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1	Introduction
[bookmark: _Ref178064866]In RAN#96, we have following agreements for UE-group WUS for MTC:
Agreement
UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.
Agreement
· A UE is required to monitor WUS(s) in only one WUS (time/frequency) resource location.

[bookmark: _Hlk5257111][bookmark: _Hlk5575163]Agreement
· [bookmark: _Hlk5257096]Single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource.
· Select one among the following:
· Up to 2 orthogonal WUS resources may be configured in time domain 
· Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
· FFS: whether one of the WUS resources is configured to be shared with legacy WUS

[bookmark: _Hlk5575178]Agreement
[bookmark: _Hlk5257147]If configured, a common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs
· FFS: Whether to additionally support the feature of waking up a subset of all WUS UE groups

In RAN1 #95, we have following agreements:
Agreement 
For multiplexing between Rel-16 UE-group WUS and Rel-15 WUS, further evaluate and down select among the following options
· TDM
· FDM
· single-seq CDM
· single-seq CDM+TDM
· single-seq CDM+FDM
· FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.

Agreement
For multiplexing between different Rel-16 UE-group WUS, further evaluate and down select among the following options
· single-seq CDM
· FDM
· single-seq CDM+TDM
· single-seq CDM+FDM
Note: At least the maximum number of UE groups should be considered.

Agreement
The number of UE groups is configurable and broadcasted in SIB.
· FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO

Agreement
UE group ID is used as a parameter to generate WUS UE group sequence(s).

Agreement
One group WUS is designed as a single sequence

Agreement 
Further study false detection (cross/auto correlation) performance properties for the following designs:
· legacy WUS + cover codes,
· legacy WUS + shifted scrambling codes,
· legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
Other designs are not precluded.
Agreement
Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.
· No new gap higher layer signaling will be introduced for TDM

In RAN1 #94, we have following agreements: 
Agreement
UE-group WUSs are only multiplexed in the same NB as associated PO
· FFS TDM/FDM/CDM for UE-group MWUS multiplexing
Agreement
· UE-group MWUS is supported based on eNB’s and UE’s capability.
· Whether the network supports UE-group MWUS is done by higher layer signalling.
· FFS: The number of UE groups is configured by SIB.
· Note that the UE-group MWUS is UE optional
Agreement
Rel-16 UE-group MWUS sequence should consider at least
· Fallback to legacy UE behavior
· Inter-cell interference randomization
· UE group ID for different UE-group MWUS
· Reuse of Rel-15 sequences is not precluded
· Effect of sequence detection on UE complexity
Agreement
Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID
· Coverage
· DRX/eDRX
· Gap configuration
· Services
In RAN1#94bis meeting, we have the following agreements for UE-group WUS: 
Agreement
UE grouping is based on at least UE ID or some function of UE ID
Agreement 
The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· Performance impact on legacy WUS should be carefully considered
Agreement
Group WUS is based on at least legacy WUS and UE-group ID.
Agreement
Configuration of group WUS is at least signaled in SI
Agreement
A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS

This is to summarize the issues for the 6.2.1.1 providing potential proposals on UE group MWUS based on the views expressed by companies in the contributions listed in the appendix. 
2	Discussion
2.1	Multiplexing schemes
#1 For WUS resource configuration, select one among the following:
· Up to 2 orthogonal WUS resources may be configured in time domain 
· LGE, Qualcomm (if no enough power to keep same power for new and legacy WUS by FDM)
· Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Nokia, NSB, Samsung, Sharp, Sony
· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· HW, HiSi, Intel, Qualcomm (power saving gain if enough power to keep same power for new and legacy WUS by FDM), Vivo(?), DCM(?)
· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
· Ericsson (3 resources including up to 2 new + 1 legacy WUS resource), ZTE, Leno, Moto

Observations 1: No clear majority yet but down-selection should be based on
· Power saving gain evaluation assuming same WUS max duration and same transmit power for Rel-15 WUS and Rel-16 WUS 

Proposal1a: UE assumes same WUS max duration and same transmit power for Rel-15 WUS and Rel-16 WUS.
Proposal 1b: Down-select one of the following options until next meeting based on evaluation results of the power saving gain
· Up to 2 orthogonal WUS resources may be configured in time domain 
· Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
· Legacy WUS resource is counted as one of the configured WUS resource(s).

#2 Whether the legacy WUS resource can be configured to be shared by Rel-15 WUS and Rel-16 WUS
· Yes: Qualcomm, Intel, HW, HiSi, ZTE, LGE, Sharp, Nokia, NSB
· No: Vivo, DCM, Leno, Moto, Samsung, Ericsson (legacy WUS resource is in addition to up to 2 WUS resources)

Observations 2: Slight majority on Yes

[bookmark: _Hlk5639563]Proposal2: It is configured in SI whether legacy WUS resource can be shared by Rel-15 WUS and Rel16 WUS or not. 
· FFS explicitly or implicitly


#3 If legacy WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, legacy WUS is the common WUS for all UEs monitoring legacy WUS resource if more than one UE subgroup uses the WUS resource 
· Yes: Qualcomm, Intel, HW, HiSi, ZTE, LGE, Sharp, 
· [bookmark: _GoBack]No: Ericsson (FDM by using subcarrier comb between legacy and new WUS), Nokia, NSB (let eNB to avoid page legacy UE and new UE at same time)

Observations 3: Majority on Yes.

Proposal3: If the legacy WUS is configured to be shared by Rel-15 WUS and Rel16WUS, the legacy WUS is the common WUS for all UEs monitoring the legacy WUS resource.

#4 Whether to additionally support common WUS for all or a subset of UE subgroups monitoring the same time/freq WUS resource 
· No: Ericsson, LGE, Intel, Qualcomm
· Yes: ZTE, Nokia, NSB, Lenovo, Moto, Sharp

#4a Max number of UE-group WUS sequences monitored per UE 
· 2: Ericsson, LGE, Intel, Qualcomm
· >2: ZTE, Nokia, NSB (if maxG>3 per WUS resource), Lenovo, Moto, Sharp
· FFS: HW, HiSi

Observations 4 and 4a: No clear majority yet and need to further consider 
· The use of common WUS for a subset of subgroup UEs can improve power saving gain
· But more sequences monitored by UE increase the false alarm probability
· Parallel detection of more sequences increases UE complexity
· Detection of more sequences need to consider the cross correlation for sequence design.

Proposal4: Further study whether to additionally support common WUS for all or a subset of UE subgroups monitoring the same time/freq WUS resource


2.2	Configurations for UE-group WUS
#5 Configuration of WUS resources is per PO or per gap configuration of the associated PO
· Gap-specific: Nokia, NSB (if same DRX/eDRX gap, separate subgroups for DRX/eDRX UEs), QC, Samsung, Sharp
· PO-specific: Ericsson (same number of groups)
Observations 5: Slight majority on gap-specific.

Proposal5: Configuration of WUS resources is per DRX/eDRX gap of the associated PO.
· If short eDRX gap is the same as DRX gap, the DRX UEs and eDRX UEs with short eDRX gap have the same configuration of WUS resources.
· FFS separate subgrouping for DRX UEs and eDRX UEs with short eDRX gap. 
· Configuration of WUS resource includes the number of WUS resources in TDM/FDM if configurable.
· FFS the number of UE subgroups and UE distribution per WUS resource

#6 Whether to support configurable weighting factor for UE distribution per time/freq WUS resource
· Yes: Qualcomm, HW, HiSi, LGE, Sharp
· No: Ericsson
Observations 6: Slight majority on Yes but need further consideration of network scheduling flexibility/complexity.

Proposal6: Support configurable weighting factor for UE distribution per time/freq WUS resource.
· FFS the details considering network scheduling flexibility/complexity

#7 Max number of UE groups 
· Qualcomm: max 8 per WUS resource
· Intel: max 3 per WUS resource
· HW, HiSi: up to 8 groups (per WUS resource or total number of groups in all WUS resources?)
· Ericsson: number of UE groups should be an evaluation criterion for group WUS sequence
Observations 7: No clear majority yet and decision should be based on consideration of
· UE-group WUS sequence design
· Evaluation of power saving gain


2.3 UE grouping criterion
#8 Besides UE ID, consider the following candidates for UE grouping criterion
· Coverage: Nokia, NSB, LGE (separate grouping for Enhanced Coverage Restricted UEs)
· Service: Lenovo, Moto
· Mobility or Stationary UEs: Ericsson
· eDRX/DRX: Nokia, NSB
· Up to RAN2: Ericsson, Sony, QC
Observation 8: Up to RAN2 discussion

2.4 UE-group WUS sequence design
Agreement
UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.
#9 UE-group WUS sequence design for MTC
· Scrambling phase shift: Qualcomm, Huawei, HiSilicon
· Phase shift: Ericsson, ZTE
· Gold cover codes: Qualcomm
Observation 9: Need further discussion after some progress on UE-group NWUS sequence design.

3	Summary
Potential proposals are summarized as follows:

[bookmark: _In-sequence_SDU_delivery]Proposal1a: UE assumes same WUS max duration and same transmit power for Rel-15 WUS and Rel-16 WUS.
Proposal 1b: Down-select one of the following options until next meeting based on evaluation results of the power saving gain
· Up to 2 orthogonal WUS resources may be configured in time domain 
· Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
· Legacy WUS resource is counted as one of the configured WUS resource(s).

Proposal2: It is configured in SI whether legacy WUS resource can be shared by Rel-15 WUS and Rel16 WUS or not. 
· FFS explicitly or implicitly

Proposal3: If the legacy WUS is configured to be shared by Rel-15 WUS and Rel16WUS, the legacy WUS is the common WUS for all UEs monitoring the legacy WUS resource.

Proposal4: Further study whether to additionally support common WUS for all or a subset of UE subgroups monitoring the same time/freq WUS resource

Proposal5: Configuration of WUS resources is per DRX/eDRX gap of the associated PO.
· If short eDRX gap is the same as DRX gap, the DRX UEs and eDRX UEs with short eDRX gap have the same configuration of WUS resources.
· FFS separate subgrouping for DRX UEs and eDRX UEs with short eDRX gap. 
· Configuration of WUS resource includes the number of WUS resources in TDM/FDM if configurable.
· FFS the number of UE subgroups and UE distribution per WUS resource

Proposal6: Support configurable weighting factor for UE distribution per time/freq WUS resource.
· FFS the details considering network scheduling flexibility/complexity
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