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1 Introduction
[bookmark: _Hlk528935734]In the Rel-16 work item description (WID) on “Additional enhancements for NB-IoT”, one of the objectives is to improve the multi-carrier operation as follows [1]. 
· 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#96, the followings agreements were reached (previous agreements can be found in Annex 1) [2]: 
· NPDCCH and/or NWUS early termination
	Agreement
For the issue of NRS presence for NPDCCH early termination when NWUS is enabled, down-select among:
· [bookmark: _Hlk3539797]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




· Decimation pattern
	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. 




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




[bookmark: _Hlk3580583][bookmark: _Hlk3542529]In this contribution, we provide a follow-up on the most recent agreements, together with a view on the number of subframes containing NRS prior/within a Paging Occasion (PO) which remained inconclusive in RAN1 #96. 
2 Presence of NRS on a non-anchor carrier for paging in NB-IoT
2.1	NPDCCH and/or NWUS early termination
In RAN1 #96, it was agreed to narrow-down the scope between supporting only “NPDCCH early termination” and supporting in a disjointed manner “NWUS early termination and NPDCCH early termination”. The ultimate selection shall be performed among one of the two alternatives below:
· [bookmark: _Hlk3540003]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. 
· [bookmark: _Hlk3580275][bookmark: _Hlk3540031]Alt4: NRS is always associated with NPDCCH for paging
2.1.1 NRS is always associated with NPDCCH for paging
This alternative (Alt4) refers to possibility of having a number of subframes containing NRS prior/within the NPDCCH search space of a PO. The purpose is for the UE to have the possibility of performing an early stop monitoring of the NPDCCH search space of a given PO, since the DCI is monitored for knowing whether there is an upcoming paging for that UE or not.
2.1.2 Decoupled configuration of NPDCCH and/or NWUS early termination
In the previous subsection (i.e., 2.1.1) it was described the possibility of having NRS presence prior/within a PO for the UE to have the possibility of performing an “NPDCCH early termination”.
On the other hand, Alt3 incorporates the possibility for a UE to early terminate the monitoring of the potential reception of an NWUS signal. The potential benefits of the “NWUS early termination” are scenario depend, and for that reason we have carefully analysed them in the subsections below.
2.1.2.1	NWUS is present
If the NWUS signal is actually present, it contains NRS subframes all over its entire duration, and the presence of NWUS means that there is an actual upcoming PAGING (i.e., there is no need to have NRS prior/within the PO) and in that case there are already NRS subframes appending and prepending the PAGING message. (i.e., There are plenty of subframes containing NRS already).
2.1.2.2	NWUS is not present
If the NWUS signal is not detected, the UE does not need to monitor NPDCCH for paging (this can already be seen as an NPDCCH early termination mechanism). The intention here, is to have NRS prior/within the subframes where the NWUS may be received as to determine earlier whether there is an NWUS signal or not, and if not proceed to stop the monitoring.
[bookmark: _Hlk3579500][bookmark: _Hlk3579585][bookmark: _Hlk3579611]When a UE is configured with NWUS, at first glance it seems sufficient having NRS prior/within the subframes where the NWUS may be received to early terminate NWUS and not having to monitor NPDCCH. However, the UEs that do not support NWUS (or were not configured to use NWUS) would any way need NRS prior/within the PO, as for them the NRS prior/within NWUS will just be seen as interference. That is, if a UE doesn’t support (or is not configured to use) NWUS, the  NRS prior/within the subframes where the NWUS is expected to be received will be present even though there won’t be any signal to be early terminated, and these NRSs won’t be useful for early terminate the NPDCCH since they are too far. Thus, in this case the NRS prior/within will only be seen as interference for the above mentioned UEs since they won’t help for early termination of neither NWSU or NPDCCH. If in this case we want to early terminate NPDCCH, we need to enable NRS prior/within a PO.
[bookmark: _Toc4705484][bookmark: _GoBack]Having NRS prior/within the subframes where the NWUS may be received will be seen as interference for UEs not supporting or not configured to use NWUS.
2.1.2.3	SNR region to benefit from early termination
[bookmark: _Hlk3579963][bookmark: _Hlk3579991]From the results in [2], we can observe that the significant energy savings from early termination only occur when the UE is in good coverage and when Rmax is large. For UE in MCL larger than 154 dB, the gain is not so obvious. On this matter, given that the NWUS monitoring is typically much shorter than Rmax, the benefits from early terminating NWUS might not be significant.
[bookmark: _Toc4705485]Significant energy savings from early termination only occur when the UE is in good coverage and when Rmax is large, since NWUS monitoring is typically much shorter than Rmax, the benefits from early terminating NWUS might not be significant.
[bookmark: _Toc4705757]NRS is always associated with NPDCCH for paging (i.e., From the two possible alternatives, Alt4 is supported).
2.2	Number of subframes containing NRS (“M” & “N”)
In RAN1 #95, it was agreed that the number of subframes that should contain NRS prior/within a Paging Occasion (PO), will depend on “M” and ”N”, where:
· "M" is the potential number of subframes containing NRS before the PO, and 
· "N" the potential number of subframes containing NRS within the NPDCCH search space.
The design guideline was given by the following agreement:
“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”

To find out what would be a suitable value for “M” and “N”, we estimated the SNR accuracy by using 8 and 16 subframes respectively as shown in Figure 1.
	a)
[image: ]
	b) [image: ]


Figure 1: SINR estimation accuracy by using a) 8 subframes and b) 16 subframes

[bookmark: _Hlk3582474]From the evaluations depicted in Figure 1, it is possible to see that in SNR range where the UEs are expecting to obtain most energy gains, 8 subframes are enough for the UE to reliably estimate the SNR. 
[bookmark: _Toc4705486]Based on evaluations, for the SNR range where the UEs are expecting to obtain most energy gains, 8 subframes are enough for the UE to reliably estimate the SNR.
[bookmark: _Hlk3583250][bookmark: _Hlk3583217]In RAN1 #96 the values of “M” and “N” were discussed, and no consensus was reached. On this matter, since RAN4 is the working group with the expertise to determine how many subframes containing NRS are needed to reliably estimate the SNR, it is proposed to send a LS to RAN4 for them to decide the values of “M” and “N”.
[bookmark: _Toc4705758]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”).
2.3 Decimation pattern of a PO with associated NRS
In RAN1 #96 a set of design principles for the “decimation pattern of a PO with associated NRS” were agreed (See section 1), which are briefly summarized below:
· P1 is intended to ensure that all UE groups over the time will have NRS associated to the PO.
· P2 is intended to allow a UE belonging to a given UE group, using (i.e., in addition to the NRS of its own UE group) NRS belonging to a PO of a different group.
· By using quasi-uniformly/uniformly distributions of the POs with NRS from either or both UE and network perspective, P3 and P4 are intended to make possible the principles P1 and P2.

The technical specification 36.304 defines the following subframe patterns [4], which in a broad sense indicates three different cases (see most left column in the table below) accounting for either one, two, or four UE groups. Depending on how many UE groups are used, the table indicates in which subframes a given UE group (distinguished between each other by using i_s from 0 to 3) will have its PO.
FDD:
-	If P-RNTI is transmitted on PDCCH or NPDCCH, or if P-RNTI is transmitted on MPDCCH with system bandwidth > 3MHz:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9



The table above indicates that:
· When Ns =1, there will be only one UE having its PO in subframe #9 within a paging radio frame.
· When Ns =2, there will be two UEs groups, the UE group #0 will have its PO in subframe #4, whereas the UE group #1 will have its PO in subframe #9, all within a paging radio frame.
· When Ns =4, there will be four UEs groups, the UE group #0 will have its PO in subframe #0, the UE group #1 will have its PO in subframe #4, the UE group #2 will have its PO in subframe #5, and finally the UE group #3 will have its PO in subframe #9, all within a paging radio frame.

[bookmark: _Hlk4598501]Based on the above, a set of “Decimation Patterns for POs with associated NRS” have been built on “subframe patterns” described in TS 36.304, in such a way that a PO will always have in vicinity either to the right or to the left (depending on the usage of "M" and "N") a number of subframes containing NRS within a range of 10 radio frames.
[bookmark: _Hlk4705287]In line with the results in shown in Figure 1, below we provide an example where there are 8 subframes containing NRS within a range of 10 radio frames, while fulfilling the design principles agreed in RAN1 #96.

· Unique UE group

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A



In this case there is only one UE group depicted in blue, and it is proposed that the PO associated with subframes containing NRS follow the decimation pattern depicted below, which is obtained through the following modulo-2 operations:
· If i_s = 0 and SFNmod2 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
· If i_s = 0 and SFNmod2 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.

	SFN = 0
	SFN = 1
	SFN = 2
	SFN = 3

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


The presence of NRS associated to a PO is depicted by the following symbol “ↆ”. The red arrows illustrate how a given PO sees 8 subframes containing NRS within a range of 10 radio frames, either to left or to the right depending on whether the PO used “M” or “N”.

· Two UE groups

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	2
	4
	9
	N/A
	N/A



There are two UE groups depicted in blue and orange respectively. It is proposed that the PO associated with subframes containing NRS follow the decimation pattern depicted below, which is obtained through the following modulo-3 operations:
· If i_s = 0 and SFNmod3 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4
·  If i_s = 0 and SFNmod3 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
· If i_s = 1 and SFNmod3 = 1, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4
·  If i_s = 1 and SFNmod3 = 2, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.

	SFN = 0
	SFN = 1
	SFN = 2
	SFN = 3

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


The presence of NRS associated to a PO is depicted by the following symbol “ↆ”.

· Four UE groups

There is only one UE group depicted in blue, and it is proposed that PO associated with subframes containing NRS is presented in every other radio frame.

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	4
	0
	4
	5
	9



There are four UE groups depicted in blue, orange, green, and pink respectively. It is proposed that the PO associated with subframes containing NRS follow the decimation pattern depicted below, which is obtained through the following modulo-2 operations:
· [bookmark: _Hlk3585526]If i_s = 0 and SFNmod2 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
· If i_s = 1 and SFNmod2 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
· If i_s = 2 and SFNmod2 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
· If i_s = 3 and SFNmod2 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.

	SFN = 0
	SFN = 1
	SFN = 2
	SFN = 3

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
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The presence of NRS associated to a PO is depicted by the following symbol “ↆ”
[bookmark: _Toc4705759]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. 
[bookmark: _Toc4705760]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 frames. 
· [bookmark: _Toc4705761]Ns = 1
· [bookmark: _Toc4705762]If i_s = 0 and SFNmod2 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
· [bookmark: _Toc4705763]If i_s = 0 and SFNmod2 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
· [bookmark: _Toc4705764]Ns = 2
· [bookmark: _Toc4705765]If i_s = 0 and SFNmod3 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
· [bookmark: _Toc4705766]If i_s = 0 and SFNmod3 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
· [bookmark: _Toc4705767]If i_s = 1 and SFNmod3 = 1, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
· [bookmark: _Toc4705768]If i_s = 1 and SFNmod3 = 2, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
· [bookmark: _Toc4705769]Ns = 4
· [bookmark: _Toc4705770]If i_s = 0 and SFNmod2 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
· [bookmark: _Toc4705771]If i_s = 1 and SFNmod2 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4. 
· [bookmark: _Toc4705772]If i_s = 2 and SFNmod2 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4. 
· [bookmark: _Toc4705773]If i_s = 3 and SFNmod2 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
2.4 FFS on considering the presence of CRS
In RAN #96 it was let for Further Study, considering the possibility of making the UEs aware of the presence of CRS in non-anchor carriers in subframes not containing NRS. The note captured in the Chairman’s notes states the following:
	For further study in future meetings:
[bookmark: _Hlk3886081]RAN1 to consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS.



[bookmark: _Hlk3887028]The first thing to mention is that the above will be applicable for non-anchor carriers in-band operation, and that in the past it has been studied the possibility of using CRS for measurement enhancement. In particular, [5] evaluated the combined usage of CRS and NRS for measurement enhancement purposes:
“we evaluate the measurement accuracy based on CRS+NRS at 164 MCL with UE noise figure 5 dB and 9 dB. The transmit power of NRS is boosted 6 dB over CRS according to 36.104, and other simulation assumptions can be found in [2].”
The detailed obtained results can be found in Table 1 of [5], while the main conclusion was as follows:
“From the results, we can see that the measurement accuracy based on CRS+NRS is worse than that based on NRS only for both NF values due to the lower CRS transmit power”.
[bookmark: _Toc4705487]In [5], the combined usage of CRS and NRS for measurement enhancement was evaluated, from which it was found that “the measurement accuracy based on CRS+NRS is worse than that based on NRS only”.
Beyond the no observable gain, if CRS were assumed to be present in subframes not containing NRS, it is important to be aware that e.g., a MBSFN subframe has a different structure than a normal (non-MBSFN) subframe (i.e., CRS cannot be assumed to be present in MBSFN subframes). Finally, CRS presence on non-anchors would probably not help/favour NR coexistence.
[bookmark: _Hlk3886924]Based on the above, and mainly due that from the available results combining CRS+NRS resulted to be worse than using NRS only, it is proposed do not introduce any signalling for enabling the presence of CRS in non-anchor carriers in subframes not containing NRS.
[bookmark: _Toc4705774]Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Having NRS prior/within the subframes where the NWUS may be received will be seen as interference for UEs not supporting or not configured to use NWUS.
Observation 2	Significant energy savings from early termination only occur when the UE is in good coverage and when Rmax is large, since NWUS monitoring is typically much shorter than Rmax, the benefits from early terminating NWUS might not be significant.
Observation 3	Based on evaluations, for the SNR range where the UEs are expecting to obtain most energy gains, 8 subframes are enough for the UE to reliably estimate the SNR.
Observation 4	In [5], the combined usage of CRS and NRS for measurement enhancement was evaluated, from which it was found that “the measurement accuracy based on CRS+NRS is worse than that based on NRS only”.

Based on the discussion in the previous sections we propose the following:
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 frames.
 Ns = 1
o If i_s = 0 and SFNmod2 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
o If i_s = 0 and SFNmod2 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
 Ns = 2
o If i_s = 0 and SFNmod3 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
o If i_s = 0 and SFNmod3 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
o If i_s = 1 and SFNmod3 = 1, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
o If i_s = 1 and SFNmod3 = 2, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
 Ns = 4
o If i_s = 0 and SFNmod2 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
o If i_s = 1 and SFNmod2 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
o If i_s = 2 and SFNmod2 = 0, then there are 4 subframes containing NRS within the NPDCCH search space of the corresponding PO, that is N=4.
o If i_s = 3 and SFNmod2 = 1, then there are 4 subframes containing NRS before the corresponding PO, that is M = 4.
Proposal 5	Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.
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Annex 1
Previous agreements have been listed below:
In RAN1#94, the followings were agreed in RAN1 that 

Agreement 
The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by broadcast signalling.
•	Above applies only for non-anchor carriers
Agreement
For the objective on presence of NRS on a non-anchor carrier for paging, consider the following use case:
•	Early termination of NPDCCH / WUS
Above is not intended to restrict the study of other use cases in other WGs which may or may not have RAN1 specification impact

In RAN1#94bis, the followings were agreed in RAN1 that 

Agreement
The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.
Agreement
Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.
· FFS: Whether PO is from UE perspective or NW perspective

Agreement
A subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
FFS: Details of the subset, whether it depends on some existing parameters such as DRX cycle or new parameters by configuration
FFS: Whether the subset can be the whole set of POs by configuration.
For next meeting:
Companies are encouraged to consider increased network power consumption and interference, decreased chance for dynamic sharing with other RATs (e.g. NR), paging performance, reduced UE power consumption in the setting of presence of NRS when no paging is sent on a non-anchor carrier
In RAN1#95, the followings were agreed in RAN1 that 
Agreement
RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:
· Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.
· Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.
· 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

Agreement
In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:
· [bookmark: _Hlk3580912]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

Agreement 
The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.
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