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1	Introduction
The Rel-16 Work Item Descriptions for LTE-M and NB-IoT contain a common objective on enhancing the wake-up signal (WUS) that was introduced in Rel-15:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


So far, the RAN2 G-WUS agreements that are relevant for RAN3 are the following:
	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



In this contribution we discuss RAN3 related aspects of WUS grouping.
[bookmark: _Ref178064866][bookmark: _Hlk31196588]2	Discussion
2.1 	Rel-16 GWUS 

RAN3 has received a LS from SA2 in [1], where SA2 replies to RAN2 [2] that it is possible for the MME to provide assistance information including paging probability information to the eNB:
	SA2 agreed that it is feasible for the MME to provide assistance information including paging 


Proposal 1: MME optionally provides WUS Assistance Information to eNB when paging the UE
Before providing such information, the MME will have to assign the paging probability to the UE over NAS signalling. This requires the MME having knowledge about the paging probability per PO for all UEs and determining the exact paging probability for each UE, which is not be feasible in practice. Instead, the MME can assign UEs to different ‘Paging Probability Classes’ (PP-classes) based the information it has; e.g., NAS info, UE subscription information and UEs traffic patterns. This process can be achieved by specific implementation means.
Observation 1: Knowing the exact paging probability per PO for all UEs is not feasible in practice. Instead, by proper implementation means, the MME can assign UEs to different PP-classes via NAS interaction (UE traffic pattern, subscription information, paging behaviour history, etc.)
The WUS Assistance Information can hence be indicated in form of PP-class information of a UE, which shall be included in the S1 paging message sent from MME to eNB. With the use of this information, both eNB and UE could determine in which resource and PP group the UE is to be paged using WUS. This is illustrated in Figure 1.
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[bookmark: _Ref20043732]Figure 1: Illustration of CN-RAN interaction for group WUS.
Currently, two flavours have been proposed in RAN3 to send the WUS assistance information over S1:
· Option 1 described in [3], where it is proposed to have the GWUS assistance information defined as Paging Probability Information. This was documented in a SA2 CR [4]. The WUS Assistance Information IE will contain 20 Probability Information, “p00, p05, p10, p15, p20, p25, p30, p35, p40, p45, p50, p55, p60, p65, p70, p75, p80, p85, p90, p95, p100”. 
· Option 2 described in [5], where the WUS grouping assistance information is proposed to have indicated in form of a PP-class information of a UE (low-PP, medium-PP, high-PP, very high-PP, etc.)
Both options can be generally seen as sending over S1 a number of PP classes to eNB: Option1 is sending 20 PP classes, while Option2 is sending 3 or 4 PP classes. 
In the second option, the eNB would not know the details, e.g., what would “low” or “medium” PP mean in terms of paging probability percentage, so that it can configure the number of classes and the corresponding number of WUS groups, i.e., sequences to transmit, accordingly. This would also mean that one needs to rely more on OEM configuration.
The first option, on the other hand, can give to the eNB a finer granularity (5%) in terms of PP classes that can be used by the eNB to configure the relation between this paging probability information and UEs group over Uu interface. However, it is up to CN WGs to decide whether this granularity should be up to 5% or not. Currently, RAN2 is also having an e-mail discussion debate on the value ranges.
Observation 2: Option 1 provides a finer granularity of PP classes, which can result in more mappings between PP and UE WUS groups at eNB level. Option 2 on the other hand, will rely more on OEM configuration
Observation 3: The value range needs feedback from RAN2/CN working groups
Regarding the value range from RAN3 perspective; 8 values which can be represented by 3 bits may be sufficient. The question is whether full range of values is needed, or granularity should be even regardless of it is for large or small values. From our understanding, large paging probability values are probably not very useful considering that the intention is mainly to reduce the impact on power consumption for UEs that are paged rarely, so we suggest that it is enough to have the following: (10%, 20%, 30%, 40%, 50%, 60%, 80%, 100%). 
RAN3 can keep these numbers as a baseline and update them based on other WGs feedback. An editor’s note can be added to the WUS Assistance Information IE in that sense.
Proposal 2: Define the WUS Assistance Information IE as follows: (10%, 20%, 30%, 40%, 50%, 60%, 80%, 100%) with FFS
A CR for S1AP is provided in [6].
Besides, RAN3 can also discuss whether prior to receiving the WUS assistance information from MME, the eNB must receive, in a “bootstrapping phase,” the number of PP-classes configured by MME in order to appropriately perform the mapping to WUS UE groups. This sort of structure can give to eNB more flexibility to configure the WUS resources with no dependency to the grouping in MME. 
Observation 4: The eNB can receive before S1 paging, the number of paging probability determined by the MME to facilitate the assignment to UE WUS groups.
The information on number of PP classes can be provided either in S1 setup or in a new procedure before S1 Paging message. On the other hand, if the max number of PP info is going to be fixed, then it can be assumed that there will not be any need to inform the eNB.
Proposal 3: RAN3 to discuss whether the number of PP classes should be provided from MME or configured via OAM at the eNB. In the latter case, the eNB can derive both the PP classes and perform the mapping with the UEs WUS groups
Summary
The total mechanism for Rel-16 GWUS could summarized as follows:
1. MME informs eNB about the max. number of PP-classes configured either in S1 SETUP message or in a new procedure. (Optional if number is not fixed in specification)
1. eNB broadcasts information about the mapping between PP-class and WUS UE groups in SI. 
1. The UE is configured with a PP-class by the MME over NAS. 
1. MME sends a paging request to the eNB and includes the UE’s PP-class in WUS Assistance Information IE in the S1 paging message. 
1. UE and eNB determine the UE’s WUS group from UE_ID, the UE’s WUS Rel-15 gap type, and the UE’s PP-class
3	Conclusion
In the previous sections we made the following observations and proposals: 
· Observations:
[bookmark: _In-sequence_SDU_delivery]Observation 1: Knowing the exact paging probability per PO for all UEs is not feasible in practice. Instead, by proper implementation means, the MME can assign UEs to different PP-classes based one the NAS interaction (UE traffic pattern, subscription information, paging behaviour history, etc.)
Observation 2: Option 1 provides a finer granularity of PP classes, which can result in flexible mappings between PP and UE WUS groups at eNB level. Option 2 on the other hand will rely more on OEM configuration
Observation 3: The value range needs feedback from RAN2/CN working groups
Observation 4: The eNB can receive before S1 paging, the number of paging probability determined by the MME to facilitate the assignment to UE WUS groups.
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· Proposals:
Proposal 1: MME optionally provides WUS Assistance Information to eNB when paging the UE
Proposal 2: Define the WUS Assistance Information IE as follows: (10%, 20%, 30%, 40%, 50%, 60%, 80%, 100%) with FFS
Proposal 3: RAN3 to discuss whether the number of PP classes should be provided from MME or configured via OAM at the eNB. In the latter case, the eNB can derive both the PP classes and perform the mapping with the UEs WUS groups
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