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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#86 [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]


[bookmark: OLE_LINK1]In RAN2 #104~#108 meeting, the agreements for WUS grouping can be found in [3]. 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,
[bookmark: OLE_LINK17][bookmark: OLE_LINK5]Here A is a factor to divide the target UE_IDs and B is the number of (sub)groups. For parameter B, in the case that only UE_ID based group related configuration is present, the parameter B is equal to the total number of WUS group. In the case that both UE_ID based group related configuration and paging probability based group related configuration are present, the parameter B is equal to the sum of the number of WUS groups configured in the same gap type except for the WUS groups used for paging probability based WUS group or B is equal to the sum of the subgroups configured for the paging probability belonging to one certain Paging-Probability threshold. 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 carrier

[bookmark: OLE_LINK14]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.
[bookmark: OLE_LINK18]Proposal 2: For parameter B, in the case that only UE_ID based WUS grouping configuration is provided, the parameter B is equal to the total number of WUS group. In the case that both UE_ID based WUS grouping configuration and paging probability based WUS grouping configuration are provided, the parameter B is equal to the sum of the number of WUS groups configured in the same gap type except for the WUS groups used for paging probability based WUS grouping. In the case of two-level WUS grouping configuration is provided, the parameter B is equal 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
[bookmark: OLE_LINK8]-  W: total weight of all NB-IoT paging carriers

Proposal 2: For parameter B, in the case that only UE_ID based WUS grouping configuration is provided, the parameter B is equal to the total number of WUS group. In the case that both UE_ID based WUS grouping configuration and paging probability based WUS grouping configuration are provided, the parameter B is equal to the sum of the number of WUS groups configured in the same gap type except for the WUS groups used for paging probability based WUS grouping. In the case of two-level WUS grouping configuration is provided, the parameter B is equal to the number of the sub groups configured for a certain paging probability based group.
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Appendix

[bookmark: _GoBack]<36.304 example text proposal>
<Start of the 1st modified section>
[bookmark: _Toc29237944]7.5	Paging with Wake Up Signal group
For the UE supports WUS and the related WUS group configuration is provided in SIB. The UE needs to calculate WUS group identity. The UE sub-group ID is given by the following formula:
For eMTC:
UE sub-group ID = floor (UE_ID/ (N*Ns*Nn)) mod Ng,
For NB_IoT:
UE sub-group ID = floor (UE_ID/ (N*Ns*W)) mod Ng,
 - Nn: the number of paging narrowbands (for P-RNTI monitored on MPDCCH) provided in SIB
-  W: total weight of all NB-IoT paging carriers
In the case that only UE_ID based group related configuration is provided in broadcast SIB message, the parameter B is equal to the total number of WUS group. In the case that both UE_ID based WUS grouping configuration and paging probability based WUS grouping configuration are provided, the parameter B is equal to the sum of the number of WUS groups configured in the same gap type except for the WUS groups used for paging probability based WUS grouping. In the case of two-level WUS grouping configuration is provided, the parameter B is equal to the number of the sub groups configured for a certain paging probability based group.  

<End of the 1st modified section>

