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1   Introduction
In Rel-13/14, an NB-IoT UE in RRC_IDLE mode needs to monitor NPDCCH in every paging occasion (PO) every DRX cycle to detect whether there is a paging message or SI change notification. In Rel-15, Wake-up signal (WUS) is introduced before PO(s) to indicate whether corresponding UEs will be paged in the next PO(s). Only the UEs will be paged need to monitor NPDCCH in the next PO(s) as legacy. In Rel-16, group WUS is under discussion, to further reduce the power consumption of the UEs which paged not frequently.
As stated in RAN2 LS [1]:
	In RAN2#102, it was agreed that in Rel-15 MME is not aware of WUS.

After discussion at RAN2#107, it was observed that if the MME is not aware that the UE is being paged using WUS, then the MME may have a wrong understanding on when the UE will actually be paged.

The above observation applies to both Rel-15 WUS and Rel-16 WUS.


In this contribution, we analyses the CN awareness of WUS.
2   Discussion

For both Rel-15 WUS and Rel-16 group WUS, one WUS can be mapped to N consecutive POs.

· For a UE without eDRX configuration, one WUS is always associated to one paging occasion
· For a UE with eDRX configuration, one WUS can be mapped to N consecutive POs:
· N is cell specific configuration in SIB2, value from {1, 2, 4}
· If UE detects the WUS, the UE shall monitor the following N paging occasions unless it is paged
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Figure 1
Observation 1: in case of 1 to N mapping, if the UE does not detect the WUS, it will not monitor the following N consecutive POs, N value {1, 2, 4}. 
In case of eDRX, the Paging Time Window (PTW) could be configured as 1 to 16 times of 1.28s for LTE/eMTC, and 1 to 16 times of 2.56s for NB-IoT, as the UE will monitor the POs during the PTW or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier. The paging cycle of LTE/eMTC UEs could be 0.32, 0.64, 1.28, or 2.56 seconds, NB-IoT UEs could be 1.28, 2.56, 5.12, or 10.24 seconds. Therefore the maximum PO numbers within the PTW for a UE is shown in the table 1 as below:
Table 1

	Max PO numbers within the PTW
	Paging Time Window (PTW) (seconds)

	
	1.28
	2.56
	5.12
	10.24
	20.48
	40.96

	paging DRX cycle (seconds)
	0.32
	4
	8
	16
	32
	64
	128

	
	0.64
	2
	4
	8
	16
	32
	64

	
	1.28
	1
	2
	4
	8
	16
	32

	
	2.56
	\
	1
	2
	4
	8
	16

	
	5.12
	\
	\
	1
	2
	4
	8

	
	10.24
	\
	\
	\
	1
	2
	4


As we know that the MME may page the UE within the PTW, e.g. in case there are still one or multiple Paging DRX cycle (one or multiple available POs). Take the cases in which there are 8 POs within the PTW as example, in case N = 4, there will be 2 WUS within the PTW:

For Case A, in case CN is not aware of 1 to N mapping of WUS, it triggers the paging after the second WUS, the paging will be missed, as there was no WUS detected and the POs (after CN paging) will be skipped by the UE.
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Figure 2

Observation 2: in case CN is not aware of using 1 to N mapping WUS (N equal to 2 or 4), the paging during the PTW may be missed by the UE.
For Case B, in case CN is not aware of 1 to N mapping of WUS, if the CN re-paging timer is set to T1, but the UE will access and paging response will be provided after T2, the CN will re-page the UE at T1 and probably within a bigger area, which is costly and unnecessarily.
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Figure 3

Observation 3: in case CN is not aware of using 1 to N mapping WUS (N equal to 2 or 4), unnecessarily CN re-paging may happen.
In order to help the CN to set proper paging strategy, it is needed to make the CN be aware of using WUS by the UE, therefore it is needed to inform the following information to the CN:
· Value of N ((the number of consecutive POs mapped to one WUS)) used by the RAN node (cell specific or node specific)

· UE capability of supporting WUS/group WUS (UE specific)
Proposal 1: inform the value of N (the number of consecutive POs mapped to one WUS) to the core network, in S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages.
Proposal 2: inform the UE capability of supporting WUS to the core network, in S1AP: UE CAPABILITY INFO INDICATION message. 
Note: Considering the similarity for NB-IoT/eMTC connecting to 5GC, it is also needed to introduce corresponding changes in NGAP.

Proposal
In this contribution, we discuss the the CN awareness of WUS, in order to help the CN to set proper paging strategy to avoid potential issues in case of 1 to N mapping WUS, it is proposed to:

Proposal 1: inform the value of N (the number of consecutive POs mapped to one WUS) to the core network, in S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages.
Proposal 2: inform the UE capability of supporting WUS to the core network, in S1AP: UE CAPABILITY INFO INDICATION message. 
The Rel-15 TEI15 S1AP CR is provided in [2]. 

Note: Considering the similarity for NB-IoT/eMTC connecting to 5GC, it is also needed to introduce corresponding changes in NGAP, the corresponding discussion paper and CR are provided in [3] and [4] to be discussed under Agenda Item 14.3.
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