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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #97 meeting, the following agreements were achieved on UE-group WUS [1]:
Agreement
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
· [bookmark: OLE_LINK122][bookmark: OLE_LINK123]FFS: both options can be configured simultaneously to have up to 4 orthogonal WUS resources
Maximum total number of WUS resources is no larger than 4 including the legacy WUS resource
Working Assumption
1. UE assumes the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
1. Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence
Agreement
Each UE monitors up to X WUS sequences. 
1. Value of X will be selected between 2 and 3
0. X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported
In the following, further considerations on UE-group WUS are discussed, and corresponding proposals are given.
[bookmark: _Ref481055071]Discussion
UE-group WUS multiplexing in time and frequency domain
As agreed in [1], it is FFS whether both options can be configured simultaneously to have up to 4 orthogonal WUS resources.
In Rel-15, one WUS will occupy 2 PRBs. Therefore, it is straightforward to multiplex sub-group WUS in frequency domain since each narrowband is 6 PRBs. The multiplexing granularity of FDM for UE-group WUS is 2 PRBs, which is too coarse if the total number of UE-group WUS is not large.
For TDM, considering 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. However, as a feasible way for UE-group multiplexing, TDM can be considered up to eNB’s configuration.
[bookmark: OLE_LINK124]Therefore, both FDM and TDM can be supported for UE-group WUS multiplexing. To provide more flexibility and capacity, maximum 4 orthogonal WUS resources may be configured for both dimensions. For FDM, some companies have concerns on the implementation of power boosting, which can be handled by eNB scheduler. 
[bookmark: OLE_LINK125][bookmark: OLE_LINK126]Proposal 1: Up to 4 orthogonal WUS resources may be configured in total for both time and frequency domain.
WUS for waking up multiple UE groups
It was agreed that “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”.
Agreement
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 our view, in the case that Rel-16 UE-group WUS is transmitted in the same resource as that for Rel-15 WUS, the Rel-15 WUS should be regarded as the common WUS to wake up all group WUS UEs in this resource.
In the case that Rel-16 UE-group WUS is transmitted in different resource from that for Rel-15 WUS, a new common WUS to wake up all group WUS UEs should be introduced in the resource used for Rel-16 UE-group WUS.
As on whether to additionally support the feature of waking up a subset of all WUS UE groups, we think it may have some benefits in certain cases. For example, when the UEs in several groups are simultaneously paged, rather than transmitting multiple UE-group WUS in different time-frequency resource, one sequence could be used to simultaneously wake up multiple WUS UE groups. Thus, both the latency and resource overhead can be reduced correspondingly. However, the cross-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. Therefore, we think the cover code should at least be supported to provide more Rel-16 UE-group WUS.
Proposal 2: Support the feature of waking up a subset of all WUS UE groups.
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 used by eNB. From a 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, a maximum of 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 a maximum of eight UE-group WUS can be supported.
Proposal 3: A maximum of eight UE-group WUS can be supported.
WUS including UE ID
In previous RAN1 meetings, some companies proposed that 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 MPDCCH 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 4: WUS including partial UE Paging ID 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: Up to 4 orthogonal WUS resources may be configured in total for both time and frequency domain.
Proposal 2: Support the feature of waking up a subset of all WUS UE groups.
Proposal 3: A maximum of eight UE-group WUS can be supported.
Proposal 4: WUS including partial UE Paging ID is supported. 
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