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1 Background
In previous meetings, the following was agreed:

For further discussion
Companies are encouraged to provide detailed decimation patterns to RAN1#98

Agreement
With regards to the RAN1#96bis agreement:
· If nB >= X, specify the decimation pattern/M/N for each nB.
· FFS if the value of M/N is different for different POs within a DRX cycle
· For nB < X, all POs have NRS. FFS value of M/N.
It is agreed that the value of X is T/2.

Agreement
For nB < X, the value of M+N is 10
· FFS: Whether the values of M and N are configurable

Agreement
For nB>=X, the decimation/N/M pattern guarantees that there are [10] subframes with NRS nearby every PO (after decimation pattern, and from network perspective)

Agreement
For the decimation pattern for nB>=X, RAN1 to decide for each nB value:
· M/N
· Decimation pattern
· FFS: Offset (if used)

nB < T/2, values of M,N

· Ericsson: “M” and “N” are adjacent, configurable.
· Huawei/HiSi, ZTE, Nokia/NSB, MediaTek: M=10, N=0.
· Qualcomm: N=10, M=0.

[bookmark: _Hlk17899267]Proposal 1: For nB<T/2, M=10, N=0

Proposal 1a: For nB<T/2, eNB configures by broadcast RRC between {M=10, N=0} and {M=0, N=10}.

nB >= T/2, values of M,N and decimation pattern
For the decimation pattern, the following input was provided:

	
	Dec T/2
	Dec T
	Dec 2T
	Dec 4T
	Offset

	Huawei
	Decimation of 1/2
	Decimation of 1/2
	Decimation of 1/2
	Decimation of 1/2
	Applied across DRX cycles

	ZTE
	No decimation
	No decimation
	No decimation
	Decimation of 1/2
	Offset is different in different frames

	Ericsson
	Decimation of 1/2
	Decimation of 1/2
	Decimation of 1/2
	Decimation of 1/2
	Decimation pattern depends on SFN

	Nokia
	Decimation of 1/2
	Decimation of 1/2
	Decimation of 1/2
	Decimation of 1/2
	-

	LGE
	No decimation
	No decimation
	Decimation of 1/2
	Decimation of 1/4
	-

	MTK
	Configurable
	Configurable
	Configurable
	Configurable
	-

	Qualcomm
	No decimation
	Decimation of 1/2
	Decimation of 1/2
	Decimation of 1/2
	Offset applied across DRX cycles




Proposal 2: The decimation factor (fraction of POs that have NRS) is:
· T/2: Either no decimation or decimation factor of ½ (to be solved online)
· (input: no decimation (3), ½ (3), configurable (1))
· T: Decimation factor of 1/2
· (input: no decimation (2), ½ (4), configurable (1))
· 2T:  Decimation factor of 1/2
· (input: no decimation (1), ½ (5), configurable (1))
· 4T: Decimation factor of 1/2
· [bookmark: _GoBack](input: 1/2 (5), 1/4 (1), configurable (1))


Proposal 3: For the case nB for which decimation is applied, the decimation pattern has an offset that depends on:
· Alt 1: SFN index (i.e., the POs that have NRS are different in different SFN)
· Alt 2: DRX cycle (i.e., the POs that have NRS are different in different DRX cycles)

Presence of CRS

· Ericsson: Do not support different assumption for presence of CRS.
· Huawei/HiSi: FFS
· LGE: CRS can be assumed in place of NRS for inband-samePCI
· Nokia/NSB: CRS cannot be assumed to be present even in subframes with NRS
· Qualcomm: CRS can be assumed even if no NRS is present

Note that the Chairman’s notes captured the following:

For further study in future meetings:
RAN1 to consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS.

Given the discussion is not converging, feature lead proposes to close this topic.

Proposed conclusion:
Presence of CRS in non-anchor carriers in subframes not containing NRS is not supported in Rel-16. Assumption of presence of CRS is the same as in Rel-15 
· (from 36.211) The cell-specific reference signals are available in all subframes where the narrowband reference signals are available
Summary of proposals



	R1-1908032
	Ericsson
	Proposal 1	For nB < T/2 (i.e., when POs are sparse in time), “M” starts from the leftmost subframe but the starting subframe of “M” is signaled as to keep “M” and “N” adjacent to each other, “M” and “N” can take values from 0 to 10 as long as the condition “M+N is 10” is fulfilled.
Proposals 2-5: Detailed decimation pattern (omitted for brevity)
Proposal 6	Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.

	R1-1908091
	Huawei, HiSilicon
	Proposal 1: For nB>=T/2, the decimation pattern/M/N guarantees that there are 8 subframes with NRS nearby every PO (after decimation pattern, and from network perspective).
Proposal 2: For nB>=T/2,
· The decimation pattern is such that every other PO has associated NRS when no paging, and the offset of the decimation pattern is altered between consecutive DRX cycles.
· For each nB, the values of M and N are as follows <table omitted>

Proposal 3: The offset of the decimation pattern meets the following equation:
[bookmark: OLE_LINK76]Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2
Where:
· Offset is used for determining the POs with NRS in one DRX cycle
·  means that the even POs associated NRS in the DRX cycle
·  means that the odd POs associated NRS in the DRX cycle
· SFN is the frame number of the first frame in the DRX cycle
· H-SFN is the hyper frame number of the DRX cycle
· T is the DRX cycle defined in TS 36.304
Proposal 4: For nB < T/2, all POs have NRS, M and N are not configurable, the value of M is ten, and the value of N is zero.
Proposal 5: For each nB, decimation pattern/M/N have the following values <table omitted>

Proposal 6: RAN1 further studies whether to enable presence of CRS on non-anchor carriers in subframe(s) not containing NRS.


	R1-1908269
	ZTE
	Proposal 1: M=10 and N=0 when nB < T/2.
Proposal 2: The number of subframes with NRS nearby every PO (40 ms around a PO) is 8 when nB >= T/2.
Proposal 3: All POs have subframes with NRS when nB < 4T.
· M=4, N=0 when nB = T/2
· M=2, N=0 when nB = T
· M=1, N=0 when nB = 2T
Proposal 4: When nB = 4T, offset that is different in consecutive frames is introduced and M = 1, N = 0.


	R1-1908305
	Nokia, Nokia Shanghai Bell
	Proposal 1: For nB >= T/2, there are 8 subframes with NRS nearby every PO (after decimation pattern, and from network perspective).
Proposal 2: The following table provides M/N and decimation pattern for each nB value. Offset value is not used.
	nB
	Decimation pattern
	M
	N

	4T
	Every other PO
	1
	0

	2T
	Every other PO
	2
	0

	T
	Every other PO
	4
	0

	T/2
	Every other PO
	8
	0

	<T/2
	All POs have NRS 
	10
	0


Proposal 3: UE may not assume presence of CRS on non-anchor carriers.


	R1-1908531
	LG Electronics
	Proposal 1: When nB=T/2, all POs have subframes with NRS even when no NPDCCH is transmitted. 
Proposal 2: Every POs which are located on subframe number #9 have subframes with NRS even when no NPDCCH is transmitted.
· NRS is only present in the first M subframes out of the 10 NB-IoT DL subframes before the PO.
Proposal 3: In case of in-band same-PCI operation mode, presence of CRS transmission can be assumed in predefined subframes instead of the NRS.
· Definition of decimation pattern, M, and N for presence of NRS assumption on non-anchor carrier can be reused.


	R1-1908749
	MediaTek Inc.
	Proposal 1: Decimation pattern P2 is used when nB >= T/2 – i.e.
· P2: A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.
· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than T/2 (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)
Proposal 2: The decimation pattern for nB>=T/2 corresponding to selecting a subset of UE groups with NRS even when no PDCCH transmitted can be broadcast in PCCH-Config-NB-r13 in RadioResourceConfigCommonSIB-NB 
· Implicitly with a subset of decimation pattern option P4 with nB-DecimationPattern-NB-r16 =ENUMERATED {0, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024},
· Explicitly with a decimation pattern option P3 with a subset of UE groups in an N-bit bitmap nrsTransmitBitmap = BIT STRING (SIZE (N)) = {b0, b1, …, bN}, where N= min (T, nB) and bi = UE_ID mod N = i and i = 0, 1, .. N-1 and nB>=T/2.
Proposal 3:  The value of M is 10 and N is 0 when nB < X.
Proposal 4:  The value of M is 10 and N is 0 when nB >= X


	R1-1908839
	Qualcomm Incorporated
	Proposal 1: N=10 for nB<T/2

Proposal 2: Adopt the following decimation pattern:
· For nB=4T, only the POs in subframes 4/9 have associated NRS with N=3 in subframe 4 and N=2 in subframe 9 in even DRX cycles, and the other way around for odd DRX cycles.
· For nB=2T, one out of every other PO is decimated with N=5. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.
· For nB=T, one out of every other PO is decimated with N=10. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.
· For nB=T/2, N=10 and all subframes have POs. 

Proposal 3: For in-band deployments, enable use of CRS for UE measurement in non-anchor carrier even when NRS is not present.
	FFS: Details
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