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[bookmark: _Ref129681832]In RAN1 #94 meeting, the following agreements were concluded on UE-group WUS [1].
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 this contribution, further considerations on UE-group WUS are provided.
[bookmark: _Ref481055071]Discussion
Multiplexing scheme for UE group WUS
As discussed in the contributions submitted in previous meeting, FDM, CDM and TDM can be considered for UE group WUS multiplexing.  In Rel-15, one WUS will occupy the frequency size corresponding to two PRBs. Therefore, it is straightforward to multiplex sub-group WUS in frequency domain in view of one narrowband comprising 6PRBs. The multiplexing granularity of FDM for UE-group WUS is 2 PRBs, which may be slightly coarse if the total number of UE-group WUS is not so large.
For CDM, different sequences can be used to differentiate various UE-group WUSs. Therefore, the granularity of CDM would be finer than FDM. However, the power within 2PRBs may be shared for different sequences (if no power boosting is applied), which will degrade the coverage of UE-group WUS transmission. Besides, for CDM, the design on the sub-group WUS sequence is needed to consider the auto-correlation and cross-correlation performance, which may have some impacts on the reliability of sequence detection.
For TDM, to consider the repetition of MPDCCH and associated PDSCH for Paging, it may complicate the timeline for MPDCCH and PDSCH detection. Moreover, the TDM solution may also have impact on the DRX and eDRX.
Based on above analysis, we prefer that eNB can configure the FDM by high layer signaling. Further investigation is needed to consider CDM or TDM solutions, which can be introduced depending on the total number of UE-group WUS. 
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Proposal 1: The FDM-based solution for UE-group WUS design, configured by higher layer signaling is adopted. 
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Proposal 2: Depending on the total number of UE-group WUS, CDM and/or TDM solution are considered for further study. 
Number of UE group WUS
The larger the number of UE group WUS, the finer differentiation for waking UEs. Moreover, more power saving can be expected. However, the cost is more resource will be provided by eNB. From flexible system capability point of view, an eNB can support large or small number of UE-group WUS via RRC configuration. For UEs in extreme coverage and needing long battery life, the eNB can configure a larger number of UE group WUS, which is beneficial for saving UE power. 
Within one narrowband, maximum 3 UE-group WUS can be supported via FDM manner. For CDM or TDM, two different sequence signatures or time divisions would be a sweet spot considering the detection complexity and performance. Therefore, we propose maximum 6 UE-group WUS can be supported.
Proposal 3: Maximum 6 UE-group WUS can be supported.
As agreed in previous meeting, Rel-16 UE-group MWUS sequence should consider fallback to legacy UE behavior.  The legacy Rel-15 WUS can be supported by default, which is beneficial to simultaneously wake up all the UEs in associated PO and provides backwards compatibility.
 Proposal 4: The legacy Rel-15 WUS can be supported by default.
UE grouping 
It was agreed in previous meeting, study the RAN1 consequence of UE-grouping on the following basis:
· UE ID
· Coverage
· DRX/eDRX
· Gap configuration
· Services
The current PF and PO are determined based on UE ID.  If P-RNTI is monitored on MPDCCH, UE ID is equal to IMSI mod 16384. All UEs monitoring the same PF and PO will have the same UE ID. To further differentiate the Paging UEs, it is natural to divide UE IDs into several sets, and each set can be related to one UE-group WUS.
UEs with similar coverage can be grouped in one UE group. The eNB can configure suitable resources for transmission related to WUS, MPDCCH and associated PDSCH (for Paging). Thus, UE power could be saved due to further differentiation on CE level.
Proposal 5: UE grouping on the basis of at least UE ID and coverage enhancement level is supported.
	Conclusions
In this contribution, based on the agreement in previous meeting, further considerations on UE-group wake up signal are provided and following proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The FDM-based solution for UE-group WUS design, configured by higher layer signaling is adopted. 
Proposal 2: Depending on the total number of UE-group WUS, CDM and/or TDM solution are considered for further study.
Proposal 3: Maximum 6 UE-group WUS can be supported.
Proposal 4: The legacy Rel-15 WUS can be supported by default.
Proposal 5: UE grouping on the basis of at least UE ID and coverage enhancement level is supported.
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