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1. Introduction
Back to May 2019, RAN2 has sent an LS [1] to SA2 and cc CT1 on assistance indication for Wake-Up Signal (WUS) grouping. Thereafter, there are several LSs [2, 3] exchanged between SA2 and RAN2 on this topic and in the last SA2 Oct. meeting, SA2 has technically endorsed a CR [4] and indicated the SA2 conclusion to RAN2/RAN3/CT1 in an LS [5]. In this LS [5], SA2 further asked CT1 to provide the feedback on SA2 endorsed CR. In SA2 endorsed CR, the required NAS protocol updates are observed.
This discussion paper attempts to discuss and analyze the required CT1 work over NAS protocol to implement SA2 agreed requirements on WUS assistance and propose a way forward.
Note that WUS so far is only an EPC/LTE feature without touching 5GS.

[bookmark: _GoBack]2. Discussion
2.1 What is WUS
3GPP RAN has approved a Rel-16 WID RP-190757 [6] "Additional enhancements for NB-IoT" (NB_IOTenh3) and a Rel-16 WID RP-190770 [7] "Additional MTC enhancements for LTE" (LTE_eMTC5) in March 2019. Both WIDs include one feature called WUS (copied from RAN WID):
[bookmark: OLE_LINK8]"Improved DL transmission efficiency and/or UE power consumption:
•	Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]"
WUS was originally introduced as a pure RAN feature in Rel-15. The main motivation of WUS is to reduce the UE power consumption for paging. Before WUS, the UE in RRC_IDLE with DRX or eDRX needs to monitor MPDCCH or NPDCCH in every paging occasion (PO) every DRX cycle to detect whether there is a paging message from the network. If there is no paging coming, the power consumption has been wasted.
The detected WUS will instruct the UE has to monitor MPDCCH or NPDCCH for paging, and otherwise allows the UE to skip the paging monitoring (see Figure 1 copied from TS 36.300 Figure 10.1.4-1). Since the power consumption of monitoring WUS is less than the power consumption of monitoring MPDCCH or NPDCCH, the power consumption for paging monitoring can be reduced.

[image: ]
Figure 1: Illustration of WUS timing
[bookmark: OLE_LINK9]Based on above, WUS is mainly beneficial to following use cases which typically apply to NB-IoT/eMTC UEs:
(1) UEs with short (e)DRX that are not paged very often; and/or
(2) UEs in extended coverage.
Observation 1: WUS is used for UE power consumption reduction and typically used for NB-IoT/eMTC UEs.
2.2 Why UE paging probability is needed for WUS
As indicated in RAN2 LS [1]:
"From RAN2 point of view, WUS grouping based on paging probability information is beneficial for improving false wake-up probability for UEs which are not frequently paged, but may increase false wake-up probability for UEs which are frequently paged.
In order to reduce false wake-up probability of the UEs that are not paged very frequently, RAN2 discussed the feasibility to separately group the UEs that are paged frequently and the UE that are paged rarely. This could be done e.g. based on information from the MME on how often the UE is paged."
As indicated in RAN2 LS [3]:
"RAN2 has made the following agreements regarding how paging probability based WUS grouping would work:
-	Paging probability information is negotiated between the UE and MME via NAS signalling 
-	This paging probability information needs to be provided to the eNB via S1 paging 
-	eNB configures, via broadcast, the relation between this paging probability information and WUS group on Uu interface."
WUS is used per cell specific. In Rel-15, there is only one WUS for all UEs camping on the current serving cell. If any UE is paged in a PO, all UEs monitoring the same PO will be woken up by WUS to receive paging. This will cause unnecessary power consumption for UEs that there is no paging on that PO.
[bookmark: OLE_LINK11]In Rel-16, RAN introduced WUS sub-groups to decrease the probability of false alarm, i.e. only a sub-set of UEs monitoring the PO will need to receive the paging. The UE paging probability is observed by RAN2 as a key parameter for the eNB to create WUS sub-groups for UEs. This allows to separate UEs rarely paged from UEs frequently paged and then benefiting the UEs rarely paged.
Based on RAN2 LS [1] and SA2 endorsed CR [4], the UE paging probability provides a metric on the probability of a UE receiving a paging message based on, e.g., statistical information. For example, if a UE has consecutively monitored m POs but only received n paging for it, then the current paging probability is n/m. Based on the UE traffic model and other factors, with long-time historical experience learning, the UE can have its relative stable paging probability.
Observation 2: UE paging probability is used for group based WUS to avoid false wake-up UEs which are frequently paged and then benefit UEs which are rarely paged.
2.3 NAS impacts due to WUS assistance
As per SA2 technically endorsed CR [4], following NAS impacts can be observed:
(1) If WUS Assistance Information is supported, the UE may indicate its capability to support WUS Assistance Information in the attach message to the network.
(2) If WUS Assistance Information is supported, the UE may provide its UE paging probability information in the attach/TAU request message to the network.
(3) The MME may use the UE provided paging probability, local configuration and/or previous statistical information for the UE to determine the WUS Assistance Information. Once determined, the MME shall provide the determined WUS Assistance Information in every attach/TAU accept message to the UE. 
Following notes can be provided based on SA2 endorsements:
(a) So far, the content of the WUS Assistance Information determined by the MME only consists of the paging probability information.
(b) The paging probability information provides a metric on the probability of a UE receiving a paging message based on, e.g., statistical information.
(c) There are two types of paging probability information: the UE requested paging probability information and the network accepted paging probability information. The UE requested paging probability information is included in the attach/TAU request message while the network accepted paging probability information is included as part of determined WUS Assistance Information in the attach/TAU accept message. Similar as eDRX parameters negotiation, the paging probability information needs to be negotiated between the UE and the network before use. This was also indicated in RAN2 LS [3].
(d) Without the UE requested paging probability information, the MME can also determine and send the WUS Assistance Information to the UE, if the UE supports WUS Assistance Information.
2.4 Issues to be resolved in stage 3 for WUS assistance
Based on section 2.3, following issues needs to be resolved for WUS assistance from stage 3 protocol perspective:
Issue#1: The terminology and IE name used in stage 3.
Issue#2: The IE conditions in NAS messages.
Issue#3: The IE coding in NAS messages.
Issue#4: The NAS trigger to use of WUS assistance.

3. Proposals
3.1 Proposals for issue#1
WUS assistance is totally a new feature for NAS and some new terms were used in SA2. CT1 needs to decide to use appropriate terms in stage 3 from protocol implementation perspective. If SA2 terms are appropriate for stage 3, then we can re-use the same term as far as possible.
The related terminology and IE name used in stage 3 are proposed as shown in table 1.
Table 1. Terminology and IE name used in stage 3
	Terms/IEs used in SA2
	Proposed terms/IEs in stage 3
	Comments

	Capability to support WUS Assistance Information
	Capability of WUS assistance.
	· In Rel-15, WUS itself is a pure RAN feature transparent to the NAS. In Rel-16 WUS assistance feature was considered which involves NAS. Without WUS assistance provided by the NAS, WUS can still work in AS but no improvement.
· It is natural for a UE to support a feature. "WUS Assistance Information" is an information and it is a little strange to say the support of an information in stage 3.

	"WUS Assistance Information" included in the NAS message
	Uplink: to use the Requested WUS assistance information IE.
Downlink: to use the Negotiated WUS assistance information IE.
	· SA2 used a very general term for this which is future-proof. So far, only UE paging probability is included in the WUS assistance information. Note that more other assistance information (e.g. mobility frequency as asked in SA2 LS [5]) may be included in this IE as well.
· In stage 3, it is better to use different IE name between uplink and downlink for easier implementation.

	"additional UE paging probability information" included in the NAS message
	Uplink: to include requested "UE paging probability" as one type of assistance information in the Requested WUS assistance information IE.
Downlink: to include negotiated "UE paging probability" as one type of assistance information in the Negotiated WUS assistance information IE.
	"UE paging probability" is a key term for WUS and stage 3 can directly re-use the same term as used in SA2.



Proposal#1: It proposes to use "WUS assistance " as UE capability, to use "Requested WUS assistance information" IE in the uplink, to use "Negotiated WUS assistance information" IE in the downlink and to include "UE paging probability" as one type of assistance information in the "Requested/Negotiated WUS assistance information" IE.
3.2 Proposals for issue#2
With Proposal#1, the related IE conditions included in NAS message are proposed as shown in table 2.
Table 2. IE conditions in NAS messages
	Direction
	Proposed IE conditions
	Comments

	Uplink: WUS capability indication to the network
	If the UE supports WUS assistance and wants to use WUS assistance, it shall set WUS assistance capability indication in the UE network capability IE in attach/TAU request message.
	· In SA2, it uses "may" in a general text. From stage 3 perspective, if the UE supports WUS assistance and wants to use it, then the UE "shall" do it otherwise, the network cannot handle WUS assistance well.
· In SA2, it only touches attach request message. The TAU request message needs to be covered as well to cover first intersystem change from other RATs to 4G.
· WUS is per UE capability, hence it should be indicated in attach/TAU request message as done for other UE capabilities.
· Similar as other UE capabilities, the MME stores WUS capability in UE MM contexts.

	Uplink: WUS assistance information IE sent to the network
	If the UE supports WUS assistance and wants to use WUS assistance, it may include the requested UE paging probability in the Requested WUS assistance information IE in the attach/TAU request message.
	· This is fully aligned with SA2.
· Even the UE does not include this IE but the UE indicated support of WUS assistance, then the MME can still determine the negotiated UE paging probability for the UE.
· Whether the UE uses WUS assistance or not is fully based on the WUS assistance information received from the network, not based on the information sent to the network.
· However, there is no way for the UE to actively request to stop the use of WUS assistance. Details see section 4.

	Downlink: WUS assistance information IE sent to the UE
	If the MME accepts to use of WUS assistance for the UE, the MME shall determine the negotiated UE paging probability for the UE, shall store it in the UE’s MM context for paging and shall include it in the Negotiated WUS assistance information IE in every attach/TAU accept message.
	· It is "may" for the MME to determine the negotiated UE paging probability for a UE. But once the MME has determined, it is "shall" store it for paging and send it to the UE.
· The determination the negotiated UE paging probability indicates the MME accepts to use of WUS for the UE.



Proposal#2: If the UE supports WUS assistance and wants to use WUS assistance, it shall set WUS assistance capability indication in the UE network capability IE in attach/TAU request message.
Proposal#3: If the UE supports WUS assistance and wants to use WUS assistance, it may include WUS assistance information IE in the attach/TAU request message.
Proposal#4: If the MME accepts to use of WUS assistance for the UE, the MME shall determine the negotiated UE paging probability for the UE, shall store it in the UE’s MM context for paging and shall include it in the Negotiated WUS assistance information IE in every attach/TAU accept message.
3.3 Proposals for issue#3
Based on proposals in section 3.2, firstly it is quite straightforward to update the existing UE network capability IE to carry UE’s WUS assistance capability indication.
Then for coding of WUS assistance information IE, as multiple assistance information may be included in this IE, it is better to encode this IE as a collector of different type of assistance information while different type of assistance information can have different coding format. 
Furthermore, in the future, there are no much assistance information is needed for WUS and so a type 4 IE with one octet length is enough.
Hence, it proposes to encode the WUS assistance information IE as a type 4 IE as shown in Figure 2 and Figure 3:
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Figure 2: WUS assistance information IE
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Figure 3: WUS assistance information type –type of information= "000"
[bookmark: OLE_LINK4]The type of information = "000" means the UE paging probability.
Then for coding of UE paging probability, based on information provided in section 2.2, there are two options to encode the UE paging probability:
Option #1: To enumerate the individual paging probability values, similar as done for ac-BarringFactor as defined in TS 36.331, e.g. {p00, p05, p10, p15, p20, p25, p30, p35, p40, p45, p50, p55, p60, p65, p70, p75, p80, p85, p90, p95, p100}, "p50' means 50%.
Option #2: To mark the level of UE paging probability as, e.g. {low, medium, high}
Option #1 is more straightforward to represent the UE paging probability values while Option 2 needs further to classify UE paging probability values into different levels. However, it is difficult to standardize such classification criteria.
Proposal#5: It proposes to encode the WUS assistance information IE as a collector of different type of assistance information while different type of assistance information can have different coding format.
Proposal#6: It proposes to adopt Option #1 for the coding of the UE paging probability, i.e. to enumerate the individual paging probability values.
3.4 Proposals for issue#4
Similar as eDRX, WUS assistance needs to be negotiated between the UE and the network before use. Based on section 2.3, what SA2 endorsed just specified the UE may indicate its WUS assistance capability and include its UE paging probability in the attach/TAU request message. However, how the UE to actively request the use of WUS assistance is unclear. Without specifying the NAS trigger for this, the UE has to wait for the next attach/TAU initiation. This may wait for long time, e.g. to the next periodic TAU (default value is 54m).
Hence, similar as eDRX, a new TAU trigger needs to be added for requesting the use of WUS assistance.
Proposal#7: It proposes to add a TAU trigger for the UE to request the use of WUS assistance.

4. Open issues
Currently there is only one CR endorsed in SA2 for WUS assistance. When implementing the WUS assistance in stage 3, following open issues were identified which were not covered by current SA2 endorsement:
Open issue#1: Once the MME has determined the WUS assistance information for the UE, is it mandatory for the MME to send it to the UE in every attach/TAU accept message and also send it to the eNB in very S1 paging?
Based on below genernal text in SA2 CR [4], one can see the answer is yes:
"If the MME has determined WUS Assistance Information for the UE, the MME provides it to the UE in every Attach Accept and/or Tracking Area Update message. The MME stores the WUS Assistance Information parameter in the MM context and provides it to the eNB when paging the UE."
However, based on below text in procedure in SA2 CR [4], one can see the answer is no. It is option for sending the determined WUS assistance information to both the UE and the eNB and they are decoupled.
"If the UE provided the UE paging probability information in Step 2, the MME takes it into account when generating the WUS Assistance Information. The MME may send the WUS Assistance Information to the UE (see TS 36.300 [5])."
"The MME may include in the S1AP Paging message(s) the WUS Assistance Information, if available."
We believe that once the MME has determined the WUS Assistance Information for a UE, this does mean the MME has accepted to use the WUS assistance for the UE. If so, the determined WUS assistance information needs to be provided to both the UE and the eNB consistently, otherwise, the handling of the WUS grouping will be inconsistent between the eNB and the UE. This needs to be confirmed by SA2.
Open issue#2: How does the UE actively request to stop the use of WUS assistance?
With Proposal#7, when the UE needs to request the use of WUS assistance, it will trigger a TAU. This can be reasonably deduced based on current SA2 endorsement. However, it is unclear whether the UE needs to request to stop the use of WUS assistance and if so, how to do this?
We noted that in the current SA2 endorsed CR [4], it is "may" for the UE to include the requested UE paging probability in the attach/TAU request message even the UE requests to use WUS assistance. Also the MME can still determine the WUS Assistance Information for the UE, even when the UE has not provided the UE paging probability information. Hence, there is no way for the UE to request to stop the use of WUS assistance by not including the requested UE paging probability information to the network.
Open issue#3: Can the WUS assistance usage conditions be changed at the UE and then to trigger a TAU to re-negotiate the use of WUS assistance with the network?
Following above Open issue#2, it is unclear whether the WUS assistance usage conditions can be changed at the UE which requires different WUS assistance information (e.g. UE paging probability)? This may result in the change of using WUS assistance for a UE, i.e. using WUS assistance changes to not use it, and vice-versa. This needs to check with SA2. 
Open issue#4: Is the WUS assistance applied to the combined attach and combined TAU procedure?
With Observation 1, WUS assistance is also mainly used for NB-IoT/eMTC UEs. For eMTC UEs, it may also need voice services via CSFB and then the WUS assistance needs to be applied for the combined attach and combined TAU procedure as well. However, this is not clear based on the current SA2 endorsement and hence to check with SA2 is required.
Open issue#5: Can the WUS assistance be used for a UE attached for emergency bearer services or a UE has a PDN connection for emergency bearer services?
This is also not clear based on the current SA2 endorsement and hence to check with SA2 is required. 
More other open issues may be identified and hence more stage 3 work can be expected. In order to pave a way for further work for WUS assistance in stage 3, we would propose:
Proposal#8: It proposes to reply SA2 LS to feedback CT1 progress on WUS assistance and to request the answers for open issues identified by CT1.

5. Conclusion
This paper has discussed and analyzed the required CT1 work over NAS protocol to implement SA2 agreed requirements on WUS.
Based on the discussion and analysis, following observations were provided:
Observation 1: WUS is used for UE power consumption reduction and typically used for NB-IoT/eMTC UEs.
Observation 2: UE paging probability is used for group based WUS to avoid false wake-up UEs which are frequently paged and then benefit UEs which are rarely paged.
Based on the discussion and analysis, following proposals were provided:
Proposal#1: It proposes to use "WUS assistance " as UE capability, to use "Requested WUS assistance information" IE in the uplink, to use "Negotiated WUS assistance information" IE in the downlink and to include "UE paging probability" as one type of assistance information in the "Requested/Negotiated WUS assistance information" IE.
Proposal#2: If the UE supports WUS assistance and wants to use WUS assistance, it shall set WUS assistance capability indication in the UE network capability IE in attach/TAU request message.
Proposal#3: If the UE supports WUS assistance and wants to use WUS assistance, it may include WUS assistance information IE in the attach/TAU request message.
Proposal#4: If the MME accepts to use of WUS assistance for the UE, the MME shall determine the negotiated UE paging probability for the UE, shall store it in the UE’s MM context for paging and shall include it in the Negotiated WUS assistance information IE in every attach/TAU accept message.
Proposal#5: It proposes to encode the WUS assistance information IE as a collector of different type of assistance information while different type of assistance information can have different coding format.
Proposal#6: It proposes to adopt Option #1 for the coding of the UE paging probability, i.e. to enumerate the individual paging probability values.
Proposal#7: It proposes to add a TAU trigger for the UE to request the use of WUS assistance.
Proposal#8: It proposes to reply SA2 LS to feedback CT1 progress on WUS assistance and to request the answers for open issues identified by CT1.
Proposals are captured in CR C1-198232 (for general part), C1-198233 (for procedure and message/IE coding) and reply LS C1-198492.
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