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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~#98meeting, 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
RAN1#98 agreement:
The maximum number of UE groups per WUS resource is 8.


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
· [bookmark: OLE_LINK17]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
· [bookmark: OLE_LINK8]FFS: A different number of WUS resources can be configured for each gap type (DRX, eDRX short, eDRX long).
[bookmark: OLE_LINK26]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)
· [bookmark: OLE_LINK24]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 the configuration details for R16 WUS grouping and give our proposals.
Discussion
[bookmark: OLE_LINK20]2.1 numPOs
[bookmark: OLE_LINK190]In Rel-15, the parameter of numPOs was introduced in order to decrease the overhead of WUS signal transmission, which applies to UEs configured with extended DRX. It was configured as the following:
numPOs-r15						ENUMERATED {n1, n2, n4, spare1}		DEFAULT n1,
When extended DRX is used and the UE detects WUS the UE shall monitor the following numPOs POs or until a paging message including the UE's NAS identity is received, whichever is earlier. If the UE does not detect WUS the UE is not required to monitor the following PO(s).
Whether it would cause any issue when both UE grouping WUS and numPOs are applied should be further considered. Also it’s still FFS whether numPOs needs to be configured with the same values for both R15 and R16.
Firstly, even with R16 WUS grouping scheme, a UE still belongs to a WUS (sub) group and needs to detect WUS signal for this group on a certain PO. Then numPOs still can be applied for R16 grouping WUS and the concept/benefit of numPOs would be same or similar as that for R15 WUS.
Moreover, if R16 WUS is grouped based on UE_ID, due to that all UEs are randomly grouped and there has no difference between any two groups, we think numPOs can be common for all R16 WUS groups and also same as that for R15 WUS. But for the case that R16 WUS is grouped by paging probability, PO density between two groups with different paging probability may be very different. We assume the POs of the group with low paging probability would be much sparser than the group with high paging probability. Then in order to avoid large delay for paging, it is reasonable to configure numPOs with small value for the group with low paging probability. 
Proposal 1: For paging probability based grouping, it’s better to allow numPOs to be configured for R16 WUS group separately, no matter whether R15 WUS is configured. And it is reasonable to configure numPOs with small value for the group with low paging probability.
[bookmark: OLE_LINK21][bookmark: OLE_LINK15]2.2 Mapping rule for UE_ID based grouping
In last meeting, there have some discussion on whether WUS resources needs to be configured per gap type but no consensus has been achieved. We have sympathy with the thinking that offset for some gap type may be not “long” enough to accommodate two WUS resources. Therefore, we agree a different number of WUS resources can be configured for each gap type (DRX, eDRX short, eDRX long).
Proposal 2: A different number of WUS resources can be configured for each gap type (DRX, eDRX short, eDRX long).
RAN2 has also agreed same or different number of WUS groups can be configured for each R16 WUS resource. For one gap type, we assume that the total number of WUS groups is the sum of the number of WUS groups of each WUS resource. Here we assume the index of a group (refer as Group index) to which a UE belongs is determined by UE_ID mod ‘X’ (‘X’ is the total number of WUS groups). Then the following issue would be how to mapping the calculated Group index to the corresponding WUS resource and WUS group in this WUS resource. 
[bookmark: OLE_LINK47][bookmark: OLE_LINK49]We think two possible ways can be considered, e.g., either based on pre-defined mapping rule or based on explicit mapping configuration via signalling. Considering that there has no difference between any two groups for UE_ID based WUS grouping, flexibility of configuration via signalling would not be obvious but more signaling overhead is caused. Therefore, we prefer mapping based on pre-defined rule. In an example for such mapping rule shown in the following table 1, WUS resource has its order and WUS group index is sorted per each WUS resource. The Group index is globally sorted on all WUS resources.
Table 1: Mapping relationship for UE_ID based grouping
	WUS Resource
	WUS group index in the resource
	Group Index 

	#1
	0
	0

	
	1
	1

	#2
	0
	2

	
	1
	3

	
	2
	4

	
	3
	5


After calculating the Group index by using UE_ID mod “X” (see [5] for reference), the UE can further determine its WUS resource information and the WUS group index in this WUS resource based on the above mapping rule.
Proposal 3: It’s suggested to discuss the pre-defined rule for mapping the calculated group index of the UE_ID based group to which UE belongs with WUS resource and WUS group index in the WUS resource.
2.3 Issues of paging probability based grouping
In this section, we will discuss some remaining issues of paging probability based grouping. 
Issue 1: how to configure paging probability mapping info
RAN2 has agreed paging probability information is negotiated between the UE and MME via NAS signalling and can be provided to eNB by S1 paging. The eNB can configure, via broadcast, the relation between this paging probability information and WUS group on Uu interface.
[bookmark: OLE_LINK41]In the latest LS [4] sent by SA2, the value of paging probability has not been decided yet. However, from RAN2 perspective, we think at least the structure of the related configuration can be considered. For example, it can be configured in the format of the paging probability list with several thresholds and it should be configured per cell. When the value of paging probability is confirmed by SA2, RAN2 only needs to define the exact value of the thresholds.
Proposal 4: The paging probability related information should be configured in the format of the paging probability list with several thresholds and per cell. 

Issue 2: how to configure the WUS resource for the UEs without paging probability
In order to deal with the UEs without paging probability, the following two options can be considered: 
· Option 1: one WUS resource can be specifically configured for these UEs. An indication per WUS resource would be needed to indicate whether this WUS resources is only be used by the UEs without paging probability.  
· Option 2: a partial of paging probability that grouped by a given threshold can be used for these UEs. A special paging probability (e.g., 0) may be assigned to these UEs. 
We think option 2 will need less standard work on top of paging probability based grouping and we prefer option 2. 
Proposal 5: It’s suggested to assign UE without paging probability to a special paging probability based group. 

Issue 3: mapping rule for paging probability based grouping
Here we also need to consider the similar issue as that for UE_ID based WUS grouping, e.g., how to determine Group index and how to mapping the Group index to the corresponding WUS resource and WUS group. Similarly, mapping can be based on pre-defined rule. 
For example, if the paging probability of a UE is smaller than threshold 1, the UE belongs to the group with index ‘0’. If the paging probability of a UE is larger than threshold 1 but smaller than threshold 2, the UE belongs to the group with index ‘1’, and so on.  The group index ‘4’ can be treated as a special group for the UEs without paging probability. Furthermore, WUS resource has its order and the WUS group index is sorted per each WUS resource, which is shown in the following Table2. As the UE knows its paging probability and can determine the Group index of the paging probability group to which the UE belongs, the UE can determine its WUS resource information and the index of WUS group in this WUS resource based on the mapping rule.
Table 2: Mapping relationship for the paging probability-based grouping
	WUS Resource
	WUS group index in the resource
	Group Index

	#1
	0
	0

	
	1
	1

	#2
	0
	2

	
	1
	3

	
	2
	4


Proposal 6: It’s suggested to discuss the pre-defined rule for mapping the determined group index of the paging probability based group to which UE belongs with WUS resource and WUS group index in the WUS resource.

Issue 4: whether and how to support the two-level WUS grouping configuration
[bookmark: OLE_LINK30]If the UEs are firstly grouped by paging probability, it may be possible that some certain paging probability based groups have large number of UEs. In order to decrease the false wake-up rate, a further grouping is surely needed. The further grouping can be made based on UE_ID for randomly grouping. In [3], the following example ASN.1 for such two-level WUS grouping configuration has been proposed. 
WUS-Config-NB-r16 ::=			SEQUENCE {
	resourceConfig-r16			SEQUENCE (SIZE (1..maxNum-Resource)) OF ResourceConfigInfo-r16
pagingProbThresholdList-r16 ::= SEQUENCE (SIZE(1..maxNum-Thresh)) OF INTEGER (1..100)  OPTIONAL,	
}  //maxNum-Resource = 2

ResourceConfigInfo-r16 ::=		SEQUENCE {
resourceIndication-Time-r16   ENUMERATED {legacy, new},
groupWUS-r16                  SEQUENCE (SIZE (1..maxNum-Group)) OF GroupWUSInfo-r16   OPTIONAL,	-- Need ON     //maxNum-Group = 8
    ...
} 
GroupWUSInfo-r16 ::=		SEQUENCE {
numberOfsubGroup-UEID-r16   INTEGER(0..7)  	OPTIONAL,	-- Need OP
...
}
[bookmark: OLE_LINK40]Proposal 7: The two-level WUS grouping configuration (e.g., firstly based on paging probability and then based on UE_ID) should be supported.
For the two-level WUS grouping configuration, with reference to the above discussion, similar mapping rule example is shown in the following Table3. The main difference is, if one paging probability group is configured with more than one UE_ID based sub-groups, the sub group index is decided by using UE_ID mod ‘Y’ (‘Y’, the number of the sub groups configured for one group) (see [5] for reference). 
As the Group index can be directly known according to the UE’s paging probability and the sub group index can be obtained by “mod” calculation, the UE can further obtain its WUS resource information and WUS group index in the resource based on the mapping rule.
Table 3: Mapping relationship for the two-level progressive grouping
	WUS Resource
	WUS group index in the resource
	Group Index
	Sub group index

	#1
	0
	0
	0

	
	1
	
	1

	#2
	0
	1
	0

	
	1
	2
	0

	
	2
	
	1


Proposal 8: It’s suggested to discuss the pre-defined rule for mapping the determined group index and sub group index of the group to which UE belongs with WUS resource and WUS group index in the WUS resource.

Conclusions
In this contribution, we make the following observations and proposals:
[bookmark: _GoBack]Proposal 1: For paging probability based grouping, it’s better to allow numPOs to be configured for R16 WUS group separately, no matter whether R15 WUS is configured. And it is reasonable to configure numPOs with small value for the group with low paging probability.
Proposal 2: A different number of WUS resources can be configured for each gap type (DRX, eDRX short, eDRX long).
Proposal 3: It’s suggested to discuss the pre-defined rule for mapping the calculated group index of the UE_ID based group to which UE belongs with WUS resource and WUS group index in the WUS resource.

Proposal 4: The paging probability related information should be configured in the format of the paging probability list with several thresholds and per cell. 
Proposal 5: It’s suggested to assign UE without paging probability to a special paging probability based group. 
Proposal 6: It’s suggested to discuss the pre-defined rule for mapping the determined group index of the paging probability based group to which UE belongs with WUS resource and WUS group index in the WUS resource.

Proposal 7: The two-level WUS grouping configuration (e.g., firstly based on paging probability and then based on UE_ID) should be supported.
Proposal 8: It’s suggested to discuss the pre-defined rule for mapping the determined group index and sub group index of the group to which UE belongs with WUS resource and WUS group index in the WUS resource.
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