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1   Introduction
The following objective is included in both Rel-16 NB-IoT and MTC WIDs:

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
In this contribution, we analyses the WUS grouping, and the corresponding RAN3 impact. 
2   Discussion

2.1   Progress in other groups
In RAN2#106 (2019 May) meeting, one LS [1] was sent to SA2 Cc CT1, RAN3 on assistance indication for WUS grouping:

	1. Overall Description:

In RAN2#106, wake-up signal (WUS) grouping was discussed. 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. 

RAN2 would like to ask SA2 about the feasibility for the MME to provide such information.
2. Actions:

To SA2:

RAN2 respectfully asks SA2 to provide feedback on the feasibility for the MME to provide such information.


In SA2 #134 (2019 June) meeting, SA2 provided feedback LS in [2]:

	1
Overall description

SA2 thanks RAN2 for their LS on assistance indication for WUS grouping.

SA2 agreed that it is feasible for the MME to provide assistance information including paging probability information to the eNB. 

SA2 would like to ask:

· More details about the WUS grouping feature, including how the UE would be configured to support WUS grouping (SA2 assumes this could be done via NAS signalling).

· Whether and how using the WUS may affect MME paging strategies.

2
Actions

To RAN2:

ACTION: 
SA2 kindly ask RAN2 to take the above mentioned information into account and to reply to the related questions.


In RAN2@107 (2019 Aug) meeting, RAN2 replied to SA2 in [3]:

	1. Overall Description:

RAN2 thanks SA2 for the reply LS. In RAN2#107, questions in the reply LS have been discussed. RAN2’s replies are as follows:
Question 1. 
More details about the WUS grouping feature, including how the UE would be configured to support WUS grouping (SA2 assumes this could be done via NAS signalling).

RAN2’s reply: 

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.

Question 2.
 Whether and how using the WUS may affect MME paging strategies.

RAN2’s reply:

In RAN2#102, it was agreed that in Rel-15 MME is not aware of WUS.

After discussion at RAN2#107, it was observed that if the MME is not aware that the UE is being paged using WUS, then the MME may have a wrong understanding on when the UE will actually be paged.

The above observation applies to both Rel-15 WUS and Rel-16 WUS.

2. Actions:

To SA2, CT1 and RAN3:

RAN2 respectfully asks SA2, CT1 and RAN3 to take above information into account and to introduce the paging probability based WUS grouping. 


In SA2#135 meeting, SA2 further replied in [4] with the technically endorsed TS 23.401 CR 3538 [5]:

	1
Overall description

SA2 thanks RAN2 for the LS “Reply LS on assistance indication for WUS”. 

SA2 would like to inform RAN2, CT1 and RAN3 that it has technically endorsed TS 23.401 CR 3538 as in attached and request any feedback.

SA2 assumes the actual paging parameter information values will be defined in Stage-3 specifications. 

In SA2 it was also discussed whether frequency of mobility e.g. whether the UE is highly mobile/ static affect the efficiency of WUS paging mechanism. Hence SA2 would like to ask RAN2 whether additional assistance information is required and/or MME needs to NOT send WUS Assistance Information in S1 Paging message for highly mobile UEs that will be interpreted by RAN to not use WUS.

2
Actions

To RAN2, CT1 and RAN3

ACTION: 
SA2 would like to ask recipient groups if they have any feedback on the approved SA CR

To RAN2

ACTION: 
SA2 would like to ask RAN2 whether additional assistance information is required and/or MME needs to NOT send WUS Assistance Information in S1 Paging message for highly mobile UEs that will be interpreted by RAN to not use WUS. Given SA2 and RAN2 meetings are happening the same week, early answer will be appreciated so that the corresponding CR can be approved by SA2#136.


The following text descriptions could be found in the endorsed SA2 CR [5]:
	4.3.21.X
Wake Up Signal Assistance 

To support the Wake Up Signal (WUS), the WUS Assistance Information is used by the eNB to help determine the WUS group used when paging the UE (see TS 36.300 [5]). 

The content of the WUS Assistance Information consists of the paging probability information. The paging probability information provides a metric on the probability of a UE receiving a paging message based on, e.g., statistical information. 

The UE may in the Attach Request message provide its capability to support WUS Assistance Information. If WUS Assistance Information is supported, then the UE in the Attach Request or Tracking Area Update message may provide the additional UE paging probability information. The MME may use the UE provided paging probability, local configuration and/or previous statistical information for the UE, when determining the WUS Assistance Information. If the UE supports WUS Assistance Information, the MME may assign WUS Assistance Information to the UE, even when the UE has not provided the additional UE paging probability information. 

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.

	If the UE can proceed to attach, it initiates the Attach procedure by the transmission, to the eNodeB, of an Attach Request (IMSI or old GUTI, Old GUTI type, last visited TAI (if available), UE Core Network Capability, UE Specific DRX parameters, extended idle mode DRX parameters, UE paging probability information, Attach Type, ESM message container (Request Type, PDN Type, Protocol Configuration Options, Ciphered Options Transfer Flag, Header Compression Configuration), KSIASME, NAS sequence number, NAS-MAC, additional GUTI, P-TMSI signature, Voice domain preference and UE's usage setting, Preferred Network behaviour, MS Network Capability, Support for restriction of use of Enhanced Coverage, UE has UE Radio Capability ID assigned for the selected PLMN) message together with RRC parameters indicating the Selected Network and the old GUMMEI.

	The UE may include UE paging probability information if it supports the assignment of WUS Assistance Information from the MME to assist the eNB's Wake-Up Signal (WUS) group decision (see TS 36.300 [5]).

	If the UE provided the UE paging probability information in Step 1, 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]).

	3a.
If the UE is registered in the MME and considered reachable for paging, the MME sends a Paging message (NAS ID for paging, TAI(s), UE identity based DRX index, Paging DRX length, list of CSG IDs for paging, Paging Priority indication, Enhanced Coverage Restricted, CE mode B Restricted, WUS Assistance Information) to each eNodeB belonging to the tracking area(s) in which the UE is registered. The step is described in detail in TS 36.300 [5] and TS 36.413 [36]. Steps 3-4 are omitted if the MME already has a signalling connection over S1-MME towards the UE but the S1-U tunnel has not yet been established.

	The MME may include in the S1AP Paging message(s) the WUS Assistance Information, if available.

	If the WUS Assistance Information is included in Step 3a, the eNB takes it into account when paging the UE (see TS 36.300 [5]).

	3.
If the UE is registered in the MME and considered reachable, the MME sends a Paging message (NAS ID for paging, TAI(s), UE identity based DRX index, Paging DRX length, list of CSG IDs for paging, Paging Priority indication, Enhanced Coverage Restricted, CE mode B Restricted, WUS Assistance Information) to each eNodeB belonging to the tracking area(s) in which the UE is registered.

	WUS Assistance Information
	Assistance information for determining the WUS group (see TS 36.300 [5]).


2.2   Concept of group WUS

In Rel-15, wake-up signal (WUS) was introduced before PO(s) to indicate whether corresponding UEs will be paged in the next PO(s), only the UEs will be paged need to monitor NPDCCH in the next PO(s) as legacy.
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Figure 1, Rel-15 WUS without Grouping
Based on the PO calculation formula, many UEs (e.g. 20 UEs) will monitor the same PO, and then read the Paging message on the corresponding PDSCH to know whether there is an incoming call related to itself, maybe only few UEs (e.g. 2 or 3) are really been paged. Therefore for the UEs which are not paged very frequently, the false wake up probability is relatively high.

In order to reduce false wake-up probability of the UEs that are not paged very frequently, as described in RAN2 LS, 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 shown in Figure 2, in case the UEs are split to several groups (e.g. paged frequently, paged rarely), the RAN node can split the WUS to several groups, each group of UEs only need to detect the WUS related to the group, these UEs will only monitor the PO upon detecting the group WUS.
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Figure 2, WUS with Grouping 
For Case A, only the UEs in Group 1 will need to monitor PDCCH, i.e. the UEs in Group2 will not monitor PDCCH and PDSCH. Considering that Group 2 is related to the UEs paged rarely, case A will be the common case among case A, B and C, therefore the power consumption of Group 2 UEs are reduced.
In order to achieve WUS grouping, SA2 agreed [2] that it is feasible for the MME to provide assistance information including paging probability information to the eNB. RAN2 latest agreement elaborated 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.
2.3   RAN3 impact for group WUS

From RAN3 impact point of view, it is needed to include the paging probability in S1AP: PAGING message to enable WUS grouping. 
In order to align with the SA2 technically endorsed TS 23.401 CR 3538 [5], it is needed to define the S1AP IE as WUS Assistance Information which includes a sub IE named as Paging Probability Information.

Proposal: introduce WUS Assistance Information IE in S1AP: PAGING Message, WUS Assistance Information IE contains sub IE Paging Probability Information.
Considering of the similarity for 5GS, from our understanding it is straight forward to also introduce such information over NGAP: PAGING message, as there is no official agreement on WUS grouping in 5GS, further discussion can be triggered after their progress.

Proposal
In this contribution, we discuss the background and progress of WUS grouping discussion, analyse the corresponding RAN3 impact, and get the following proposal:
Proposal: introduce WUS Assistance Information IE in S1AP: PAGING Message, WUS Assistance Information IE contains sub IE Paging Probability Information.

It is also proposed to endorse the corresponding CR in [6] as baseline CR for WUS grouping.
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4   Annex ---- RAN1/2 progress
UE-group wake-up signal
RAN1#96bis

Agreement

Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.

Agreement

Group WUS location in relation to legacy WUS may be configured such that:

· If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,

· If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.

Agreement 

Group WUS sequence design is down selected between the following in RAN1#97

· Legacy WUS with shifted scrambling codes

· Legacy WUS with time-frequency short OCCs 

· Phase shifted legacy WUS using a suitable subset of the phase increments.

· Legacy WUS with Gold codes

Companies are encouraged to provide evaluation results

Agreement

· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.
RAN1#97

Working Assumption

At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to wgroup(m’) = w(m’) exp(j2πgm/G) 

· FFS: Details of g and G

Agreement

If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, the common WUS sequence for all the group WUS UEs in the same WUS resource can be configured to be the Rel-15 WUS sequence or a Rel-16 WUS sequence.

Working Assumption

The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.

Working Assumption

The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.

Agreement

Each UE monitors up to X WUS sequences. 

· Value of X will be selected between 2 and 3

· X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported

RAN1#98
Agreement

The maximum number of UE groups per WUS resource is 8. 

Agreement

The following WA is confirmed:

At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to w_(group)(m’) = w(m’) exp(j2πgm/G)

Agreement

The specification supports configurability to enable UE group to alternate between WUS resources
Agreement

· Different WUS resources use different scrambling initialization, c_init

Agreement

A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs

Agreement

G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7

Working Assumption

The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS
Agreement

The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)

· UE may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.

· Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence

RAN2 discussed UE-group wake-up signal (WUS), with the following agreements:
RAN2#105bis agreements:
· Additional grouping based on DRX/eDRX is not supported.

· Coverage based grouping is not supported.

· Additional grouping based on gap is not supported.

· FFS whether number of groups can depend on gap duration.

RAN2#106 agreements:
· WUS grouping based on paging probability 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.

· Send an LS to SA2, cc RAN3, CT1, to ask about the feasibility and impact for the MME to provide information on UE paging probability.

R2-1908260
LS on assistance indication for WUS grouping
LS out
Rel-16
LTE_eMTC5-Core, NB_IOTenh3-Core
R2-1905261
To:SA2  Cc: CT1, R3
RAN2#107 agreements:
· Paging probability information is negotiated between the UE and MME via NAS signalling.

· This paging probability information needs to be provided by S1 paging.

· eNB configures, via broadcast, the relation between this paging probability information and WUS group on Uu interface.

R2-1911589
Reply LS on assistance indication for WUS
LS out
Rel-16
LTE_eMTC5-Core, NB_IOTenh3-Core
To: SA2,CT1, RAN3
RAN2#107bis agreements:

· Rel-16 WUS can be configured without Rel-15 WUS.
· If both R15 and R16 WUS are configured, then maximum duration, time offset for different gap types, and transmit power for WUS sequence need to be configured with the same values for both R15 and R16.
· FFS: numPOs
· The time locations of R16 WUS resources need to be known by the UE. Signalling details can be discussed as part of stage 3 CR.

· FFS: A WUS group cannot be mapped to both UEs using UE-ID based only and UEs using UE-ID + paging probability based grouping.
· If both Release 15 WUS and Release 16 WUS are configured then values configured for parameters in Release 15 WUS also apply to Release 16 WUS.
· If only Release 16 WUS is configured then values for the following parameters shall be configured: MaxDurationFactor, numPOs, FrequencyLocation (eMTC only), timeOffsetDRX, timeOffset-eDRX-short, timeOffset-eDRX-Long, numDRX-CyclesRelaxed.
· FFS: A different number of WUS resources can be configured for each gap type (DRX, eDRX short, eDRX long).


- FFS: When one or more R16 WUS resources are configured, the WUS Paging probability mapping to WUS group can be provided separately for each gap type (i.e. timeoffset-DRX, timeoffset-eDRX-short, timeoffset-eDRX-long).

· Same or different number of WUS groups can be configured for each R16 WUS resource.
· UE WUS group hopping between WUS resources is configured per cell.
· FFS how to configure the following agreed cases:
· When R15 WUS is configured then all R16 WUS resources are adjacent to R15 WUS in the time domain (for eMTC and NB-IoT) and in the frequency domain (for eMTC only).
· When only R16 WUS resources are configured, frequency location provided for the first R16 resource (i.e. FrequencyLocation). (for eMTC only).
· When only R16 WUS resources are configured, location in time provided for the first R16 resource for each gap type (i.e. timeOffset-DRX, timeOffset-eDRX-short, timeoffset-eDRX-Long). (for eMTC and NB-IoT).
· RAN2 assumes one or more UEs may not be configured at NAS with paging probability.
· If R16 WUS is configured, at least one WUS group will be assigned to UEs that are not configured with paging probability.
· FFS Mapping of paging probabilities to WUS group.
· R16 WUS can be supported on all or subset of the paging carriers/paging narrowbands.
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