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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#96bis, the followings agreements were reached [2]: 
· NPDCCH early termination
	
Conclusion
There is no consensus in RAN1 to support configuration of NRS for WUS early termination in Rel-16.




· Decimation pattern
	
[bookmark: _Hlk5805297]Agreement
The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based at least on nB-r13/nB
· [bookmark: _Hlk6408501]FFS: defaultPagingCycle-r13/T
· Note: The paging frame and the number of UE groups can be derived from T and nB


Agreement
For the NRS pattern: 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
· For nB < X, all POs have NRS. FFS value of M/N.
where X is a fixed value which will be determined in RAN1#97.





[bookmark: _Hlk3580583][bookmark: _Hlk3542529]In this contribution, we provide a follow-up on the NRS decimation pattern, the number of subframes containing NRS prior/within a Paging Occasion (PO), and a view on “consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS”. 
2 Presence of NRS on a non-anchor carrier for paging in NB-IoT
In RAN1 #96, it was concluded that “There is no consensus in RAN1 to support configuration of NRS for WUS early termination in Rel-16” [2]. The conclusion above effectively means that from the two alternatives to be down-selected [3], Alt4 was the selected one:
· [bookmark: _Hlk3580275][bookmark: _Hlk3540031]Alt4: NRS is always associated with NPDCCH for paging
2.1	NRS is always associated with NPDCCH for paging
[bookmark: _Hlk6400932]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.
2.2	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)
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	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: _Toc6487680]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.
In RAN1 #96bis there were initial discussions on the NRS decimation patterns. Two NRS decimation pattern candidates were discussed in detail, being one of the differences between them the utilization of “M” and “N”. Thus, the values to be taken by “M” and “N” became very depend on the decimation pattern design and further discussion will be needed (see section 2.3). However, one coincidence between the identified candidate decimation patterns is that the total number of subframes containing NRS is always less or equal than 8 subframes.

[bookmark: _Toc6487681]The values of “M” and “N” became very depend on the decimation patterns being discussed. However, for both candidate decimation patterns, the total number of subframes containing NRS is always less or equal than 8 subframes.

[bookmark: _Toc6487696]The total number of subframes containing NRS is less or equal than 8 subframes.
2.3 Decimation pattern of a PO with associated NRS
2.3.1 Variables needed for determining “the subset of POs that have subframes with NRS”
In RAN1 #96bis, it was agreed that “The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based at least on nB-r13/nB”, letting as “FFS: defaultPagingCycle-r13/T” and keeping as a “Note: The paging frame and the number of UE groups can be derived from T and nB”.
Before providing an answer to the FFS, it is important to understand the role that each of the above-mentioned variables (i.e., nB, T, Paging Frame (PF), and number of UE groups (Ns)) play in relation to the presence of NRS for attempting to perform an NPDCCH early termination.
The TS 36.304 contains the description of the above-mentioned variables (i.e., nB, T, Paging Frame (PF), and number of UE groups), and how they interact each other [4].
Table 1: Extract from TS 36.304.
	One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.
One Paging Narrowband (PNB) is one narrowband, on which the UE performs the paging message reception.
PF, PO, and PNB are determined by following formulae using the DRX parameters provided in System Information:
PF is given by following equation:
SFN mod T= (T div N)*(UE_ID mod N)
Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:
i_s = floor(UE_ID/N) mod Ns
If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:
PNB = floor(UE_ID/(N*Ns)) mod Nn
	The following Parameters are used for the calculation of the PF, i_s, PNB, and the NB-IoT paging carrier:
-	T: DRX cycle of the UE. Except for NB-IoT, if a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT. In RRC_INACTIVE state, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers.
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256, and for NB-IoT also T/512, and T/1024.
-	N: min(T,nB)
-	Ns: max(1,nB/T)


	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







Until now it has been agreed that “The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based at least on nB-r13/nB”. However, nB is not sufficient for knowing “The subset of POs that have subframes with NRS”, since it only tells the number of POs in a DRX cycle. That is, nB cannot tell which radio frame(s) among the ones composing a DRX cycle contain the POs (this is given by “PF” which makes use of “N” and “T”), and it cannot tell either the PO mapping within such radio frame(s) (this is given by “Ns” which makes use of “nB” and “T”). 
Based on the relationships shown in Table 1 and assuming that the Paging Narrowband (PNB) is known, in our view, for knowing “The subset of POs that have subframes with NRS” it is necessary having knowledge of the following variables: “T”, “nB”, “N”, “PF”, and “Ns”. On this matter, there are equations for determining, “N”, “PF”, and “Ns” but at least “T”, and “nB” need to be indicated, hence the “FFS: defaultPagingCycle-r13/T” should turn into an agreement.
[bookmark: _Toc6487682]nB is not sufficient for knowing “The subset of POs that have subframes with NRS”, since it only tells the number of POs in a DRX cycle. 
· [bookmark: _Toc6487683]nB cannot tell which radio frame(s) in a DRX cycle contain the POs, nor the PO mapping within such radio frame(s).
[bookmark: _Toc6487684]For knowing “The subset of POs that have subframes with NRS” it is necessary having knowledge of the following variables: “T”, “nB”, “N”, “PF”, and “Ns”. 
· [bookmark: _Toc6487685]There are equations for determining, “N”, “PF”, and “Ns” but at least “T”, and “nB” need to be indicated.
[bookmark: _Toc6487697]“defaultPagingCycle-r13/T” is also used for determining the subset of POs that have subframes with NRS even when no NPDCCH is transmitted.
2.3.2	Design considerations for the “Decimation pattern of a PO with associated NRS”
In RAN1 #96bis, additional design principles were agreed towards continuing with the design of the NRS decimation pattern [2].
Agreement
For the NRS pattern: 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: _Hlk6423399]For nB < X, all POs have NRS. FFS value of M/N.
where X is a fixed value which will be determined in RAN1#97.

The main bullets in the above agreement refer to two conditions that are mainly intended to differentiate between cases where there are POs very close or even adjacent to each other, and cases where the POs are sparser in time. According to the agreement “X is a fixed value which will be determined in RAN1#97”. For having a technical basis on deciding the value of “X”, Figure 1 shows “Ns” as a function of “nB”.
[image: ]
Figure 1: “Ns” (number of UE groups) as a function of “nB” (number of POs in a DRX cycle).
Figure 1 shows that except for “nB = 4T” and “nB = 2T” all other cases of nB deal with only one UE group. The inflection point occurs when nB = T (which means that there is a PO in every radio frame composing the DRX cycle), and beyond that point the POs start to be more and more sparse in time. Based on the information provided by Figure 1, all POs should have NRS as long as nB corresponds to one UE group, therefore, and because of the way the conditions in the agreement were written (i.e., nB < X, all POs have NRS.), the value of “X” should be 2T.
[bookmark: _Toc6487686]For having a technical basis on deciding the value of “X”, “Ns” was plotted as a function of “nB”.
· [bookmark: _Toc6487687]Except for “nB = 4T” and “nB = 2T” all other cases of nB deal with only one UE group. 
· [bookmark: _Toc6487688]The inflection point occurs when nB = T, beyond that point the POs start to be more and more sparse in time.
[bookmark: _Toc6487698]X = 2T, all POs have NRS as long as nB corresponds to a one UE group case. 
2.3.3	Comparison between candidate decimation patterns
As mentioned in section 2.2, two NRS decimation pattern candidates were discussed in detail in RAN1 #96bis. Overall, the proposals hereafter called Alt 1 ([5]) and Alt 2 ([6]) are very similar to each other, since for example they both use the same level of granularity accounting for the “subframe pattern” described in TS 36.304 [4], and both use a maximum total number of subframes containing NRS equal to 8. A one-on-one comparison between Alt 1 and Alt 2 is provided in Annex 1, whereas the main differences between the proposed candidate decimation patterns are summarized in Table 2.
Table 2: Extract from TS 36.304.
	Alt 1 ([5])
	Alt 2 ([6])

	· “M” is variable and depends on “nB” and “T”. 

· “N” is always set to zero.

· “M” starts from left-to-right.

· The less number of PO’s within a DRX_cycle the more NRSs are provided, and vice-versa. This also implies that the larger the number of UE_groups, the less the number of NRSs.
	· “M” is set to 4.

· “N” is set to 4.

· “M” starts from right-to-left.

· For all UE groups, it is guaranteed that the UEs will always see 8NRs within a range of 10subframes.



In section 2.3.2, we discussed the design considerations agreed in RAN1 #96bis, which use “nB >= X” for the cases were POs are very close to each other, and “nB < X” for the cases where the POs are sparser in time. However, as it can be seen in [5] and in Annex 1, Alt 1 in all cases considers that “all POs have NRS” meaning that for this proposal the condition “nB >= X” roughly means few subframes containing NRS, while “nB < X” means more subframes containing NRS up to 8. For Alt 2 (a recap can be found in Annex 2), in all cases the total number of subframes containing NRS observed by a given UE group is 8, and for this proposal when “nB >= X” not “all POs have NRS”, whereas “nB < X” would mean “all POs have NRS”.
[bookmark: _Toc6487689]In RAN1 #96, two NRS decimation pattern candidates were discussed in detail, which overall are similar and mainly differ in the following aspects:
	[bookmark: _Toc6487690]Alt 1 ([5])
	[bookmark: _Toc6487691]Alt 2 ([6])

	· “M” is variable and depends on “nB” and “T”. 

· “N” is always set to zero.

· “M” starts from left-to-right.

· The less number of PO’s within a DRX_cycle the more NRSs are provided, and vice-versa. This also implies that the larger the number of UE_groups, the less the number of NRSs.
	· “M” is set to 4.

· “N” is set to 4.

· “M” starts from right-to-left.

· For all UE groups, it is guaranteed that the UEs will always see 8NRs within a range of 10subframes.



[bookmark: _Toc6487692]Alt 1 in all cases considers that “all POs have NRS” meaning that for this proposal the condition “nB >= X” roughly means few subframes containing NRS, while “nB < X” means more subframes containing NRS up to 8. 
[bookmark: _Toc6487693]For Alt 2, in all cases the total number of subframes containing NRS observed by a given UE group is always 8, and for this proposal when “nB >= X” not “all POs have NRS”, whereas “nB < X” would mean “all POs have NRS”.
As stated in Table 2, another important difference between Alt1 and Alt2 is the starting point of “M”. That is, within a range of 10 subframes “M” for Alt1 starts from left-to-right, whereas for Alt2 “M” starts from right-to-left. Recall that “M” refers to a number of subframes containing NRS before the PO, being the whole point getting a SNR estimates as to early terminate when possible the NPDCCH that starts along with the PO. Thus, the closer the SNR estimates to the PO the better, it is therefore this company's view that “M” should start from right-to-left.
[bookmark: _Toc6487694]“M” provides SNR estimates as to early terminate when possible the NPDCCH. Thus, the closer the SNR estimates to the PO the better. Therefore “M” should start from right-to-left. Otherwise, there will be gap (a number of subframes) between the SNR estimates and the PO.
[bookmark: _Toc6487699]“M” which refers to the subframes containing NRS before the PO, start from the subframe next to the PO and backwards (i.e., from right-to-left).
Once the similarities, and differences between the candidate decimation patterns (i.e., Alt1 and Alt2) have been summarized, probably a constructive way forward could consist in making both “M” and “N” independently configurable from the following set {0,1,2,3,4,5,6,7,8}, but subject to a maximum for “M”+”N” depending on “nB >= X” or “nB < X”. Re-using to some extent the description in [HW’s paper], the proposal can be summarized as follows:

	
	The nB value
	“M“ + “N“ =

	nB >= X
	4T
	1

	
	2T
	2

	nB < X
	T
	4

	
	Less than or equal to T
	8



[bookmark: _Toc6487700]The decimation pattern is a hybrid between Alt 1 and Alt2: 
	
	The nB value
	“M“ + “N“ =

	nB >= X
	4T
	1

	
	2T
	2

	nB < X
	T
	4

	
	Less than or equal to T
	8



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, [7] 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 [7], 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: _Toc6487695]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: _Toc6487701]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	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 2	The values of “M” and “N” became very depend on the decimation patterns being discussed. However, for both candidate decimation patterns, the total number of subframes containing NRS is always less or equal than 8 subframes.
Observation 3	nB is not sufficient for knowing “The subset of POs that have subframes with NRS”, since it only tells the number of POs in a DRX cycle.
-	nB cannot tell which radio frame(s) in a DRX cycle contain the POs, nor the PO mapping within such radio frame(s).
Observation 4	For knowing “The subset of POs that have subframes with NRS” it is necessary having knowledge of the following variables: “T”, “nB”, “N”, “PF”, and “Ns”.
-	There are equations for determining, “N”, “PF”, and “Ns” but at least “T”, and “nB” need to be indicated.
Observation 5	For having a technical basis on deciding the value of “X”, “Ns” was plotted as a function of “nB”.
-	Except for “nB = 4T” and “nB = 2T” all other cases of nB deal with only one UE group.
-	The inflection point occurs when nB = T, beyond that point the POs start to be more and more sparse in time.
Observation 6	In RAN1 #96, two NRS decimation pattern candidates were discussed in detail, which overall are similar and mainly differ in the following aspects:
	Alt 1 ([5])
	Alt 2 ([6])

	· “M” is variable and depends on “nB” and “T”. 

· “N” is always set to zero.

· “M” starts from left-to-right.

· The less number of PO’s within a DRX_cycle the more NRSs are provided, and vice-versa. This also implies that the larger the number of UE_groups, the less the number of NRSs.
	· “M” is set to 4.

· “N” is set to 4.

· “M” starts from right-to-left.

· For all UE groups, it is guaranteed that the UEs will always see 8NRs within a range of 10subframes.



Observation 7	Alt 1 in all cases considers that “all POs have NRS” meaning that for this proposal the condition “nB >= X” roughly means few subframes containing NRS, while “nB < X” means more subframes containing NRS up to 8.
Observation 8	For Alt 2, in all cases the total number of subframes containing NRS observed by a given UE group is always 8, and for this proposal when “nB >= X” not “all POs have NRS”, whereas “nB < X” would mean “all POs have NRS”.
Observation 9	“M” provides SNR estimates as to early terminate when possible the NPDCCH. Thus, the closer the SNR estimates to the PO the better. Therefore “M” should start from right-to-left. Otherwise, there will be gap (a number of subframes) between the SNR estimates and the PO.
Observation 10	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	The total number of subframes containing NRS is less or equal than 8 subframes.
Proposal 2	“defaultPagingCycle-r13/T” is also used for determining the subset of POs that have subframes with NRS even when no NPDCCH is transmitted.
Proposal 3	X = 2T, all POs have NRS as long as nB corresponds to a one UE group case.
Proposal 4	“M” which refers to the subframes containing NRS before the PO, start from the subframe next to the PO and backwards (i.e., from right-to-left).
Proposal 5	The decimation pattern is a hybrid between Alt 1 and Alt2:
	
	The nB value
	“M“ + “N“ =

	nB >= X
	4T
	1

	
	2T
	2

	nB < X
	T
	4

	
	Less than or equal to T
	8



Proposal 6	Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.
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Annex 1
Below we present a one-on-one comparison between Alt 1 and Alt 2. For illustration purposes it has been assumed T = 4 (i.e., The DRX cycle is composed by 4 radio frames). The NRS decimation patterns for 4, 2, and 1 UE groups are compared for the cases described in R1-1903914 (Contribution submitted by Huawei).
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Annex 2
[bookmark: _Hlk4598501]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
	7
	8
	9

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


The presence of NRS associated to a PO is depicted by the following symbol “ↆ”
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3) For nB=T, Ns: max(1,nB/T) =1 UE group.
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4) For nB<=T/2, Ns: max(1,nB/T) = 1 UE group.
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