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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1], and the following was agreed on improved multi-carrier operation:
[bookmark: OLE_LINK174]Improved multi-carrier operation:
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4]. 

In RAN1#98bis, the following agreements were reached.
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Agreement
For the cases where decimation is applied, the decimation pattern is based on the following formula:
· [bookmark: OLE_LINK8]R = (PO_Index+ offset) mod 2, where:
· PO_Index = (SFN  / T * nB + i_s) mod nB.
· The offset depends at least on X = SFN + 1024 * H-SFN.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· FFS remaining details of offset until RAN1#99, including:
· Whether and how to take into account the introduction of UE-specific DRX cycle in the decimation equation.
· RAN2 to capture the above in TS 36.304 (up to RAN2 how to capture it).


[bookmark: _Ref129681832]In this contribution we provide our views on NRS presence on non-anchor carriers when no paging NPDCCH is transmitted.

[bookmark: OLE_LINK527][bookmark: OLE_LINK528]Decimation pattern for nB>=T/2
In RAN1#98bis, it has been agreed the values of M/N for nB>=T/2, the remaining issue is how to design the decimation pattern. Additionally, whether and how to take into account the introduction of UE-specific DRX cycle in the decimation equation.
The following equation was agreed to determine which POs associate with NRS.
	· R = (PO_Index+ offset) mod 2, where:
· PO_Index = (SFN  / T * nB + i_s) mod nB.
· The offset depends at least on X = SFN + 1024 * H-SFN.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.


[bookmark: OLE_LINK9][bookmark: OLE_LINK18]The PO_Index can ensure that every other PO has associated NRS, it is beneficial to reliably estimate the SINR and control NRS overhead. Offset is used to ensure the fairness across the UEs, i.e. all UEs see the same percentage of POs with NRS. 
By calculating R = (PO_Index+ offset) mod 2, and the offset only considers cell-specific DRX cycle, the detailed decimation pattern is shown in Figure 1. We select the first PO of the two consecutive POs to associate with the NRS in the first cell-specific DRX cycle. We select the second PO of the two consecutive POs to associate with the NRS in the second cell-specific DRX cycle. 

Figure 1 Decimation pattern

· The fairness across the UEs using cell or UE specific DRX cycle
We assume the UE-specific DRX cycle is 128 frames and the cell-specific DRX cycle is 1024 frames. There are 8 UE-specific DRX cycles within one cell-specific DRX cycle. If we determine the POs with NRS based on the decimation pattern in Figure 1, no matter the UEs using cell or UE specific DRX cycle, all UEs will be of the same percentage of POs with NRS within a duration which is equal to 2 cell-specific DRX cycle, as shown in Table 1. The fairness across all UEs can be ensured.
[bookmark: OLE_LINK19][bookmark: OLE_LINK37]Table 1 Fairness across the UEs using cell or UE specific DRX cycle
	
	Cell-specific DRX cycle
	Cell-specific DRX cycle

	SFN
	0
	128
	256
	384
	512
	640
	768
	896
	0
	128
	256
	384
	512
	640
	768
	896

	The value of R for UE using cell-specific DRX cycle
	0
	-
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-
	-
	-
	-

	The value of R for UE using UE-specific DRX cycle
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1



[bookmark: OLE_LINK175]Observation 1: When the decimation pattern formula “R = (PO_Index+ offset) mod 2” only introduces cell-specific DRX cycle, all the UEs, no matter they are configured with cell or UE specific DRX cycle, will be of the same percentage of POs with NRS, the fairness across all UEs can be ensured.
[bookmark: OLE_LINK17][bookmark: OLE_LINK21][bookmark: OLE_LINK168][bookmark: OLE_LINK20][bookmark: OLE_LINK169]For the UE using both eDRX and UE-specific DRX cycle, even if the PTW completely align with a period of the UE’s POs without NRS, the UE can measure the NRS associated to a PO of a different group, it can obtain reliable SINR estimation. Additionally, all possible configurations for cell-specific DRX cycle and PTW length are given in Table 2, the PTW completely align with a period of the UE’s POs without NRS, which only may occur in the case that the PTW length is equal to the cell-specific DRX cycle, the possible configurations of this case are summarized in yellow in Table 2, so it is a corner case. 
Table 2 Configurations for cell-specific DRX and PTW
	 
	PTW (ms)

	
	2560
	5120
	7680
	10240
	12800
	15360
	17920
	20480
	23040
	25060
	28160
	30720
	33280
	35840
	38400
	40960

	DRX (ms)
	1280
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	
	2560
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	
	5120
	-
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	
	10240
	-
	-
	-
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y



[bookmark: OLE_LINK156][bookmark: _GoBack]Observation 2: For the UE using both eDRX and UE-specific DRX cycle, it is a corner case that all POs within the PTW are not associated with NRS.
In summary, it is not necessary to take into account the UE-specific DRX cycle in the decimation equation.
Proposal 1: It is not necessary to take into account the UE-specific DRX cycle in the decimation equation.
The calculating equation of PO_Index has been agreed in the RAN1#98bis. When the offset only takes into account the cell-specific DRX cycle, the offset can be calculated by the following equation:
Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2, where
· T is the cell-specific DRX cycle
Proposal 2: The offset for calculating decimation pattern is based on the following formula:
· Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2, where:
· T is cell-specific DRX cycle

Conclusions
In this contribution we provide our views on non-anchor carriers when no paging NPDCCH is transmitted. The following proposals are made.
Observation 1: When the decimation pattern formula “R = (PO_Index+ offset) mod 2” only introduces cell-specific DRX cycle, all the UEs, no matter they are configured with cell or UE specific DRX cycle, will be of the same percentage of POs with NRS, the fairness across all UEs can be ensured.
Observation 2: For the UE using both eDRX and UE-specific DRX cycle, it is a corner case that all POs within the PTW are not associated with NRS.
[bookmark: OLE_LINK34]Proposal 1: It is not necessary to take into account the UE-specific DRX cycle in the decimation equation.
Proposal 2: The offset for calculating decimation pattern is based on the following formula:
· Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2, where:
· T is cell-specific DRX cycle

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref477423135][bookmark: _Ref167612671]References 
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