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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]. Most recently for this topic, the following agreements were made for NB-IoT in RAN1#90bis [3]:
· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;

· The UE is configured with a transmission duration of WUS by higher layers

· The WUS signal may be decoded with or without relying on prior synchronization
· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered
· RAN1 assumes that introduction of WUS does not alter PO/PF definition

· At least in a UE’s DRX cycle:

· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a NB-IoT carrier;

· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier 

· Send LS to request RAN2 input on feasibility of UE groups for WUS. (Xiaolei, HiSilicon, prepare draft LS in R1-1719102, which is endorsed and approved in R1-1719207)

· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 
· Include in the LS to RAN2, to request input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case

· WUS signal is at least cell-specific;

· FFS scrambling of WUS including time varying scrambling

In addition, there was the following working assumption:

· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:

· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

For eMTC, there were no agreements but the following working assumption in RAN1#90bis:

· 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’ with new periodic sync signal
· ‘Wake-up signal or DTX’ without new periodic sync signal
· Study till the next meeting how to ensure sufficient sync performance.
· Consider potential synergies with the WI objective on Reduced system acquisition time.
· Consider impacts from mobility.
For more agreements and background not repeated here see the previous contributions [4]

 REF _Ref493928771 \r \h 
[5][6] and the Appendix. In this contribution, the RAN2 impact of the above agreements and proposed solutions will be discussed.
2 Discussion
2.1 Wake-up signal with DTX
As seen from the agreements in the introduction, it is the RAN1 working assumption for both NB-IoT and eMTC that the physical signal for power consumption reduction will be ‘Wake-up signal (WUS) with DTX’ (the solutions is illustrated in the lower part of Figure 1 from a UE perspective).



[image: image1]
Wake-up signal with DTX

In this solution
 if a UE detects a wake-up signal (WUS) it will continue to decode (M/N)PDCCH 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. 
2.2 Wake-up signal procedure
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 [7], 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 1 The wake-up signal has one-to-one mapping with 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 grouping by 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 1 Grouping/UE_ID information in wake-up signal is beneficial unless it increases wake-up signal reception time.

Therefore, we propose the following:
Proposal 2 Grouping information can be conveyed by wake-up signal, unless it increased the UE power consumption (TBD by RAN1 and the WUS design).
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’ [7]. In line with the RAN1 agreement we therefore propose the following:
Proposal 3 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 4 Wake-up signal for DRX in RRC_CONNECTED is not supported in Rel-15.

2.3 Wake-up signal configuration
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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Figure 2: Signalling diagram for WUS configuration and procedure.

In our understanding, the paging process with WUS is a RAN feature and would work as follows (Figure 2):
1) The UE indicates its WUS capability by dedicated RRC signalling. I.e., UE-RadioPagingInfo in UECapabilityInformation is extended to include the WUS capability.
2) Upon RRC Connected Release, the UE WUS capability information, is provided to MME as part of UE-RadioPagingInfo over S1-AP and stored in the UE context.
3) eNB broadcasts whether WUS is used in the cell along with the WUS common (cell-specific) configuration in SI. The cell-specific config could contain e.g. timing offset before PO, the highest CE-level configured in the cell for WUS monitoring or longest WUS-length depending on cell size (similar as Rmax for (N/M)PDCCH), CE-threshold for WUS monitoring, etc. (Exact parameter list is up to RAN1).
4) UE monitors paging with WUS if enabled for the UE and if currently used in the cell according to SI. UE applies cell-specific WUS-configuration for monitoring.
5) At some point in time, DL data for the UE arrives at the Serving GW.

6) MME includes the UE-RadioPagingInfo in the paging request sent to eNB.
7) If eNB supports and currently uses WUS, and if WUS is enabled for the UE according to the UE-RadioPagingInfo, eNB will transmit the WUS-signal prior to the UE’s PO.
8) UE receives WUS and continues to read (N/M)PDCCH and the associated paging message in (N)PDSCH.
Note that steps 1) and 2) would typically be the reporting of the UE capabilities upon Attach, and would not have to be performed in the cell in which later the WUS is applied.

Bullet 3) above is in line with the following RAN1 agreement:
· The use of the technique can be semi-statically enabled/disabled by the network
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. Nor would there be any impact on legacy eNBs, only new additional information which is ignored.
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 [9]

 REF _Ref494295506 \n \h 
[10]

 REF _Ref494295507 \n \h 
[11]. It is further concluded that [10]

 REF _Ref494295507 \n \h 
[11]: 

“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 therefore it could be good to have a CE-threshold in the cell-specific WUS configuration in SI to indicate in what CE range UEs should apply WUS.
Observation 2 WUS 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 above procedure and observation we make the following proposals:

Proposal 5 The UE capability of WUS is signalled to eNB as part of UE-RadioPagingInfo via dedicated RRC signalling.
Proposal 6 The UE WUS capability information is provided by eNB to MME as part of UE-RadioPagingInfo over S1-AP and stored in the UE context.

Proposal 7 The use of WUS in the cell, and the cell-specific configuration if used, is broadcast in SI by eNB.

Proposal 8 If enabled for the UE and configured in the selected cell, the UE monitors paging with WUS according to the cell-specific WUS configuration.

Proposal 9 The UE WUS capability information is appended to the paging request from MME to eNB as part of UE-RadioPagingInfo. 
According to this proposal, there would further 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. 
Since eNB has no knowledge of the UEs in the cell, i.e. which UEs are in the cell and their WUS capabilities, it is unavoidable that WUS must be used for SI update notification and any common paging information (Direct Indication Information or common part in paging message). 
Observation 3 eNB must use wake-up signal for common info in the paging message and Direct Indication Information.

The alternative would be to introduce signalling from MME to eNB to inform if there are any WUS UEs in the network, but since the probability is high that there is at least one and SI change etc. is very infrequent it is not a feasible alternative. 
2.3.1 WUS in eDRX operation
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 4a).



[image: image3][image: image4]
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 4b). 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. 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 4 WUS-per-PTW could provide both greater power consumption reduction and reduced system overhead.

However, having WUS-per-PO has less standard impact and is more straight forward than WUS-per-PTW. Unless there is a relaxation of the time plan for the prioritized WI-objectives for Rel-15 NB-IoT, all details need to be agreed in RAN2#100 and there is no time to standardize anything but the most straight forward solution.

Proposal 10 For NB-IoT, eDRX UEs use WUS-per-PO for all the POs contained in the PTW (WUS-per-PTW is FFS for eMTC). 
3 Conclusion

Based on the discussion in section 2 the following proposals and observations are made:
Proposal 1
The wake-up signal has one-to-one mapping with PO in RRC_IDLE mode.
Observation 1
Grouping/UE_ID information in wake-up signal is beneficial unless it increases wake-up signal reception time.
Proposal 2
Grouping information can be conveyed by wake-up signal, unless it increased the UE power consumption (TBD by RAN1 and the WUS design).
Proposal 3
A UE shall monitor the wake-up signal in its paging carrier for NB-IoT, and in its paging narrowband (PNB) for eMTC.
Proposal 4
Wake-up signal for DRX in RRC_CONNECTED is not supported in Rel-15.
Observation 2
WUS 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 5
The UE capability of WUS is signalled to eNB as part of UE-RadioPagingInfo via dedicated RRC signalling.
Proposal 6
The UE WUS capability information is provided by eNB to MME as part of UE-RadioPagingInfo over S1-AP and stored in the UE context.
Proposal 7
The use of WUS in the cell, and the cell-specific configuration if used, is broadcast in SI by eNB.
Proposal 8
If enabled for the UE and configured in the selected cell, the UE monitors paging with WUS according to the cell-specific WUS configuration.
Proposal 9
The UE WUS capability information is appended to the paging request from MME to eNB as part of UE-RadioPagingInfo.
Observation 3
eNB must use wake-up signal for common info in the paging message and Direct Indication Information.
Observation 4
WUS-per-PTW could provide both greater power consumption reduction and reduced system overhead.
Proposal 10
For NB-IoT, eDRX UEs use WUS-per-PO for all the POs contained in the PTW (WUS-per-PTW is FFS for eMTC).
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5 Appendix
The WI description and a more extensive summary of agreements related to wake-up signal is given below:

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
Most recently in RAN1#90bis the following agreements were made for NB-IoT [3]:

· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;

· The UE is configured with a transmission duration of WUS by higher layers

· The WUS signal may be decoded with or without relying on prior synchronization

· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered
· RAN1 assumes that introduction of WUS does not alter PO/PF definition

· At least in a UE’s DRX cycle:

· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a NB-IoT carrier;

· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier 

· Send LS to request RAN2 input on feasibility of UE groups for WUS. (Xiaolei, HiSilicon, prepare draft LS in R1-1719102, which is endorsed and approved in R1-1719207)

· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 
· Include in the LS to RAN2, to request input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case

· WUS signal is at least cell-specific;

· FFS scrambling of WUS including time varying scrambling

· Long ZC sequence based signal is considered as the starting point for WUS signal:

· FFS: whether the sequence can span over multiple subframes

· FFS: whether accumulated multiplication is applied between sub-sequences from the long ZC sequence to reduce the impact of frequency error;

· FFS: Support transmit diversity for NB-IoT WUS 

· FFS: NSSS like signal is used as the wake-up signal
And in addition, the following working assumption:

· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:

· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

For eMTC, there were no agreements but the following working assumption in RAN1#90bis:

· 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’ with new periodic sync signal
· ‘Wake-up signal or DTX’ without new periodic sync signal
· Study till the next meeting how to ensure sufficient sync performance.
· Consider potential synergies with the WI objective on Reduced system acquisition time.
· Consider impacts from mobility.
RAN2 notes from RAN2#99bis:

Wake-Up Signal (joint 9.13 and 9.14)
R2-1710749
Wake-up signal for NB-IoT & eMTC
Ericsson
discussion
Rel-15
NB_IOTenh2-Core, LTE_eMTC4-Core
R2-1708284
Moved here from 9.14

Breif discussion on P2 and P12
· Ericsson think that P12 may only work for stationary UEs. Intel think that P12 is an optimization and that we can discuss mobility and paging group. 

· Ericsson also think that WUS is not used for RRM measurements. Huawei agrees. 

· noted

Figure � SEQ Figure \* ARABIC �1�: Schematic illustration of 'WUS with DTX' compared to 'WUS without DTX' which was previously also considered.





Figure � SEQ Figure \* ARABIC �4�: Illustration of a) WUS-per-PO, and b) WUS-per-PTW.








� 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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