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1 Background
In previous meetings, the following was agreed:
Agreement
For the issue of NRS presence for NPDCCH early termination when NWUS is enabled, down-select among:
· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination
· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 
· Alt4: NRS is always associated with NPDCCH for paging

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

Agreement
The decimation pattern (i.e., the pattern that determines which POs have subframes with NRS even when no NPDCCH is transmitted) is designed at least with the following principles:
· P1: The decimation pattern shall be fair across UEs, i.e., all UEs see the same/similar percentage of POs with NRS.
· FFS: the case for eDRX
· 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 X (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)
· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.
· P4: The POs with NRS are quasi-uniformly/uniformly distributed from network perspective.
NOTE: It was already agreed in previous meetings that a subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
Further study details of decimation pattern until RAN1#96bis. 

Other agreements related to decimation pattern:
A subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.

Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.

In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:
· 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
· FFS value(s) of N, M


Use of NRS for WUS
In RAN1#96, the interaction of NRS with WUS was downselected to the following two options:
· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination
· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 
· Alt4: NRS is always associated with NPDCCH for paging

Companies provided the following views in this meeting:
- Alt3: ZTE, Qualcomm, Samsung, LGE.
- Alt4: Ericsson, Huawei, HiSilicon, MediaTek, Nokia, NSB.

There is a slight majority for Alt4. Given the amount of work that Alt3 would require (define N/M/decimation pattern), and given that there seems to be no consensus on this meeting, feature lead recommends the following.

Proposal 1: Conclusion: There is no consensus in RAN1 to support configuration of NRS for WUS early termination in Rel-16.


Configuration
One company (MediaTek) proposes that the UE can use the NRS belonging to other UE groups (already agreed in last meeting), and that the subset of POs that contain NPDCCH for paging is derived based on Common DRX information. Given that it was agreed in the previous meeting that the UE can use the NRS for other POs, this seems to be the way to go.

[bookmark: _Hlk5805297]Proposal 2: The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based on at least paging configuration broadcast in SIB-NB (defaultPagingCycle-r13 and/or nB-r13)

General discussion on decimation pattern
With regards to the decimation pattern, there seems to be divergence among companies of the “degree of decimation” that this feature can support:
- View 1: Three companies (Ericsson, Huawei/HiSilicon) are addressed different case of values of nB (including special treatment for large nB), and propose detailed decimation patterns for this case. These contributions seem to indicate that:
	1) The case of large nB is relevant for NB-IoT (we are optimizing for this case).
	2) The decimation is in the order of milliseconds (i.e., every PO in paging radio frame has NRS a few milliseconds around it).
	3) Effectively, the decimation rate in these contributions seems to be 1: all POs have NRS (or have NRS in a PO that is few milliseconds apart), but depending on nB each PO will have more or less NRS

-  View 2: Six companies (MediaTek, Qualcomm, Nokia, NSB, Samsung, ZTE) are focused on how to determine the decimation pattern based on POs. Here the decimation would be in the order of seconds.
So, it seems that different companies have different understandings. It would be good to have some discussion on the following topics (some input from FL understanding below):
· Is the case of large nB (nB > T) relevant for NB-IoT?
FL Note: Note that the case of large nB means that the POs for different groups are very close to each other, so even for a reduced number of repetitions one PO will block the next one (e.g. the eNB cannot page two consecutive UE groups).
Additionally, due to the structure of NPDCCH, the NPDCCH for one PO will wake up the UE for the next PO – this issue was previously discussed in RAN1. For example, consider the case of nB=4T (figure taken from R1-1903896).
- The first row contains the different PO groups.
- The second row contains the NPDCCH sent to the PO in (0,0). Due to the scrambling of the NPDCCH (reset every 4 subframes), the NPDCCH scrambling is reset in subframes 0, 4, 8
- The third row contains the NPDCCH sent to the PO in (0,4). Note that a UE monitoring this PO will mistakenly decode the NPDCCH for the previous PO. The corresponding NPDSCH will also be assumed to be in a wrong location (since the end of the DCI will be interpreted wrong for the UE in (0,4)
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· Should the decimation be in the order of seconds or in the order of milliseconds?

· Should we revisit the decision of PO decimation and assume all PO have NRS?

Proposal 3: Need offline discussion on the above points.
Decimation pattern - detailed
Depending on the outcome of the previous decision, the following proposal can be considered.

Proposal 4: For the NRS pattern:
· If view 1 is the RAN1 consensus: 
· Define detailed pattern of (M,N) depending on the value of nB:
· 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
· [bookmark: _GoBack]For nB < X, all POs have NRS. FFS value of M/N for each nB.
· If view 2 is the RAN1 consensus:
· Example patterns to be considered (other options are not precluded):
· P1: One out of every P POs have NRS from UE point of view. Different UE groups may have different offset. (Nokia, NSB, Qualcomm, Samsung)
· P2: eNB signals a bitmap pattern to indicate what UE groups have NRS. (MediaTek)
· P3: All POs in a DRX cycle have NRS (ZTE)
· FL note: P3 could be seen to be equivalent to P1 where the offset is zero for all UE groups, and the periodicity of the “DRX cycle” is equal to the decimation ratio P. 
· Other things to consider:
· Whether RRM measurement relaxation is enabled.
· Maximum separation between NRS with PO (both from UE and network perspective)

Values of M,N
There are several inputs on the values of M,N as described in the table below:
	Company
	M
	N

	Ericsson
	Ask RAN4/depends on value of Ns

	Huawei/HiSi
	Depends on nB/Ns
	0

	MediaTek
	10
	32

	Nokia, NSB
	10
	Depends on Rmax

	ZTE
	10
	Configurable

	Qualcomm
	Send LS to RAN4



Seems there is no consensus on this item. The situation is as follows:
1) RAN2/RAN4 are discussing the possibility of measurements on non-anchor for RRM
2) If RAN2/RAN4 agree on the RRM measurements, the number of NRS may need to be decided based on that.
3) In RAN1, there is no consensus on the values or on what WG should decide these values

Proposal 5: For the values of (M,N):
· Alt 1: RAN1 to decide these values
· Alt 2: RAN4 to decide these values
· Alt 3: RAN1/RAN4 to decide the values of (M,N) after RAN2/RAN4 agree on enabling RRM measurements on non-anchor carrier.

CRS in non-anchor
· Two companies (QC, LGE) propose to support presence of CRS when NRS is not present. 
· One company (Ericsson) proposes not to support it.
· Two companies (Huawei, HiSilicon) proposes to keep studying

There seems to be no consensus on this topic, keep studying till next meeting.


Summary of proposals

	R1-1903896
	Ericsson
	Proposal 1	NRS is always associated with NPDCCH for paging (i.e., From the two possible alternatives, Alt4 is supported).
Proposal 2	Send a LS to RAN4 for them to determine how many subframes containing NRS are needed to reliably estimate the SNR (i.e., RAN4 to determine the values of “M” and “N”).
Proposal 3	The decimation patterns of the POs associated with subframes containing NRS are built on the “subframe patterns” described in the FDD table of section 7.2 in TS 36.304.
Proposal 4	The decimation patterns make that a PO will always have in vicinity either to the right or to the left a number of subframes containing NRS within a range of 10 radio subframes frames.
[Omitted for brevity, details on decimation patterns for different values of Ns]
Proposal 5	Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.

	R1-1903914
	Huawei, HiSilicon
	Proposal 1: Adopt Alt4 that NRS is always associated with NPDCCH for paging.
Proposal 2: The value of M (i.e. the length of NRS before PO) is variable.
Proposal 3: The different value of M is according to the number of paging occasions in a DRX cycle (i.e. nB).
Proposal 4: The value of M (i.e. the length of NRS before PO) is related to the number of paging occasions in a DRX cycle (i.e. nB) as in the following table:
	The nB value
	The first M subframes out of the 10 NB-IoT DL subframes before the PO

	4T
	1

	2T
	2

	T
	4

	Less than or equal to T
	8


Proposal 5:  The value of N (i.e. the length of NRS in NPDCCH search space) is zero.
Proposal 6: RAN1 further studies whether to enable presence of CRS on non-anchor carriers in subframes not containing NRS.


	R1-1904163
	MediaTek Inc.
	Proposal 1: Decimation factor should be set so that early termination of NPDCCH / NWUS detection follows SNIR estimation no later than X seconds – FFS value of X = {1s, 2s, 2.56s} 
Proposal 2: NRS is present in the first M=10 subframes out of the 10 NB-IoT DL subframes before the PO, and the N <= 32 first NB-IoT DL subframes of NPDCCH search space to allow correct SNIR estimation for UE in deep / extreme coverage.
Proposal 3: The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted is determined by UE from common DRX cycle configuration for paging indicated by common signalling in SIB.
Proposal 4: Option 2, 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.
Proposal 5: Alternative 4: NRS is always associated with NPDCCH for paging.
Proposal 6: The subset of paging UE groups with NRS always transmitted is indicated by a N-bit bitmap, nrsTransmitBitmap, broadcasted on system information block SIB2 - the size of the nrsTransmitBitmap is 32bits.

	R1-1904181
	Nokia, Nokia Shanghai Bell
	Proposal 1: NRS is always associated with NPDCCH for paging.
Proposal 2: The NRS is present is the first M=10 subframes out of the 10 NB-IoT DL subframes before the PO.
Proposal 3: The NRS is present is the N first NB-IoT DL subframes of NPDCCH search space, where N is a fraction of the Rmax (e.g. Rmax/8).
Proposal 4: The NRS is transmitted every N POs, where the PO is from the UE perspective.

	R1-1904356
	ZTE
	Proposal 1: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination.
Proposal 2: DRX cycles with NRS are periodically distributed and the periodicity of DRX cycle with NRS is configured by eNB. 
­	All POs are with NRS in a DRX cycle with NRS.
Proposal 3: The value of M is 10 and the value of N is configurable.

	R1-1904385
	Samsung
	Proposal 1: UE could assume additional transmission of NRS in: 
-	Every absolute N paging occasions, from UE perspective or network perspective
Proposal 2: Regarding NRS presence for NPDCCH early termination when NWUS is enabled, Alt3 is preferred.

	R1-1904531
	Qualcomm Incorporated
	Proposal 1: Send LS to RAN4 to inform them of the agreement on the number of subframes (N,M) in a PO, and ask for feedback regarding these values.
Proposal 2: Modify P3 as follows:
· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.

Proposal 3: The POs with NRS are the ones that meet the following equation:	
Where:
	-  is the absolute PO number (across all UEs)
	- nB is the parameter defined in TS 36.304
	- R is the decimation pattern (i.e., the fraction of POs with NRS is R)
	-  is the offset for the i-th UE group with 
		- FFS:  to be designed to meet principles P4/P2.

Proposal 4: For interaction of NRS and NWUS, select:
· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination
· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 


Proposal 5: For in-band deployments, enable use of CRS for UE measurement in non-anchor carrier even when NRS is not present.
	FFS: Details

Proposal 6: For the objective of NRS transmission in non-anchor carrier, consider the benefits of enabling measurements in non-anchor carrier for paging with less measurement on anchor carrier.


	R1-1904618
	LG Electronics
	Proposal 1: Sending NRS for WUS early termination on non-anchor carrier is supported.
· eNB can enable/disable NRS transmission for WUS and NPDCCH separately .
· NRS transmission period can be relaxed for WUS capable UE if the RRM measurement relaxation is configured.
Proposal 2: In case of in-band same-PCI operation mode, presence of CRS transmission can be assumed in predefined subframes instead of the NRS.





Appendix:
T=4, Ns = 1 (E/// proposal). Note that SFN=1 is not a PF.
[image: cid:image002.png@01D4EFAB.EF7C8BF0]
What is the advantage with respect to the following? (would essentially be N=8).
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Figure from Huawei, HiSilicon
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Figure 6 Whole set of POs have associated NRS and the length of NRS is related to nB
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