwidth MPDCCH technique, it is assumed that the power consumption during the receive mode is 75 units/ms, i.e., a 25% reduction relative to receiving a full bandwidth signal. The other assumptions for this technique are the same as for the reference case.
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Figure 2. Receiver behavior for detection of a wake-up signal
We assume that the compact DCI channel contains roughly half the number of bits of the MPDCCH including CRC. As such, the required number of repetitions is assumed to be Rmax/2.

The various time duration assumptions are listed in Table 3 for the following three maximum coupling loss (MCL) values: 144 dB, 154 dB, and 164 dB.
Table 3. Time duration assumptions
	Assumption
	Time duration [ms]

	
	MCL 144 dB
	MCL 154 dB
	MCL 164 dB

	Synchronization
	40
	40
	500

	Rmax
	1
	8
	64

	Search space period T
	4
	32
	256

	eDRX ON duration
	32
	256
	2048

	WUS duration
	0.5
	0.5
	8

	Compact DCI duration
	1
	4
	32


Using the model described above, the power PREF consumed in the reference case is calculated. The power PWUS consumed for the case of a wake-up signal, the power PRBM consumed for the reduced bandwidth MPDCCH technique, and the power PCDCI consumed for the case of using the compact DCI channel are also similarly calculated. The ratio of the power consumed by each candidate technique to the power consumed in the reference case is calculated and plotted in Figure 3, Figure 4, and Figure 5. The results show that greater reduction in power consumption is realized with the technique based on a physical signal such as a wake-up signal when compared with reduced bandwidth MPDCCH technique and the compact DCI technique. The exception is for the scenario with MCL of 144 dB, in which case the reduced bandwidth MPDCCH technique realizes significant power consumption reduction while the other candidate techniques do not. This scenario is less important, however, because the UE battery life is higher. The advantage of the wake-up signal technique relative to the other candidate techniques is much more significant for higher MCL values. The compact DCI approach does not provide any benefit in the case of 144 dB MCL because the duration of the compact DCI transmission is the same as that of the MPCCCH transmission in this case. All the techniques exhibit a bigger benefit when the receiver wakes up relatively frequently to monitor the MPDCCH for paging.
Observation 1: A physical signal or channel that can be efficiently decoded or detected prior to decoding MPDCCH can provide substantial power consumption reduction in idle mode for some use cases.
Observation 2: The technique based on a physical channel can provide significantly larger power consumption reduction than the techniques based on a reduced bandwidth MPDCCH and a compact DCI for UEs in larger coverage enhancement.
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Figure 3. Power consumption of wake-up signal technique relative to reference.
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Figure 4. Power consumption of reduced bandwidth MPDCCH technique relative to reference.
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Figure 5. Power consumption of compact DCI technique relative to reference.
4 Discussion

It is preferable to adopt a technique that is useful for both connected mode and idle mode. The techniques considered above involve the use of a signal/channel that must be detected prior to detection of the MPDCCH. In other words, the detection or lack of detection of the signal/channel determines whether the main receiver for monitoring the MPDCCH is activated. As seen above, such a technique has the potential to yield substantial power savings in the idle mode.
Proposal 1: Specify a physical signal that can be efficiently decoded or detected prior to decoding the phsysical downlink control/data channel. 
 It may be beneficial for each cell to enable the use of this technique depending on the assessed benefit of supporting this technique in the cell when also considering the additional resource overhead incurred. On the other hand, it may also be advantageous to allow each UE to be individually configured by the network to use this technique depending on the cost-to-benefit assessment. It is observed from the above analysis that the extent of power consumption reduction realized depends on the use-case. Thus, a UE in large coverage enhancement and/or a UE that wakes up frequently can achieve larger savings. One possible approach for configuring UEs to use this technique would be through assignment of signals/IDs that UEs look for. If a UE is assigned a signal or ID, then it is configured to use the technique. If the network does not assign a signal or ID, then the UE receiver follows normal (legacy) operation. This approach also allows the network to completely disable this technique in an entire cell.
Proposal 2: The network can semi-statically enable a UE to use the technique for efficient signal/channel detection through assignment of a signal or ID.

Both the wake-up-signal and go-to-sleep signal consume resources. While the wake-up signal must be transmitted when UEs need to be woken up, the go-to-sleep must be transmitted when UEs must not be woken up. The resource overhead then depends on the design of the wake-up or go-to-sleep signal and how resources are reserved or allocated for the signal. Therefore, further analysis of resource overhead due to each technique must be performed in the context of the detailed design of the procedure for signal transmission.
Proposal 3: Study the resource overhead and constraints due to each technique.
5 Conclusions

In this contribution, we study techniques for power consumption reduction in idle mode paging and/or connected mode DRX and make the following observations and proposals.
Observation 1: A physical signal or channel that can be efficiently decoded or detected prior to decoding MPDCCH can provide substantial power consumption reduction in idle mode for some use cases.
Observation 2: The technique based on a physical channel can provide significantly larger power consumption reduction than the technique based on a compact DCI for UEs in larger coverage enhancement.
Proposal 1: Specify a physical signal that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel. 
Proposal 2: The network can semi-statically enable a UE to use the technique for efficient signal/channel detection through assignment of a signal or ID.

Proposal 3: Study the resource overhead and constraints due to each technique.
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