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Introduction
The RAN2 email discussion (see [1]) covers the signalling aspects of group WUS and this document discussion what needs to be captured in the procedural text and proposes text proposal to include in TS 36.304 [6]. The procedural text needs to comply with the RAN2 agreements in [2] and RAN1 agreements in [3] & [4]. Group WUS procedure needs to cover aspect such as:
· How does UE determine paging carrier/narrowband it needs to monitor?
· How does UE determine WUS group it needs to monitor?
· How does UE determine start subframe for a WUS group considering WUS hopping?
· For eMTC, how does UE determine frequency location for its WUS group considering WUS hopping?

Discussion
Overview
A simplified view of how WUS group configuration is used to determine the precise WUS group time/frequency position and sequence is depicted in Figure 1.
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[bookmark: _Ref30588874]Figure 1 Simplified view of WUS group determination.
Determining WUS group
The paging probability configuration requires two aspects:
1. One, two, or three paging probability thresholds. The same number of thresholds and threshold values apply to all WUS resources and gaps. The paging probability thresholds are configured by parameter WUS-ProbabilitythresholdList-R16.
2. Number of WUS groups for each range of probability range. This is configured for each WUS gap type but the same value applies to all narrowbands (eMTC) or paging carriers (NB-IoT). This allows for different number of WUS groups to be assigned to specific probability range for each gap type. The number of WUS groups for service based grouping for each gap type is configured by parameter gWUS-GroupsForServiceList-r16. The number of WUS groups configured for a gap type is configured by parameter gWUS-NumGroupsList-r16.

UE then determines the WUS groups associated to each range of probability thresholds as shown in Table 1, where:
Threshold 1 = first entry in WUS-ProbabilityThresholdList-R16, 
Threshold 2 = second entry in WUS-ProbabilityThresholdList-R16, 
Threshold 3 = second entry in WUS-ProbabilityThresholdList-R16, 
Nth1 = first entry in gWUS-GroupsForServiceList-r16, if gWUS-GroupsForServiceList-r16 is present, otherwise = 0.
Nth2 = second entry in gWUS-GroupsForServiceList-r16, if second entry in gWUS-GroupsForServiceList-r16 is present, otherwise = 0,
Nth3 = third entry in gWUS-GroupsForServiceList-r16, if third entry in gWUS-GroupsForServiceList-r16 is present, otherwise = 0,
maxWUS-Groups = sum of all the WUS groups configured by gWUS-NumGroupsList-r16 (i.e. if one WUS group configured then maxWUS-Groups = 1, if two WUS groups configured then maxWUS-Groups = 2. Given the number of WUS resources can be 1, 2, 3 or 4 and number of WUS groups per resource can be 1, 2, 4 or 8 then maxWUS-Groups can be from 1 to 16 for NB-IoT or 1 to 32 for eMTC.

[bookmark: _Ref29978284]Table 1: Paging probability thresholds
	UE configured paging probability
	WUS group range
	WUS group set

	
	Lower group
	Upper group
	

	0 =< (NASprob) =< Threshold 1
	0
	min (Nth1 -1, maxWUS-Groups)
	1

	Threshold 1 < (NASprob) =< Threshold 2
	min (Nth1 if Nth1, maxWUS-Groups )
	min (Nth1 + Nth2 -1, maxWUS-Groups )
	2

	Threshold 2 < (NASprob) =< Threshold 3
	min (Nth1 + Nth2, maxWUS-Groups )
	min (Nth1+Nth2+Nth3 -1, maxWUS-Groups )
	3

	(NASprob) > Threshold 3,
or no configured probability
	min (Nth1 +Nth2 + Nth3, maxWUS-Groups )
	maxWUS-Groups
	4



The min (x, maxWUS-Groups) is needed to ensure the lower and upper WUS group number does not exceed the total number of configured WUS resources.
If no paging probability thresholds are configured, then all the WUS groups belong to WUS group set 4.
A valid WUS group set has at least 1 WUS group (i.e. Upper Group – Lower Group >= 1).

Each WUS group set is defined by two numbers, lowest WUS group number and upper WUS group number as depicted in Table 1.

UE then determines which WUS group set it belongs to based on upper layer configured paging probability (NASprob) following the conditions shown in Table 1. Once UE has determined the WUS group set then it determines one specific WUS group from this set as defined in 2.3.
Determining WUS group

The RRC signalling provides the following WUS group information (see [1]):
1. The number of WUS groups configured for a WUS resource. Each WUS resource for a gap could have different number of WUS groups. The number of WUS groups for each WUS resource for a gap are configured by gWUS-NumGroupsList-r16.
The total number of WUS groups for a gap type is then given by:
maxWUS-Groups = gWUS-NumGroupsList[0] + … + gWUS-NumGroupsList[maxWUS-Resources], where

gWUS-NumGroupsList[x] is the x’th entry in gWUS-NumGroupsList-r16 
maxWUS-Resources = maxWUS-Resources-NB-r16 for NB-IoT, or maxWUS-Resources-r16 (for eMTC)

UE selects one WUS group from the selected WUS group set as follows:

WUS-Group-Index = (UE_ID_H mod (Upper group – Lower group)), where 
UE_ID_H:
- 10 most significant bits of the Hashed ID, if P-RNTI is monitored on PDCCH or MPDCCH
- 12 most significant bits of the Hashed ID, if P-RNTI is monitored on NPDCCH

WUS-Group-Index identifies the absolute WUS group from the chosen WUS group set (i.e. if WUS-Group-Index=0 then WUS group is the lowest WUS group in the set, if WUS-Group-Index=1 then WUS group is the second WUS group in the set) as depicted in Table 2.

[bookmark: _Ref30596645]Table 2: WUS group within a WUS group set
	WUS-Group-Index
	0
	1
	2
	…
	Last-Group-Index

	WUS group
	Lower group
	Lower group+1
	Lower group+2
	…
	Lower group+
Upper group




Text proposal for WUS group determination for TS 36.304
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7.1	Discontinuous Reception for paging
[bookmark: _967898916][bookmark: _967899918][bookmark: _967900323][bookmark: _968057577][bookmark: _968059040][bookmark: _968059095][bookmark: _968059297][bookmark: _968059420][bookmark: _968059442][bookmark: _968060540][bookmark: _968065686][bookmark: _968484165][bookmark: _968484813][bookmark: _968484821][bookmark: _968485490][bookmark: _968491067][bookmark: _968491141][bookmark: _968493680][bookmark: _969080957][bookmark: _969081935][bookmark: _969082143][bookmark: _981793738][bookmark: _981793736]The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH or MPDCCH or, for NB-IoT on NPDCCH addressing the paging message. In P-RNTI transmitted on MPDCCH case, PO refers to the starting subframe of MPDCCH repetitions. In case of P-RNTI transmitted on NPDCCH, PO refers to the starting subframe of NPDCCH repetitions unless subframe determined by PO is not a valid NB-IoT downlink subframe then the first valid NB-IoT downlink subframe after PO is the starting subframe of the NPDCCH repetitions. The paging message is same for both RAN initiated paging and CN initiated paging.
The UE initiates RRC Connection Resume procedure upon receiving RAN paging. If the UE receives a CN initiated paging in RRC_INACTIVE state, the UE moves to RRC_IDLE and informs NAS.
One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.
One Paging Narrowband (PNB) is one narrowband, on which the UE performs the paging message reception.
PF, PO, and PNB are determined by following formulae using the DRX parameters provided in System Information:
PF is given by following equation:
SFN mod T= (T div N)*(UE_ID mod N)
Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:
i_s = floor(UE_ID/N) mod Ns
If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:
PNB = floor(UE_ID/(N*Ns)) mod Nn
If P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information, then the paging carrier is determined by the paging carrier with smallest index n (0 ≤ n ≤ Nn-1) fulfilling the following equation:
floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n)
System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF, i_s, and PNB formulas above. If the UE has no 5G-S-TMSI, for instance when the UE has not yet registered onto the network, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.
The following Parameters are used for the calculation of the PF, i_s, PNB, and the NB-IoT paging carrier:
-	T: DRX cycle of the UE. Except for NB-IoT, if a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT. In RRC_INACTIVE state, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers.
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256, and for NB-IoT also T/512, and T/1024.
-	N: min(T,nB)
-	Ns: max(1,nB/T)
-	Nn : 
For UE not supporting group WUS, this is the number of paging narrowbands (for P-RNTI monitored on MPDCCH) or paging carriers (for P-RNTI monitored on NPDCCH) provided in system information.
For UE supporting group WUS when wus-Config-r16 (wus-Config-NB-r16) is present in system information;
 	- if probabilityThresholdList and WUS-GroupsForServiceList are present in system information, this is the number of paging narrowbands (paging carriers) that support group WUS with service-based grouping.
- otherwise, this is the number of paging narrowbands (paging carriers) that support group WUS.
-	UE_ID:
If the UE supports E-UTRA connected to 5GC and NAS indicated to use 5GC for the selected cell:
5G-S-TMSI mod 1024, if P-RNTI is monitored on PDCCH.
else
IMSI mod 1024, if P-RNTI is monitored on PDCCH.
IMSI mod 4096, if P-RNTI is monitored on NPDCCH.
IMSI mod 16384, if P-RNTI is monitored on MPDCCH or if P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information.
-	W(i): Weight for NB-IoT paging carrier i.
-	W: Total weight of all NB-IoT paging carriers, i.e. W = W(0) + W(1) + … + W(Nn-1).
IMSI is given as sequence of digits of type Integer (0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.
For example:
	IMSI = 12 (digit1=1, digit2=2)
In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".
5G-S-TMSI is a 48 bit long bit string as defined in TS 23.501 [39]. 5G-S-TMSI shall in the PF and i_s formulae above be interpreted as a binary number where the left most bit represents the most significant bit.

[bookmark: _Toc29237944]7.4	Paging with Wake Up Signal
When wus-Config-r16 is broadcasted for the selected paging narrowband, a BL UE and UE in enhanced coverage supporting group WUS shall operate as defined in subclause 7.x. When wus-Config-NB-r16 is broadcasted for the selected paging carrier, a NB-IoT UE supporting group WUS shall operate as defined in subclause 7.x.

When the UE supports WUS and WUS configuration is provided in system information, the UE shall monitor WUS using the WUS parameters provided in System Information. When DRX is used and the UE detects WUS the UE shall monitor the following PO. 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). If the UE missed a WUS occasion (e.g. due to cell reselection), it monitors every PO until the start of next WUS or until the PTW ends, whichever is earlier.
-	numPOs = Number of consecutive Paging Occasions (PO) mapped to one WUS provided in system information where (numPOs≥1).
The WUS configuration, provided in system information, includes time-offset between end of WUS and start of the first PO of the numPOs POs UE is required to monitor. The timeoffset in subframes, used to calculate the start of a subframe g0 (see TS 36.213 [6]), is defined as follows:
-	for UE using DRX, it is the signalled timeoffsetDRX;
-	for UE using eDRX, it is the signalled timeoffset-eDRX-Short if timeoffset-eDRX-Long is not broadcasted;
-	for UE using eDRX, it is the value determined according to Table 7.4-1 if timeoffset-eDRX-Long is broadcasted
Table 7.4-1: Determination of GAP between end of WUS and associated PO
	
	timeoffset-eDRX-Long

	
	1000ms
	2000ms

	UE Reported wakeUpSignalMinGap-eDRX
	40ms or not reported
	timeoffset-eDRX-Short
	timeoffset-eDRX-Short

	
	240ms
	timeoffset-eDRX-Short
	timeoffset-eDRX-Short

	
	1000ms
	timeoffset-eDRX-Long
	timeoffset-eDRX-Long

	
	2000ms
	timeoffset-eDRX-Short
	timeoffset-eDRX-Long



The timeoffset is used to determine the actual subframe g0 as follows (taking into consideration resultant SFN and/or H-SFN wrap-around of this computation):
g0 = PO – timeoffset, where PO is the Paging Occasion subframe as defined in subclause 7.1
For UE using eDRX, the same timeoffset applies between the end of WUS and associated first PO of the numPOs POs for all the WUS occurrences for a PTW.
The timeoffset, g0, is used to calculate the start of the WUS as defined in TS 36.213 [6].
7.x		Paging with Group Wake Up Signal
When UE supports group WUS and group WUS configuration is provided in system information, the UE shall monitor WUS using the group WUS parameters provided in System Information. A UE can be configured to monitor up to two WUS in a WUS resource, a group WUS and, if configured, a common WUS. Upon detecting WUS, UE shall monitor one or more POs as defined in subclause 7.4 according to whether UE is using DRX or eDRX. If the UE misses a WUS occasion (e.g. due to cell reselection), it monitors every PO until the start of next WUS or until the PTW ends, whichever is earlier. With group WUS, eNB configures one or more group WUS resources. For NB-IoT, E-UTRAN may configure upto 2 WUS resources (numbered 0 and 1). For BL UE and UE in enhanced coverage, E-UTRAN may configure upto 4 WUS resources (numbered 0, 1, 2, and 3). When group WUS is configured, at least one WUS resource is configured.

The time offset, g0, from the end of WUS resource 0 to the start of corresponding PO is determined as defined in subclasue 7.4. When both wus-Config-r15 (wus-Config-NB-r15) and wus-Config-r16 (wus-Config-NB-r16) are present, WUS resource 0 shares radio resources with wus-Config-r15 (wus-Config-NB-r15).

For NB-IoT, the time offset from the end of WUS resource 1 to the start of corresponding PO is sum of offset from the end of WUS resource 0 to the start of corresponding PO and the maximum WUS-Duration. For BL UE and UE in enhanced coverage, the time offset from the end of WUS resource 1, 2 or 3 to the start of corresponding PO depends on configuration pattern.

For BL UE and UE in enhanced coverage, the frequency location within a narrowband for each WUS resource is determined as defined in subclase 7.x.z.

UE then selects the WUS group set as specificed in subclause 7.x.y. From the selected WUS group set UE selects one WUS group as follows:

WUS-Group-Index = (UE_ID_H mod (Upper group – Lower group)), where 
Upper group and Lower group define WUS group range for thee selected WUS group set as defined by Table 7.x.y-2.
UE_ID_H as defined in subclause 7.3
WUS-Group-Index identifies the absolute WUS group number, G, (range 1 … maxWG) from the chosen WUS group set (i.e. if WUS-Group-Index=0 then WUS group is the lowest WUS group in the set, if WUS-Group-Index=1 then WUS group is the second WUS group in the set) as depicted in Table 7.x-1. The absolute WUS group number, Gprime, then identifies the WUS resource, WRprime, and, and when WUS resource hopping, the WUS group, Gprime, within that WUS resource as shown in Table 7.x.y-1. WRprime and Gprime are the WUS resource index and the group WUS index determined upon reading group WUS configuration.
Table 7.x-1: WUS group within a WUS group set
	WUS-Group-Index
	0
	1
	2
	…
	Last index

	WUS group
	Lower group
	Lower group+1
	Lower group +2
	…
	Lower group +
Upper group



For NB-IoT, if gWUS-UE-GroupAlternation is present then the hopping scheme depends on whether service based group WUS is supported.

When two or more WUS resources for wus-Config-r16 are configured, and gWUS-UE-GroupAlternation is present,
· If service based grouping is not configured in the cell and gWUS-CommonWUS-Sequence is set to legaysWUS, the UE determines the hopped to group WUS as follows:


where:
Tcell is the default DRX cycle for the cell.
Gmin: is lowest number of groups configured amongst all the WUS resources for a gap. For NB-IoT, it is min(MaxWR0, MaxWR1), for eMTC it is min of all the configured WUS resources i.e. min(MaxWR0, MaxWR1, …, MaxWR3) if 4 WUS resources are configured.
G: the group WUS numbr UE shall monitor for this PO.

Using G, UE determines the WUS Resource  and the group WUS index within WUS Resource  according to Table 7.x.y-1.

· Otherwise, if two ore more WUS resources are configured, gWUS-UE-GroupAlternation is present and service based grouping is configured in the cell, the initial group WUS index is  = WGprime, but UE determines the hopped to WUS resource as follows:


where:
M is the total number of WUS resource configured for wus-Config-r16 (M > 1)
 
with 


For BL UE and UE in enhanced coverage, the frequency location for WUS Resource index  is determined as defined in subclause 7.x.z.
7.x.y		Deriving WUS group sets
The total number of WUS groups configured for a gap is given by:




Where:
maxWR is the total number WUS resources configured for a gap.
gWUS-NumGroupsList[k] is the parameter in the SIB.

The list of WUS groups is an ordered list of WUS groups with first WUS group in WUS resource = 0 and the last WUS group in the last WUS resource = maxWG as shown in Table 7.x.y-1.
Table 7.x.y-1: WUS group numbering
	WUS Resource number
	WUS group numbering

	0
	0, 1, …  MaxWR0 -1 (NOTE)

	1
	MaxWR0, MaxWR0 +1, …, MaxWR0 + MaxWR1-1

	2
	MaxWR0 + MaxWR1, MaxWR0 + MaxWR1 + 1, …, MaxWR0 + MaxWR1 + MaxWR2 -1

	3
	MaxWR0 + MaxWR1 + MaxWR2 + 1, …, MaxWR0 + MaxWR1 + MaxWR2 + MaxWR3 -1

	Where MaxWRi = gWUS-NumGroupList[i], i is 0, 1, 2 or 3.
NOTE: If wus-Config-r15 is present and WUS resource=0 is not used for group WUS, MaxWR0=0



If both wus-ProbabilityThresholdList and gWUS-GroupsForServiceList are present, UE determines corresponding WUS group set for each WUS group as defined in Table 7.x-2. WUS groups are first assigned to WUS group set 1, followed by WUS group set 2, and so on. 

If wus-ProbabilityThresholdList and/or gWUS-GroupsForServiceList are not configured, all WUS groups are assigned to WUS group set 4. If NAS has configured UE paging probability, UE determines the WUS group set according to Table 7.x.y-2.
Table 7.x.y-2: WUS group set definitions
	WUS group set
	wus-ProbabilityThresholdList
	WUS group range

	
	
	Lower group
	Upper group

	1
	0 =< PNAS =< Threshold 1
	0
	min (Nth1 -1, maxWG)

	2
	Threshold 1 < PNAS =< Threshold 2
	min (Nth1, maxWG)
	min ((Nth1 + Nth2 -1), maxWG)

	3
	Threshold 2 < PNAS =< Threshold 3
	min ((Nth1 + Nth2), maxWG)
	min ((Nth1 +Nth2 + Nth3 -1), maxWG)

	4
	PNAS > Threshold 3, or PNAS not configured
	Min ((Nth1 +Nth2 + Nth3), maxWG)
	maxWG

	Where
Nthi is the number of WUS groups configured by gWUS-GroupsForServiceList[i] for probability threshold wus-ProbabilityThresholdList[i]
PNAS is the UE specific probability configured via NAS.
Note: If probability entry i is not configured or service list for probability entry i is not configured then there is no WUS group corresponding to probability entry i and corresponding Nthi = 0 ( i=1 or 2)



7.x.z		WUS resource frequency
For BL UE and UE in enhanced coverage, the frequency location of WUS Resource 1, 2 and 3 is dependent on the configuration. Frequency location of WUS Resource 0 is same as provided in wus-Config-r15, if any, otherwise by freqLocation IE within wus-Config-r16. For WUS Resource 1, 2 and 3 the frequency location is defined in Table 7.x.z-1 for the applicable resourcePattern. 

Table 7.x.z-1: WUS Resource frequency location
	resoucePattern
	WUS Resource
()
	WUS 0 Resource frequency location

	
	
	NB below centre frequency
	NB above centre frequency

	
	
	n0
	n2
	n4 (Note)
	n0
	n2
	n4 (Note)

	1, 2, 3, 4, 5, 6, 7
	WUS Resource 1
	n2
	n0
	n2
	n2
	n4
	n2

	3, 4, 5, 6
	WUS Resource 2
	n0
	n2
	n4
	n0
	n2
	n4

	7
	WUS Resource 2
	n4
	n4
	n0
	n4
	n0
	n0

	5, 6
	WUS Resource 3
	n2
	n0
	n2
	n2
	n4
	n2



Note: Column applicable only when wus-Config-r15 is present.
	End of text changes



Summary
This paper describes the changes needed to TS 36.304 to introduce procedure for group WUS.
Proposal 1:	RAN2 discuss the proposed text for TS.36304 for describing the group WUS procedure.
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