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1 Introduction

New WIDs on “Further NB-IoT enhancement” and “Even further enhanced MTC for LTE” were agreed at RAN#75 and revised at RAN#76 and RAN#77 [1], [2]. One objective of these two WIDs is power consumption reduction for physical channels for NB-IoT and MTC.

RAN1 has started discussions and work on the design of the power saving signal/channel from RAN1#88bis and made the following agreements for NB-IoT and MTC:

NB-IoT agreements:

	Agreements of RAN1#88bis [3]:
· Techniques to be evaluated:

· Wake-up signal/channel (either relying or not relying on DL synchronization)

· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)

· Compact DCI

· Dynamic USS periodicity

· The use of the technique can be semi-statically enabled/disabled by the network

Agreements of RAN1#89 [4]:
· 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

· 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.

Agreements of RAN1#90 [5]:
· 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

· 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 single PO only
· 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 single PO only 
· 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)

Agreements of RAN1#90bis [6]:
· 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)

· 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

· 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)




MTC agreements:

	Agreements of RAN1#88bis [3]:
· Techniques to be evaluated:

· Wake-up signal/channel (either relying or not relying on DL synchronization)

· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)

· Compact DCI

· Reduced-bandwidth MPDCCH

· Dynamic USS periodicity

Agreements of RAN1#89 [4]:
· 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

· 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.

Agreements of RAN1#90 [5]:
· 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

Work assumptions of RAN1#90bis [6]:
· 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.



In the last RAN1#99bis meeting, a RAN1 LS has been approved [7] 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

2 Discussion
2.1 RAN1 LS on wake-up signal
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. 
Discussion point 1. Companies are invited to provide their views on the feasibility of UE group for wake-up signal in NB-IoT:
· Yes, how?

· No, why?

· Other
	Company name
	Answer
	Comments

	Qualcomm
	Yes
	Reduction in UE power consumption is of paramount importance hence the reason to have WUS. In our view up to 4 groups provide significant reduction power consumption compared to a single group hence we propose up to 4 groups be supported. The number of groups supported in a cell can be broadcasted and the UE’s distributed amongst the WUS groups according to UE ID.

	Huawei, HiSilicon
	Yes
	The UE associated to a PO can be further grouped according to the UE_ID. For example, assuming there are X sub groups, the sub-group ID can be calculated as: floor(UE_ID/N) mod X.

	Nokia 
	No
	What matters is the probability of at least one UE within a PO being paged (not the same as probability of a UE being paged), which depends on paging rate for individual UEs and the number of UEs in RRC_IDLE. The total number of UEs in a cell also matters – e.g., if the number of UEs associated with a PO is large, one of the UEs being paged will cause a WUS to be transmitted resulting in all UEs monitoring paging. Grouping doesn’t seem to provide much benefit unless the probability of being paged is high. For IoT the UE will rarely be paged, especially, because most of the traffic is uplink, so we don’t see much benefit in grouping. In addition, grouping will increase complexity (e.g. signal design, how to group UEs, etc). 

	vivo
	Yes
	The motivation for the WUS is UE power saving. But if WUS is applied to all the UEs associated to one PO, the benefit of WUS on UE power saving will be counteracted by false alarm probability of paging. From RAN2 point of view, it is feasible to further divide the UE group for WUS. What the group granularity can be decided finally in RAN1. 

	Sony
	Yes
	A WUS signal includes information of group of UEs. Basically, the WUS could indicate which group(s) of UEs that are paged by the network. The grouping would be configurable.

	ZTE
	No
	We agree with Nokia that WUS for UE groups doesn’t seem to provide much benefit unless the paging density is high. But we think more possible scenario in NB-IoT/eMTC which is also the target scenario for introducing WUS would be sparse paging, that is, not every PO has paging. In the sparse paging case, the benefit for saving UE power with WUS for UE groups would be very small.
Even for the paging on one PO, we are not so convinced by the advantages of WUS for UE groups but we can see some disadvantages, e.g., more overhead for transmitting WUS. For example, the UEs associated to a PO are further grouped, e.g., 4 groups. If there at least has one UE in every group which is paged (scenario 1), the overhead for transmitting WUS for 4 UE groups would be 4 times as that of one WUS for one PO, while the UE power consumption would be same. Only if the pagings on a PO are concentrated on the UEs in only one group, or only part of groups, not all the groups (scenario 2), the overhead for transmitting WUS would similar as that of one WUS for one PO, and power consumption of the UEs in the groups without WUS would be saved. However, considering that the UE grouping is random and page arriving is random, we think the probability of scenario 2 would be very small. That’s another reason why we doubt the benefit of WUS for UE groups.
Furthermore, we also see some issues with the possible options to transmit the WUS for UE groups as follows:

· If the code division method is applied for transmitting WUS for UE groups at the same time, it will increase the probability of error detection of WUS. And the transmission power for WUS of each group would be decreased, that means more repetition and transmission time would be needed. 

· If the time division method is applied for transmitting WUS for UE groups, it may be hard to exactly distinguish each WUS or there may be not enough interval/resource for transmitting the WUS for all the UE groups between the two POs. One possible way to resolve this issue may be only to send one WUS for one UE group before a PO. But obviously it will decrease the utilization of this PO and cause larger paging latency.
No matter which option is used, the UE power consumption for detecting WUS would be increased since WUS transmission would be prolonged.
Finally, the WUS with the current paging mechanism is good enough for UE power saving as UEs are already grouped to monitor POs based on their UE_ID. If more power saving is really needed, we think one WUS for a PO with suitable PO density configuration can also achieve similar effect as WUS for UE groups. For example, the PO density can be increased, then the number of UE associated to one PO will be decreased. As fewer UEs are associated to a PO, the possibility of unnecessary PO monitoring after detecting WUS for a UE can be reduced. 

	Ericsson
	
	In our understanding introducing group information in the WUS would require a “longer” WUS, i.e. would increase the UE power consumption to monitor WUS, or increase the UE complexity. It should be noted that also with groups it should be possible to wake-up “all” UEs (i.e. all UE’s monitoring the PO). The introduction of UE groups could potentially reduce the risk of false paging, i.e. the UE is woken up, and the UE receives a paging message, but there is no paging record for that UE. Perhaps there is an increased risk of false paging with massive number of devices, i.e. many devices monitoring the same PO. But the negative impact of false paging also depends on the expected paging rate, i.e. when the UE is only paged infrequently (and paging reception has a negligible impact on power consumption), it might be better to have a shorter WUS, and accept false paging when it happens.

In case UE groups are introduced, and in case certain UE types are paged more frequently than others, it is not clear how to ensure proper grouping. A UE hardly receives any paging, would be “punished” when it belongs to a group where other UEs received paging much more frequently.
In the end, it is not clear if the false risk probability (what is the expected probability?) justifies a longer WUS, whether the UE power consumption is reduced. 

	MediaTek
	No
	WUS applied to all UEs associated to PO to align with paging configuration is simpler. Grouping of UEs unnecessarily increase power consumption and reduce paging flexibility. Grouping may be difficult if UEs have different coverage conditions requiring different WUS resource provisioning.

	Intel
	Yes
	With grouping, at least there is probability that half of the UEs monitoring same PO do not have to decode the paging message unnecessarily. Group ID can be defined based on legacy UE ID (0, 1023) because it is derived from IMSI. The legacy UE ID used for paging can be divided into x groups where x can be 3 or more. For example, group A includes UE ID (for example, 0 to 511), group B includes UE ID (for example, 512 to 1023) and group C includes all UE ID (0 to 1023). How to group UE IDs (e.g., based on UEs’ paging rate) can be further discussed.
There can be different options to realize WUS notification to different groups of UEs and can be left up to RAN1.

1. Different WUS sequence in the same WUS resource

2. Different WUS resource in same subframe or frame
3. Include group ID in WUS payload

	LG
	No
	We generally agree with Nokia. If, considering IOT environment, the eNB may not have to send paging so frequently or IOT UEs may not be so many crowded in a cell, the grouping WUS won’t provide much benefit to power consumption.

In addition, for grouping WUS, the signalling overhead could be exponentially increased. For instance, if there are 4 groups for WUS such as group A, B, C, D and one UE is related to group A, the WUS bits may be defined for A, A+B, A+C, A+D, A+B+C, A+B+D, A+B+C+D. 


The same input for MTC is also requested by the LS.

Discussion point 2. Companies are invited to provide their views on the feasibility of UE group for wake-up signal in MTC:
· Yes, how?

· No, why?

· Other

	Company name
	Answer
	Comments

	Qualcomm
	Yes
	Same answer as for discussion point 1.

	Huawei, HiSilicon
	Yes
	Same as Discussion point 1.

	Nokia
	No
	Everything is feasible, but benefits and added complexity needs to be considered before introduction of the feature. 

	vivo
	Yes
	Same as Discussion point 1.

	Sony
	Yes
	Same answer as for discussion point 1.

	ZTE
	No
	Same as Discussion point 1.

	Ericsson
	
	Same as Discussion point 1.

	MTK
	No
	Same as above in 1)

	Intel
	Yes
	Same as NB-IoT.

	LG
	No
	Same as Discussion point 1.


How many POs a wake-up signal can apply to from the UE perspective was also discussed by RAN1 for NB-IoT. RAN1 has agreed that wake-up signals can be sent for each DRX cycle to inform the UE whether to monitor the PO in this DRX cycle. Taking this agreement as a baseline, they are further considering whether one wake-up signal can be mapped to more than one POs in a PTW for eDRX case. Thus, RAN2 input on the feasibility of mapping one wake-up signal to several POs in a PTW for eDRX case for NB-IoT is asked by the LS.
Discussion point 3. 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: 
· Yes, how?

· No, why?

· Other

	Company name
	Answer
	Comments

	Qualcomm
	Yes
	There are two extreme possibilities: (1) One WUS for each PO, (2) one WUS for each PTW. We think both of these extremes have disadvantages; the first case is not the most optimal for power consumption and in the second case it can lead to paging delay. For that reason we propose a hybrid solution where a single WUS can be applied to X POs. For NB-IoT we think X*DRX is ~10s is sufficient. Around 4 WUS for the largest PTW in NB-IoT is sufficient. X>= 1 could be a broadcast parameter.

	Huawei, HiSilicon
	Yes
	The problem is that the eNB does not know when the paging request will come from the MME. If the MME sends the paging request after the eNB has indicated to the UE that there will be no paging in the following POs, then the paging request from the MME will fail and this will lead to paging escalation/ abandon in the MME, which is not acceptable. So the only scenario to use one wake-up signal for multiple POs is when the eNB receives the paging request from the MME but not all UEs can be paged in one paging message. In this case, if the eNB knows the interval between two paging attempts of MME (T3413), and there are multiple POs within this interval, one wake-up signal can be mapped to multiple POs.

Assuming that T3413 is the same for all UEs, then the eNB can decide how many POs can be mapped to one WUS based on the default paging cycle. This value can be signalled in system information.

	Nokia
	
	For eDRX case one WUS per several POs would decrease the NW resource usage compared to the case where WUS is scheduled before every PO. In addition, UE power consumption would be decreased if WUS is not scheduled before every PO. However, paging delay might be significantly increased if only one WUS is scheduled per several POs i.e. if the UE fails to decode the WUS. In this case the UE can be paged only after the eDRX cycle. PTW was introduced to improve paging success rate i.e. the UE can be paged multiple times during the PTW. Taking this into account it seems logical to have several WUS per PTW.  

	vivo
	Partial Yes
	If one WUS is for one PTW, paging delay will be a big problem for this WUS mechanism. At the same time, UE power consumption will not be optimized very well, and more power will be led due to failure of WUS.
Thus, we think at least several WUS for one PTW should be supported. Whether one WUS for only one PO can be further discussed by considering the benefit of WUS which can be up to evaluation.

	Sony
	Yes
	In our view we think that it does not always be needed to send one WUS for each Paging occasion inside the PTW. Whether it is enough with one WUS for a complete PTW, this may be sufficient in scenarios, but how many WUS per PTW should be configurable.

	ZTE
	No
	We agree with above comments that WUS for PTW or several POs would cause paging delay or paging failure. And we think this scheme not only cannot reduce UE power consumption, but also may increase UE power consumption. The overhead for transmitting WUS would be reduced with one WUS for PO group, but as we have commented in Discussion point 1, since the paging is sparse (i.e., the probability of every PO having paging would be very small), this benefit may be not so obvious.

For the issue of increasing UE power consumption, we make a roughly comparison with assumption that there are 4 POs in one PTW and paging a UE every 10 PTWs, and the paging for this UE is at the last PO in last PTW. We further assume one unit of UE power is needed for detecting one WUS and monitoring one PO needs about 16 times UE power consumption as that of detecting one WUS. 
· For the option of one WUS for one PO, the UE would detect up to 40 wake-up signals before UE determines paging for it, the power consumption would be 56 (40+16=56). 
· For the option of one WUS for PTW, the UE would detect up to 10 wake-up signals and monitor 4 POs, the power consumption would be 74(10+16*4=74). 
In this scenario, the option of one WUS for PTW would consume more UE power. We have the impression that the more POs are in a PTW and later the paging for a UE appears in a PTW, more UE power may be consumed with the option of one WUS for PTW.
For the possible issue of paging delay or paging failure, we agree with Huawei that it’s unacceptable. And we think it may be difficult to resolve this issue, that is, not only the interval between two paging attempts of MME should be considered, but also the match between cell-specific PO grouping and UE-specific PTW configuration should be considered.

	Ericsson
	
	In our view the impact on the MME with the introduction of WUS should be limited, i.e. it would be preferred when only the eNB is concerned with WUS handling, and that the MME paging strategy is unchanged.

A WUS per PTW (for example) removes scheduling flexibility of the eNB, and cannot be used with mobile UEs (i.e. UEs that wake up in a different cell where the PTW already has started). WUS per PTW can be studied further for a UE that wakes-up in the same cell as where it went to sleep (e.g. see R2-1710749).But also in such case the MME would not be able to reach such (stationary) UE during the PTW (e.g. when the MME receives DL data in the middle of the PTW but whether this is a real problem depends on the eDRX/PTW configuration). A WUS per PTW may pose stronger requirements on the WUS mis-detection probability, which may lead to a “longer” WUS.  When the UE is allowed to go to sleep until the next PTW when it does not detect a WUS before the PTW, then the risk that the UE thinks it wakes-up in the same cell, but it is actually a different cell (PCI confusion) needs to be evaluated further.  When the UE wakes-up in the same cell, the UE is still required to perform serving cell measurements to check the cell suitability. The UE may be required to perform neighbour cell measurements. With a WUS per PTW the UE is still required to perform serving cell or neighbour cell measurements according to the RAN2 measurement rules. The current RAN4 measurement requirements are defined within the DRX framework, i.e. the UE is only required to measure when the UE wakes-up to listen to paging. In case the UE has to perform measurements, then the UE anyways has to wake-up multiple DRX cycles to detect, measure and evaluate neighbour cell measurements. Or new RAN4 measurement requirements would need to be defined, but in any case there has to be sufficient time distance between consecutive measurement samples to filter out spikes.
In our view, the baseline should be a one-to-one mapping between WUS and PO. A WUS per PTW (or variants therefore) should be optional from that perspective and indicated in system information. 

	MediaTek
	Yes
	WUS before PTW is better for power consumption. Not needed to have WUS before PO in PTW as device can be indicated via RRC configuration the POs within PTW it needs to monitor NPDCCH

	Intel
	No
	When there is no WUS sent for all the POs or several POs in a PTW, then it has impact on CT1 and SA2 as the S1AP paging delay increases and MME is required to store the DL data for longer time.

When there is WUS present, but the Paging message within the PO is meant for some other UE within the group of UEs monitoring that PO, the UE still has to monitor all the POs or several POs in the PTW, thus consuming more energy and not gaining any energy savings due to WUS. In the case that paging probability for PTW is high, the power savings due to WUS will be limited. However, for this case there is no impact on existing standard specifications.

	LG
	No
	We think this is sort of network implementation issue and we are not sure this approach has really benefit for UE power consumption. If eNB signals on e WUS for multiple POs within a PTW, the UE may be signalled unnecessary WUS information even though the WUS indicate for other POs i.e. false alarm.

In addition, since there is no repetition period for WUS reception, we are not sure about the WUS reception performance. And paging delay shall be considered as Nokia’s comment.


The same input for MTC is also requested by the LS.

Discussion point 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 MTC:
· Yes, how?

· No, why?

· Other

	Company name
	Answer
	Comments

	Qualcomm
	Yes
	Same answer as for discussion point 4 except for eMTC X*DRX is ~5s. That is, around 4 WUS for the largest PTW in eMTC is sufficient. X>= 1 could be a broadcast parameter.

	Huawei, HiSilicon
	Yes
	Same as Discussion point 3.

	Nokia
	
	We don’t see major differences between NB-IoT and MTC.

	vivo
	Partial Yes
	Same as Discussion point 3.

	Sony
	Yes
	Same as discussion point 3.

	ZTE
	No
	Same as Discussion point 3.

	Ericsson
	
	RAN1 is discussing the synchronization aspects with WUS. There could be differences w.r.t. synchronization in NB-IoT and MTC.

	MTK
	No
	Same as above in 3)


	Intel
	No
	Same as NB-IoT.

	LG
	No
	Same as Discussion point 3.


2.2 Other RAN1 agreement

Enabling/disabling signaling

According to the RAN1 agreement in NB-IoT, the use of the wake-up signal can be semi-statically enabled/disabled by the network:

· The use of the technique can be semi-statically enabled/disabled by the network
How to enable/disable the usage of wake-up signal needs to be discussed by RAN2. 

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

	Company name
	Answer/Comments

	Qualcomm
	WUS enable/disable can be done through SIBs. Any faster mechanism (e.g through PDCCH DCI) is not necessary. The need for disabling WUS via dedicated signalling can be further discussed.

	Huawei, HiSilicon
	System information can be used to achieve cell specific enabling/disabling.

Considering that the wake-up signal is an optimization for UE power consumption, assuming the feature is enabled by the eNB in the cell, we do not see any reason to enable the usage on a UE basis. Thus, we think UE specific enabling/disabling is not needed.

	Nokia
	WUS enable/disable can be done via SIBs. We do not see need to have any other mechanism.

	vivo
	WUS enable/disable can be done through SIBs. 

	ZTE
	As the WUS configuration is common for all the UEs, the WUS configuration should be broadcasted in SIB. The configuration in SIB can implicitly enable/disable the usage of the WUS.

	Ericsson
	WUS enable/disable can be done in system information (default disabled).

	MediaTek
	WUS enable/disable is cell specific and indicated on SIBs. See no need to disable WUS via RRC signalling. Such RRC signalling may increase power consumption unnecessarily. 

UE can ignore the WUS if enabled. It is up to the device implementation.

	Intel
	Network can broadcast whether the WUS is supported/enabled or not in the cell via SIBs. However, disabling the WUS may cause the UEs in IDLE mode supporting the WUS to miss the paging notification. UEs may need to re-acquire the SI more often just to check the WUS enable/disable feature and this will cost power savings. 
Notification of WUS enable/disable via direct indication information without associated paging message is beneficial.

	LG
	If WUS enable/disable should be done through System information, the reading of system information for activating and deactivating could cause power consumption. Considering that we are trying to minimize the effort for reading SIB, this approach is not desirable from our view.

	
	


Considering that wake-up signal will cost additional network resource, allowing the network to enable/disable the usage is beneficial for scheduling flexibility. From this perspective, NB-IoT and MTC are the same. Thus, it is assumed that the wake-up signal can be semi-statically enabled/disabled by the network for MTC also. 
Discussion point 6. Companies are invited to provide their views on how to enable/disable the usage of wake-up signal in MTC if enabling/disabling is also agreed by RAN1.

	Company name
	Answer/Comments

	Qualcomm
	Same answer as for discussion point 5.

	Huawei, HiSilicon
	Same as Discussion point 5.

	Nokia
	Same answer as for discussion point 5.

	vivo
	Same as Discussion point 5. 

	ZTE
	Same as Discussion point 5.

	Ericsson
	Same answer as for discussion point 5.

	MediaTek
	Same as above in 5)

	Intel
	Same as NB-IoT (discussion point 5).

	LG
	Same as Discussion point 5.

	
	


2.3 Other

Please indicate any other related RAN2 aspects not covered in this document for wake-up signal in IDLE mode.

	Company name
	Solutions/Comments

	ZTE
	We think the network needs to know the UE capability for supporting WUS. if no UE associated to a PO has such capability, the eNB doesn’t need to transmit wake-up signals for this PO, otherwise, the eNB would transmit the wake-up signals.

A straightforward way is the UE reports its capability of supporting WUS to MME during Attach or TAU procedures. Then the MME sends it to the eNB at next time the MME needs to page the UE.  

	Intel
	We also need to discuss which SIB to use for broadcasting the WUS related parameters such as min WUS offset to legacy PO, number of repetitions of WUS, WUS enabled/disabled, WUS grouping information

	
	

	
	

	
	

	
	

	
	

	
	


3 Summary of email discussion
Ten companies participated in the email discussion: Qualcomm, Huawei/HiSilicon, Nokia, Vivo, Sony, ZTE, Ericsson, Mediatek, Intel and LG.
Discussion point 1 and 2: the feasibility of UE group for wake-up signal

Discussion point 1. Companies are invited to provide their views on the feasibility of UE group for wake-up signal in NB-IoT.
· 5 companies think it is feasible to further group the UEs associated to a PO.

· 3 companies think the further grouping can be done based on UE ID.
· 2 companies think the further grouping needs to be configurable.

· 5 companies do not see benefits in grouping and see added complexity:
· 4 companies think that the benefit only exists when the paging density is high.
· 4 companies think that UE groups for the wake-up signal will impact UE power consumption.
· 1 company emphasizes the signalling overhead caused by UE group.
Discussion point 2. Companies are invited to provide their views on the feasibility of UE group for wake-up signal in MTC.
All companies have the same view for MTC as NB-IoT. 

For discussion points 1 and 2, most companies think it is feasible to have UE groups for the wake-up signal. The concern is about the benefit and added complexity. 
Whether to support UE groups should be a RAN1 decision and RAN2 should confirm the feasibility from RAN2 perspective. As a number of companies have indicated concerns on the benefit and the added complexity, these concerns can be added in the reply LS.
Proposal 1: Confirm to RAN1 the feasibility of UE groups for wake-up signal in NB-IoT and MTC.

Proposal 2: Indicate in the Reply LS to RAN1 that some companies in RAN2 have raised concerns about the benefit and added complexity.
Discussion point 3 and 4: the feasibility of mapping one wake-up signal to multiple POs in a PTW

Discussion point 3 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.

· 5 companies think it is feasible to map one wake-up signal to multiple POs in a PTW.

· 4 companies think the number of POs mapped to one wake-up signal needs to be configurable.

· 3 companies think it is not feasible to map one wake-up signal to multiple POs in a PTW and the mapping is not beneficial for the UE power consumption.
· 5 companies think at least several wake-up signals in a PTW for a UE needs to be supported otherwise the paging delay will be a problem.
Discussion point 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 MTC.
All companies have the same view for MTC as NB-IoT except for:

· 1 company think the maximum duration controlled by one wake-up signal should be different in NB-IoT and MTC.
· 1 company point out that the synchronization aspects with WUS could be different in NB-IoT and MTC.
For discussion points 3 and 4, most companies think it is feasible to map one wake-up signal to multiple POs in a PTW. Considering the possible paging delay caused by the mapping, the number of POs mapped to one wake-up signal needs to be configurable and several wake-up signals in a PTW needs to be supported.

Thus, it is proposed to confirm to RAN1 the feasibility of mapping one wake-up signal to multiple POs in a PTW. It is also proposed that RAN2 discusses how to configure multiple wake-up signals in a PTW for a UE if the mapping is agreed by RAN1.
Proposal 3: Confirm to RAN1 the feasibility of mapping one wake-up signal to multiple POs in a PTW in NB-IoT and MTC.

Proposal 4: RAN2 to discuss how to configure multiple wake-up signals in a PTW for a UE if the mapping is agreed by RAN1.
Discussion point 5 and 6: the enabling/disabling signalling for wake-up signal
Discussion point 5. Companies are invited to provide their views on how to enable/disable the usage of wake-up signal in NB-IoT.
There are 3 mechanisms mentioned by companies: via SIBs, via dedicated signaling and via direct indication.
via SIBs:
· Most companies think wake-up signal enabling/disabling can be down through SIBs.
· 1 company think wake-up signal enabling/disabling through SIBs is not a desirable way.
via dedicated signaling

· 1 company think wake-up signal disabling via dedicated signalling can be further discussed.
· 3 companies think dedicated signalling is not necessary.
via direct indication

· 1 company think direct indication in addition to using SIBs is beneficial.
· 1 company think direct indication in addition to using SIBs is not needed.
Discussion point 6. Companies are invited to provide their views on how to enable/disable the usage of wake-up signal in MTC if enabling/disabling is also agreed by RAN1.

All companies have the same view as for NB-IoT if enabling/disabling is also agreed by RAN1 for MTC.

For discussion points 5 and 6, it is propose to use system information to enable/disable the use of wake-up signal for paging in NB-IoT. Also for in MTC if enabling/disabling is agreed in RAN1.
Proposal 5: The use of wake-up signal for paging is enabled/disabled via system information in NB-IoT. Also in MTC if enabling/disabling is agreed in RAN1.

Other
· 1 company raise the UE capability issue for wake-up signal.
· 1 company think which SIB to use for broadcasting the WUS related parameters needs to be discussed.
For the above 2 issues, it is proposed to discuss according to contributions.
4 Conclusion

Based on the outcome of the email discussion, the corresponding proposals are listed below.
Proposal 1: Confirm to RAN1 the feasibility of UE groups for wake-up signal in NB-IoT and MTC.

Proposal 2: Indicate in the Reply LS to RAN1 that some companies in RAN2 have raised concerns about the benefit and added complexity.
Proposal 3: Confirm to RAN1 the feasibility of mapping one wake-up signal to multiple POs in a PTW in NB-IoT and MTC.

Proposal 4: RAN2 to discuss how to configure multiple wake-up signals in a PTW for a UE if the mapping is agreed by RAN1.
Proposal 5: The use of wake-up signal for paging is enabled/disabled via system information in NB-IoT. Also in MTC if enabling/disabling is agreed in RAN1.

The draft LS for proposal 1 and 3 is provided in [8].
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