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1	Introduction
[bookmark: _Ref178064866]In RAN #80 the following was agreed [2]: 
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
This is to summarize the issues for the 6.2.1.1 providing questions and proposals on UE group MWUS based on the views expressed by companies in the contributions listed in the appendix. 
2	Discussion
2.1	High-level design criterion
· Backward compatible to legacy MWUS without UE grouping
· Ericsson: Rel-16 WUS shall be able to co-exist with Rel-15 WUS
· Sony: The operation of UE-group wake-up signal should strive to support backward compatibility and minimize the usage of potential extra physical resources.
· Nokia, NSB: Consider how legacy UEs can be supported with the grouping approach
· LGE: UE-group WUS should be designed to be backward compatible with Rel-15 WUS
· Qualcomm: Rel-16 UE-group MWUS should be backward compatible with legacy MWUS and less impact on legacy UEs
· Comparable performance as legacy MWUS without UE grouping
· Ericsson: UE power consumption and network overhead of Rel-16 WUS should be equal or better than that of Rel-15 WUS
· Qualcomm: the configuration of UE-group MWUS maximum/actual/gap duration is similar as that of legacy MWUS.
Proposal 1: The design of Rel-16 UE-group MWUS should at least consider
· Backward compatibility with legacy MWUS without UE grouping
· UE power consumption
· Potential extra network overhead
· Impact on legacy UEs without UE grouping



2.2	Multiplexing schemes for UE group MWUS
Alt1: UE-group WUSs are multiplexed not limited in same NB as associated PO
· Intel
Alt2: UE-group WUSs are multiplexed in same NB as associated PO
· Ericsson, Nokia, NSB, Samsung, LGE, Sony, Vivo, ZTE, Qualcomm
	
	Pros
	Cons
	Supporting companies
	Notes

	Alt2a TDM
	No power boosting issue; 
Short duration;
Orthogonal;
No impact on legacy MWUS;
	Larger delay
Different delay due to different time offsets
	Qualcomm
	

	Alt2b FDM
	Short delay and short duration only if not allow multiple MWUSs;
Orthogonal;
	Power boosting issue; 
Larger delay and longer duration if allow simultaneous multiple MWUSs without power boosting
Potential impact on legacy MWUS
	Ericsson, Nokia, NSB, Samsung, LGE, Sony
	Nokia, NSN: steal power outside NBs for power boosting;
Samsung: 1-PRB or 2-PRB UE-group MWUS

	Alt2c CDM
	Short delay and short duration only if not allow multiple MWUSs;
	Largest delay and longest duration if allow simultaneous multiple MWUSs with shared power;
Non-orthogonal MWUSs resulting in longest duration; 
Potential impact on legacy MWUS
	Vivo
	

	FFS
	
	
	Huawei, HiSilicon, ZTE, LGE, Intel
	Intel: CDM + FDM


Note: Fragmentation should not be a concern in MTC.

Observation: Clear majority view on Alt2 but need further study on Alt2a/2b/2c.
Proposal 2: UE-group WUSs are multiplexed in same NB as associated PO
· FFS TDM/FDM/CDM for UE-group MWUS multiplexing

2.3	Configurations for UE group MWUS
· Enable/disable and capability
· Qualcomm: The UE-group MWUS operation is supported based on eNB’s and UE’s capability
· Intel: The UE-group WUS is enabled by SIB1-BR or SIBx-BR (x>1); The number of UE-groups is also configured by SIB
· Nokia, NSB: The number of UE groups is configurable.
Proposal 3: 
· UE-group MWUS is supported based on eNB’s and UE’s capability.
· The UE-group MWUS is enabled/disabled by SIB.
· The number of UE groups is configured by SIB.

· Max number of UE group MWUS
· Ericsson: 3 or 4?
· Sony: a few numbers
· Nokia, NSB: 3
· Intel: 4
· Samsung: 4 (?)
· Qualcomm: 4
Observation: no companies propose max number of UE groups larger than 4.
Proposal 4: The maximum number of UE-groups is no larger than 4.

· UE grouping/UE group ID
· Huawei, HiSilicon: UE group ID is based on UE ID
· Nokia, NSB: Consider UE grouping based on repetition level
· LGE: 
· UE_ID, coverage, or service-based UE grouping can be considered 
· Group common WUS which is accessible to all UEs should be supported
· ZTE: For SI update information and grouping method, special consideration is needed for UE-group WUS
· Intel: 
· The indication of UE-groups is based on the UE_ID
· A common WUS indication for all UE groups is supported
· Qualcomm: Define UE group ID to balance the UE number per group
Observation: No clear majority view yet and need further study the UE grouping and UE group ID for UE-group MWUS.
2.4	Sequence design for UE group MWUS
· Ericsson: 
· Rel-15 WUS design allows for introducing new sequences to separate Rel-16 WUS from legacy WUS.
· It is advantageous to align the Rel-16 eMTC and NB-IoT WUS UE grouping designs.
· Sony: WUS in release 16 contains WUS sequence and UE-group ID indication
· LGE: Sequence (e.g. scrambling) or code cover (e.g. RE, symbol, or subframe level) to carry UE group ID
· Qualcomm: the sequence design for UE-group MWUS considering at least the following aspects:
· Backward compatibility with legacy MWUS without UE grouping
· Interference randomization
· UE-group MWUS overlapping
· Intel: cyclic shift to carry UE group ID

Observation: details are left after agreeing on high-level criterion for UE-group MWUS.
Proposal 5: Rel-16 UE-group MWUS sequence should consider at least
· Backward compatibility with legacy MWUS sequence
· Interference randomization
· UE group ID for different UE-group MWUS


2.5	Others
· LGE: To improve the power consumption efficiency of UE in connected mode, power saving signal or channel should be discussed in Rel-16.
· DOCOMO: UE-group wake-up signal should be further studied in Rel.16
· The performance gain and complexity should be taken into account.

3	Summary
Potential proposals are summarized as follows:
Proposal 1: The design of Rel-16 UE-group MWUS should at least consider
· Backward compatibility with legacy MWUS without UE grouping
· UE power consumption
· Potential extra network overhead
· Impact on legacy UEs without UE grouping
Proposal 2: UE-group WUSs are multiplexed in same NB as associated PO
· FFS TDM/FDM/CDM for UE-group MWUS multiplexing
Proposal 3: 
· UE-group MWUS is supported based on eNB’s and UE’s capability.
· The UE-group MWUS is enabled/disabled by SIB.
· The number of UE groups is configured by SIB.
Proposal 4: The maximum number of UE-groups is no larger than 4.
Proposal 5: Rel-16 UE-group MWUS sequence should consider at least
· Backward compatibility with legacy MWUS sequence
· Interference randomization
· Different UE group ID for UE-group MWUS
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