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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#96 meeting, it was agreed that [2]:
Agreement
UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.
Agreement
· A UE is required to monitor WUS(s) in only one WUS (time/frequency) resource location.
Agreement
· Single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource.
· Select one among the following:
· Up to 2 orthogonal WUS resources may be configured in time domain 
· Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
· FFS: whether one of the WUS resources is configured to be shared with legacy WUS
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 the RAN1#96bis meeting, it was agreed that [3]:
Agreement
For evaluation purpose and down-selection on multiplexing schemes in RAN1#97:
· UE assumes the same WUS max duration and same transmit power for Rel-15 WUS and Rel-16 WUS 
Agreement
Down-select one of the following options until RAN1#97 based on evaluation results including power saving gain, usage of resources, etc
· Up to 2 orthogonal WUS resources may be configured in time domain
· Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Determine in RAN1#97 whether legacy WUS resource is counted as one of the configured WUS resource(s).
Agreement
Rel-15 WUS and Rel-16 WUS can be configured on the same legacy WUS resource via SI
· [bookmark: _GoBack]FFS explicitly or implicitly
· Same WUS parameters are assumed for both Rel-15 and Rel-16 WUS in case both are on the same legacy WUS resource
Agreement
· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.
Agreement 
If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource can be configured to be legacy WUS or a non-legacy WUS.

In this contribution, we present our considerations on UE-group WUS.
Discussion
Multiplexing schemes
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It has been agreed in RAN1#96 meeting that single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource. According to the agreement at RAN1#96bis meeting, the multiplexing scheme for configured orthogonal WUS resources should be determined until RAN1#97, which can be TDM, FDM, TDM+FDM or configurable in time/frequency domain.
Option 1: TDM
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]For option 1, Rel-16 WUS orthogonal resources are TDMed. One example is shown in Figure 1, where legacy WUS resource is counted as one of the configured WUS resource(s). This TDM option has the following advantages: First, the WUS power boosting is not affected with acceptable resource overhead and time delay compared with FDM. Second, TDM option is consistent with NB-IoT, which only supports TDM.
For the orthogonal resource configuration for TDM, parameters can be configured via RRC signaling similar to Rel-15 cell-specific WUS configuration. In Rel-15, WUS configuration includes frequency location of WUS within paging narrowband, 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 for different group WUS should be same as legacy WUS, which is easier to align the WUS resource. The gap of WUS resource is derived by the legacy WUS gap and the maximal duration of WUS.
The frequency location of each WUS resource can be determined by RRC or derived by the group ID. For example, the frequency position of WUS resource 2 can be same as legacy WUS or an offset of legacy WUS based on the group ID.

  
Figure 1. One example of 2 orthogonal WUS resources in time domain
If legacy WUS resource is not counted as one of the configured group WUS resource(s), the time delay for some UE group will be large and the collision probability with other DL signal will high. Therefore, it is better that up to 2 orthogonal WUS resources may be configured in time domain for both legacy WUS and Rel-16 WUS.
Option 2: FDM
For option 2, Rel-16 WUS orthogonal resources are FDMed. Two examples are shown in Figure 2, where legacy WUS resource is counted or not counted as one of the configured resources. The FDM option will not cause UE to wake up at different times before PO. 
For the group WUS configuration, non-zero gap and maximum duration of the two WUS resources can be same with the legacy WUS.
In Rel-15, one of {0, 2, 4} is signaled for the lowest PRB location of WUS in SI. The frequency location of Rel-16 WUS can be derived from frequency location of the legacy WUS and UE-group ID.  Here the frequency location of Rel-16 WUS resource can be configured the same as legacy WUS resource or not. The configuration is transparent to Rel-16 UE.
For example, the lowest PRB location of legacy WUS is configured to be ‘2’ and Rel-16 UEs are divided into 8 groups. In Figure 2-a, the lowest PRB location of UE-group 1/2/3/4 WUS can be ‘4’, namely WUS resource 2, while the lowest PRB location of UE-group 5/6/7/8 WUS can be ‘2’, namely legacy WUS resource. 
In Figure 2-b, the lowest PRB location of UE-group 1/2/3/4 WUS can be ‘4’, namely WUS resource 1, while the lowest PRB location of UE-group 5/6/7/8 WUS can be ‘0’, namely WUS resource 2.

 
Figure 2-a. Legacy WUS is counted as one of the configured WUS resources


Figure 2-b. Legacy WUS is not counted as one of the configured WUS resources
It is widely discussed that whether legacy WUS resource is counted as one of the configured WUS resource(s) in the last meeting. If the legacy WUS resource  is not counted, eNB will configure up to 3 resources in total, as shown in Figure 2-b, which will reduce the probability of false alarm for different UE group, however, there will no PRB left used for power boosting within the 1 narrowband for UE, which will affect the WUS detection performance. Therefore, it is preferable to count the legacy WUS resource as one of the configured WUS resources for frequency division multiplexing option.
Option 3: FDM+TDM
For option 3, Rel-16 WUSs orthogonal resources are TDMed + FDMed. It is the combination with option 1 and option 2. One example is shown in Figure 3, where legacy WUS is counted as one of the configured WUS resource(s).
If eNB can configure up to 4 orthogonal WUS resources in total, the legacy WUS resource can be counted as one of the configured WUS resources. Because there is enough resources to transmit Rel-16 WUSs.


Figure 3. One example of 2 orthogonal WUS resources may be configured per dimension
Option 4: Either TDM or FDM
For option 4, up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured). It depends on the configuration of eNB, which gives more flexibility for the eNB to schedule the WUS resource, so option 4 is our first preference.
Proposal 1: Support option 4 for orthogonal WUS resources configuration.
· The frequency location of WUS is determined by RRC configuration or derived by the group ID.
· The gap of Rel-16 WUS is derived by the maximum duration of WUS and the gap of legacy WUS.
Proposal 2: Legacy WUS resource is counted as one of the configured WUS resource(s).

The common WUS
In RAN1#96 meeting, common WUS is introduced 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
For the first FFS bullet, an agreement has been reached at RAN1#96bis meeting. It says “if the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource can be configured to be legacy WUS or a non-legacy WUS.”
There is another issue that whether to design a WUS to wake up a subset of all WUS UE groups.
Single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource. There is only one WUS can be transmitted even more than one UE-groups are paged. The WUS can be the common WUS or a UE-group WUS that can wake up only one UE group. There are only one UE-group woken up in that PO and other UE-groups need to be woken up in next page occasions, or, all the UE-groups should wake up to monitor the following PO. 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 3: 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.

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: Support option 4 for orthogonal WUS resources configuration.
· The frequency location of WUS is determined by RRC configuration or derived by the group ID.
· The gap of Rel-16 WUS is derived by the maximum duration of WUS and the gap of legacy WUS.
Proposal 2: Legacy WUS resource is counted as one of the configured WUS resource(s).
Proposal 3: 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.
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