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1 Background
In RAN1#98, the following was agreed:
Agreement
· For nB<T/2, M=10, N=0

Agreement
The decimation factor (fraction of POs that have NRS) is:
· T/2: Decimation factor of 1/2
· T: Decimation factor of 1/2
· 2T: Decimation factor of 1/2
· 4T: Decimation factor of 1/2

[bookmark: _Hlk17981027]For discussion in RAN1#98bis
For the cases where decimation is applied, the decimation pattern is based on the following formula:
· R = (PO_Index+(X div T)) mod 2, where:
· PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N + i_s) mod T
· X = SFN + 1024 * H-SFN
· T is the DRX cycle measured in radio frames.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· FFS: How to capture the above in the specification

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.




2 Key issue #1: Values of M/N for nB>=T/2
The following input is received in this key issue:

	Ericsson
	For the case when nB>=T/2, the network configures the values of M and N. The possible values of M and N are selected from the set {0, 1, 2, 3, 4}, and M and N cannot be zero at the same time.

	Huawei/HiSi
		nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	4
	0

	T/2
	8
	0




	Nokia/NSB
		nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	4
	0

	T/2
	8
	0




	ZTE
		nB
	M
	N

	T/2
	8
	0

	T
	4
	0

	2T
	2
	0

	4T
	1
	0




	Qualcomm
	· 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. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.





Following the majority view, FL makes the following proposal:
Proposal 1: The values of M/N for nB>=T/2 are:
- Alt1 (Huawei/HiSi, Nokia/NSB, ZTE):
	nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	4
	0

	T/2
	8
	0



- Alt2 (Nordic, Qualcomm):

	nB
	M
	N

	4T
	M=0 and
i_s=0: N=4
i_s=1: N=1
i_s=2: N=4
i_s=3: N=1

	2T
	M=0 and
i_s=0: N=5
i_s=1: N=5

	T
	10
	0

	T/2
	10
	0


NOTE: This leads to 10 consecutive NRS in all cases. 

- Alt3 (Ericsson): Configurable from the set {0, 1, 2, 3, 4}, and M and N cannot be zero at the same time.

- Alt4: Potential compromise (keep overhead not higher than that for T/4, which is 25% NRS):
	nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	5
	0

	T/2
	10
	0




3 Key issue #2: Equation to determine decimation
The following input is received in this key issue:
	Ericsson
	P1: For the case when nB= T and nB=T/2, the decimation pattern is based on the formula R = (PO_Index+( SFN div T)) mod 2, where,
•	PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N) mod T
•	T is the DRX cycle measured in radio frames defined in the RAN2 specification.
	If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
P2: For the case when nB= 4T and nB=2T, further introduce a parameter l together with R to determine the PO that has NRS associated with it. If R=1 and (SFN mode l) == 0, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.


	Huawei/HiSi
	Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2

	Nokia/NSB
	For nB ≥ T/2, the decimation pattern alternates between consecutive DRX cycles.

	ZTE
	R = (PO_Index+(X div Y)) mod 2, Y is T when nB < 4T wherein T is the DRX cycle measured in radio frames and Y is 1 when nB = 4T.

	Qualcomm
	R = (PO_Index+) mod 2, where X = SFN + 1024 * H-SFN,
·   .
·  is the cell-specific DRX cycle measured in radio frames.

	LGE
	Offset= (floor ((SFN + 1024*H-SFN) / T)) mod 2



All companies propose to add an offset at least in some cases.

Comments from feature lead:
[bookmark: _GoBack]
1.- One company has a specific design to account for the introduction of UE-specific DRX cycle in Rel-16. Other companies just mention “T is the DRX cycle defined in 36.304”. There needs to be further discussion on this topic – this is the 1st meeting after the approval of UE-specific DRX cycle for NB-IoT.

2.- In the previous meeting, the definition of PO_Index was PO_Index = (SFN/Ns * N + i_s) mod T. It is FL’s understanding that this definition is not correct, the PO_Index should be PO_Index = (SFN * Ns / T * N + i_s).

In view of the above, feature lead proposes the following:


Proposal 2:
For the cases where decimation is applied, the decimation pattern is based on the following formula:
· R = (PO_Index+ offset) mod 2, where:
· PO_Index is: 
· If Alt1, Alt3 or Alt4 are agreed: PO_Index = (SFN  / T * nB + i_s) mod nB.
· If Alt2 is agreed: PO_Index = (SFN / T * N) mod nB.
· The offset is designed to ensure fairness across different UE_IDs, and 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 R1#99, including:
· Whether the offset applies for the case of nB=4T.
· 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).


4 Others
One contribution (Ericsson) makes the following proposal:
RAN1 clarifies that for nB<T/2, the UE assumes that NRSs are transmitted in 10 NB-IoT DL subframes before the PO.
It is feature lead’s view that this is agreed already, since the first agreement for the definition of M reads as:
· NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space

So, with the value of M=10 it would read “First 10 subframes out of the 10 NB-IoT DL subframes before the PO”, which means the same as the proposal. Note that the key is in the word “out of” - it is not needed to clarify that the “first 10 subframes” are NB-IoT DL subframes, since they are a subset of a set (10 NB-IoT DL subframes before the PO) that only contains NB-IoT DL subframes.


5 List of contributions

	R1-1910000
	Ericsson
	Proposal 1	RAN1 clarifies that for nB<T/2, the UE assumes that NRSs are transmitted in 10 NB-IoT DL subframes before the PO.
Proposal 2	For the case when nB= T and nB=T/2, the decimation pattern is based on the formula R = (PO_Index+( SFN div T)) mod 2, where,
•	PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N) mod T
•	T is the DRX cycle measured in radio frames defined in the RAN2 specification.
	If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
Proposal 3	For the case when nB= 4T and nB=2T, further introduce a parameter l together with R to determine the PO that has NRS associated with it. If R=1 and (SFN mode l) == 0, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
Proposal 4	For the case when nB>=T/2, the network configures the values of M and N. The possible values of M and N are selected from the set {0, 1, 2, 3, 4}, and M and N cannot be zero at the same time.
Proposal 5	Send LS to RAN2 to capture the POs associated with NRSs, the values of M and N for each UE group in the RAN2 spec after RAN1 reaches agreement.
Proposal 6	Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.

	R1-1910094
	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:
	nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	4
	0

	T/2
	8
	0



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


	R1-1910260
	Nokia, Nokia Shanghai Bell
	Proposal 1: For nB ≥ T/2, the decimation pattern alternates between consecutive DRX cycles.
Proposal 2: The following table provides M/N for each nB value.
	nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	4
	0

	T/2
	8
	0




	R1-1910276
	ZTE
	Proposal 1: For each nB, the values of M and N are as follows:
	nB
	M
	N

	T/2
	8
	0

	T
	4
	0

	2T
	2
	0

	4T
	1
	0


Proposal 2: R = (PO_Index+(X div Y)) mod 2, where:
· PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N + i_s) mod T
· X = SFN + 1024 * H-SFN
· Y is T when nB < 4T wherein T is the DRX cycle measured in radio frames and Y is 1 when nB = 4T.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.


	R1-1910730
	Qualcomm Incorporated
	Proposal 1: Adopt the following values of M/N for nB>=T/2:
· 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. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.


Proposal 2: The presence of NRS for nB>=T/2 is determined as follows:
· R = (PO_Index+) mod 2, where:
· PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN * Ns * N / T + i_s)
· X = SFN + 1024 * H-SFN,
·   .
·  is the cell-specific DRX cycle measured in radio frames.
· 
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.


	R1-1910815
	LG Electronics
	Proposal 1: Introduce the offset of decimation pattern as follow: 
Offset= (floor ((SFN + 1024*H-SFN) / T)) mod 2
Proposal 2: Use following equation to determine PO with NRS on non-anchor carrier  
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