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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#80 plenary meeting, a new work item for Rel-16 MTC 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 
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 this contribution, we present our considerations on UE-group WUS.
Discussion
Backward compatible and multiplexing schemes for Rel-16 WUS and legacy WUS
In Rel-15, cell-specific WUS has been introduced and specified. The Rel-16 UE-group WUS must be backward compatible with the Rel-15 legacy WUS. There are many candidates for the multiplexing scheme between Rel-16 WUS and legacy WUS as summarized in [2]: 
· TDM
· FDM
· single-seq CDM
· single-seq CDM+TDM
· single-seq CDM+FDM
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]For single-sequence CDM, Rel-16 WUS and legacy WUS will share the same physical resource. For a given time (a given PO), one WUS sequence (e.g. either Rel-16 WUS or legacy WUS) will be transmitted if Rel-16 and Rel-15 UEs are paged. Therefore, single-sequence CDM has two drawbacks: 1) legacy WUS detection performance will be influenced by Rel-16 WUS due to sequence correlation and false alarm probability of Rel-15 UE WUS detection will increase significantly. 2) CDMed Rel-16 UE and Rel-15 UE can’t be woken up in the same PO if both UEs groups are paged (e.g. either Rel-16 UE or Rel-15 UE), which will influence the performance of Rel-15 and Rel-16 UEs. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK29]For TDM/FDM, Rel-16 WUS and legacy WUS are transmitted on different physical resources. Rel-16 WUS does not affect the performance of legacy WUS. For TDM, Rel-16 WUSs and legacy WUS occupy two different sets of time resources defined in Rel-15, which is acceptable for resource overhead and time delay. If large number of groups should be supported, FDM can also be considered.  For FDM, Rel-15 WUS occupies two PRBs within one narrowband, and there are four PRBs left used for Rel-16 WUS transmission. TDM has high priority to FDM due to power boosting issue in FDM.
Proposal 1: At least TDM should be supported for Rel-16 WUS and Rel-15 WUS multiplexing. FDM can also be considered if large number of UE groups should be supported.
Multiplexing schemes for Rel-16 WUSs
Different UE-group WUSs are transmitted in the same narrowband associated to one PO, and the multiplexing schemes for UE-group WUSs should be further studied. It is agreed that FDM, single-sequence CDM and combination like single-sequence CDM+TDM or single-sequence CDM+FDM should be considered.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]For FDM, legacy WUS occupies two PRBs for WUS transmission. If two PRBs are used for Rel.16 group-WUS transmission, up to three UE groups can be supported within one narrowband and one subframe. Combination with other multiplexing scheme can support more UE groups. However, the power boosting issue should be considered.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41]For single-sequence CDM, different UE-group WUSs are transmitted in the same physical resources. In terms of the resources, CDM is preferable. However, the sequence correlation feature and limited sequence length may influence the WUS detection performance. In order to grantee the WUS detection performance, the number of CDMed UE group is limited. If the number of UE-group is large, single-sequence CDM+FDM can be considered. 
For TDM, different time resources for different UE-group WUSs will lead to different time delays and resource waste. Other than the two time-domain resources occupied by TDMed R16 and R15 WUS, the overhead is unacceptable if more time-domain resources are used for Rel-16 WUSs multiplexing.
Synthesize the above analysis, single-sequence CDM can be supported as the multiplexing scheme for UE-group WUSs. Single-sequence CDM with FDM can be considered if large number of UE-groups should be supported for Rel-16 WUS. 
Proposal 2: Single-sequence CDM is supported for Rel-16 UE groups multiplexing. FDM + CDM scheme can be considered depending on the supported number of UE groups.
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
Common WUS is adopted for the scenarios that when paging message is SI update or direct indication information, all group WUS UEs correspond to the PO need to be woken up. It is wasteful of sending each WUSs correspond to each UE-group. Therefore, it is necessary to introduce a common WUS to wake up all group WUS UEs monitoring the same WUS resource even for eMTC.
Using the legacy WUS as the common WUS will significantly increase the false alarm for all UEs when Rel-16 UEs and Rel-15 UEs are monitoring the same WUS resource. Otherwise, Rel-15 UEs will be unware of the new common WUS. Therefore, the common WUS is not applicable for Rel-15 WUS UEs.
Proposal 3: It is necessary to introduce a common WUS to wake up all group WUS UEs monitoring the same WUS resource even for eMTC.
·  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.
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:  The characteristic of supporting waking up a subset of all WUS UE groups should consider 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. Continuing 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
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 can be further studied.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]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
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]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.
Proposal 5: Service-based grouping should be supported, e.g. service period and paging probability can be the metric to quantize service type.
Sequence design for UE group MWUS
In RAN1#95 meeting, the following agreement about sequence design has been achieved:
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]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.
As can be seen from the above agreement, UE-group ID can be indicated via cover codes, shifted scrambling codes, phase shift or combinations of them. Companies should consider the following factors when design the sequence: 1) False detection (cross/auto correlation) performance properties of the sequences which contain the legacy WUS sequence and new extended sequences. 2) The influence of the Rel-15 WUS 3) Detection complexity and detection delay for UEs.

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: At least TDM should be supported for Rel-16 WUS and Rel-15 WUS multiplexing. FDM can also be considered if large number of groups UE should be supported.
Proposal 2: Single-sequence CDM is supported for Rel-16 UE groups multiplexing. FDM + CDM scheme can be considered depending on the supported number of UE groups.
Proposal 3: It is necessary to introduce a common WUS to wake up all group WUS UEs monitoring the same WUS resource even for eMTC.
·  The common WUS is not applicable for Rel-15 WUS UEs.
Proposal 4:  The characteristic of supporting waking up a subset of all WUS UE groups should consider 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.
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