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1	Introduction
New WI in Rel-16 to support further enhancements to NB-IoT was approved in RAN#80. One of the objective of the WI is improve the UE power consumption with introduction of group based WUS. 
Following are the RAN1-103bis Agreements for GWUS functionality.
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

In this discussion paper we analyse the additional benefits possible with introduction of Group based WUS in addition to Rel-15 WUS functionality along with interworking of group based WUS with Rel-15 WUS when paging towards both Rel-15 and Rel-16 UE needs to be handled with minimum impacts. We further analyse the various grouping options agreed to further study as per last RAN2 agreements.

2	Paging Load and Energy Efficiency of WUS/Group based WUS 
Prior to introduction of WUS functionality in Rel-15, UE was expected to decode NPDCCH in every DRX cycle on its assigned paging occasion irrespective of whether paging is actualy sent towards any UE in the PO or not. In this case the UE power consumption for paging reception is fixed and depends on its DRX/eDRX configuration only and not depends on the actual paging number of paging messages sent for the PO. With introduction of WUS functionality, the UE false wake-up on PO depends on the paging load in the cell. To understand further improvements with GWUS, we estimated the paging load in cell considering the reference traffic model for NW command and number of idle mode UE as indicated in [1] here.
Considering NB-IoT consists of 52547 idle mode device per cell, with the network command periodicity distribution as indicated in [1], average number of network commands expected per second is approximately 7.
For NB-IoT cell configured with DRX cycle of 5.12 second with NB value 1, the number of UE per paging occasion and also the average paging message per DRX cycle is given in below table.
	
	

	Number of UE Per Paging Occasion
	102 UE Per PO

	Number of Paging per DRX cycle
	35 Paging messages /DRX cycle

	Average Paging occupancy per PO
(Possibility of sending page per PO for the given paging rate)
	7% 



With the above paging load, UE supporting Rel-15 WUS is expected to have the WUS indicating paging reception only for 7% of the times when it listen to WUS. In other cases WUS is not expected to be scheduled for the PO for most of the time. When Group based WUS is introduced in Rel-15 further improvement for paging reception is possible with additional indication about the UE Sub-group in the WUS signal.
The number of NPDCCH reception required at UE for different configuration of WUS/GWUS support having DRX configuration with DRX-Cycle length =5.12 seconds is summarised in the below table for different paging load of the system
	
	Number of NPDCCH Decoding attempts /Hour
	Paging Load at ENB

	UE without WUS support
	700
	Any value

	UE/ENB with WUS Support
	49 
	35 Paging message /DRX cycle (5.12 seconds)

	
	98
	70 Paging message /DRX cycle(5.12 seconds)

	UE/ENB with GWUS support with number of UE-subgroups=4
	12
	35 Paging message/ DRX cycle

	UE/ENB with GWUS support with number of UE-subgroups=8
	6
	35 Paging messages/DRX cycle



Based on the above analysis, the energy efficiency achieved by when UE support WUS compared to paging reception without WUS is very high compared to the possible energy efficiency further achievable with Group based WUS. For the paging load corresponds to reference traffic model, WUS support reduces the number of NPDCCH decoding expected at UE from 700 to 49 per hour, whereas the energy efficiency of GWUS depends on the number of UE subgroups supported for GWUS.
Observation 1: Support of WUS already improves the energy consumption associated with paging reception at UE configured with DRX approximately by 15 times for the reference paging load condition. Further improvement of energy efficiency depends on the number of UE sub-groups supported for Group based WUS transmission.
For the reference paging load situations, the arrival rate of paging messages per DRX cycle is very less compared to the number of paging occasions possible within DRX cycle. Considering uniform distribution of idle mode UE across all the paging occasions within DRX cycle for this loading condition, the probability of scheduling more than one UE per paging occasion is low. For these cases Group based WUS can be configured with more number of sub-groups without need to schedule more than one group or the need for decoding more than one GWUS signal. Because the need to schedule more than one UE per paging occasion is less probable. Even if there is need to schedule more than one UE per paging occasion, it can be supported with the help of common WUS transmission instead of increasing the complexity at ENB/UE to handle multiple sub-group WUS. Alternatively, ENB can defer the scheduling for one of the UE to further paging occasion to avoid the need for multiple GWUS transmission /reception.
Observation 2:  Simple GWUS design without need for multiple GWUS transmission at ENB or multiple GWUS decoding is sufficient for the reference paging load condition. In such cases the number of UE sub-groups can be increased to higher number without any additional complexity at UE or ENB.
 3 Interworking of WUS and GWUS transmissions

When the group based WUS support is introduced in ENB as part of Rel-16, the ENB also needs to support Rel-15 UE which supports WUS without group based WUS support.  As the paging occasion is assigned based on UE-ID only, it is possible that UE with and without GWUS capability are mapped to same paging occasion. In such cases, when the paging message to be sent on the PO consists of WUS only capable UE and GWUS capable UE, both WUS and GWUS needs to be scheduled in the wake-up occasion corresponds to the PO. This will require ENB to configure separate window for GWUS capable UE in addition to the WUS window configuration.
As discussed in the earlier section, the paging load for reference network command traffic model is not very much so that the probability of scheduling more than one UE per PO is low. Considering the low probability of the situation, we suggest that ENB need not support simultaneous transmission of GWUS and WUS for paging occasion. In case if there is situation where both UE with WUS capability and GWUS capability are pending for page scheduling, ENB can decide to postpone the page transmission of one type of UE to next paging occasion.
When the paging load in the ENB increases significantly to the condition where there is need to send page for more than one type of UE always in paging occasion, the support for simultaneous transmission of GWUS and WUS can be activated.
Proposal 1: Transmission of either WUS or GWUS on the wake-up occasion should be considered as basis for GWUS configuration. Support for simultaneous transmission of WUS and GWUS can be considered as optional functionality.
When all the UE camped onto cell supports GWUS functionality only GWUS transmission is expected on the wake-up occasion prior to the paging occasion. In case if more than one UE needs to be paged on the same paging occasion where each UE belongs to different sub-groups, new GWUS signal is required to indicate such paging. This new WUS can be called as common GWUS. Common GWUS transmission is also required to wake-up the GWUS capable UE when paging is send to all UE for system information changes. With introduction of common GWUS, the UE needs to blind decode for its GWUS based on its UE sub-group and also common GWUS on its Wake-up occasion (WO).
Proposal 2 : UE with Group based WUS capability, should decode for common GWUS in addition to the GWUS corresponds  its sub-group to receive common paging message sent to more than one UE sub-group.
4   Paging for System Information changes for WUS and GWUS capable UE
In case of system information changes needs to be informed to all the UE via NPDCCH on the PO in Rel-16 ENB supporting GWUS functionality, the ENB needs to schedule both WUS and also common GWUS in every PO during the system information modification window. Instead of scheduling WUS and GWUS in every WO which may also have impact on sending the actual NPDCCH in the PO, ENB can send WUS and NPDCCH for Rel-15 UE in the first DRX cycle of the modification window followed by common GWUS and NPDCCH for Rel-16 UE in the next DRX cycle within the modification window. 
Observation 3 : Updating system information change via paging towards UE having different WUS capability can be achieved with scheduling of paging for different WUS capable UE in separate DRX cycles within system information modification window. Specification changes are not required to support this functionality.

5	Summary
In this discussion paper the energy efficiency of WUS and group based WUS for the paging load condition corresponds to reference traffic model is analysed and the dependency of efficiency of GWUS on the paging load is also discussed. The need for scheduling GWUS and WUS together for paging occasion to support backward compatible group based WUS is also analysed.
We make the following observations and proposals related to Group based WUS functionality based on the above analysis.
Observation 1: Support of WUS improves the energy consumption associated with paging reception at UE configured with DRX approximately by 15 times for the reference paging load condition. Further improvement of energy efficiency depends on the number of UE sub-groups supported for Group based WUS transmission.
Observation 2:  Simple GWUS design without need for multiple GWUS transmission at ENB or multiple GWUS decoding is sufficient for the reference paging load condition. In such cases the number of UE sub-groups can be increased to higher number without any additional complexity at UE or ENB.
Observation 3 : Updating system information change via paging towards UE having different WUS capability can be achieved with scheduling of paging for different WUS capable UE in separate DRX cycles within system information modification window. Specification changes are not required to support this functionality.
Proposal 1: Transmission of either WUS or GWUS on the wake-up occasion should be considered as basis for GWUS configuration. Support for simultaneous transmission of WUS and GWUS can be considered as optional functionality.
Proposal 2 : UE with Group based WUS capability, should also attempt to detect for common GWUS in addition to the GWUS corresponds  its sub-group to receive common paging messages.
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