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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 further analyse the additional options for Group based WUS and compare these options based on benefits and the additional complexity for these options

2	Analysis of Grouping Options
The efficiency of Group based WUS depends on the false wake-up probability at UE when the other UE mapped to the same PO is paged. In case of UE-ID based sub-grouping, UE will wake up receive the NPDCCH if the paging is sent to any UE sharing the same group based on UE-ID irrespective of paging frequency or mobility nature of the UEs within the specific sub-group.
Service Based Grouping
The paging characteristics towards IoT device may largely vary depending on the service type. For example, the inter arrival time of network command to IoT device as specified in [1] indicates large variation of the paging rate across different types of devices. As per the inter arrival time distribution of network command indicated in [1], 40% of the total UE will have one network command per day as lowest paging rate with 5% of total UE expects 2 network commands per hour as highest paging rate. It is evident from this distribution that the paging characteristics towards UE differs based on the service type and also the distribution of UE across different service type is also not uniform. For such scenarios, use of UE-ID alone for grouping may result in sub-optimal false wake up performance for different UE types.
In case if the UE-ID base sub-grouping is used for Group based WUS in this scenario, it is possible that UE with lowest paging rate and highest paging rate may belong to same UE sub-group. This will result in the UE with lowest paging load also wakes-up to received NPDCCH at the same rate corresponds to the UE with higher paging rate. In this case energy consumption for the UE with lower paging rate is not proportional to the actual network command activity associated with the UE. 
This issue can be resolved, if the Group based WUS considers the paging frequency of the UE as parameter in addition to UE-ID based sub-grouping. For example as per the reference network command traffic profile indicated in [1], if UE are grouped into 3 different groups based on paging rate as low paging , medium paging and higher network paging and if this information is included as part of GWUS, the false wake-up of UE with low paging rate when paging is scheduled for UE with higher paging rate can be minimised. 
In the same way, when system consists of both low mobility (mobility limited with cells) UE and high mobility UE (at least one cell change within eDRX cycle), use of the mobility type as basis for grouping the UE for GWUS is prefered to avoid the impact of paging retransmissions of one mobility type on the false wake-up performance of other mobility type. 
The paging characteristics towards UE with high mobility (UE changing the cell frequently between network commands) consists of multiple steps of paging towards UE. For this type of UE the first paging message is sent to the last connected cell. In case if there is no page response, the next page will be sent to multiple cells which are surrounding the last connected cell. The number of cells to be paged increases with further paging retransmissions. In such scenarios, the paging retransmission of high mobility UE in N cells will also wake up all the low mobility UE assigned to same UE-ID based sub-group. This impact can be avoided if the mobility type is considered for UE grouping in addition to UE-ID based grouping.
Observation 1: UE-ID based sub-grouping is not efficient when the UEs mapped to same sub-group based on UE-ID have different paging characteristics in-terms paging frequency and also page-retransmissions due to UE mobility.
Observation 2 : Grouping based on paging frequency or mobility type is expected to improve the false wake-up performance associated with group based WUS for deployments having UE belongs to different service types.
To support the Grouping based on service type, the service type information needs to be included from MME as part of the Paging message itself. ENB can select the GWUS based on this service type information and UE-ID.
Observation 3:  The Paging message sent from CN needs to include additional information to enable service based Grouping of GWUS at ENB.
Coverage based UE Grouping
To evaluate the benefit of UE grouping based on coverage level, the false alarm probability associated with current WUS functionality at UE in different coverage level should to be analysed first.
As per Rel-15 specifications, the WUS duration is specified as fraction of maximum repetition corresponds to NPDCCH transmission of paging. For NPDCCH reception, the idle mode UE starts with decoding of NPDCCH based on its current coverage level as per downlink RSRP measurements and further decoding attempts will use increased number of repetitions until the maximum value. In the same way for WUS detection also the UE starts with WUS length corresponds to its current coverage level and attempt to detect the WUS with increased number of repetitions.
UE in higher coverage condition is expected to decode WUS using the length corresponds to its coverage level, when the actual WUS transmission length may be lesser if the paging message and WUS is scheduled for UE in good coverage condition. In this case, the false wake-up probability for UE in higher coverage condition is slightly increased compared to the case when no WUS is actually scheduled. Because there is valid signal scheduled for part of the WUS duration. Depending on the actual WUS transmission length and the WUS length the UE attempt to decode the probability may vary.
Observation 4:  As per Rel-15 WUS configuration, the false wake up probability at UE in extreme coverage condition slightly increases due to paging and WUS transmission for UE in good coverage condition. The false wake up probability depends on the actual WUS length transmitted and the WUS length which the UE attempt for decoding.
The increase in false wake-up probability for UE in higher coverage level can be avoided if the WUS transmission towards lower CE level UE uses different WUS signal than the WUS transmission for UE at higher CE level. But realisation of coverage based GWUS will result in increased blind decoding attempts at UE because of the following reasons.
· ENB selects the WUS length and NPDCCH transmission for paging for UE based on last known coverage level. But UE selects the WUS length for decoding based on its current coverage condition. This may result in UE unable to detect the GWUS transmitted. This will require ENB to use different GWUS when ENB scheduled the paging with increased GWUS. Alternatively UE may need to decode the WUS for more than one GWUS sequence if its coverage condition changes from last reported coverage condition.
· In case if ENB schedules the paging consists of UE at different CE level, ENB will apply the repetition level and WUS length corresponds to UE in higher CE level. If CE level based Grouping is used for WUS, ENB should choose the GWUS corresponds to higher CE level. Alternatively, ENB needs to schedule more than one GWUS corresponds to CE level of each of the UE.
Coverage based Grouping for WUS without need for multiple decoding is possible  if UE and ENB can have common understanding of GWUS to be used for different coverage situations explained above.
Observation 5:  Coverage based sub grouping for GWUS is possible if ENB and UE have common understanding of GWUS to be used for different coverage level .
Coverage based UE grouping can be applied for all the deployment scenario with stationary UE devices. In such cases the coverage level at UE is almost fixed and the number of repetitions to be used for WUS detection is also fixed. In these scenarios for range of actual WUS lengths one Group WUS can be assigned with maximum of upto 4 GWUS to indicate the different coverage levels. The UE is assigned with Group WUS based on its last known coverage level and UE will use this Group WUS and also fixed WUS length for decoding irrespective of measured coverage level.
Observation 6:  Coverage based sub grouping for stationary UE can be achieved with static assignment of  coverage based GWUS and also the WUS length to be used for reception.

DRX/eDRX based grouping
The WUS configuration in Rel-15 specification already allows configuring different time offset for DRX based WUS and eDRX based WUS transmissions having short and long gaps. By configuring different time-offsets for DRX and eDRX it is possible to achieve TDM of WUS of DRX and eDRX. As the time-offset value range for long gap already different from DRX time offset values, TDM can be achieved between DRX and eDRX-long-gap UE without any overlapping issues. For having different WUS for DRX and eDRX UE with short gap, the gap configuration should ensure no overlap of these two WUS transmissions. If same gap is configured for DRX and eDRX-short-gap cases, Grouping based on DRX/eDRX can be used differentiate the WUS signals.
Following figure shows the transmission of WUS for DRX and eDRX UE at different locations based on the time-offset configuration values.



Observation 7:  Grouping based on DRX and eDRX can be already achieved by configuring different time-offset for WUS transmission to both cases.
Observation 8: Grouping based on DRX and eDRX can be considered for eDRX with short offset if the network configures same offset value for both scenarios to avoid multiple WUS transmissions.
Based on the above observations we propose to further consider grouping based on paging rate and mobility profile of the UE in addition to UE-ID based sub-grouping. Support for such grouping will improve the false wake-up performance when the UE across different profiles are not distributed uniformly.
Proposal 1: Support Service based Grouping in addition to UE-ID based sub-grouping. The grouping can be based on different aspects of the service (ie. Paging rate, mobility profile associated with the service ).

3 Support of Multiple grouping options
As seen in earlier sections, when the paging characteristics towards UE is different based on the service supported by the UE, the efficiency of GWUS will not be optimum if only UE-ID based Grouping is supported. For example, among the UE which shares the same UE subgroup ID, there could be different service types such as asset-tracking device which is of mobility type along with low mobility energy meter devices. In the same way, sensors from which frequent status updates needed from server and street-lights which only need to support few network commands per day can share the same UE-ID. In such cases, the increased paging rate or multi-cell paging of one UE will result in false-wake-up for other UE sharing the same sub-group.
To optimise the GWUS performance for the above scenarios, the grouping of UE should also consider the service-type along with UE-ID. Following options are possible to realise the GWUS based on UE-ID and Service-type.
GWUS Sequence Assignment based on Service type and UE-ID
The GWUS selection for specific UE among the possible GWUS associated with PO can be divided into multiple sets based on service type. Within each set of GWUS, one of the GWUS sequence is selected based on UE-ID type. In this case, the UE will wake up for paging reception only if the service-type and also UE-ID group matches with the actual paging.

For example, if 8 GWUS sequences are allocated for group based WUS, 4 GWUS sequences can be allocated for UE with higher paging rates and 4 GWUS sequences can be allocated for UE with lower paging rate. Within each sub-group of GWUS, GWUS is assigned to UE based on UE-ID. With this design, when the UE with lower paging rate is scheduled, none of the UE belongs to higher paging rate will be waken-up as they belongs to two different orthogonal groups.
Service type based PO assignment with GWUS sequence assignment based on UE-ID.
The paging radio frames within DRX cycle can be divided into multiple groups and ENB can assign group of paging radio frames for specific service type. With this division, the UE belongs to different service type are separated into different paging occasions. The GWUS for each paging occasion within the sub-set can be selected based on UE-ID. In case of eDRX configurations the paging hyper frames within eDRX cycle can be grouped based on service types to avoid paging for one service type waking up UE belongs to other service type.

This option allows use of scaling up of further extension of GWUS design to support multiplexing of more number of GWUS if required. Because the service type is only used for PO selection.

Proposal 2: Two levels of UE Grouping based on Service type and UE-ID should be considered to improve the energy efficiency of GWUS reception where the UE with different service types are possible within cell.

4 Summary
In this discussion paper we analyse further grouping options other than UE-ID based grouping for the benefits of such grouping along with the complexity involved in supporting the specifc grouping option.
We make the following observations and proposals based on the analysis.
Observation 1: UE-ID based sub-grouping is not efficient when the UEs mapped to same sub-group based on UE-ID have different paging characteristics in-terms paging frequency and also mobility characteristics.
Observation 2 : Grouping based on paging frequency or mobility type is expected to improve the false wake-up performance associated with group based WUS for deployments having UE belongs to different service types.
Observation 3:  The Paging message sent from CN needs to include additional information to enable service based Grouping of GWUS at ENB.
Observation 4:  As per Rel-15 WUS configuration, the false wake up probability at UE in extreme coverage condition slightly increases due to paging and WUS transmission for UE in good coverage condition. The false wake up probability depends on the actual WUS length transmitted and the WUS length which the UE attempt for decoding.
Observation 5:  Coverage based sub grouping for GWUS is possible if ENB and UE have common understanding of GWUS to be used for different coverage level .
Observation 6:  Coverage based sub grouping for stationary UE can be achieved with static assignment of  coverage based GWUS and also the WUS length to be used for reception.
Observation 7:  Grouping based on DRX and eDRX can be already achieved by configuring different time-offset for WUS transmission to both cases.
Observation 8: Grouping based on DRX and eDRX can be considered for eDRX with short offset if the network configures same offset value for both scenarios to avoid multiple WUS transmissions.
Proposal 1: Support Service based Grouping in addition to UE-ID based sub-grouping. The grouping can be based on different aspects of the service (ie. Paging rate, mobility profile associated with the service ).
Proposal 2: Two levels of UE Grouping based on Service type and UE-ID should be considered to improve the energy efficiency of GWUS reception where the UE with different service types are possible within cell.
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