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1	Introduction
The Rel-16 Work Item Descriptions for LTE-M [1] and NB-IoT [2] contain a common objective on enhancing the wake-up signal (WUS) that was introduced in Rel-15:

	
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]




During RAN1#94bis and RAN1#95 the following agreements that are relevant to RAN2 were made:
	[bookmark: _GoBack]
UE grouping is based on at least UE ID or some function of UE ID

Group WUS is based on at least legacy WUS and UE-group ID.

A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS

[bookmark: _Hlk528506957]The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· Performance impact on legacy WUS should be carefully considered

UE-group NWUS is supported based on eNB’s and UE’s capability
Whether the network supports UE-group NWUS is done by higher layer signaling.
FFS: The number of UE groups is configured by SIB.
Note that the UE-group NWUS is UE optional

Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed with TDM and/or single sequence CDM
· FFS: Whether single sequence CDM can include legacy WUS
· FFS: Multiplexing between Rel-15 and Rel-16 UE groups
· Note: Single sequence CDM is where different sequences share the same resource and only one sequence is transmitted at a given time

[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.

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




In RAN2#103bis the following agreements were made:
	The aim of UE grouping for WUS is reducing the false alarm probability.
At least UE_ID based grouping is supported for UE-Group based WUS. This doesn’t exclude other options.
Further discuss whether the following are supported:
· Service based grouping 
· DRX/eDRX based grouping 
· Gap based grouping. 
· Coverage based grouping




Most recently the following agreements were made in RAN2#104:
	
Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID 
Can discuss group distribution further, including Rel-15/16 mechanism interaction, once we know more about number of groups and more about the grouping solution (e.g. service based parameters) 
RAN2 will decide on the UE to WUS group mapping




In this contribution we discuss RAN2 related general aspects of WUS groups related to service based groups not treated in the email discussion. 
[bookmark: _Ref178064866]2	Discussion
2.1	Paging multiplexing
The recent RAN2 agreement “The aim of UE grouping for WUS is reducing the false alarm probability” makes it clear that the gain for Rel-16 WUS grouping compared to Rel-15 WUS comes from reducing the false paging probability. Therefore, in order to have any gains at all a Rel-16 Group-WUS UE cannot be woken up every time a Rel-15 WUS is transmitted.
[bookmark: _Toc525131966][bookmark: _Toc525822564][bookmark: _Toc525822581][bookmark: _Toc525834869][bookmark: _Ref528577612][bookmark: _Toc1080774]Paging Rel-15 WUS UEs should not cause Rel-16 Group-WUS UEs to wake up to monitor for paging. 
At other times, it is in the interest of the network to wake several UEs up at a time, either for common paging or for multiplexing. Both address the ‘improved DL transmission efficiency’-part of the WI-objective. Starting with common paging, e.g. SI change notification which must reach all UEs, it is not feasible if the eNB must page all WUS UE-groups individually. Depending on the number of UE-groups which will actually be specified in Rel-16, there may not even be enough paging occasions (POs) in a BCCH modification period to fit all WUS UE-groups (assuming the limitation that multiple WUS signals cannot be sent in the same PO).
[bookmark: _Toc525131967][bookmark: _Toc525822565][bookmark: _Toc525822582][bookmark: _Toc525834870][bookmark: _Toc1080775]For common paging, such as SI update and ETWS/CMAS notification, a common WUS UE-group is introduced to page all UEs in a PO without individually addressing each WUS UE-group.
In practice however, with very long transmissions due to high CE, it can be challenging to be able to time multiplex Rel-15 WUS and Rel-16 Group-WUS to be able to reach all UEs within the BCCH modification period (also depending on RAN1 design). This is especially the case in the narrow 200 kHz system bandwidth for NB-IoT. Therefore, it would be beneficial to have the flexibility to separately configure Rel-15 WUS and Rel-16 Group-WUS over the paging carriers. (For LTE-M there are 4 PRBs available in the narrowband not used for Rel-15 WUS so here the problem is not prominent). If needed, Rel-16 Group-WUS could then be configured on some carriers/narrowbands and Rel-15 WUS on others.
[bookmark: _Toc1080776]Rel-15 WUS and Rel-16 Group-WUS may be configured individually for NB-IoT paging carriers.
For paging multiplexing, it is of course beneficial if two or more UEs can be paged in the same PO. Due to the combination of Rel-15 WUS UEs only monitoring the legacy signal, and the fact according to Proposal 1 that Rel-16 Group-WUS UEs should not be woken up by the Rel-15 signal, it is challenging to multiplex Rel-15 WUS UEs and Rel-16 Group-WUS UEs without waking up all UEs. As a further boundary condition, the UE power consumption for monitoring a PO cannot increase due to including possibilities of multiplexing since this would then have negative impact for a single UE in the system. That is, a single Rel-16 WUS enabled UE cannot have worse performance than a Rel-15 WUS enabled UE. Therefore, to what extent paging multiplexing should be supported is pending RAN1 agreement on the PHY-signal design.
[bookmark: _Toc525131968][bookmark: _Toc525822566][bookmark: _Toc525822583][bookmark: _Toc525834871][bookmark: _Toc1080772]Whether to support multiplexing of Rel-16 Group-WUS UEs from different UE-groups, or multiplex Rel-15 WUS UEs and Rel-16 Group-WUS UEs, is pending PHY-layer design and the impact on monitoring time.

2.2	Mobility aspect for UE to WUS group mapping
It has already been agreed that the WUS UE-grouping should be based at least on UE_ID, and that service-based groups can be further discussed:
Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID 
We cover the WUS group mapping based on UE_ID in a separate paper. The service-based grouping is covered by RAN2 email discussion 104#42. There is however one aspect which is not brought up in the email discussion which we will discuss here.
There will be unnecessarily high power consumption for a UE which is rarely paged (low paging probability) if it is sharing WUS UE-group with a UE that is often paged. This is the motivation for considering service-based WUS grouping. A UE with high paging probability will unnecessarily wake up other UEs with low paging probability sharing the same PO in a cell. However, if a UE is mobile and cannot be found by the NW the paging will be escalated and the paging area increased in order to find the UE. Therefore, instead of only increasing false paging for UEs in the same cell, a mobile UE can increase the false paging for all UEs in a large number of cells, even the entire Tracking Area.
[bookmark: _Toc1080773]A mobile UE may increase the false paging rate not only in one cell but in the entire Tracking Area.
In our corresponding RAN1 contribution the impact of the number of WUS groups on the false paging rate is studied, but also the impact from having a mobile UE. From comparing the dashed and full lines in Figure 1 it can be seen that the false paging rate caused by a mobile UE can be up to two orders of magnitude higher than that from a stationary UE assuming a Tracking area of 100 eNBs (i.e., roughly corresponding to the number of cells in a Tracking Area). 
[image: ]
[bookmark: _Ref448830]Figure 1: False paging rate for the stationary case (solid lines) and mobile case (dashed lines) as a function of the UE paging rate.

Therefore, the gains could be larger from having separate treatment for mobile UEs than from different “service-types”. What a service-type could be is not yet clearly defined, and it should be discussed if mobile UEs could be considered to be a “service-type”. 
[bookmark: _Toc1080777]Consider UE mobility for the UE to WUS group mapping.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Whether to support multiplexing of Rel-16 Group-WUS UEs from different UE-groups, or multiplex Rel-15 WUS UEs and Rel-16 Group-WUS UEs, is pending PHY-layer design and the impact on monitoring time.
Observation 2	A mobile UE may increase the false paging rate not only in one cell but in the entire Tracking Area.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Paging Rel-15 WUS UEs should not cause Rel-16 Group-WUS UEs to wake up to monitor for paging.
Proposal 2	For common paging, such as SI update and ETWS/CMAS notification, a common WUS UE-group is introduced to page all UEs in a PO without individually addressing each WUS UE-group.
Proposal 3	Rel-15 WUS and Rel-16 Group-WUS may be configured individually for NB-IoT paging carriers.
Proposal 4	Consider UE mobility for the UE to WUS group mapping.
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