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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]




RAN1 has already treated the topic in one meeting and reached the following agreements for LTE-M [3]:

	
Agreement
UE-group WUSs are only multiplexed in the same NB as associated PO
· FFS TDM/FDM/CDM for UE-group MWUS multiplexing
 
Agreement
· UE-group MWUS is supported based on eNB’s and UE’s capability.
· Whether the network supports UE-group MWUS is done by higher layer signalling.
· FFS: The number of UE groups is configured by SIB.
· Note that the UE-group MWUS is UE optional

Agreement
Rel-16 UE-group MWUS sequence should consider at least
· Fallback to legacy UE behavior
· Inter-cell interference randomization
· UE group ID for different UE-group MWUS
· Reuse of Rel-15 sequences is not precluded
· Effect of sequence detection on UE complexity

Agreement
Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID
· Coverage
· DRX/eDRX
· Gap configuration
· Services





And similarly for NB-IoT:
	
Agreement:
UE-group WUSs are only multiplexed in the same carrier as associated PO
· FFS TDM/CDM for UE-group NWUS multiplexing

Agreement
Rel-16 UE-group NWUS sequence should consider at least
· Fallback to legacy UE behavior
· Inter-cell interference randomization
· UE group ID for different UE-group NWUS
· Reuse of Rel-15 sequences is not precluded
· Effect of sequence detection on UE complexity

Agreement
Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID
· Coverage
· DRX/eDRX
· Gap configuration
· Services




In this contribution we will discuss the RAN2 aspects of how to group UEs witht the use of WUS to reduce false paging. In this paper the Rel-16 UE-group WUS will be called ‘Group-WUS’ for short, and a Rel-16 UE capable of this feature for ‘Group-WUS UE’.
[bookmark: _Ref511996703][bookmark: _Toc520930822]Discussion
With the use of Rel-15 wake-up signaling (WUS), the WUS will wake up all UEs that monitor the associated paging occasion (PO). In massive MTC use cases there can be very many UEs sharing the PO and a UE would be falsely woken up every time another UE is being paged without the UE being paged itself. This is referred to as false paging. The intention in Rel-16 is to introduce UE-grouping in the WUS to reduce the false paging rate and hence reduce the UE power consumption.
[bookmark: _Toc525131964][bookmark: _Toc525822562][bookmark: _Toc525822579][bookmark: _Toc525834867]The power consumption gain from Rel-16 Group-WUS comes from reduced risk of false paging.

In order for this to work as intended and provide gains compared to Rel-15 WUS, first the power consumption for monitoring Rel-16 Group-WUS cannot be worse than for Rel-15.
[bookmark: _Toc525131965][bookmark: _Toc525822563][bookmark: _Toc525822580][bookmark: _Toc525834868]The UE energy consumption for monitoring one Paging Occasion should for Rel-16 Group-WUS not be larger than that of Rel-15 WUS.

Second, since the gain comes from reducing the false paging, a Rel-16 Group-WUS UE cannot be woken up every time Rel-15 WUS is transmitted.
[bookmark: _Toc525131966][bookmark: _Toc525822564][bookmark: _Toc525822581][bookmark: _Toc525834869]Rel-15 WUS should not cause Rel-16 Group-WUS enabled UEs to wake up to monitor paging.

At other times, it is in the interest of the network to wake several UEs up at the time, either for common paging or for multiplexing. Both these address the ‘improved DL transmission efficiency’-part of the WI-objective. Starting with common paging, that is 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 POs in a BCCH modification period to fit all UE-groups.
[bookmark: _Toc525131967][bookmark: _Toc525822565][bookmark: _Toc525822582][bookmark: _Toc525834870]For SI update and common paging, a common mechanism should be supported to page all UEs without individually addressing each WUS UE-group.

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 2 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. 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]Whether to support multiplexing of Rel-16 Group-WUS UEs from different UE-groups, or Rel-15 WUS UEs and Rel-16 Group-WUS UEs, is pending PHY-layer design and how it impacts monitoring time.

Further it is of importance if separate WUSs can be used for UEs sharing the same PO, this obviously increases the network resource usage and it is no longer clear that multiplexing will benefit the improved DL transmission efficiency’ KPI of the WI-objective.
Finally, RAN1 agree the following: Study the RAN1 consequence of UE-grouping on the following basis:
-	UE ID
-	Coverage
-	DRX/eDRX
-	Gap configuration
-	Services
Below we analyse the feasibility for these options. In legacy operation, the eNB does not keep track of UEs that are in RRC_IDLE, that is the UE_Context is dropped when the UE is released from RRC_CONNECTED. In Rel-13 it was discussed but ruled out that UEs would report to the network whenever they changed CE-level (due to the excessive signalling it would cause with a massive on number of UEs even when no data is transmitted). To keep track of the coverage in RRC_IDLE is therefore not feasible. 
[bookmark: _Toc525131969][bookmark: _Toc525822567][bookmark: _Toc525822584][bookmark: _Toc525834872]eNB does not keep track of UE CE-level in RRC_IDLE.
There is already the coverage enhancement information in the UE radio paging capabilities send from MME to eNB upon paging. That is indicating the CE-level the UE was last seen in, but it is more of guidance information to eNB to know where to start paging for the UE. There is no guarantee at all that the UE is still in that CE-level and it would be cumbersome to have the WUS UE-groups depend on the varying CE-levels of the UEs.
There will be unnecessarily high power consumption for a UE which are rarely paged (low paging probability) if it is sharing WUS UE-group with a UE that is often paged. Therefore, it might therefore be tempting to base the UE-grouping on the service used. However, how rare paging is depends on the DRX cycle used with a particular service. Therefore, the problem case described above cannot be avoided if UE-groups are based on the services. Further, the service of the UE may come to change in between WUS occasions which is problematic.
[bookmark: _Toc525131970][bookmark: _Toc525822568][bookmark: _Toc525822585][bookmark: _Toc525834873]Services are not known to the eNB at the time of paging and it may be impractical to base WUS UE-groups on varying parameters of the UE such as the services or coverage. 
The comment to base the WUS UE-grouping on whether the UE uses DRX or eDRX is similar; there is no dependency of this on the probability that the UE will be paged in a PO. Furthermore, the eDRX is configured over NAS and even if UEs have the same eDRX-cycle length their PTW length and start positions may be different.
[bookmark: _Toc525131971][bookmark: _Toc525834874][bookmark: _Toc525822569][bookmark: _Toc525822586]eDRX and PTW are individually configured for UEs and it is not feasible to base WUS UE-groups on eDRX or PTW. 
The UE_ID is randomized over UEs, that is how an even paging load over POs is achieved in legacy. We therefore propose to base the WUS UE-grouping on this constant parameter.
[bookmark: _Toc525131972][bookmark: _Toc525822570][bookmark: _Toc525822587][bookmark: _Toc525834875]To reduce false paging the UE-grouping is based on UE_ID (IMSI, S-TMSI).
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Based on the discussion in Section 2 we make the following observations and proposals:
Observation 1	The power consumption gain from Rel-16 Group-WUS comes from reduced risk of false paging.
Observation 2	The UE energy consumption for monitoring one Paging Occasion should for Rel-16 Group-WUS not be larger than that of Rel-15 WUS.
Proposal 1	Rel-15 WUS should not cause Rel-16 Group-WUS enabled UEs to wake up to monitor paging.
Proposal 2	For SI update and common paging, a common mechanism should be supported to page all UEs without individually addressing each WUS UE-group.
Observation 3	Whether to support multiplexing of Rel-16 Group-WUS UEs from different UE-groups, or Rel-15 WUS UEs and Rel-16 Group-WUS UEs, is pending PHY-layer design and how it impacts monitoring time.
Observation 4	eNB does not keep track of UE CE-level in RRC_IDLE.
Observation 5	Services are not known to the eNB at the time of paging and it may be impractical to base WUS UE-groups on varying parameters of the UE such as the services or coverage.
Observation 6	eDRX and PTW are individually configured for UEs and it is not feasible to base WUS UE-groups on eDRX or PTW.
Proposal 3	To reduce false paging the UE-grouping is based on UE_ID (IMSI, S-TMSI).
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