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1	Introduction
[bookmark: _Ref178064866]In RAN#96bis, we have following agreements for UE-group WUS for MTC:
Agreement
For evaluation purpose and down-selection on multiplexing schemes in RAN1#97:
· UE assumes the same WUS max duration and same transmit power for Rel-15 WUS and Rel-16 WUS 

Agreement
Down-select one of the following options until RAN1#97 based on evaluation results including power saving gain, usage of resources, etc
· 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)
Determine in RAN1#97 whether legacy WUS resource is counted as one of the configured WUS resource(s).
Agreement
Rel-15 WUS and Rel-16 WUS can be configured on the same legacy WUS resource via SI
· FFS explicitly or implicitly
· Same WUS parameters are assumed for both Rel-15 and Rel-16 WUS in case both are on the same legacy WUS resource

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.

Agreement 
If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource can be configured to be legacy WUS or a non-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 references. 
2	Discussion
2.1	Multiplexing of WUS resources
#2.1.1 For WUS resource configuration, down-select one among the following:
· Alt1: Up to 2 orthogonal WUS resources may be configured in time domain 
· LGE, Qualcomm
· Alt2: Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Nokia, NSB, Samsung, Sharp, Ericsson
· Alt3: Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· HW, HiSi, Intel, Qualcomm, Sony
· Alt4: Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
· ZTE, Lenovo, Moto, DCM

Observations 1: 
· Alt 4 includes Alt1 and Alt2. 
· Alt1 has been supported for Rel16 NWUS already.
· Alt2 can be considered if it does not sacrifice the WUS power for Rel15 WUS UEs.
· Alt 3 includes Alt4, Alt1 and Alt2.
· Alt3 with 4 WUS resources achieves larger power saving gain than 2 WUS resources (Alt4, Alt1 or Alt2).

Proposal 1: Support the following options for WUS resource configuration
· Up to 2 orthogonal resources may be configured in time domain.
· Up to 2 orthogonal resources may be configured in frequency domain
· FSS: both options can be configured simultaneously to have up to 4 orthogonal WUS resources

#2.1.2 The legacy WUS resource is counted as one of configured WUS resource(s)
· Yes: Nokia, NSB, QC, ZTE, Intel, Sharp, Lenovo, Moto

Observations 2: No objection
[bookmark: _Hlk5639563]
Proposal 2: The legacy WUS resource is counted as the one of the configured WUS resource(s). 
· The maximum total number of configured WUS resources is the same no matter whether legacy WUS resource is shared by Rel15 WUS and Rel16 WUS or not.


2.2	Number of UE groups and WUS sequences
2.2.1 Number of UE groups in all configured WUS resources:
· Max 16 UE groups in all configured WUS resources: QC
· Max 2 UE groups per WUS resource: Intel (FL: max 8 in up to 4 configured WUS resources?)
· At least 6: Sony
· FFS: Ericsson (send LS to RAN2)
Observations 3: The number of UE groups should be decided by RAN1 based on power saving gain and the sequence design. Larger number of UE groups improve the power saving gain. The sequence design needs to consider the required number of WUS sequences.

2.2.2 Number of WUS sequences:
· Max 16+4 sequences in up to 4 configured WUS resources: QC
· Max 2+1 sequences per WUS resource: Intel ( FL: max 12 in up to 4 configured WUS resources?)
Observations 4: In same WUS resource, different WUS sequences are used for different groups. Need to first consider whether WUS sequences are different in different WUS resources or not. The benefits to use different WUS sequences are
· To avoid time ambiguity and improve interference randomization for TDMed WUS resources if configured.
· To reduce PAPR (4-PRB repetition results in 6dB higher PAPR) and improve interference randomization for FDMed WUS resources if configured.

Proposal 3: Different WUS sequences are used for UE groups in same/different WUS resource. 

2.3	Power and Max WUS duration 

Configuration of power and max WUS duration is same as legacy WUS  
· Yes: Ericsson, DoCoMo, Qualcomm 
· No: ZTE

Simulation comparison:
R1-1907568: Assuming same power, the UE requires same max duration for WUS detection for 1/2/3- sequence detection.
[image: ] [image: ]
(a) MCL=154dB					(b) MCL=164dB
Figure 5 Miss detection performance of WUS sequence(s) per UE
R1-1906495: 0.6dB/0.9dB SNR loss if 2/3-sequence detection relative to 1-sequence detection.				
[image: untitled2]
Figure 1 Miss detection rate of MWUS

Observations 5: The required max WUS duration (defined as 2n) is same when UE assumes same transmit power for 1/2/3-sequence detection.

Proposal 4: UE assumes transmit power for Rel16 WUS sequence is same as legacy WUS sequence.
Proposal 5: Maximum WUS duration for Rel16 WUS sequence is same as legacy WUS sequence.

2.4	Common WUS configuration
2.4.1 Common WUS for a subset of group UEs

Whether to support common WUS for a subset of group UEs:
[bookmark: _Hlk5108208]No: Ericsson, LGE, Intel, QC 
· Max 2 WUS sequence detected by UE
Yes: ZTE, Sharp, Nokia, NSB (if G>X)
· How many common WUS for a subset of group UEs configured for a UE
· 1: ZTE
· FFS: Nokia, NSN, Sharp
FFS (3): Sony (send LS to RAN2), Lenovo, Moto

Simulation comparison:
In case of 4 groups, group#1, #2 using a common WUS1 and group#2, #3 using a common WUS2; common WUS0 is to wake up all groups.
R1-1906495: assuming group#1, #2 has 10 times lower paging probability than group#2, #3 (10 times lower number of UEs based on special grouping?), 3-sequence detection (Alt A) reduces false wake-up rate from 0.1647 to 0.0422 if UE paging rate is 0.01.
[image: FWU] 
R1-1907568: assuming each group has same paging probability (4 UEs per group), 3-sequence detection (Case2) only reduce the false wake-up rate by 0.0014, much small ratio compared with the total wake-up rate of 0.044. 
[image: ]

Observations 6: The configuration of a common WUS for a subset of UE groups increases the UE complexity but achieves marginal power saving gain at least for similar paging probability per group.

Proposal 6: Each UE monitors up to [2] WUS sequences. 
· FFS: whether to support a common WUS for a subset of UE groups.


2.4.2 Common for all group UEs


If more than one UE group is configured in the same WUS resource, whether to configure a common WUS for all UE groups.
Yes: QC, HW, HiSi, Nokia, NSB, DCM (legacy WUS is common WUS in legacy WUS resource)
Configurable: ZTE
FFS: Samsung

Observations 7: Majority view is Yes to avoid additional paging latency.

Proposal 7: If more than one UE group is configured in the same WUS resource, a common WUS is always configured for all UE groups.

2.5	Weighting factor for UE distribution per WUS resource
· Yes: Qualcomm, LGE, Sharp
· No: Ericsson
· FFS: Sony (send LS to RAN2)
Observations 8: No clear majority view yet. May need RAN2 views.


2.6 	UE grouping
LGE: separate grouping for Enhanced Coverage Restricted UEs 
HW, HiSi: grouping based on the RSRP measurement

Observations 9: RAN2 has agreed not to support coverage-based grouping.

2.7 	Others
ZTE: number of Rel-16 group MWUS per MWUS resource is as uniform as possible
Nokia, NSB: separate on/off Rel15 and Rel16 WUS
Ericsson: predefined frequency location in 2 FDMed WUS resources if configured.
Lenovo, Moto: frequency location of WUS is indicated by RRC or derived by UE group ID; gap of Rel16 WUS is derived by max duration and gap of legacy WUS.
QC: narrowband selection for Rel-16 WUS UEs.

Observations 10: No majority view yet. Need further study.

3	Summary
Potential proposals are summarized as follows:

[bookmark: _In-sequence_SDU_delivery]Proposal 1: Support the following options for WUS resource configuration
· Up to 2 orthogonal resources may be configured in time domain.
· Up to 2 orthogonal resources may be configured in frequency domain
· FSS: both options can be configured simultaneously to have up to 4 orthogonal WUS resources

Proposal 2: The legacy WUS resource is counted as the one of the configured WUS resource(s). 
· The maximum total number of configured WUS resources is the same no matter whether legacy WUS resource is shared by Rel15 WUS and Rel16 WUS or not.

Proposal 3: Different WUS sequences are used for UE groups in same/different WUS resource. 
Proposal 4: UE assumes transmit power for Rel16 WUS sequence is same as legacy WUS sequence.
Proposal 5: Maximum WUS duration for Rel16 WUS sequence is same as legacy WUS sequence.
Proposal 6: Each UE monitors up to [2] WUS sequences. 
· FFS: whether to support a common WUS for a subset of UE groups.
Proposal 7: If more than one UE group is configured in the same WUS resource, a common WUS is always configured for all UE groups.
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Appendix: Agreements in previous meetings
RAN1#96:
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

RAN1#95:
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
RAN1#94:
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
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