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Introduction
In the Rel-16 WID, one of the objectives is to introduce [1]:
	Improved DL transmission efficiency and/or UE power consumption:
•	…
•	Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


With respect to the above objective, the following agreements and working assumptions were made in RAN1 #98 [2]:
	Agreement
[bookmark: _Toc17459340]The maximum number of UE groups per WUS resource is 8. 
Agreement
The following WA is confirmed:
At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to w_(group)(m’) = w(m’) exp(j2πgm/G)
Agreement
The specification supports configurability to enable UE group to alternate between WUS resources
Agreement
[bookmark: _Toc17459345]Different WUS resources use different scrambling initialization, c_init
Agreement
A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs
Agreement
G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7
Working Assumption
The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS
Agreement
[bookmark: _GoBack]The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)
· UE may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
· Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence


Below is presented a summary of all contributing companies to the above objective. The complete contributions are found in [3]-[11].
[bookmark: _Ref178064866]Discussion
Resource configuration
How are the number of UE groups configured for resources sharing WUS gap?
	Agreement
-	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



	Joint configuration				Ericsson
	Enable configuration per resource	Huawei, Nokia, Sony
[bookmark: _Toc21948630]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 may be configured per group WUS resource.

What number of UE groups per WUS resource may be configured?
	[2, 4, 6, 8]			Huawei
	1, …				Nokia
[bookmark: _Toc21948625]It is RAN2’s responsibility to specify the number of configurable UE groups per WUS resource.
[bookmark: _Toc21948631]Send LS to RAN2 presenting RAN1’s view on RAN2’s responsibilities in specification of group WUS regarding the following functionalities
a. [bookmark: _Toc21948632]Configuration of number of UE groups per WUS resource
b. [bookmark: _Toc21948633]Mapping between UE group and WUS resources (see below)
c. [bookmark: _Toc21948634]Alternation pattern between UE group and WUS resources (see below)

How are UE-groups mapped to WUS resources?
	Joint numbering over all groups (per gap)	Ericsson, Huawei
	HL signaling						Nokia
[bookmark: _Toc21948626]It is RAN2’s responsibility to specify the mapping between UE-groups and WUS resources.

How is resource alternation enabled?
	Implicitly, if shared resources and common WUS is configured to be legacy WUS	Ericsson
	Implicitly, if both resources are configured							LGE
	Implicit and/or explicit through signaling or parameters					Sony
[bookmark: _Toc21948627]No consensus yet on how to enable resource alternation.

What alternation pattern is used for UE group resource alternation?
	Same for all groups in resource		Ericsson, ZTE
	Variable					Sony
[bookmark: _Toc21948628]It is RAN2’s responsibility to specify the alternation pattern between UE-groups and WUS resources.
Gap configurations
How does the fallback mechanism work for group WUS configuration of eDRX long and eDRX short gaps if either or both is not configured?
	eDRX long falls back to eDRX short which falls back to DRX	LGE
[bookmark: _Toc21948635]Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:
d. [bookmark: _Toc21948636]If eDRX long gap is configured but no group WUS configuration for that gap is provided, first hand, the eDRX short gap configuration shall be used, otherwise the DRX configuration shall be used.
e. [bookmark: _Toc21948637]If eDRX short gap is configured but no group WUS configuration for that gap is provided, the DRX gap configuration shall be used.

How is the optional eDRX configuration working regarding configuring the number of POs each WUS is associated to?
Use same configuration as in Rel-15 legacy WUS		Ericsson, Qualcomm
[bookmark: _Toc21948638]The optional eDRX configurability and configuration values regarding the number of consecutive POs a WUS is associated to are inherited from Rel-15 legacy WUS.
Sequence design
How to select g for common WUS?
	Confirm WA		Ericsson, Qualcomm, ZTE
	Reject WA		LGE
[bookmark: _Toc21106888][bookmark: _Toc21948639]Confirm working assumption:
[bookmark: _Toc21106889][bookmark: _Toc21948640]The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS.
[bookmark: _Toc21948641]Note: g = 126 for all group WUS resources not shared with legacy WUS. 
LGE’s alternative proposal:
[bookmark: _Toc21948642]The sequence resulting from g = 0 is the common WUS. If common WUS is configured not to be legacy WUS, a different scrambling sequence is used for group WUS.

How is the mapping between the WUS base sequence and WUS resources performed?
	Fixed mapping								Ericsson, Huawei, Qualcomm
	Depending on common WUS for shared WUS resource		LGE
[bookmark: _Toc21948643][bookmark: _Hlk21689324]The group WUS resource that may coincide with legacy WUS is assigned  and the preceding group WUS resource is assigned .

How is the base sequence scrambled per WUS resource?
	Agreement
Different WUS resources use different scrambling initialization, c_init



	c_initMSB-1 = 0/1 for legacy/group WUS resources				Ericsson, Huawei, Qualcomm
	c_initfactor = 0/1 for legacy/group						ZTE
Revert agreement on varying c_init for different WUS resources	Intel
[bookmark: _Toc21948629]Unless corresponding WA in LTE-MTC is reverted, there is no reason for NB-IoT to revert this agreement.
[bookmark: _Toc21948644]The group WUS base sequence is initialized according to

[bookmark: _Toc21948646]where  is given by the resource configuration.
Miscellaneous
Non-uniform UE/UE-group distribution over WUS resources					LGE
Different start frames and shorter WUSmax for coverage restricted UEs			LGE
Conclusion
In the previous sections we made the following observations: 
Observation 1	It is RAN2’s responsibility to specify the number of configurable UE groups per WUS resource.
Observation 2	It is RAN2’s responsibility to specify the mapping between UE-groups and WUS resources.
Observation 3	No consensus yet on how to enable resource alternation.
Observation 4	It is RAN2’s responsibility to specify the alternation pattern between UE-groups and WUS resources.
Observation 5	Unless corresponding WA in LTE-MTC is reverted, there is no reason for NB-IoT to revert this agreement.


Based on the discussion in the previous sections we propose the following:
Proposal 1	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 may be configured per group WUS resource.
Proposal 2	Send LS to RAN2 presenting RAN1’s view on RAN2’s responsibilities in specification of group WUS regarding the following functionalities
a.	Configuration of number of UE groups per WUS resource
b.	Mapping between UE group and WUS resources (see below)
c.	Alternation pattern between UE group and WUS resources (see below)
Proposal 3	Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:
a.	If eDRX long gap is configured but no group WUS configuration for that gap is provided, first hand, the eDRX short gap configuration shall be used, otherwise the DRX configuration shall be used.
b.	If eDRX short gap is configured but no group WUS configuration for that gap is provided, the DRX gap configuration shall be used.
Proposal 4	The optional eDRX configurability and configuration values regarding the number of consecutive POs a WUS is associated to are inherited from Rel-15 legacy WUS.
Proposal 5	Confirm working assumption:
The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS.
	Note: g = 126 for all group WUS resources not shared with legacy WUS.
Proposal 6	The sequence resulting from g = 0 is the common WUS. If common WUS is configured not to be legacy WUS, a different scrambling sequence is used for group WUS.
Proposal 7	The group WUS resource that may coincide with legacy WUS is assigned  and the preceding group WUS resource is assigned .
Proposal 8	The group WUS base sequence is initialized according to

	where  is given by the resource configuration.
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