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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]


[bookmark: OLE_LINK5]In RAN1 #96~#97 meeting, the following agreements have been achieved:
	RAN1#96 agreements:
· If configured, a common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource is configured to be legacy WUS or a non-legacy WUS.
RAN1#97 agreements:
·  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.
· 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


In RAN2 #104~#106 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_LINK1]In this contribution, we will discuss the remaining issues for UE grouping for WUS and give our proposals.
Discussion
2.1 The related configuration for R16 WUS
For the issues about the dimension for further UE grouping WUS and WUS resource allocation, in RAN1#96bis meeting, RAN1 has made some related agreements as follows:
· [bookmark: OLE_LINK15]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.
According to the above agreements, if all gaps have the same number of groups, maybe only one common configuration of number of groups for all gaps would be needed as the default. E.g., a field of ‘number of groups’ shall be configured as the global parameter for all the gap types. At the same time, in order to get better group performance, it’s also allowed each gap type could be configured with a more suitable number of groups based on the number of UEs within the corresponding gap type. E.g., several fields like ‘number of groups_DRX gap’, ‘number of groups_short_eDRX gap’, ‘numberof groups_long_eDRX gap’ could be configured for the corresponding gap type in the structure of each gap type. The number of UEs within the corresponding gap type can be evaluated by eNB. 
[bookmark: OLE_LINK9]Proposal 1: According RAN1 agreements, RAN2 needs to provide both common configuration of number of WUS groups for all gap types and separate configuration of number of WUS groups for separate gap types.
 
For the issue of common WUS, RAN1 has made some discussion and agreements in the previous meetings. As the common WUS is configurable, a signaling is needed to indicate whether a common WUS is configured. Up to 2 time-multiplexed WUS resources could be configured for both legacy WUS and group WUS. Moreover, considering the agreement made by RAN1 that 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. Then a signaling needs to be used to indicate that a common WUS is configured to be legacy WUS or a non-legacy WUS. 
Proposal 2: According RAN1 agreements, RAN2 needs to provide configuration to indicate whether a common WUS is configured.
Proposal 3: According RAN1 agreements, RAN2 needs to provide configuration to indicate whether a common WUS is configured to be legacy WUS or a non-legacy WUS when the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS.
2.2 The formula for further UE grouping for WUS
In this section, we will give our suggestion on how to define the UE_ID based sub-grouping formula. In [3], a simple formula has been given as following with the assumption there are X sub groups:
UE sub-group ID=floor (UE_ID/(N*Ns)) mod X
Here UE_ID are the ID of the UEs which have performed paging narrowband/carriers, PF, PO selection and finally are related to a same PO. So it’s easy to observe that these UE_IDs are discretely distributed. If the UE grouping formula is based on only UE_ID, it may cause that the UEs monitoring the same PO unevenly distribute in each group and there may have the negative impact on the effect of UE grouping, e.g., the proportion of false awakening is still high in the group with many more UEs. Therefore, the further grouping algorithm cannot be based on only UE_ID and optimization is needed.
We think the above formula is a good start point for further discussion. 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. 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 4: 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
No matter B is configured per PO or per gap type, if we have no change to the proposed formula, the UE reception would same, e.g., the UE would determine the PO and sub-group ID, and then calculate the start time for receiving this sub-group WUS according to gap type.  
2.3 UE capability
It has been agreed in RAN1 that the UE-group WUS is optional. Considering that the eNB needs to know whether the UE supports UE-group WUS before it transmits WUS signal for paging, the UE should report its related capability in connected mode. Generally, the capability should be reported by UECapabilityInformation message. eNB can obtain the capability by S1 paging message from MME.
Proposal 5: It’s suggested to define UE capability of supporting UE-group WUS in UECapabilityInformation message.

Conclusions
In this contribution, we make the following observations and proposals:
Proposal 1: According RAN1 agreements, RAN2 needs to provide both common configuration of number of WUS groups for all gap types and separate configuration of number of WUS groups for separate gap types.
Proposal 2: According RAN1 agreements, RAN2 needs to provide configuration to indicate whether a common WUS is configured.
Proposal 3: According RAN1 agreements, RAN2 needs to provide configuration to indicate whether a common WUS is configured to be legacy WUS or a non-legacy WUS when the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS.
Proposal 4: 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 5: It’s suggested to define UE capability of supporting UE-group WUS in UECapabilityInformation message.
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