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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#80 plenary meeting, a new work item for Rel-16 NB-IoT is approved. One of the objectives is to specify support for UE-group WUS [1]:
· Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
In the RAN1#95 meeting, it was agreed that [2]:
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
[bookmark: _Toc529800363]Agreement 
Further study false detection (cross/auto correlation) performance properties for the following designs:
· [bookmark: _Toc529800364]legacy WUS + cover codes,
· [bookmark: _Toc529800365]legacy WUS + shifted scrambling codes,
· [bookmark: _Toc529800366]legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
[bookmark: _Toc529800367]Other designs are not precluded.
Agreement 
[bookmark: _Toc529800358]The number of UE groups is configurable and broadcasted in SIB.
· [bookmark: _Toc529800359]FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.
Agreement
Multiplexing of Rel-16 UE groups is down-selected among
· Single sequence CDM is supported
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM
[bookmark: _Toc529800342]Agreement
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 support waking up a subset of all WUS UE groups
[bookmark: _Toc529980151]Agreement
For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options
· [bookmark: _Toc529980152]TDM
· [bookmark: _Toc529980154]single-seq. CDM
· [bookmark: _Toc529980155]single-seq. CDM+TDM
[bookmark: _Toc529980156]FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
[bookmark: _Toc529980160]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 RAN1#96 meeting, it was agreed that [3]:
Agreement
A UE is required to monitor WUS(s) in only one WUS (T/F) resource location
Agreement
[bookmark: _Toc2181170][bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]Up to 2 time-multiplexed WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.

[bookmark: _Toc2181172]For further study until next meeting
Companies are encouraged to provide results for the different sequence candidates, taking into account, e.g., 
a. [bookmark: _Toc2181173]Detection window lengths
b. [bookmark: _Toc2181174]Frequency errors
c. [bookmark: _Toc2181175]Channel model
[bookmark: _Toc2181176]where a starting point for evaluations is the Rel-15 WUS assumptions in R1-1714993 and Rel-15 WUS functionality (w.r.t. frequency error and detection window lengths).

In this contribution, we present our considerations on UE-group WUS.
Discussion
Multiplexing schemes
It has been agreed in RAN1#96 meeting that up to 2 time-multiplexed WUS resources may be configured per cell. FFS whether a group WUS resource may be shared with legacy WUS or not. One example is shown in Figure 1, where legacy WUS is TDMed with Rel-16 WUS.
For the resource configuration, parameters similar to Rel-15 cell-specific WUS configuration can be configured via RRC signaling. In Rel-15, WUS configuration is specified by higher layer, including maximum WUS duration factor and non-zero gap from the end of the configured maximum WUS duration to the first associated PO. For Rel-16 group WUS, the maximum WUS duration is same with legacy WUS. The gap of WUS resource 1 is configured as the legacy gap plus the maximal duration of legacy WUS, while the gap of resource 2 is configured as the legacy gap plus maximal duration of the two WUS.
Proposal 1: The gap of Rel-16 WUS is derived by the maximum duration of WUS and the gap of legacy WUS.


Figure 1. One example of 2 time-multiplexed WUS resources for group UEs
For the FFS, if one of the WUS resources is configured to be shared with legacy WUS, Rel-16 grouping UEs and Rel-15 UEs will monitor the same WUS resource, namely Rel-16 group WUS is CDMed with legacy WUS. This will significantly affect the performance of all UEs monitoring the WUS resource. Therefore, it is better not to configure one of the WUS resources to be shared with legacy WUS.
Proposal 2: None of the WUS resources is configured to be shared with legacy WUS.
The common WUS
In RAN1#95 meeting, common WUS is introduced in NB-IoT as the following agreement:
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 support waking up a subset of all WUS UE groups
However, there are two FFSs that need to be discussed.
As analyzed in section 2.1, it is better that WUS resources configuration is not shared with legacy WUS. Therefore, there is no UE grouping in legacy WUS resource, and common WUS is not needed for Rel-15 WUS UEs.
Proposal 3:  The common WUS is not applicable for Rel-15 WUS UEs.
There is another issue that whether to design a WUS to wake up a subset of all WUS UE groups.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]If UE-group WUSs are transmitted in the same physical resource (single-sequence CDM) and more than one UE-groups are paged, there are only one UE-group woken up in that PO and other UE-groups need to be woken up in next page occasions. Therefore, waking up a subset of all WUS UE groups in CDM is beneficial as shown in Table 1. However, UE needs to detect more sequences, which will increase power consumption and detection complexity of the UEs. It is a tradeoff between false alarm probability, time delay and detection complexity of the UEs to support subset of all WUS UE groups waken up.
Table 1. Support waking up a subset of all WUS UE groups
	sequence 1
	UE-group 1

	sequence 2
	UE-group 2

	sequence 3
	UE-group 3

	sequence 4
	UE-group 4

	sequence 5
	UE-group 1, 2

	sequence 6
	UE-group 1, 3

	sequence 7
	UE-group 1, 4

	sequence 8
	UE-group 2, 3

	sequence 9
	UE-group 2, 4

	sequence 10
	UE-group 3, 4

	sequence 11
	UE-group 1, 2, 3, 4


Observation 1: Supporting waking up a subset of all WUS UE groups in single-sequence CDM is beneficial.
Proposal 4: Consideration of waking up signal for a subset of all WUS UE groups should include false alarm probability, time delay and detection complexity of the UEs.
UE grouping
In RAN1#94bis meeting, it has been agreed that UE grouping is based on at least UE ID or some function of UE ID. However, other attributions are not precluded, such as coverage, DRX/eDRX, gap configuration, services.
· Coverage
Grouping UEs with same coverage level will shorten repetition of WUS. However, the coverage of the UE changes as the UE moves, which eNB is not aware. Continue to use the invalid coverage level to transmit WUS may cause UE to detect WUS incorrectly and miss the paging message. So coverage-based grouping is not preferable.
· DRX/eDRX and gap configuration
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]eDRX UEs monitor one WUS for every N(N>=1) PO(s). If DRX and eDRX UEs are grouped together, eDRX UEs may detect N POs unnecessarily because the paged DRX UE. Although DRX/eDRX-based grouping is beneficial for eDRX UEs, it will generate two fold number of WUS and not efficient if UE is not massive in the cell. This metric could be further studied.
In Rel-15, there are up to three gaps that eNB can use to determine the start subframes sending WUS, timeoffsetDRX, timeoffset-eDRX-Short and timeoffset-eDRX-Long. Automatically, UEs can be divided into multiple groups by TDM.  It is natural to group UEs with gap configuration in Rel-16.
· Services
NB-IoT and MTC devices belong to different service types. For example, street lamps need to turn on at fixed time each day, but water meters only need to report once a month. It is easy to see that grouping UEs with the same service can significantly reduce the false alarm probability of the UEs that belongs to other service types. However, there are so many service types in the real network, service period or paging probability can be the metric to quantize service type for service-based grouping.
[bookmark: _GoBack]Proposal 5: Service-based grouping should be supported, e.g. service types can be grouped based on service period and paging probability. The detailed grouping method is up to RAN2.

Conclusions
In this contribution, considerations on UE-group WUS are provided. The following proposals are given.
Observation 1: Supporting waking up a subset of all WUS UE groups in single-sequence CDM is beneficial.
Proposal 1: The gap of Rel-16 WUS is derived by the maximum duration of WUS and the gap of legacy WUS.
Proposal 2: None of the WUS resources is configured to be shared with legacy WUS.
Proposal 3:  The common WUS is not applicable for Rel-15 WUS UEs.
Proposal 4: Consideration of waking up signal for a subset of all WUS UE groups should include false alarm probability, time delay and detection complexity of the UEs.
Proposal 5: Service-based grouping should be supported, e.g. service period and paging probability can be the metric to quantize service type. It is up to RAN2 to decide.
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