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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #95 meeting, the following agreements were concluded on UE-group WUS [1].
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 the following, further considerations on UE-group WUS are discussed, and corresponding proposals are given.
[bookmark: _Ref481055071]Discussion
Multiplexing between Rel-16 UE-group WUS and Rel-15 WUS 
As agreed in [1], further evaluate and down select among the following options for Rel-16 UE-group WUS and Rel-15 WUS.  
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.
In Rel-15, one WUS will occupy the frequency size corresponding to two PRBs. Therefore, it is straightforward to multiplex Rel-16 UE-group WUS in frequency domain with Rel-15 WUS in view of one narrowband comprising 6PRBs. 
CDM for Rel-16 UE-group WUS and Rel-15 WUS is not preferred due to any change on Rel-15 WUS is impossible. 
TDM is also a straight solution for Rel-16 UE-group WUS and Rel-15 WUS. The eNB can enable TDM if the timeline for multiplexing Rel-16 UE-group WUS and Rel-15 WUS is not so tight.
Proposal 1: FDM and TDM can be supported for the multiplexing between Rel-16 UE-group WUS and Rel-15 WUS.
Multiplexing scheme for Rel-16 UE-group WUS
As agreed in [1], further evaluate and down select among the following options for Rel-16 UE group WUS multiplexing.  
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.
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, cover codes, shifted scrambling codes/bits, or phase shift can be considered to differentiate various UE-group WUSs. However, cross-correlation and auto correlation performance properties should be considered. In current LTE specification, the scheme of cover code is widely used in both uplink and downlink. For example, both PHICH and PUCCH support the cover code scheme. As a result, we think the cover code should at least be supported to provide more Rel-16 UE-group WUS.
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 the above analysis, if the number of UE-group WUS related to one PO is not larger than 3, it is preferable that eNB uses an FDM-based solution for UE-group WUS and that the number of UE-group WUS is configured by high layer signaling. If the number of UE-group WUS related to one PO is larger than 3, CDM can also be configured. 
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Proposal 2: The FDM-based solution for UE-group WUS design, configured by higher layer signaling, is adopted. 
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Proposal 3: CDM can also be configured if the number of UE-group WUS related to one PO is larger than 3. 
Number of UE group WUS
The larger the number of UE group WUS, the finer the differentiation for waking up UEs. Moreover, more power saving can be expected. However, the cost is more resources 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. For CDM or TDM, two or four different sequence signatures or time divisions seems to be reasonable considering the detection complexity and performance. Therefore, we propose maximum eight UE-group WUS can be supported.
Proposal 4: Maximum eight UE-group WUS can be supported.
WUS including UE ID
In previous RAN1meetings, some companies proposed the UE group WUS can include UE Paging ID information to reduce UE power consumption on Paging message detection. It is true that one UE may successfully detect the WUS and subsequent MPCCH and PDSCH associated with Paging message, but then find out that there is no matched UE Paging ID in the Paging message. As a result, significant power consumption would be wasted for the UE to detect WUS, MPDCCH and PDSCH.
To reduce UE power consumption on Paging detection, the UE group WUS can directly or indirectly include partial UE Paging ID information. For example, for UEs related to the same PO, if the UE group WUS can include or convey two bits of UE Paging ID information, then the UE may save three quarters power on the Paging monitoring.
Proposal 5: WUS including partial UE Paging ID is supported. 
Group common WUS
Group common WUS is useful for some scenarios with common traffic. For example, scenarios include software update and public safety. Therefore, the group common WUS can be a default WUS for Rel-16 UEs. For reducing Rel-16 UE’s detection complexity and saving power consumption, the group WUS can have different configuration from that of Rel-16 UE-group WUS. For the simplicity, the Rel-15 WUS can be the group common WUS for Rel-16 UEs.
Proposal 6: Group common WUS is supported, and Rel-15 WUS can be the group common WUS for Rel-16 UEs. 
	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: FDM and TDM can be supported for the multiplexing between Rel-16 UE-group WUS and Rel-15 WUS.
Proposal 2: The FDM-based solution for UE-group WUS design, configured by higher layer signaling, is adopted. 
Proposal 3: CDM can also be configured if the number of UE-group WUS related to one PO is larger than 3. 
Proposal 4: Maximum eight UE-group WUS can be supported.
Proposal 5: WUS including partial UE Paging ID is supported. 
Proposal 6: Group common WUS is supported, and Rel-15 WUS can be the group common WUS for Rel-16 UEs. 
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