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Introduction
GWUS configuration including the WUS Resource locations was agreed in RAN2-109-e. For eMTC case, the Rel-16 WUS resource locations are indicated using resource pattern which indicate 8 possible resource locations for Rel-16 GWUS. In this discussion paper we analyse the possibility to indicate the Rel-16 WUS resource location with reduced number of bits and the resource locations can be implicitly derived based on resource-0 location directly. 
Discussion 
For eMTC, Group WUS can be configured on multiple WUS resources. Up to 4 WUS resources can be configured to configure WUS groups for eMTC. The frequency/time location of these resources can be identified based in reference to the first location of first WUS resource which is signaled in FreqLocation parameter of either Rel-15 or Rel-16 WUS configuration.
Following are the RAN1 agreements related to identification of 4 WUS resources which can be used for GWUS.
WUS Resource location for WUS Resource ID 0,1,2,3 :
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Signalling of WUS Resource 0 
If Rel-15 WUS is not configured, predefine the time/freq location for up to 4 WUS resources with 2-FDM and 2-TDM based on 1-bit freqLocation of WUS resource 0 as n0 or n2.
If Rel-15 WUS is configured, predefine the time/freq location for up to 4 WUS resources with 2-FDM and 2-TDM based on the 2-bit freqLocations as WUS resource 0.
From the above it is clear that all time and frequency location of all 4 WUS resources can be known based on FreqLocation Information without any reference to resource pattern.
RAN1 agreement also support another WUS Resource allocation where 3 WUS resources can be mapped onto same time location. This resource allocation is applicable only when Rel-15 WUS is configured and also used as WUS-Resource-0 for Rel-16 WUS.

Observation 1:  Either 2 bits of FreqLocation in Rel-15 WUS configuration OR FreqLocation parameter (1 bit) in Rel-16 WUS is enough to know the WUS Resource locations for GWUS.
Observation 2:  For Rel-16 WUS with 3 resources, RAN1 agreement also indicate possibility to map all these resources on the same time location. This is applicable when Rel-15 WUS is also considered as WUS resource.
RAN2 signalling for WUS Resources includes 3 bit resource pattern which defines the WUR resource locations which are applicable for Rel-16 GWUS. If Rel-16 WUS is configured only 4 values within the 8 patterns are applicable.
GWUS-ResourceMappingPattern-r16 ::= 	CHOICE {
	gwus-ResourcePatternWithLegacy	ENUMERATED {rp-ID0, rp-ID1, rp-ID2, rp-ID3, rp-ID4, rp-ID5, rp-ID6, rp-ID7},
	gwus-ResourcePatternWithoutLegacy	SEQUENCE {
		gwus-FreqLocation-r16		ENUMERATED {n0, n2},
		gwus-ResourcePattern-r16	ENUMERATED {rp-ID0, rp-ID2, rp-ID4, rp-ID6}
	}
}

As per RAN1 agreements these resource pattern maps to following entries which defines the WUS Resource locations selected for GWUS.
· WUS resource ID 0 
· WUS resource ID 1 using FDM with WUS resource ID 0 
· WUS resource ID 0, 1 using FDM
· WUS resource ID 1, 2 using up to 2-FDM and up to 2-TDM with WUS resource ID 0
· WUS resource ID 0, 1, 2 using up to 2-FDM and up to 2-TDM
· WUS resource ID 1, 2, 3 using up to 2-FDM and up to 2-TDM
· WUS resource ID 0, 1, 2, 3 using up to 2-FDM and up to 2-TDM
· WUS resource ID 0, 1, 2 using FDM

RAN2 signalling also support another list for WUS Group per WUS resources, which also indicates the maximum number of WUS Resources applicable for WUS group mapping.
GWUS-ResourcePerGapConfig-r16 ::=	SEQUENCE {
	gwus-ResourceMappingPattern-r16		GWUS-ResourceMappingPattern-r16,
	gwus-NumGroupsList-r16				SEQUENCE (SIZE (1..maxGWUS-Resources-r16)) OF GWUS-NumGroups-r16 OPTIONAL,	-- Need OP
	gwus-GroupsForServiceList-r16		SEQUENCE (SIZE (1..maxGWUS-ProbThresholds-r16)) OF INTEGER (1..maxGWUS-Groups-1-r16)	OPTIONAL	-- Need OR
}

Based on the number of entries in gwus-NumGroupsList, the number of GWUS Resources can be identified.
The resource pattern applicable for given number of WUS resources can be deduced as below.
	Number of WUS Resources
	Applicable resource patterns
	

	1
	Pattern 0 or 1
	Pattern 0 – uses Resource ID 0
Pattern 1-  does not use Resource ID 0

	2
	Pattern 2 or 3
	Pattern 2 – uses Resource ID 0
Pattern 3-  does not use Resource ID 0

	3
	Pattern 4 or 5 or 7
	Pattern 4 – uses Resource ID 0
Pattern 5-  Does not use Resource ID 0
Pattern 6 – uses Resource ID 0 but other two resources on same FreqLocation.

	4
	Pattern 6
	All Resource IDs used.



As of now, following are the signalling requirements for WUS Resource pattern.
· When Rel-15 WUS is configured 3 bit pattern value is needed to indicate the Rel-16 WUS resource locations.
· When Rel-15 WUS is not configured, 1 bit value to indicate WUS Resource-0 and 2 bit value for pattern is needed.
Observation 3: 3 bits are required to signal the resource pattern for GWUS Resources according to RAN2 signalling.
From the above table, the resource pattern can be implicitly derived based on number of WUS Resources and whether Resource 0 is used or not. Resource 0 to be used or not is only applicable for Rel-15 configuration. Hence single bit value is sufficient for Rel-15 or Rel-16 is sufficient to deduce the resource mapping pattern.
Observation 4 : It is possible to convey the resource locations applicable for Rel-16 WUS with single bit.
As the configuration is repeated for each of the GAP type, the number of bits reduced with the compact signalling will be more depending on the supported gap types.
Observation 5: Maximum of 8 bits can be saved with the compact signalling depending on the gap-type configuration.

Following is the proposed modification to GWUS Resource configuration.
Table 1: Compact signalling of Rel-16 WUS locations
GWUS-ResourceMappingpattern-r16 ::= 	CHOICE {
     gwus-ResourceLocationWithLegacy  ENUMERATED { primary,secondary,primary-3-FDM} 
     gwus-Resource0LocationWithoutLegacy  { no, n2 }
}

With the above modified signalling, 
· For GWUS mapping without legacy only one bit is needed to indicate resource-0 location. The resource pattern can be implicitly deduced because resource ID 0 is always used when legacy WUS is not configured. 
· When Rel-15 WUS is configured 2 bit value is sufficient to indicate whether resource 0 is considered or not based on primary and secondary indication as similar to NB-IoT. For primary case when 3 entries are present, the ResourceLocationLegacy may be either primary if 2FDM/TDM pattern is used primary-3-FDM if 3 FDM resource mapping is used.
Number of bits required to convey Rel-16 WUS resource locations is reduced to 1 bit for case without legacy WUS and reduced to 2 bit for configuration with legacy WUS. Moreover this signalling is simple and clean similar to NB-IoT where use of Resource-ID-0 for rel-16 is sufficient to identify the resources. Separate signalling and the concept of mapping pattern is not needed.

Proposal 1: 
Consider the modified structure provided in Table 1 for GWUS-ResourceMappingpattern-r16. Draft TP is provided in [3].
3 Summary
Observation 1:  Either 2 bits of FreqLocation in Rel-15 WUS configuration OR FreqLocation parameter (1 bit) in Rel-16 WUS is enough to know the WUS Resource locations for GWUS.
Observation 2:  For Rel-16 WUS with 3 resources, RAN1 agreement also indicate possibility to map all these resources on the same time location. This is applicable when Rel-15 WUS is also considered as WUS resource.
Observation 3: 3 bits are required to signal the resource pattern for GWUS Resources according to RAN2 signalling.
Observation 4 : It is possible to convey the resource locations applicable for Rel-16 WUS with single bit.
Observation 5: Maximum of 8 bits can be saved with the compact signalling depending on the gap-type configuration.
Proposal 1: 
Consider the modified structure provided in Table 1 for GWUS-ResourceMappingpattern-r16
 
4 Reference
[bookmark: _Hlk528686235][1] RP-181451 -WID for further enhancements for NB-IoT.
[bookmark: _Hlk7420392][2] R2-1914102 - RAN2 agreements for Rel-16 additional enhancements for NB-IoT and MTC
[3] R2-2005624-  TP for 36.331 changes for GWUS Config -Nokia, Nokia Shanghai Bell, RAN2-110e
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