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Discussion and decision
1 Introduction
Both RAN2 and RAN1 has made signification progress for following objective in Rel 16 work-items for eMTC [1] and NB-IoT [2]:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

Both RAN1 and RAN2 has made significant progress but there are still some aspect still to be decided. At last in RAN2 meeting #107bis a number of open issues were identified, and this paper proposes solutions to the open issues. 

Table 1 Open issues on WUS
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2 Discussion
2.1 Number of POs

UE supporting WUS grouping will be required to monitor two WUS groups, a UE specific WUS group and a common WUS group. If each WUS group have different number of associated POs then there are number of issues to consider:

· a UE will need to wake-up more frequently for monitoring one WUS group than the other WUS group and this provides no real benefit. 

· If R15 WUS is configured and when R15 WUS is also the common WUS group then R16 WUS resource sharing time/frequency with R15 WUS would have to have the same number of POs.
· If WUS resource hopping is supported then it means the number of POs per WUS needs to be the same regardless of time-location of the WUS otherwise WUS resource hopping can be complex.
Considering the above issues with associating different number of POs for each WUS group/resource there is no tangible benefit from having different number of POs for each WUS group.

Proposal 1:
numPOs same for all WUS resources.
2.2 WUS group supporting UE_ID and paging probability 
The main reason for introducing paging probability based WUS grouping is to minimise false wake-up of UEs that are very infrequently paged. If UEs with low paging probability are mixed with UEs that have higher probability of paging (or UEs for which paging probability is unknown) then the benefit of such grouping is diminished. UEs with low paging probability, if possible, should not be mapped to a WUS group used for high frequency paging or unknown paging. This can be interpreted in two ways: (a) UEs with high paging probability can be considered as not suitable to map to WUS group with paging probability hence such UEs only select a WUS group using UE ID only; (b) At least one WUS group has the highest paging probability and all UEs with no paging probability assigned or high paging probability (i.e. above a certain threshold) map to this high paging probability group.

Proposal 2:
UEs with low paging probability and UEs with no paging probability or very high paging probability should not map to the same WUS group.

Furthermore, it should be careful to allocate the UE group with high paging probability and UE group with low paging probability in the same WUS resource. The common WUS if configured will wake up the group UEs in the same WUS resource. The UE group with low paging probability suffers from the false wake-up because of high paging probability.

Proposal 3:
UEs with low paging probability and UEs with high paging probability should not map to the same WUS resource.

With IoT applications it is quite likely paging load is evenly distributed throughout the 24-hour period (unlike smart UEs) hence there could be two or more UEs paged in virtually every PO. If the common WUS group is used to wake-up two or more UE groups then this significantly diminishes the benefit of WUS grouping. For this reason common WUS groups should be used by the network vary carefully (i.e. when multiple UEs need to be reached and delaying paging would lead to poor performance). 
Proposal 4:
Common WUS group should be used with extreme care to avoid demising the benefit WUS grouping.
2.3 WUS resources configured per DRX gap type

In RAN2#107bis it was highlighted that there are some combinations of DRX gap length and maximum WUS duration that will not allow second WUS resource in time domain to be configured for DRX gap type. This issue is depicted in Figure 1 and incompatible combination of WUS duration factors and short eDRX gaps are shown in Table 2 and Table 3.
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Figure 1 Time-domain R16 WUS resource restriction.

Table 2 eMTC Total WUS duration
	eMTC Total WUS duration x2 (ms)

	
	WUS duration factor
	Incompatible short eDRX Gap

	
	1/32
	1/16
	1/8
	1/4
	

	Rmax
	1
	2
	2
	2
	2
	None

	
	2
	2
	2
	2
	2
	None

	
	4
	2
	2
	2
	2
	None

	
	8
	2
	2
	2
	4
	None

	
	16
	2
	2
	4
	8
	None

	
	32
	2
	4
	8
	16
	None

	
	64
	4
	8
	16
	32
	None

	
	128
	8
	16
	32
	64
	40 ms

	
	256
	16
	32
	64
	128
	40 & 80 ms


Table 3 NB-IoT total WUS duration
	NB-IoT total WUS duration x2 (ms)

	
	
	WUS duration factor
	Incompatible short eDRX Gap

	
	
	1/128
	1/64
	1/32
	1/16
	1/8
	1/4
	1/2
	

	Rmax
	1
	2
	2
	2
	2
	2
	2
	2
	None

	
	2
	2
	2
	2
	2
	2
	2
	2
	None

	
	4
	2
	2
	2
	2
	2
	2
	4
	None

	
	8
	2
	2
	2
	2
	2
	4
	8
	None

	
	16
	2
	2
	2
	2
	4
	8
	16
	None

	
	32
	2
	2
	2
	4
	8
	16
	32
	None

	
	64
	2
	2
	4
	8
	16
	32
	64
	40 ms

	
	128
	2
	4
	8
	16
	32
	64
	128
	40 & 80

	
	256
	4
	8
	16
	32
	64
	128
	256
	40, 80, 160, 240

	
	512
	8
	16
	32
	64
	128
	256
	512
	40, 80, 160, 240

	
	1024
	16
	32
	64
	128
	256
	512
	1024
	40, 80, 160, 240

	
	2048
	32
	64
	128
	256
	512
	1024
	2048
	40, 80, 160, 240


Observation: Some combinations of WUS duration and short eDRX gaps will lead to overlap of second time-domain DRX R16 WUS resource with first short eDRX WUS resource.
Each WUS resource consumes radio resources and the number of UEs using each type of DRX gap type may not be the same (e.g. very few UEs use long eDRX gap while many more UEs use DRx or short DRX gap). For this reason it does not make sense to have same number of R16 WUS resources configured for all gap types. 
Proposal 5:
For optimal usage of network resources allow different number of WUS resources for each gap type.

With the above proposal it is clear the number WUS groups for each gap type can be different (e.g. 1 R16 WUS resource for DRX gap provides up to 8 WUS groups while 2 R16 WUS resources for eDRX gap can provide up to 16 WUS groups). For example, one GAP type may have 2 WUS groups for each probability group while another gap type may have 1 WUS group for each probability group.
Proposal 6:
Each GAP type can have different paging probability to WUS group mapping 
Furthermore, RAN1 has following agreement for eMTC [3] and NB-IoT [4]:

· For group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.

Proposal 7:
Each WUS resource can have different number of WUS groups 
2.3.1 R16 WUS Resource time-frequency configuration

The R16 WUS resources can be configured in time-domain and in frequency domain. RAN1 has agreed to define all the different patterns of R15 and R16 WUS resources and example of such patterns for NB-IoT are show in Figure 2. 
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Figure 2 Example NB-IoT R15/16 WUS resource configurations

Based on this RAN1 agreement, only the pattern number needs to be signalled to define both the number WUS resources and how these WUS resources are organised.

Proposal 8:
For NB-IoT and eMTC WUS resource pattern number is sufficient to define both the number of WUS resources and their layout.

2.3.2 Common WUS

A common WUS could be configured by eNB. Our understanding is as follows if common WUS is configured:
1. If the R16 WUS resource does not share time/frequency with R15 WUS resource then the sequence for the common WUS is defined in RAN1 specification and no explicit common WUS sequence needs to be signalled.

2. If the R16 WUS resource does share time/frequency with R15 WUS resource then eNB can signal one of the following:

A. Common WUS resource has same sequence as R15 WUS resource and no explicit WUS sequence need to be signalled.
B. Common WUS resource has R16 WUS sequence. In this case the common sequence is defined in RAN1 specification and no explicit common WUS sequence needs to be signalled
When combining the above with WUS resource hopping then with 2A configuration the common WUS sequence can change depending on whether the WUS resource is in the same time-frequency domain as the R15 resource or not as depicted in Figure 3. For the situation where the WUS resource is in different time-frequency from R15 resource, the common WUS sequence (if configured) is always the R16 sequence defined in RAN1 spec. In summary, when the UE group hopping is enabled, the UE group will follow the configuration of the monitored WUS resource after hopping to detect the group WUS (based on WUS resource ID) and common WUS (if configured for the monitored WUS resource).
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Figure 3 Example of WUS group hopping
3 Probability to WUS resource mapping

The granularity of paging probability configuration is a core network function hence the number of different paging probability groups supported by the eNB needs to be configurable. The number of WUS groups per gap type is limited (i.e. maximum of 16 for NB-IoT and 32 for eMTC). In essence what the mapping needs to provide is something like that depicted in Table 4. 
Table 4 Example mapping of paging probability range to WUS group
	Probability range
	No. WUS groups [Note 1]
	WUS groups

	[>=0, <10]%
	N1
	1, …, N1

	[>=10, <20]%
	N2
	N1+1, …, N2

	[>=20, <30]%
	N3
	N2+1, …., N3

	[>=30, <40]%
	N4
	N3+1, …, N4

	[>=40, <50]%
	N5
	N4+1, …, N5

	[>=50, <60]%
	N6
	N5+1, …, N6

	[>=70, <80]%
	N7
	N6+1, …, N7

	[>=80, <90]%
	N8
	N7+1, …, N8

	[[>=90]% (Note 2)
	N9
	N7+1, … N9.


Note 1: Nx is the number of WUS groups that are set aside for the corresponding paging probability range and each Nx >=1 and N1+N2+N3+ … + N9 <= Total WUS groups per gap type. 
Note 2: This group does not need to be explicitly configured and it can be inferred as the bucket group of all UEs with and without NAS configured paging probability higher than the last highest paging probability group explicitly configured by eNB and the remaining WUS groups that have not been explicitly assigned to any paging probability group. 

We think it does not matter which WUS group within a resource is assigned to each paging probability range and for that reason the WUS groups can be assigned sequentially as depicted in last column of Table 4. All the remaining configured WUS groups are then for UEs that are not configured with paging probability.

To have maximal benefit of WUS grouping, the following needs to be considered:
· Total number of UEs mapping to same WUS group. Lower the number of UEs mapping to a WUS group the least likely of false wake-up hence higher the benefit of WUS group.

· Limited number of WUS groups possible means the granularity of paging probability needs to be coarse (e.g. 5% or 10%). Granularity as low as 1% can not be supported hence propose not to have such a low granularity. 
· Assuming not all the WUS groups could be assigned to just one paging probability range, may be 2-bit (for NB-IoT) and 3-bit (for eMTC) would be sufficient to signal number of WUS groups corresponding to each paging probability group.
To configure the mapping for each paging probability then requires two parameters: Upper end of the paging probability and the number of WUS groups.

Proposal 9:
eNB paging probability granularity of ~10% is sufficient (i.e. 3-bits for paging probability grouping).

Proposal 10:
Allow up to 4 (NB-IoT) and 8 (eMTC) WUS groups to be assigned to each paging probability range. 
4 R16 WUS signalling

This section aims to translate all the WUS group agreements in to signalling. A potential signalling for cell specific R16 WUS group is shown in Table 5.
Table 5 Cell specific R16 WUS signaling (NB-IoT)
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The signalling for eMTC would be similar with main difference being the number resource patterns and number of WUS resources.

It is our understanding that the R15 resource can also be configured as an additional WUS group by eNBs. For this reason zeroWUS-Resource-R16 has been added. 

Given that different number of WUS resources can be configured per gap type then common WUS may not be possible in all configurations. Therefore, it is proposed to make common WUS configuration as a per GAP config parameter. The proposed signalling for common WUS should be sufficient to achieve the desired behaviour. 

RAN2 has also agreed that per paging carrier R16 WUS configuration should also be possible and example signalling changes (for NB-IoT) shown in Table 6.

 Table 7 Paging carrier specific R16 WUS signaling (NB-IoT)
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Proposal 11:
For NB-IoT and eMTC, example signalling is used as a baseline.

Summary

This paper identifies a number of remaining issues and makes following proposals.
Observation: Some combinations of WUS duration and short eDRX gaps will lead to overlap of second time-domain DRX R16 WUS resource with first short eDRX WUS resource.
Proposal 1:
numPOs same for all WUS resources.
Proposal 2:
UEs with low paging probability and UEs with no paging probability or very high paging probability should not map to the same WUS group.

Proposal 3:
UEs with low paging probability and UEs with high paging probability should not map to the same WUS resource.

Proposal 4:
Common WUS group should be used with extreme care to avoid demising the benefit WSU grouping.

Proposal 5:
For optimal usage of network resources allow different number of WUS resources for each gap type.

Proposal 6:
Each GAP type can have different paging probability to WUS group mapping 
Proposal 7:
Each WUS resource can have different number of WUS groups 
Proposal 8:
For NB-IoT and eMTC WUS resource pattern number is sufficient to define both the number of WUS resources and their layout.

Proposal 9:
eNB paging probability granularity of ~10% is sufficient (i.e. 3-bits for paging probability grouping).

Proposal 10:
Up to 4 (NB-IoT) and 8 (eMTC) WUS groups can be assigned to each paging probability range. 
Proposal 11:
For NB-IoT and eMTC, example signalling is used as a baseline.
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RAN2#107bis agreements:


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


FFS: A WUS group cannot be mapped to both UEs using UE-ID based only and UEs using UE-ID + paging probability based grouping.


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).


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).


FFS Mapping of paging probabilities to WUS group.
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RadioResourceConfigCommonSIB-NB-r13 ::= SEQUENCE { 


….


[[ nprach-Config-v1530 NPRACH-ConfigSIB-NB-v1530 OPTIONAL, -- Need OR 


dl-Gap-v1530 DL-GapConfig-NB-v1530 OPTIONAL, -- Cond TDD 


wus-Config-r15 WUS-Config-NB-r15 OPTIONAL -- Need OR 


]], 


[[ nprach-Config-v1550 NPRACH-ConfigSIB-NB-v1550 OPTIONAL -- Cond TDD1 


]] 


[[ wus-Config-r16 WUS-Config-NB-r16 OPTIONAL -- Need OR 


]] 


} 


WUS-Config-NB-r16 ::= SEQUENCE { 


	WUS-ResourceHopping			ENUMERATED (true)


	WUS-Basic-Parameters-R16		WUS-Config-NB-r15			OPTIONAL, -- Cond WUS-Config-NB-r15 not included


	WUS-Resource-DRX-R16			WUS-ResourcePerGapConfig-r16	OPTIONAL, -- Need OP (Note)


	WUS-Resource-short-eDRX-R16		WUS-ResourcePerGapConfig-r16	OPTIONAL, -- Need OP (Note)


	WUS-Resource-long-eDRX-R16		WUS-ResourcePerGapConfig-r16	OPTIONAL, -- Need OP (Note)


}


WUS-ResourcePerGapConfig-r16 ::= SEQUENCE { 


	WUS-ResourcePattern-R16			ENUMERATED {Pattern1, Pattern2, Pattern3}	OPTIONAL


	numWUS-GroupsPerResourceList-R16		SEQUENCE (SIZE (1..maxWUS-Resources-NB-r16)) OF WUS-GroupsPerResourceList-R16


WUS-Common1-R16	ENUMERATED {R15-WUS-Sequence, R16-WUS-Sequence} 	OPTIONAL, --- Need OP.


pagingProb-Srvc-Grp-MappingList-R16	SEQUENCE (SIZE (1..maxPagingProbabilityGroups-NB-r16)) OF pagingProb-Srvc-Grp-Mapping-R16			OPTIONAL, -- Cond numWUS-Service-Groups-R16 included


}


WUS-GroupsPerResourceList-NB-R16 ::= SEQUENCE { 


	numWUS-GroupsPerResource-NB-R16			ENUMERATED {1, 2, 4, 8}


}


pagingProb-Srvc-Grp-Mapping-NB-R16 ::= SEQUENCE { 


	pagingProbabilityRange		ENUMERATED {PageProb10, PageProb20, …, PageProb70, PageProb80}


	WUS-Resurce-R16			ENUMERATED {0, 1}


WUS-ServiceGroups-R16	ENUMERATED {1, 2, 3, 4}


}





SystemInformationBlockType22-NB-r14 ::= SEQUENCE {


dl-ConfigList-r14 DL-ConfigCommonList-NB-r14 OPTIONAL, -- Need OR


...,


ul-ConfigList-r15 UL-ConfigCommonListTDD-NB-r15 OPTIONAL -- Cond TDD


]]


DL-ConfigCommon-NB-r14 ::= SEQUENCE { 


dl-CarrierConfig-r14 DL-CarrierConfigCommon-NB-r14, 


pcch-Config-r14 PCCH-Config-NB-r14 OPTIONAL, -- Need OR 


..., 


[[ wus-Config-r15 WUS-ConfigPerCarrier-NB-r15 OPTIONAL -- Cond WUS 


]] 


[[ wus-Config-r16 WUS-ConfigPerCarrier-NB-r16 OPTIONAL -- Cond WUS 


]] 


} 


WUS-ConfigPerCarrier-NB-r16 ::= SEQUENCE { 


	WUS-ResourceHopping			ENUMERATED (true)		OPTIONAL	-- Cond WUS-Config-NB-r16 not included


WUS-Basic-Parameters-R16		WUS-Config-NB-r15		OPTIONAL	-- Cond WUS-Config-NB-r15 and r16 not included


	WUS-Resource-DRX-R16			WUS-ResourcePerGapConfig-r16	OPTIONAL, -- Need OP (Note 2)


	WUS-Resource-short-eDRX-R16		WUS-ResourcePerGapConfig-r16	OPTIONAL, -- Need OP (Note 2)


	WUS-Resource-long-eDRX-R16		WUS-ResourcePerGapConfig-r16	OPTIONAL, -- Need OP (Note 2)


}


Note 2: If omitted then common configuration applies if provided, otherwise R16 WUS not configured for this gap for this carrier configuration.
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