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1 Introduction
Compared to R2-1903417, RAN2 progress has been updated.
New Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and revised at RAN#81, RAN#82 and RAN#83 [1], [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for group based wake-up signal:
For NB-IoT:

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

For eMTC:
Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

In previous RAN2 meetings, for both NB-IoT and eMTC, it has been agreed that UE_ID based grouping is supported. Whether to only support UE_ID based grouping is still FFS [3]:

	RAN2#103bis agreements:
· 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.

RAN2#104 agreements:

· 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.

RAN2#105 agreements:

· Feasibility of the solution based on the following attributes for deriving the service-type for GWUS can be studied further:

· Paging Probability

· Mobility.
RAN2#105bis agreements:

· Additional grouping based on DRX/eDRX is not supported.

· Coverage based grouping is not supported.

· Additional grouping based on gap is not supported.

· FFS whether number of groups can depend on gap duration.



The aim of UE grouping for WUS is to reduce the false alarm probability. In this contribution, we take NB-IoT as an example to analyse the performance of the false alarm probability based on traffic model in TR45.820 [4] if only UE_ID based grouping is supported.
2 Discussion
2.1 Paging performance analysis

In NB-IoT, the following parameters are related to paging capacity in a cell:
	Parameters
	Description
	Value range

	T
	Default DRX cycle
	rf128, rf256, rf512, rf1024

	nB
	The number of POs in one default DRX cycle
	4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, T/1024

	Nn
	Number of paging carriers
	1 - 16 (Note)

	Note: Considering the size of SIB22-NB, it is not possible to have 15 non-anchor carriers for paging. The maximum number for paging non-anchor carriers is about 3, i.e. 4 carriers for paging in total.


In TS45.820, the characteristics of network command (paging) are summarized as follows:
	The Network Command (NC) traffic model is used to model applications where an application server generates an application layer command to the device to perform an action without the need for an uplink response from the device e.g. command to switch on the lights or to trigger the device to send an uplink report as a result of the network command e.g. request for a smart meter reading. 

It is assumed that 50% of such Network Commands will require the MS to send an application layer UL response whilst the other 50% will not generate a response in system level simulations. Moreover, for the case where there is an uplink response, there is no need for an application DL ACK for the response.

The size of the downlink Network Command is assumed to be 20 bytes and the distribution of the periodic inter-arrival time is the same as for MAR periodic model (Table E.2-1). The distribution of the application payload size in response to the Network Command, where applicable, is the same as application payload size distribution of MAR periodic in Table E.2-1. 

Table E.2-1: MAR periodic UL reporting traffic model

Characteristic

Application payload size distribution

Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.
Periodic inter-arrival time

Split of inter-arrival time periodicity for MAR periodic is: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)



Based on Table E.2-1, we can get the following table for UE distribution with different paging intervals:
	Paging interval
	UE distribution
	Paging probability in one default DRX cycle (PDRX = T/paging interval)

	
	
	T = rf128
	T = rf256
	T = rf512
	T = rf1024

	1 day

 (8640000rf)
	40%
	1/67500
	1/33750
	1/16875
	1/8437.5

	2 hours 

(720000rf)
	40%
	1/5625
	1/2812.5
	1/1406.25
	1/703.125

	1 hour 

(360000rf)
	15%
	1/2812.5
	1/1406.25
	1/703.125
	1/351.5625

	30 minutes 

(180000rf)
	5%
	1/1406.25
	1/703.125
	1/351.5625
	1/175.78125


Considering that there will be nB POs in one default DRX cycle, assuming that there are Ncell UEs camping on a cell, the number of UEs that will be paged in a PO (NPO) can be estimated as follow:
NPO = 

( Ncell * 40% * PDRX-1d + Ncell * 40% * PDRX-2h + Ncell * 15% * PDRX-1h + Ncell * 5% * PDRX-30m ) / Nn*nB
Based on the following table E.1-1 for TR45.820, 52547 UEs is assumed for each cell.
Table E.1-1: Device density assumption per cell

	Case
	Household Density per Sq km
	Inter-site Distance (ISD) (m) 
	Number of devices within a household
	Number of devices within a cell site sector

	Urban
	1517
	1732 m
	40
	52547


2.2 Paging performance evaluation
Based on above analysis, simulation results on average number of UEs need to be paged in one PO are provided in this section. The simulation results are based on different T, nB confirmation and different number of UEs camping on the cell.
Figure 1:

	Ncell
	52547

	Nn
	1-6 
Note that theoretically there can be at most 16 carriers for paging. But considering the size of SIB22-NB, at most 4 carriers can be configured.

	T=128, nB=1/32T
	4POs in every 128rf, average interval between POs is 320ms

	T=256, nB=1/64T
	4 POs in every 256rf, average interval between POs is 640ms

	T=256, nB=1/128T
	2 POs in every 256rf, average interval between POs is 1280ms

	T=512, nB=1/256T
	2 POs in every 512rf, average interval between POs is 2560ms

	T=1024, nB=1/1024T
	1 PO in every 1024rf, average interval between POs is 10240ms
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Figure 1. Number of UEs to be paged in one PO when Ncell=52547
Figure 2:

	Ncell
	52547*50%=26274

	Nn
	1-6 
Note that theoretically there can be at most 16 carriers for paging. But considering the size of SIB22-NB, at most 4 carriers can be configured.

	T=128, nB=1/32T
	4POs in every 128rf, average interval between POs is 320ms

	T=256, nB=1/64T
	4 POs in every 256rf, average interval between POs is 640ms

	T=256, nB=1/128T
	2 POs in every 256rf, average interval between POs is 1280ms

	T=512, nB=1/256T
	2 POs in every 512rf, average interval between POs is 2560ms

	T=1024, nB=1/1024T
	1 PO in every 1024rf, average interval between POs is 10240ms
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Figure 2. Number of UEs to be paged in one PO when Ncell=26274
As shown by above figures, based on the traffic model in TR45.820, in most cases, there will be several UEs paged in one PO. Even UE_ID based WUS grouping is supported, it is still very likely that WUS is always needed for each group before each PO. For example, when T=512 and nB=1/256 in Figure 2, if 2 carriers are used for paging, there are about 5 UEs need to be paged in each PO in average. Assuming that we have 4 UE_ID based groups before each PO, there are still more than 1 UE needs to wake up in each group. In this case, there is no benefit on UE power saving and only drawback on network resource since WUS will always be sent for each group.
The following aspects may increase the number of UEs need to be paged in one PO. They are not considered in above calculation yet:

1. Paging escalation is not considered, i.e. not only the UEs camping on the cell will be paged.
2. One to N mapping in WUS is not considered. If considered, since there are less WUS than PO, the number of UEs that need to wake up in a WUS will increase.
Observation 1:  Based on the traffic model in TR45.820, even with UE_ID based WUS grouping, in most cases WUS needs to be sent.
Based on above calculation and evaluation figures, we think UE_ID based WUS grouping does not reduce enough the false alarm probability to get a power saving gain. 
Proposal 1: Other WUS grouping needs to be considered since UE_ID based WUS grouping does not reduce enough the false alarm probability to get a power saving gain.
3 Conclusion

This contribution focused on performance analysis on UE_ID based gouping in WUS based on the traffic model in TR45.820. Corresponding observation and proposal are listed as below:
Observation 1:  Based on the traffic model in TR45.820, even with UE_ID based WUS grouping, in most cases WUS needs to be sent.
Proposal 1: Other WUS grouping needs to be considered since UE_ID based WUS grouping does not reduce enough the false alarm probability to get a power saving gain.
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