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1 Introduction
There is a common WI objective in the approved work items (WI) on Rel-15 enhancements for NB-IoT [1] and Rel-15 enhancements for eMTC [2]. The description for NB-IoT is as follows:

A. Work on the following objectives to commence from RAN#75 (according to TU allocation per WG) and strive for completion by RAN#78:

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].
So far the topic has not been discussed in RAN2 but most recently the following was agreed in RAN1#90:
· For idle mode,
· The power saving signal in a cell supports being applied to FFS between:
a) All the UEs associated to a PO in the cell
b) A group of more than one of the UEs associated to a PO in the cell
c) Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between
a) A single PO only
b) One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between
a) A single PO only 
b) One or more than one PO (details are FFS)
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)
Further there was some down-selection outlined as part for the following working assumption:

· For idle mode,
· 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
For more background not repeated here see the previous contributions [3]

 REF _Ref493928771 \r \h 
[4].In this contribution, the RAN2 impact of the above agreements and proposed solutions will be discussed. 
2 Discussion
2.1 Wake-up signal with or without DTX
From the working assumption in the introduction the two considered solutions in RAN1 are Wake-up signal (WUS) with DTX or without DTX. The solutions are illustrated in Figure 1 from a UE perspective.
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Wake-up signal with DTX

In this solution
 if a UE detects a wake-up signal (WUS) it will continue to decode NPDCCH as in legacy operation. If the UE detects nothing, then it will go back to sleep. That is, the eNB does not need to transmit anything (i.e. DTX) in the case the eNB does not try to reach the UE. The main benefit of this solution is that, when paging is infrequent, the overhead is low since the WUS need only be transmitted in the relatively few paging occasions in which the UE is actually paged. 

Wake-up signal with no DTX

In this solution, an explicit signal is always transmitted telling the UE whether it should wake-up or go-to-sleep (i.e. the title is somewhat misleading). That is, the network never has the option not to transmitting anything and the signal would need to contain 1 bit of information or the UE would have to blindly decode two versions of the signal. In the physical layer this may have advantages when it comes to misdetection rate but from a RAN2 point of view this solution has severe disadvantages compared to using DTX. That is, since UEs rely on the detection of this signal it must be sent preceding all POs (of any UE in the entire NW) and in every single cell of the Tracking Area since the UE location is unknown to the eNB. Further, the UE behavior is unclear if the UE would not detect the signal. A reasonable approach would be that the UE would continue to decode NPDCCH, but in this case any of the previous solutions could be used instead and would provide less overhead. 

Observation 1 ‘Wake-up signal with no DTX’ significantly increases system overhead since WUS/GTS-signal must be transmitted in all paging occasions in the entire Tracking Area.
Furthermore, since the signal must include 1 bit of information it may require longer reception time than without DTX, and hence the power consumption reduction would be smaller.
Due to the drawbacks above the following is proposed: 

Proposal 1 ‘Wake-up signal with DTX’ is used for specifying a power saving physical signal.
2.2 Wake-up signal configurations and procedures
RAN1 agreements with RAN2 impact:
 Regarding the RAN1 agreements:
· How many POs the power saving signal applies to from the UE perspective is FFS between

a) A single PO only
b) One or more than one PO (details are FFS)

· How many POs the power saving signal applies to from the eNB perspective is FFS between

a) A single PO only 
b) One or more than one PO (details are FFS)
The UE monitors only one PO per DRX cycle, since the index i_s = floor(UE_ID/N) mod Ns points to one single subframe for a given UE [5], and therefore it would have significant impact on the specification to map one WUS to several PO. The motivation for doing so would be to achieve greater power consumption reduction, but in such case, that comes from what is effectively a longer DRX cycle. Therefore, it is better not to create any artificial dependencies between WUS and DRX features, and instead use longer DRX cycles
.
Proposal 2 The wake-up signal applies to a single PO in RRC_IDLE mode.

Regarding the information conveyed in the WUS there is the following RAN1 agreement:

· The power saving signal in a cell supports being applied to FFS between:
a) All the UEs associated to a PO in the cell
b) A group of more than one of the UEs associated to a PO in the cell
c) Both (a) and (b)
From a RAN2 point of view any information on UE_ID conveyed by the WUS would be beneficial to reduce the probability for false paging. However, if this increases the WUS reception time it will lower the power consumption gain.
Observation 2 UE_ID information in wake-up signal is beneficial unless it increases wake-up signal reception time.

However, given that this WI-objective is prioritized to be finalized by the end of the year, and that ‘false paging’ is to our knowledge not a severe problem we propose the following:
Proposal 3 No information is conveyed by wake-up signal.
With regards to the following RAN1 agreement:
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)
The paging carrier for NB-IoT is specified by the expression ‘floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n)’, and the paging narrow band for eMTC by ‘PNB = floor(UE_ID/(N*Ns)) mod Nn’ [5]. In line with the RAN1 agreement we therefore propose the following:
Proposal 4 A UE shall monitor the wake-up signal in its paging carrier for NB-IoT, and in its paging narrowband (PNB) for eMTC. 
A remaining open issue is also WUS for DRX in RRC_CONNECTED mode. Given the added complexity and the questionable gain, and in addition the time constraint since only two work meetings remain before this prioritized WI-objective should be finalized, we propose not to introduce this in Rel-15.
Proposal 5 Wake-up signal for DRX in RRC_CONNECTED is not supported in Rel-15.

Proposed WUS process:

Generally, it is desired to minimize the impact to the standard and maintain the layer 3 paging procedure. I.e. MME transmits paging request to the eNB, paging is transparent to the eNB in the sense it does not keep track of the paging once sent, and whether WUS is transmitted to a UE is controlled by eNB.
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In our understanding, the paging process with WUS would work as follows:
1) Whether WUS should be used for a UE, and the any UE-specific WUS-configuration if needed, is negotiated between UE and MME upon Attach or TAU, and then stored in UE and in the UE context in MME. (The decision could be based on e.g. the UEs capability of WUS, if WUS would be beneficial, UEs expected traffic, UEs CE-level, etc.)
2) eNB broadcasts whether WUS is used in the cell and the WUS common (cell-specific) configuration in SI (i.e. timing offset before PO, WUS length depending on cell size etc).

3) UE monitors paging with WUS if configured for the UE and supported in the current cell. UE applies UE-specific WUS-configuration and cell-specific WUS-configuration for WUS for monitoring. UEs should monitor WUS according to the highest CE-level configured in the cell to avoid eNB-UE mismatch, i.e. the same as Rmax for (N/M)PDCCH.
4) At some point in time, DL data for the UE arrives at the Serving GW.

5) MME finds the UE-context and constructs the paging request which is sent to the eNB. UE-specific WUS info is appended to this paging request (at least if WUS is currently configured for the UE, other info is FFS.)

6) eNB receives paging request from MME. If eNB supports and currently uses WUS, and if the UE is configured with WUS according to the paging request (other criteria FFS), eNB will transmit the WUS-signal prior to PO.
7) UE detects WUS, continues to read N/MPDCCH and the associated paging message in (N)PDSCH.
Note that there would be no impact on legacy UEs since the paging request would then not include an indication to use WUS and therefore WUS would not be transmitted by eNB.

The physical signal detail of the WUS is still not decided by RAN1, however from available simulation results the required length of the WUS ranges from 1 ms in good coverage to 16-128 ms at 164 dB coupling loss [6]
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[7]
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[8]. It is further concluded that [7]

 REF _Ref494295507 \n \h 
[8]: 

“The percentage power saving due to wake-up signalling is more substantial for larger value of Rmax corresponding to higher MCL. On the other hand, the percentage saving is inversely proportional to the length of the DRX cycle.”

For UEs in good coverage only 1 repetition of NPDCCH is sufficient up to about 145 dB coupling loss for NB-IoT, and only 1 repetition of MPDCCH sufficient up to about 142 dB coupling loss for eMTC. Which means that UEs in good coverage would not see any gain from WUS and it would be reasonable to be able to configure it UE-specifically.
Observation 3 Wake-up signal may not be beneficial for the UE power consumption of UEs which are paged in most of their POs, or for UEs in good coverage.
Based on the following procedure and observation we make the following proposals:

Proposal 6 A UE indicates the support of wake-up signal over NAS signalling, and the MME indicates to UE whether to apply wake-up signal or not, as well as any UE-specific WUS configuration. 
Proposal 7 The use of wake-up signal in a cell and its cell-specific configuration is broadcast in SI by eNB.

Proposal 8 If configured for the UE and used in the camping cell, the UE monitors wake-up signal for each PO, applying the UE-specific WUS configuration negotiated with MME and the cell-specific WUS configuration in SI.

Proposal 9 The UE monitors wake-up signal according to the highest supported CE in the cell, given in the cell-specific WUS configuration broadcasted in SI.

Proposal 10 The UEs current wake-up signal information is appended to the paging request from MME to eNB. Other information than ‘on/off’ is FFS.
With this proposal, there would be no impact on paging multiplexing since even if the paging message contains paging records for a WUS-UE and a legacy UE, WUS will only be used for the first but both UEs will read (N/M)PDCCH and the paging message in (N)PDSCH. However, it is unavoidable that WUS must be used for SI update notification and any common paging since eNB has no knowledge of the UEs in the cell.
Observation 4 If at least one UE in the network is configured with wake-up signal, eNB must use wake-up signal for each PO for SI update and common paging.

For paging of a fixed format, such as the above common paging, the (N/M)PDCCH dynamic scheduling is just an unnecessary intermediate step. Using a pre-configured format for the timing offset between WUS and (N)PDSCH and the paging message’s TBS, e.g. broadcasted in SI, the UE could directly decode the paging message if WUS is detected. This would give power consumption gains also when there is paging for the UE.
Proposal 11 For paging with a pre-configured format, consider UEs directly decoding the paging message in (N)PDSCH when WUS is detected for greater power consumption reduction.
2.2.1 WUS combined with PSM or eDRX
The main purpose of this WI-objective is to reduce the UE power consumption. UEs for which low power consumption is of interest are typically configured with power-saving mode (PSM) or extended DRX (eDRX). Therefore, it is interest to discuss how WUS in combination with PSM or eDRX.

2.2.1.1 eDRX

eDRX is simply providing much longer DRX-cycles and hence longer battery life than regular DRX operation; up to 3h for NB-IoT and up to 43 min for eMTC. The main difference from regular DRX operation is perhaps the use of the paging time window (PTW). That is, to increase robustness for mobility etc. the UE monitors several POs within PTW which occurs every eDRX cycle. Inside the PTW the UE applies the regular DRX cycle and the length of the PTW is configurable. Without any adoption, the WUS would be transmitted before each (N/M)PDCCH occasion within the PTW using the regular DRX cycle (Figure 3a).
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With WUS this could be improved further; it would be beneficial for UE power consumption if the UE could omit all POs in the PTW if WUS is not detected prior to the PTW (WUS-per-PTW as shown in Figure 3b). I.e. if the UE does not receive WUS at a certain time offset before PTW_start, it can go back to sleep and omit monitoring any of the POs within the PTW. When a UE is configured with eDRX it is therefore proposed that the WUS shall apply to an entire PTW and not only a single PO. 
Proposal 12 RAN2 to discuss the possibility for eDRX UEs to configure wake-up signal per PTW, such that monitoring all POs in a PTW can be omitted if wake-up signal is not detected before PTW_start.

However, the PTW was introduced to provide robustness for paging for mobile UEs. Therefore, it should be considered that the UE is only allowed to omit the entire PTW if WUS is not detected prior to it if the UE remains in the same cell. (Here, the ‘same cell’ could e.g. be the cell last reported in TAU or the last serving cell). This would ensure that there is no negative impact on mobility since; a) a UE that wakes up in a new cell and misses the WUS-occasion before PTW_start will have to read all POs in the PTW as of Rel-13, and b) the network can still escalate the paging area within the same PTW.
Observation 5 If only eDRX UEs which remain in the same cell (e.g. last reported in TAU or last serving cell), are allowed to omit monitoring all POs in a PTW if wake-up signal is not detected before PTW_start, it is ensured that there is no negative impact on mobility.
Further WUS-per-PTW would not only provide larger UE power consumption reduction, but also lower system overhead due to less WUS signalling overall.
Observation 6 WUS per PTW will provide both greater power consumption reduction and reduced system overhead.

2.2.1.2 PSM

Power-saving mode (PSM) was introduced in Rel-12 and is a feature which can provide very long battery life for UEs with infrequent data exchange and no need for quick downlink reachability. PSM works by for most of the time keeping the UE in a power efficient sub-state to RRC_IDLE in which all AS functionality is switched off (almost power-off but no re-attach needed). After a connection, the will be sent to this power saving state after a certain time in RRC_IDLE mode, controlled by the configurable parameter the active time (T3324), and the UE will return from this state either upon UL data transmission or periodic TAU (T3412). This is illustrated in Figure 4.

The idea WUS is a new physical signal to notify the UE if there is data for the UE, but in both the periodic-TAU or UL-data cases for PSM the active time and paging is preceded by connected sessions and there is no need for such thing. That is, if power consumption is of great importance for the UE it is already possible to configure a very short, or even zero, active time for the UE which will have a much bigger reduction of UE power consumption than having WUS for each PO during the active time.
Observation 7 The gain from WUS for UEs configured with PSM is insignificant in comparison to the gain from configuring a small, or even zero, value for the active time (T3324).
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3 Conclusion

Based on the discussion in section 2 the following proposals and observations are made:
Observation 1
‘Wake-up signal with no DTX’ significantly increases system overhead since WUS/GTS-signal must be transmitted in all paging occasions in the entire Tracking Area.
Proposal 1
‘Wake-up signal with DTX’ is used for specifying a power saving physical signal.
Proposal 2
The wake-up signal applies to a single PO in RRC_IDLE mode.
Observation 2
UE_ID information in wake-up signal is beneficial unless it increases wake-up signal reception time.
Proposal 3
No information is conveyed by wake-up signal.
Proposal 4
A UE shall monitor the wake-up signal in its paging carrier for NB-IoT, and in its paging narrowband (PNB) for eMTC.
Proposal 5
Wake-up signal for DRX in RRC_CONNECTED is not supported in Rel-15.
Observation 3
Wake-up signal may not be beneficial for the UE power consumption of UEs which are paged in most of their POs, or for UEs in good coverage.
Proposal 6
A UE indicates the support of wake-up signal over NAS signalling, and the MME indicates to UE whether to apply wake-up signal or not, as well as any UE-specific WUS configuration.
Proposal 7
The use of wake-up signal in a cell and its cell-specific configuration is broadcast in SI by eNB.
Proposal 8
If configured for the UE and used in the camping cell, the UE monitors wake-up signal for each PO, applying the UE-specific WUS configuration negotiated with MME and the cell-specific WUS configuration in SI.
Proposal 9
The UE monitors wake-up signal according to the highest supported CE in the cell, given in the cell-specific WUS configuration broadcasted in SI.
Proposal 10
The UEs current wake-up signal information is appended to the paging request from MME to eNB. Other information than ‘on/off’ is FFS.
Observation 4
If at least one UE in the network is configured with wake-up signal, eNB must use wake-up signal for each PO for SI update and common paging.
Proposal 11
For paging with a pre-configured format, consider UEs directly decoding the paging message in (N)PDSCH when WUS is detected for greater power consumption reduction.
Proposal 12
RAN2 to discuss the possibility for eDRX UEs to configure wake-up signal per PTW, such that monitoring all POs in a PTW can be omitted if wake-up signal is not detected before PTW_start.
Observation 5
If only eDRX UEs which remain in the same cell (e.g. last reported in TAU or last serving cell), are allowed to omit monitoring all POs in a PTW if wake-up signal is not detected before PTW_start, it is ensured that there is no negative impact on mobility.
Observation 6
WUS per PTW will provide both greater power consumption reduction and reduced system overhead.
Observation 7
The gain from WUS for UEs configured with PSM is insignificant in comparison to the gain from configuring a small, or even zero, value for the active time (T3324).
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Figure � SEQ Figure \* ARABIC �1�: Schematic illustration of difference between 'WUS without DTX' and 'WUS with DTX'.





Figure � SEQ Figure \* ARABIC �2�: Schematic illustration of WUS process.





Figure � SEQ Figure \* ARABIC �3�: Illustration of a) WUS-per-PO, and b) WUS-per-PTW.





Figure � SEQ Figure \* ARABIC �4�: Schematic illustration of Power-saving mode operation.








� Confusingly referred to as ‘Wake-up signal or DTX’ in the RAN1 agreements, referring that there will either be WUS or DTX in the associated time-frequency resource.


� E.g. by configuration, or introduced support in Rel-15 by introducing UE-specific DRX cycles for NB-IoT and removing the min(default, UE-specific)-requirement for eMTC.
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