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Discussion and Decision
1 Introduction

In [1], a key objective of the WID is to further reduce latency and power consumption reduction. One proposal is to 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 physical downlink control/data channel. In this contribution, we consider this potential improvement and provide our views.
2 Power Consumption Analysis
Rel-13/Rel-14 eMTC can support many use cases such as sensors, eHealth, tracking, advertising, security, public safety, voice, video, etc. For some use cases, the UE does not need to be reachable by the network. As a result, the UE wakes up, transmits its data, then returns to sleep. Any network originated traffic can be held at the application layer until the UE connects to the network. For other use cases, however, the UE needs to be reachable by the network within a reasonable period (e.g. public safety, advertising billboard, voice supported services). In this case, the UE must continuously monitor the MPDCCH although, relatively speaking, it may rarely be scheduled. This consumes a lot of power and therefore it is under study whether a physical signal/channel that can be efficiently detected prior to MPDCCH decoding can be beneficial.
In this paper, we consider power consumption and battery life analysis to see the benefits of such scheme. Our model assumes battery capacity of 5 Wh and power consumption model shown inTable 1. In our analysis, we assume power consumption reduction of 50% and 75% compared to the power consumption required for MPDCCH monitoring. This power reduction may be due to either reduced monitoring time (i.e. small Rx time) as well as reduced receiver power consumption (e.g. reduced power consumption using a correlator compared to entire receiver demodulation chain). Note that the numbers used in this paper are only estimates.
Table 1. Power consumption assumptions (23 dBm UE).
	Power consumption power during Tx

(assuming 44% PA efficiency)
	543 mW

	Power consumption power during Rx
	90 mW

	Power consumption when idle but not in power save date
	2.4 mW

	Power consumption during power save state
	0.015 mW


For the data model, we assume that the UE is either in power save or idle state and periodically connects to the network to transmit uplink data report or monitor for downlink scheduling. The size of the UL report is 200 bytes and the corresponding DL TCP/IP ACK is 65 bytes. When UE wakes up from power save or idle state, we assume that the UE would need to perform the following steps –

· Synchronization acquisition

· MIB acquisition (if UE has been asleep for a sufficiently long time)

· SIB1-BR acquisition (if UE has been asleep for a sufficiently long time)

· If UE has data to send, it undergoes random access procedure (Msg1 – Msg4) and subsequent data transmission. Otherwise, the UE monitors the MPDCCH for a period of time before returning to power save or idle state

Table 2. Estimated battery life for eMTC.
	Traffic Model
	Battery Life (Years)

	
	140.7 dB MCL
	155.7 dB MCL

	
	Baseline
	Power consumption reduction relative to MPDCCH monitoring
	Baseline
	Power consumption reduction relative to MPDCCH monitoring

	
	
	50% 
	75% 
	
	50% 
	75% 

	UE wakes up from power save state to transmit UL report once per day, monitors the control channel for a while, then returns to power save state
	35.9
	35.9
	35.9
	18.7
	18.9
	19.0

	UE wakes up from power save state to transmit UL report once every 2 hours, monitors the control channel for a while, then returns to power save state
	22.3
	22.3
	22.4
	2.8
	2.9
	2.9

	UE stays in idle mode and wakes up to monitor the MPDCCH every 10 minutes and transmits UL report once per day
	20.7
	21.7
	22.2
	3.7
	4.2
	4.9

	UE stays in idle mode and wakes up to monitor the MPDCCH every 1 minute and transmits UL report once per day
	4.6
	5.1
	5.4
	0.6
	1.2
	1.9


Table 2 illustrates battery life comparison at 140.7 and 155.7 dB. Two traffic models are considered [2] – (1) UE wakes up from power save state to transmit UL report periodically and returns to power save state, and (2) UE stays in idle mode and wakes up to monitor the MPDCCH periodically and also transmits UL report once per day. From the table, it is seen that, as expected, the new signal does not improve battery life meaningfully when UE is not periodically monitoring the MPDCCH (e.g. when it wakes up once a day or every 2 hours to transmit an uplink report and then goes back to sleep). However, when the UE is monitoring the MPDCCH periodically (e.g. once every 1 or 10 minutes), then there is a substantial improvement in battery life for UEs in large coverage enhancement. For instance, at 155.6 dB MCL and MPDCCH monitoring every 10 minutes, battery life would be extended by only 14% for 10-minute monitoring period and 50% for 1-minute monitoring period (assuming a 50% power consumption reduction). At 140.6 dB MCL, however, the improvement is only 5% for 10-minute monitoring period and 10% for 1-minute monitoring period. This is expected since the MPDCCH search space would be much longer for UE in large coverage enhancement and hence will consume more UE power.  From the results shown in Table 2, we make the following observations -

Observation 1: Physical signal or channel that can be efficiently decoded or detected prior to decoding MPDCCH can provide substantial improvement in battery life for some use cases. 
Observation 2: Battery life improvement from reduced power consumption during MPDCCH monitoring is most beneficial for UEs in large coverage enhancement. 
From the above observations, it is seen that such a signal would provide good benefits in term of power consumption and battery life, especially for UEs in large coverage enhancement. Therefore, it is proposed that RAN1 specify a physical signal or channel that can be efficiently decoded or detected prior to decoding control channel or data channel.
Proposal 1: Specify a physical signal or channel that can be efficiently decoded or detected prior to decoding physical downlink control/data channel. 
3 Physical Layer Signal
From the above analysis, it is clear that if a new precursor signal or channel is considered, it is important that it can be detected or decoded with a low complexity at the UE. Furthermore, since the battery life improvement is more significant for UEs in large coverage enhancement, where the battery life is already low, the design can be more optimized for such cases. This may mean, for example, that the new signal or channel should be detectable with a high probability by UEs in large coverage enhancement.
The first approach is to use a physical signal (sequence) that the UE must detect. The time location for the signal (i.e., occasion) can be fixed such that it is accurately known to the UE, assuming that it performs time-frequency tracking beforehand. Thus, the signal would begin at a predefined time before the beginning of the MPDCCH search space. Since timing is known, frequency-domain correlation could be used to detect the signal. The signal could be used not merely as a precursor to a control channel, but also to distinguish between different types of control channels (e.g., for different groups of UEs) by using different sequences with good cross-correlation properties for the physical signal. Given the requirement for supporting UEs in large coverage enhancement, the precursor signal should be transmitted using sufficient frequency-/time-domain repetition while preserving the cross-correlation properties for different sequences. Thus, the signal may span either a single PRB or the entire narrowband/wideband.
Observation 3: The precursor channel or signal can be used to indicate the type of physical channel to follow.

If the design approach using a new physical channel is considered, it would have to be a standalone channel and not embedded within another legacy channel due to backward compatibility requirements. The difference from a physical signal is that it would contain encoded information, where the bits could be used to signal the type of physical channel to follow. The encoded bits may be transmitted in any predefined set of resource elements. Further study is needed, however, to determine whether a physical signal or a physical channel is more beneficial.
Proposal 2: Further study the design differences between a physical signal and a physical channel and their relative merits.

The channel/signal must satisfy the following design criteria:

· A low probability of missed detection – after attempting to decode/detect the precursor channel/signal, the probability that the UE incorrectly determines that a physical data/control channel will not follow must be low. Missed detection in this case implies that the UE will not attempt to monitor for an MPDCCH even when it should. Since missed detection will impact UE performance, it is important to keep this probability very low, e.g., 1%.
· A low probability of false alarm – after attempting to decode/detect the precursor channel/signal, the probability that the UE incorrectly determines that a physical data/control channel will follow must be low. The impact of a false alarm is that the UE will unnecessarily attempt to monitor for an MPDCCH when there is none. While this increases power consumption, it does not impact performance. Therefore, this probability can be relatively higher if it helps to keep the probability of missed detection low.
The new precursor channel or signal can be designed based on two alternative approaches:

Alt. A: The precursor channel or signal is present only if the physical data/control channel follows and not otherwise.

With this approach, missed detection occurs if the precursor channel/signal is not decoded/detected when it is actually transmitted. Missed detection can occur, for example, if the SNR is very low. False alarm occurs if the precursor channel/signal is incorrectly decoded/detected to be present even when it is not. A false alarm is a possibility when another signal that is transmitted is incorrectly decoded/detected as the precursor channel/signal. The advantage of this approach is that since the eNB needs to transmit the precursor channel/signal only when it needs to signal that a physical channel is about to follow, resources are not consumed otherwise. The disadvantage is that the false alarm probability may be non-negligible even in good SNR conditions. As discussed earlier, however, such an occurrence merely increases UE power consumption for that instance.
Alt. B: The precursor channel or signal is always transmitted and the presence or absence of a physical data/control channel is signaled through it.

In this case, missed detection or false alarm occurs if the UE incorrectly decodes the precursor channel or detects the wrong sequence in the case of a physical signal. This scenario is a possibility in poor SNR conditions. The advantage of this approach is potentially a very low false alarm probability in good SNR conditions. The disadvantage is that the channel/signal is always transmitted, which increases resource overhead.
Considering the merits and demerits of the two approaches, we have the following proposal.

Proposal 3: Support the transmission of a precursor channel or signal only to indicate the presence of a physical data/control channel and not to indicate an absence.

The repetition level of the precursor channel/signal can be tied to the CE mode supported in the cell. Thus, one repetition level can be used if the cell supports only CE mode A and a higher repetition level can be used if the cell also supports CE Mode B. This allows the eNB to avoid using a higher repetition level for the precursor channel/signal than necessary and hence save resources.
Observation 4: A different physical channel or signal can be transmitted depending on whether the cell supports CE Mode A only or both CE Mode A and CE Mode B to optimize resource overhead.
It was observed in Section 3 that benefits of battery life improvement with this technique are more significant for UEs in coverage enhancement. Thus, if only a very small fraction of UEs in a cell are in large coverage enhancement, it may be wasteful for the eNB to transmit the precursor channel or signal. Therefore, it would be useful for the eNB to indicate whether it supports this technique or not.
Proposal 4: The eNB indicates through higher layer signaling whether a physical channel or signal indicating that a data/control channel follows is supported in the cell.

Thus, in this case, the UE would attempt to decode/detect the precursor channel/signal only if the cell supports this feature.
4 Conclusions

In this contribution, we consider physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel and make the following observations and proposals –

Observation 1: Physical signal or channel that can be efficiently decoded or detected prior to decoding MPDCCH can provide substantial improvement in battery life for some use cases. 
Observation 2: Battery life improvement from reduced power consumption during MPDCCH monitoring is most beneficial for UEs in large coverage enhancement. 
Observation 3: The precursor channel or signal can be used to indicate the type of physical channel to follow.

Observation 4: A different physical channel or signal can be transmitted depending on whether the cell supports CE Mode A only or both CE Mode A and CE Mode B to optimize resource overhead.
Proposal 1: Specify a physical signal or channel that can be efficiently decoded or detected prior to decoding physical downlink control/data channel.

Proposal 2: Further study the design differences between a physical signal and a physical channel and their relative merits.

Proposal 3: Support the transmission of a precursor channel or signal only to indicate the presence of a physical data/control channel and not to indicate an absence.

Proposal 4: The eNB indicates through higher layer signaling whether a physical channel or signal indicating that a data/control channel follows is supported in the cell.
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