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[bookmark: _Ref298777854]Introduction
In RAN2, the topic of Wake-up signal has only been very briefly discussed and the main discussion and agreements have been done in RAN1.
In the RAN1#90 meeting [1], some progress regarding the WUS was achieved and the following agreements were made.
	· 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




At RAN1#90bis [2] the following agreements were made:
· Use WUS in Idle mode (E/// & Samsung did not believe that WUS should contain its own sync)
· Working Assumption: WUS location relative to PO is configurable
· In DRX for a UE a WUS corresponds to one PO
· LS to RAN2 (R1-1719207) on feasibility to:
       - Have multiple WUS associated with sub-groups of UE within a PO
       - Have a WUS associated to more than one PO in a PTW

At the last RAN2 99bis meeting, the following email discussion [4] was initiated based on, that in the last RAN1#99bis meeting, a RAN1 LS [3] has been approved to ask input from RAN2:
ACTION: 	For both work items, RAN1 respectfully asks RAN2 to provide input on the feasibility of UE groups for WUS and the feasibility of WUS applying to more than one PO in a PTW for eDRX case.
This email discussion aims to discuss and answer the questions in the RAN1 LS. Stagte-3 details of RAN2 solution are discussed also.

[99bis#37][NB-IoT/MTC] WakeUp Signal (Huawei)
	If we get an LS, try to respond to R1 questions, identify R2 solutions can consider also stage-3, assume this is only for Idle mode 
	Intended outcome: Report to next meeting
	Deadline:  Thursday 2017-11-09

In this contribution, we start the discussion to reflect on the email discussion. Then, we discuss some functional aspects of the Wake-Up Signal (WUS) related to the design of the WUS, the grouping of different PO´s to specific WUS, Mobility and aspects related to Validity timer.
Discussion
Email discussion [99bis#37]
[bookmark: OLE_LINK122][bookmark: OLE_LINK123]In the last RAN1#99bis, for NB-IoT, it has been agreed that one wake-up signal can be applied to all the UEs associated to a PO in a NB-IoT carrier. RAN1 has also discussed whether to further divide the UEs associated to a PO into several sub-groups, i.e. UE groups. One wake-up signal is only applied to a group of the UEs. The intention of UE group is for reducing the false alarm probability of paging, which is beneficial for UE power consumption. However, the impact is the network overhead. 
RAN1 will further discuss UE group. Before they make the final decision, RAN2 input on the feasibility of UE group for wake-up signal is needed. 

A number of discussion points were listed in the email discussion;

[bookmark: OLE_LINK310][bookmark: OLE_LINK311]Discussion point 1 and 2. Companies are invited to provide their views on the feasibility of UE group for wake-up signal in NB-IoT or MTC:
Different opinions have been provided, and there seems not to be any consensus. Some companies think that creating subgroups would decrease the risk for false alarm probability. Other companies think there is limited benefit since paging for IoT is sparse and there might be some additional overhead. Another view is that UE:s that belongs to a group where some UE:s are paged more frequently would be punished with a higher amount of false alarms.
Observation 1: There seems to be no consensus on creating subgroups within PO.

Our view is that assigning one wake-up signal to multiple UE:s could be beneficial in terms of e.g. reduced number of WUS transmissions. In scenarios where the paging rate is very low for certain UE:s there is a potential WUS signaling load reduction by grouping multiple UE:s together. Further we think the UE grouping should not be limited to UE:s associated to a single PO, but also multiple PO:s could be grouped and assigned a single WUS. The grouping should be controlled by the network.
Proposal 1: It should be up to network configuration to have the possibility of grouping UE:s belonging to one or more PO:s.

[bookmark: OLE_LINK129][bookmark: OLE_LINK130]Discussion point 3 and 4. Companies are invited to provide their views on the feasibility of mapping one wake-up signal to several POs in a PTW from the UE perspective in NB-IoT and MTC: 
Also for this discussion point different views were presented and no real consensus could be seen. Some companies think that it should be configurable how many WUS that should be applied to a PTW. Other companies raised some concern related to risk of paging delay if only one WUS is used for a PTW, in case this WUS is missed. This case could happen if the UE wakes up in another cell, or if the UE is not paged until it is in the middle of the PTW.
Observation 2: There seems to be no consensus whether to map one WUS to several PO:s.

In our view we think that it may not always be needed to send one WUS for each Paging occasion inside the PTW. One WUS per PTW may be sufficient in some scenarios, but we propose that the number of WUS per PTW should be configurable.

It should also be noted that if the WUS is signaled, the UE would have to monitor all the POs in the PTW or all the POs that correspond to the WUS.  This would defeat the purpose of having a WUS. Hence, if a WUS is used for more than one PO, it should indicate whether the UE should monitor the individual WUS in the PTW rather than PO.  That is if the WUS at the start of PTW is detected the UE would proceed to monitor WUS prior to each PO. Otherwise if the WUS at the start of PTW is not detected the UE would skip monitoring WUS and PO in that PTW.
Proposal 2: It should be up to network to configure one WUS to one PO or to several PO:s within PTW.


Discussion point 5 and 6. Companies are invited to provide their views on how to enable/disable the usage of wake-up signal in NB-IoT and MTC.

For this question there seems to be consensus that the enabling/disabling is handled via system information.
Observation 3: There seems to be consensus that the enabling/disabling is handled via system information.

In some scenarios e.g. where the UE has been handed over from a cell that did not support WUS to a cell that do support WUS, there could be an indication in the RRC connection Release message that WUS is enabled in this cell for Idle mode .
Proposal 3: There could be an indication in the RRC connection Release message that WUS is enabled in this cell for Idle mode.

Mobility
In the legacy DRX scheme, whenever the UE wakes up from DRX/eDRX, in addition to monitoring the channel for possible paging in POs, it needs to check the following: 
· If the UE is configured with DRX cycle, the UE shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S defined in  [5] for the serving cell at least every DRX cycle,
· If the UE is configured with eDRX cycle, the UE shall measure N consecutive DRX cycles within a single Paging Time Window (PTW) and check whether the serving cell does fulfill the cell selection criterion S.
Moreover, to be able to measure the RSRP and RSRQ of the serving cell and to detect mobility as shown in Figure 1, the UE may need to first perform energy costly synchronization and followed by the measurements using the received reference signals (e.g. CRS). This, as shown in Figure 1, in return reduces the effect of the possible energy savings that can be achieved using WUS. 



[bookmark: _Ref498603301]Figure 1 – Legacy DRX
In the email discussion “discussion point 5”, it is proposed that there is an indication in system information whether WUS is enabled or disabled in a cell. It is however unclear how a UE configured with WUS, will behave when it wakes up in another (new) cell.  

Observation 4: Using legacy RSRP and RSRQ to measure the strength of the serving cell and to detect mobility reduces the effect of the energy savings that can be achieved using WUS scheme.

In a WUS-enabled UE/MTC system, to avoid using costly legacy approach for signal strength evaluation of the serving cell, the wake-up signaling needs to also support possibility of measuring the signal strength of a serving cell. 

Proposal 4: The wake-up signaling needs to support both mobility operation (coarse cell measurement) and paging mechanism.

To support proposal 4 we propose the inclusion of a cell-specific reference signal as part of WUS. Thus, we propose that the WUS signaling concept contains two parts: a cell specific part which contains information related to the identity of cell, and a second part which is UE/UE:s specific, i.e., contain information related to waking up UE or group of UE:s described earlier in the previous section. A high level illustration of the proposed WUS design is shown in Figure 2. 




Figure 2 – Proposed wake-up signal content
The first part is the same for all the UEs within the serving cell and is always transmitted with the same periodicity as the configured WUS listening intervals. The second part is only transmitted when there is a paging(s) available. Note that both signals are selected from sequences with good correlation properties, e.g., Zad-off Chu sequence, so they can be detected non-coherently without any need to use the legacy synchronization signals such as CRS and/or PSS/SSS. 
With this proposed concept all UE:s can utilize the repeatedly transmitted cell specific part of the WUS signaling for synchronization purposes and ensuring the UE is still within cell coverage. The UE:s that are grouped together to listen to the WUS shall also listen for the second part of the WUS signal to determine whether they should wake up and listen to the upcoming PO. If the UE could detect the first part while the second part is not including wake up command to the UE the UE can consider this as a go-to-sleep indicator.
Hence, we can achieve significant advantages with this signal concept. We achieve synchronization (avoiding accumulative clock drift from absence of paging) and verification of cell identity within WUS reception. Further, we avoid the need for specific go-to-sleep signal and we enable reduced WUS signalling overhead by allowing grouping multiple UE:s in multiple PO:s to same WUS.
Observation 5: An important advantage of such a design is that while supporting the awareness of the signal strength of the serving cell, it also avoids possible accumulative clock drift. 
Observation 6: The advantage of using this approach over WUS without DTX is that only one type of signal design, i.e., WUS is needed (no go-to-sleep signal need to be included), avoiding the possible increase of probability of false-detection. 

Proposal 5:  The WUS consists of two parts: the first part is cell specific and transmitted with the same periodicity as WUS listening intervals, while the second part contains wake-up information related to UE or group of UEs and only transmitted when paging(s) is available.

The UE process for the WUS detection is as follows. The UE monitors the channel for WUS at pre-determined occasions. There are two possible scenarios upon detecting the WUS. If the information carried in the first part matches the identity of the camped cell, then the UE continues to check for the existence of the second part. In this case, if the UE detects the second part carrying wake-up information related to its identity, it then concludes that a WUS is detected and continues to decode MPDCCH and PDSCH (whenever needed). If no wake-up information related to UE (or group of UEs) identity(ies) is detected, the UE considers this as a go-to-sleep command and goes back to sleep. On the other hand, if the UE cannot detect the first part of the WUS at the expected occasion, or if the information carried in the first part of the signal does not match the identity of the serving cell due to, e.g., deterioration in the signal strength of the serving cell, the UE falls back to the legacy cell reselection.  

Additionally a validity timer for the WUS can be used and UE will continue to monitor the WUS signal from the cell from where it received the WUS configuration. When this timer expires and UE is not woken up by any WUS signal prior to paging, then the UE will perform legacy cell reselection. This way UE sleep time can be maximized and loss of Paging can also be avoided.

Proposal 6: A WUS validity timer is also configured along with the WUS signal.

Conclusion
In this contribution, we have presented our views related to WUS aspects on grouping and mobility and have the following observations and proposals. 
Observation 1: There seems to be no consensus on creating subgroups within PO.
Observation 2: There seems to be no consensus whether to map one WUS to several PO:s.
Observation 3: There seems to be consensus that the enabling/disabling is handled via system information.
Observation 4: Using legacy RSRP and RSRQ to measure the strength of the serving cell and to detect mobility reduces the effect of the energy savings that can be achieved using WUS scheme.
Observation 5: An important advantage of such a design is that while supporting the awareness of the signal strength of the serving cell, it avoids possible accumulative clock drift. 
Observation 6: The advantage of using this approach over WUS without DTX is that only one type of signal design, i.e., WUS is needed (no go-to-sleep signal need to be included), avoiding the possible increase of probability of false-detection. 

Proposal 1: It should be up to network configuration to have the possibility of grouping UE:s belonging to one or more PO:s.
Proposal 2: It should be up to network to configure one WUS to one PO or to several PO:s.
Proposal 3: There could be an indication in the RRC connection Release message that WUS is enabled in this cell for Idle mode.
Proposal 4: The wake-up signaling needs to support both mobility operation (cell measurement) and paging mechanism.
Proposal 5: The WUS consists of two parts: the first part is cell specific and transmitted with the same periodicity as WUS listening intervals, while the second part contains wake-up information related to UE or group of UEs and only transmitted when paging(s) is available
Proposal 6: A WUS validity timer is also configured along with the WUS signal.
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