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1. Introduction
NB-IoT commercial deployments are approaching, and a number of possible NB-IoT deployment requirements are identified. One of the requirements is further UE power consumption reduction for idle mode paging, which is considered as the most significant power consumption factor in many applications. Although eDRX may save power for paging, however, inevitably the UE would respond to paging slower with longer eDRX cycle.
In many applications, paging may appear occasionally, e.g., in hours, without any predictable periodicity; while UE still needs to respond to paging quickly, e.g., in seconds. eDRX is not very effective in such case, yet it is still important to improve UE power consumption in such scenarios. 

A few evaluations are conducted in RAN1 #89, in which a physical signal/channel before monitoring paging PDCCH is identified as beneficial for reducing UE power consumption in idle mode paging, without the need to extend DRX/eDRX cycle. The related agreements are as follows:

Agreements:

· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:

· Wake-up signal or DTX

· Go-to-sleep signal or DTX

· Wake-up signal with no DTX

· Downlink control information

· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length

· Design details are FFS

· Connected mode DRX is FFS

Agreements:

· The impact of the physical signal/channel, on Idle mode physical layer paging performance (missed paging detection and paging reception latency) should be studied and reported with the physical signal/channel design.

· The current paging mechanism is used as the baseline for evaluation.

In the rest of this contribution, the above physical signal/channel is termed as “light paging”, which mimics that the signal /channel should reduce paging power consumption and enable fast reception of paging simultaneously.
In this contribution, we discuss the market timeline requirements for light paging, followed by some technical discussions aiming to accelerate the specification process.
2. Market Timeline Requirements 
NB-IoT networks need to deal with many diverse applications. Some application demands great challenge to both network and UE. For example, for mobile bicycle applications, the bike would need to await the trigger from eNB for unlocking, and it must respond to the trigger quickly, e.g., in seconds, otherwise user experience will be jeopardized. From air interface point of view, the above operation requires UE to monitor paging message frequently, e.g., in every several seconds or even more frequently. In such case, eDRX is not applicable for power saving. However, it is still crucial to reduce paging power consumption because it is difficult (or increase maintenance work) to charge the immense bicycle devices. 
A basic signaling procedure is described in Fig.1. It is identified that a critical factor for user experience is the latency between bar code scanning and bike unlock event.
[image: image1.emf]Bike user

(cell phone)

Bike

network

Bar code scan

inform bike ID

paging (trigger for unlocking)

Bike unlock

event

User riding, LBS services, etc

Bike lock

event

Indicting lock status

Billing information


Figure 1. Signalling procedure for mobile bicycles
Light paging signal is useful in the above scenario, since it can save UE power without increasing paging cycle. 
Moreover, there are a number of other applications, such as smart parking, critical event reporting [1], etc, that requires short paging cycle yet the paging may arrive in a large, random interval. For all those applications, light paging would be useful. 
Some other exemplary application of light paging signal is the metering services. In such cases, a UE may be configured in eDRX mode, with a couple of hours paging cycle. However, the UE still need to detect paging PDCCH with a large number of repetitions, even when there is no actual paging message transmitted. Light paging, which can be detected with much less number of repetitions, can still achieve significant power savings for metering services based on the evaluations in RAN1 #89.
Observation 1: Light paging is useful for diverse applications, including mobile bicycles, water metering, smart parking, and critical communications etc.

Proposal 1a: Support light paging at least in idle mode, with either DRX or eDRX configured.

To support the possibility of introducing light paging in the upcoming NB-IoT deployment, light paging specification, including RAN2/4 part, shall be completed no later than the end of year 2017. 
Proposal 1b: Light paging specification, including RAN2/4 part, shall be completed no later than the end of year 2017.
This implies that RAN1 would need to complete RAN2/4 related aspects (e.g., RRC parameters and physical format of light paging) no later than RAN1 October meeting, ideally in August meeting. Note that the timeline is perfectly in line with current feNB-IoT WI timeline, where it states [2]:
A. Work on the following objectives to commence from RAN#75 (according to TU allocation per WG). For objectives A-1 and A-5, where WGs decide to specify solutions, WGs to provide complete running CRs/draft CRs to RAN#78.

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]

Based on RAN1 discussion so far, light paging is found beneficial, therefore its RAN1/2/4 work shall be completed no later than the end of this year.
Therefore it is further proposed that:

Proposal 1c: RAN1 aspects related to RAN2/4 (e.g., RRC parameters and physical format of light paging) shall be completed no later than October meeting. 
Furthermore, since light paging is a new signal/channel, RAN4 related work may require longer time to design performance metrics than other typical signals/channels. Therefore it is proposed that:
Proposal 1d: Strive to complete RAN1 aspects related to RAN4 (e.g., physical format of light paging) in August meeting.

One possible method to reduce RAN4 workload is to reuse current signal/channel formats, such as NPSS, or NPDCCH etc. However, even in such cases, RAN1 still needs to carefully discuss if such design would achieve proper power saving gain.
3. Technical Discussions
The main purpose of this section is to discuss several key issues of light paging design, in order to accelerate the overall specification process. 

3.1. Wake up signal v.s. go-to-sleep signal
Wake up signal corresponds to the signal indicating that the UE shall awake once the signal is detected, which should support sufficiently low miss detection rate. Go-to-sleep signal corresponds to the signal indicating that the UE shall go to sleep once the signal is detected, which should support sufficiently low false alarm rate. 

For all the applications mentioned in section 2, UE needs to awake infrequently although the UE may need to monitor paging arrival frequently. In such case, if go-to-sleep signal is specified, the signal has to be sent almost for all PO, which will occupy much system resource and reduce legacy UE performance. Instead, wake up signal is sent only when a paging is needed to be sent, which will occupy less system resource.
	
	Wake up signal
	Go-to-sleep signal

	function
	UE shall awake
	UE shall sleep

	Key metric
	Miss detection
	False alarm

	Resource overhead
	small
	high


Table 1: comparison of wake up signal and go-to-sleep signal
Moreover, it is perhaps more straightforward to optimize miss detection rate than to optimize false alarm rate. Therefore, it is proposed that: 
Proposal 2: wake up signal is preferred over go-to-sleep signal.
3.2. Physical format: SS-like or compact DCI
There are mainly two candidate physical format for light paging, one is similar to synchronization signal (SS) design, by which the UE is able to acquire time/frequency synchronization. The presence of such signal would indicate that the UE shall continue to detect paging NPDCCH. 

Another candidate is compact DCI like, in which one bit information + 16 bit CRC is carried in NPDCCH. The UE would need to acquire time/frequency synchronization based on legacy NPSS/NSSS, and then detect the compact DCI contents.
The comparison of SS-like signal and compact DCI is shown in table 1. Basically SS-like design would achieve better power saving gain because its “on” duration can be smaller than compact DCI. It is expected that the synchronization performance of the SS-like signal can be similar to NPSS/NSSS, or slightly worse if modification is conducted. Furthermore, for SS-like signal, it is possible to use a separate hardware to detect paging, without the need to run decoder blocks. For compact DCI approach, the decoder block cannot be turned off for paging reception.
One main advantage of compact DCI is the forward compatibility, because the number of bits is flexible in compact DCI. It is quite difficult to modify number of bits for SS-like design.
Another advantage of compact DCI is potential less RAN4 effort. However, if SS-like signal is based on NPSS/NSSS designs with small changes (or even no change), RAN4 workload for SS-like signal may be tolerable.

	
	
	SS-like
	compact DCI

	Power saving gain
	“on” duration
	Sync
	Sync+decode

	
	Separate hardware
	yes
	difficult

	Forward compatible 
	Number of bits
	Hard to increase
	flexible

	Spec complexity
	RAN4 effort
	Higher, but depends on the exact design
	smaller


Table 2: comparison of SS-like and compact DCI candidates
Based on the above discussions, it is slightly preferred to specify SS-like solution for light paging. However, it should be possible to add a payload channel in later release. Therefore it is proposed that: 
Proposal 3a: Slightly prefer to specify SS-like solution for light paging in R15. The design of SS-like solution shall allow possible introduction of additional payload channel in later releases.
To further reduce RAN4 load for SS-like signals, one method is to simply reuse NPSS/NSSS signal. If a UE detect SS on subframes different from legacy SS subframes, UE shall monitor paging NPDCCH in the following paging occasions. If for certain reasons, modifications of NPSS/NSSS are deemed necessary, it would be preferred to determine such modification details in August meeting: 
Proposal 3b: For SS-like solution, further consider to simply reuse NPSS/NSSS format (transmitted in subframes different from legacy NPSS/NSSS) to reduce RAN4 workload. If NPSS/NSSS needs to be modified, decide the modification details in August meeting.
3.3. Repetition configuration in support of sufficient coverage
Since paging needs to cover the whole cell, a proper repetition would be necessary. For a repeated signal, its starting subframe and number of repetition needs to be specified. Moreover, there should be a gap between light paging and the following NPDCCH monitoring, to allow sufficient time for the UE to turn on the main circuits.
Therefore, there are at least three parameters to be specified for light paging signal:

1) Starting subframe, 2) number of repetition, and 3) gap period

It is possible to set all three parameters as cell-specific. However, it is slightly preferred to signal “number of repetition” in a UE-specific way. Otherwise, the power saving gain would be unclear because evaluations in previous meetings assume that “number of repetition” is UE-specific (proportional to Rmax).

In addition to the above parameters signaling, it is necessary to decide the resource allocated for light paging:
Option 1: Light paging signal is transmitted in paging occasion, i.e., the starting subframe is at the beginning of paging occasion. This option is more natural if the physical format is based on compact DCI, since the UE behavior is similar to NPDCCH detection.

Option 2: Light paging signal is transmitted before paging occasion, i.e., the ending of gap period is at the beginning of paging occasion. This option is more natural if the physical format is based on SS-like signal, since the UE behavior is similar to synchronization procedure.

Since SS-like signal is slightly preferred in section 3.2, option 2 is also slightly preferred in this section.







Therefore, the proposals are:
Proposal 4a: To ensure power saving gain, “number of repetition” is signaled in a UE-specific manner.

Proposal 4b: Light paging signal is transmitted before paging occasion, if the physical format is based on SS-like signals.
3.4. Backward compatibility
Introduction of light paging shall not impact legacy UEs to access the network. For this purpose, if light paging signal collides with subframes carrying legacy NPSS/NSSS, NPBCH and NB-SIB, the light paging signal shall be dropped. Therefore, it is proposed that:
Proposal 5a: For a R15 UE supporting light paging, the R15 UE is not expected to detect light paging signal on subframes carrying legacy NPSS/NSSS, NPBCH, and NB-SIB. 
The second question is if the light paging signal will collide with NPDSCH/NPDCCH of legacy UEs. If light paging signal is transmitted in invalid subframe, it will not collide with legacy UEs at all. However, because invalid subframe is signaled in a semi-static manner, transmitting light paging signal would incur a huge overhead for legacy UE NPDSCH transmission. Therefore, it is slightly preferred to transmit light paging in valid subframe to allow a “on-demand” transmission.
Proposal 5b: Light paging signal is transmitted in valid subframes.
However, if light paging signal is transmitted in a “on-demand” manner, the light paging signal may collide with a PDSCH with long repetition for a legacy UE. A smart eNB implementation may solve such collision problem by, e.g., avoiding allocating long data/control repetition right before paging occasion, or simply puncturing data channel. It is, however, still necessary to identify/evaluate if there is any critical issues for multiplexing light paging signal with legacy UE NPDCCH/NPDSCH transmissions.
Proposal 5c: Further study if eNB implementation can properly multiplex light paging signal with legacy UE NPDCCH/NPDSCH transmissions.
Our current understanding is that the proposal 5c does not require RAN4 effort, while proposal 5a/5b may need to be informed to RAN4 for evaluations.
3.5. UE(group)-indication
Current paging NPDCCH/NPDSCH design does not include UE ID in physical channels. If multiple UEs are allocated in one paging occasion (which is the normal case), all UE would not know if the paging is intended to itself until paging message is decoded. Because NB-IoT requires a large number of repetitions, such design may cause large power consumption.
If a UE-ID or UE-group-ID is carried in light paging signal, the UE is able to know the intended UE/UE-group before decoding NPDCCH, which will further reduce power consumption in addition to the designs in above sections. However, carrying UE-ID/UE-group-ID in SS-like signals will increase spec complexity and reduce synchronization accuracy and possibly delay the completion of light paging signal. Therefore, an initial thinking is to carry UE-ID/UE-group-ID in a payload channel and specify it in a later release.

Proposal 6: Initial thinking is to carry UE-ID/UE-group-ID in a payload channel and specify it in a later release.
4. Conclusion
In previous RAN1 meetings, it is agreed that “A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging.” In this contribution, the aforementioned signal/channel is termed as “light paging signal”, which mimics that the signal /channel should reduce paging power consumption and enable fast reception of paging simultaneously. 

Based on discussion of diverse applications, it is firstly observed that:

Observation 1: Light paging is useful for diverse applications, including mobile bicycles, water metering, smart parking, and critical communications etc.

Then a series of proposals are made for light paging specification, to support the possibility of introducing light paging in the upcoming NB-IoT real deployment:

Proposal 1a: Support light paging at least in idle mode, with either DRX or eDRX configured.

Proposal 1b: Light paging specification, including RAN2/4 part, shall be completed no later than the end of year 2017.
Proposal 1c: RAN1 aspects related to RAN2/4 (e.g., RRC parameters and physical format of light paging) shall be completed no later than October meeting. 

Proposal 1d: Strive to complete RAN1 aspects related to RAN4 (e.g., physical format of light paging) in August meeting.

It should be noted that current feNB-IoT WID already agrees to support light paging (RAN1/2/4) within year 2017. Therefore the above proposal does not need to revise the WID.
To fulfill the above proposal, especially proposal 1d, following technical proposal are made consequently:

For wake up vs go-to-sleep:
Proposal 2: wake up signal is preferred over go-to-sleep signal.

For light paging physical format design,

Proposal 3a: Slightly prefer to specify SS-like solution for light paging in R15. The design of SS-like solution shall allow possible introduction of additional payload channel in later releases.
Proposal 3b: For SS-like solution, further consider to simply reuse NPSS/NSSS format (transmitted in subframes different from legacy NPSS/NSSS) to reduce RAN4 workload. If NPSS/NSSS needs to be modified, decide the modification details in August meeting.

For repetition configuration in support of sufficient coverage,

Proposal 4a: To ensure power saving gain, “number of repetition” is signaled in a UE-specific manner.

Proposal 4b: Light paging signal is transmitted before paging occasion, if the physical format is based on SS-like signals.
To ensure backward compatibility,

Proposal 5a: For a R15 UE supporting light paging, the R15 UE is not expected to detect light paging signal on subframes carrying legacy NPSS/NSSS, NPBCH, and NB-SIB. 

Proposal 5b: Light paging signal is transmitted in valid subframes.
Proposal 5c: Further study if eNB implementation can properly multiplex light paging signal with legacy UE NPDCCH/NPDSCH transmissions.
For possible UE-ID/UE-group-ID indication in light paging signal,
Proposal 6: Initial thinking is to carry UE-ID/UE-group-ID in a payload channel and specify it in a later release.
The topics related to proposals in red are considered necessary for RAN4 evaluations. It is suggested to complete those topics in August RAN1 meeting.
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