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Introduction
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#83 [1][2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


In RAN2 #104~#107bis meeting, based on the contributions, the following agreements have been achieved:
	RAN2#104 agreements:
· Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID 
· Can discuss group distribution further, including Rel-15/16 mechanism interaction, once we know more about number of groups and more about the grouping solution (e.g. service based parameters) 
· RAN2 will decide on the UE to WUS group mapping
[bookmark: OLE_LINK7]RAN2#105 agreements:
· Feasibility of the solution based on the following attributes for deriving the service-type for GWUS can be studied further.
·  Paging Probability
·  Mobility 
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.
[bookmark: OLE_LINK6]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.
· [bookmark: OLE_LINK4]R2-1908260 LS on assistance indication for WUS grouping is agreed
[bookmark: OLE_LINK16]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.
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


[bookmark: OLE_LINK1]In this contribution, we will discuss how the UE to determine the index of WUS (sub)group and give our proposals.
Discussion
Based on the discussion and proposals in [3], we will firstly give our suggestion on how to define the formula for UE to mapping itself to a UE_ID based (sub)group. For the convenience of discussion later, we abstract this formula into the following form:
UE sub-group ID = floor (UE_ID/A) mod B,
Here A is a factor to divide the target UE_IDs and B is the number of (sub)groups. Generally we assume B is equal to the sum of the number of WUS (sub)groups configured for each WUS resource in the same gap type. It’s easy to understand that only when the result of floor (UE_ID/A) are continuous natural numbers, such formula can uniformly distribute all the related UEs into B sub groups. If the result of floor (UE_ID/A) are discontinuous, the result of grouping will be uncertain. For example, with the above formula, the result of floor (UE_ID/(N*Ns)) would be even in some configuration. If the number of sub groups X is also even, e.g., 2, then the UE sub-group ID for all the target UEs would be same, that is 0.
In [4], we do some detailed analysis on the distribution characteristics of the UE_IDs, for NB-IoT and eMTC separately. We understand distributing the UE_IDs to each PF and PO is a kind of evenly distribution. Then the main reason that cause discontinuous UE_ID distribution for a PO is distributing them into several paging narrowband/carriers. In NB-IoT such discontinuous UE_ID distribution may be more serious as the different weights are introduced for several paging carriers. Based on the analysis in [4], we give the following proposals:
Proposal 1: It’s suggested to introduce the following UE_ID based grouping scheme: 
UE sub-group ID = floor (UE_ID/A) mod B,
For eMTC: A= N*Ns*Nn
For NB-IoT: A= N*Ns*W
Where:  
-  UE_ID: IMSI mod 16384 
-  B: the number of WUS group 
-  N: min(T,nB) 
-  Ns: max(1,nB/T) 
-  Nn: the number of paging narrowbands (for P-RNTI monitored on MPDCCH) provided in SIB
-  W: total weight of all NB-IoT paging carriers

[bookmark: OLE_LINK14]Firstly, considering there has no agreements on whether WUS resources can be configured per gap type, we want to indicate that no matter B is configured per cell or per gap type, the proposed formula can be used with no change.  
Secondly, for paging probability based grouping, UE can directly determine which paging probability based group would be selected, e.g., according to the broadcasted paging probability mapping info. Moreover, if two-level WUS grouping configuration is provided, as more than one WUS groups might be configured for a certain paging probability based group, the UE would use the above formula to determine the UE_ID based sub group to which it belongs, by setting B to the the number of the sub groups configured for a certain paging probability based group.
Proposal 2: If two-level WUS grouping configuration is provided, UE can firstly determine which paging probability based group would be selected, e.g., according to the broadcasted paging probability mapping info, and then use the above formula to determine the UE_ID based sub group to which it belongs, by setting B to the number of the sub groups configured for a certain paging probability based group. .
Conclusions
In this contribution, we make the following observations and proposals:
Proposal 1: It’s suggested to introduce the following UE_ID based grouping scheme: 
UE sub-group ID = floor (UE_ID/A) mod B,
For eMTC: A= N*Ns*Nn
For NB-IoT: A= N*Ns*W
Where:  
-  UE_ID: IMSI mod 16384 
-  B: the number of WUS group 
-  N: min(T,nB) 
-  Ns: max(1,nB/T) 
-  Nn: the number of paging narrowbands (for P-RNTI monitored on MPDCCH) provided in SIB
-  W: total weight of all NB-IoT paging carriers

Proposal 2: If two-level WUS grouping configuration is provided, UE can firstly determine which paging probability based group would be selected, e.g., according to the broadcasted paging probability mapping info, and then use the above formula to determine the UE_ID based sub group to which it belongs, by setting B to the number of the sub groups configured for a certain paging probability based group. .
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