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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#97bis, the followings agreements were reached [2]: 

	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)




[bookmark: _Hlk3580583][bookmark: _Hlk3542529]In this contribution we provide a follow-up on the above agreements, including 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
[bookmark: _Hlk3580275]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” [3]. Therefore, we focus on the discussion of having a number of subframes containing NRS prior/within the NPDCCH search space of a Paging Occasion (PO) to enable early termination of DCI monitoring for paging. 
In RAN1 #95, it was agreed that the number of subframes that should contain NRS prior/within a PO depends 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”

The exact values that “M” and “N” can take are still under discussion, since as it will be explained in the next subsection, the total number of subframes containing NRS will depend on the density of POs within a DRX cycle.
2.1 Density of POs within a DRX cycle
For determining the number of subframes containing NRS, RAN1 has the following agreements concerning to two scenarios:
	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.



Recall that “nB” refers to the number of POs in a DRX cycle. Hence, by using the conditional statements above we will have a:
· [bookmark: _Hlk11097054]None Sparse Case: High presence of POs (nB => T/2, i.e., nB = 4T, 2T, T, T/2 ), there are POs very close or even adjacent to each other. Not all the POs will have NRS, since a decimation pattern will be applied. 

· [bookmark: _Hlk11097090]Sparse Case: The presence of POs is sparse in time (nB < T/2, i.e., nB = T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, T/1024). All POs will have associated subframes containing NRS.

2.1.1	Presence of POs is sparse in time (nB < T/2)
When the presence of POs is sparse in time, RAN1 has already agreed that NO decimation pattern will be applied, and that there will be at most 10 subframes containing NRS:
	Agreement
For nB < X, the value of M+N is 10
· FFS: Whether the values of M and N are configurable




In this case, what remains to be decided are the values that “M” and “N” can take as to fulfil the agreement “M+N is 10”. When both “M” and “N” are ≠ 0 to fulfil “M+N is 10”, it is crucial to know the starting point of “M”, which refers to the subframes containing NRS prior the NPDCCH search space of a PO. We can distinguish two different situations that depend upon the starting point of “M”. 
· “M” creates a gap: If “M” starts from the leftmost subframe and both “M” and “N” are ≠ 0, then there will always be a gap between “M” and “N”. For illustration purposes, in Table 1 we used T = 4 along with nB = T/4, whereas “M” and “N” were both set to 5 as to fulfil “M+N is 10”.

Table 1: “M” starts from the leftmost subframe and both “M” and “N” are ≠ 0, as to fulfill “M+N is 10”.
	SFN = 0
	SFN = 1
	SFN = 2
	SFN = 3

	0
	1
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	3
	4
	5
	6
	7
	8
	9
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	3
	4
	5
	6
	7
	8
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Note: The subframes containing NRS associated to “M” are depicted as  , whereas the ones associated to “N” are depicted as  .
	
[bookmark: _Toc16840952]For nB < T/2 (i.e., when POs are sparse in time), if “M” starts from the leftmost subframe and “M” and “N” are ≠ 0 as to fulfill “M+N is 10”, then there will always be a gap between “M” and “N”.

· ”M” doesn’t create a gap: If “M” starts from the rightmost subframe next to the PO and both “M” and “N” are ≠ 0, then there will always be a contiguous transmission of NRS with no gap between “M” and “N”. In Table 2 we used for comparison purposes the exact same setup as in Table 1.

Table 2: “M” starts from the rightmost subframe and both “M” and “N” are ≠ 0, as to fulfill “M+N is 10”.
	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
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Note: The subframes containing NRS associated to “M” are depicted as  , whereas the ones associated to “N” are depicted as  .

[bookmark: _Toc16840953]For nB < T/2 (i.e., when POs are sparse in time), if “M” starts from the rightmost subframe and “M” and “N” are ≠ 0 as to fulfill “M+N is 10”, then there will always be a contiguous transmission of NRS with no gap between “M” and “N”.

[bookmark: _Toc16840954]There are several drawbacks for having a gap between “M” and “N”:
· [bookmark: _Toc16840955]The measurement period and filtering will be interrupted, which depending on the length of the gap may significantly impact the estimated SNR.
· [bookmark: _Toc16840956]The created gap leads to unutilized resources that are difficult for the network to use for some other purposes.
· [bookmark: _Toc16840957]Instead of having SNR estimates from several subframes away the PO, it will be better having SNR estimates next to the PO, since the intention is assisting the UE to potentially stop monitoring the NPDCCH search space.

There are several solutions that can be used for not having a gap between “M” and “N”:
· [bookmark: _Hlk11149842]“M” and “N” can take two possible values, either 10 subframes or 0 subframes as to fulfil with the condition “M+N is 10”.
 
· This will allow to have either, 10 subframes in row containing NRS ending at the PO or 10 subframes in a row containing NRS starting at the PO within the NPDCCH search space. 

· ”M” starts from the rightmost subframe, “M” and “N” can take several possible values as long as the condition “M+N is 10” remains fulfilled.

· ”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 several possible values as long as the condition “M+N is 10” remains fulfilled.

[bookmark: _Toc15636291][bookmark: _Toc15655227][bookmark: _Toc16840958]There are several solutions that can be used for not having a gap between “M” and “N”:
· [bookmark: _Toc16840959]“M” and “N” can take two possible values, either 10 subframes or 0 subframes as to fulfil with the condition “M+N is 10”.
· [bookmark: _Toc16840960]This will allow to have either, 10 subframes in row containing NRS ending at the PO or 10 subframes in a row containing NRS starting at the PO within the NPDCCH search space. 
· [bookmark: _Toc16840961]”M” starts from the rightmost subframe, “M” and “N” can take several possible values as long as the condition “M+N is 10” remains fulfilled.
· ”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 several possible values as long as the condition “M+N is 10” remains fulfilled.

The last option from the bullets above gives the most the flexibility from the network point of view, a channel estimation without interruptions, and it can help to coordinate interference across the cells. Therefore, it is proposed that  
[bookmark: _Toc16840966]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.
2.1.2	High presence of POs (nB >= T/2)
When there is a high presence of POs, RAN1 has agreed that a decimation pattern will be applied accounting for the following agreements:
	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)




The case when nB>=T/2, includes nB = 4T, 2T, T, T/2 and encompasses the presence of four UE groups (nB = 4T), two UE groups (nB = 2T) and one UE group (nB = T and T/2 respectively). Thus, the just mentioned scenarios will require applying a different decimation pattern in each case. 
In [4], it is proposed that “the decimation patterns are different between two consecutive DRX cycles”, “which PO of the two consecutive POs have NRS can be determined by an offset, and this offset is different in consecutive DRX cycles”, this was illustrated as follows:


Figure 1: The first four examples from top to bottom illustrate the decimation patterns proposed in [4].
The solution in [4] seems to suggest that one out of two adjacent POs will have NRS, which order will be inverted in the DRX cycle (note that the figure depicts the presence of POs from a network perspective, but the DRX cycle that toggles the order of the PO having NRS should be understood from a UE perspective). Moreover, for this solution it was also mentioned that an offset will be needed to determine which of the two adjacent POs will have NRS.
From the solution proposed in [4], we can identify the following drawbacks:
· It is unclear how the starting point of the decimation pattern is going to be determined, which in our view should be based on SFN. The main foreseen issue with [4] is how the offset can be derived by the UE, as the UE can enter a cell at any time (i.e., arbitrary time). Thus, the UE won’t be able to determine the offset, if the offset is defined with respect to its previous POs.
· Introducing an offset doesn’t seem to be needed since the decimation can be alternated based on odd and even radio frames as part of the decimation pattern per se, or for example the cell ID can be used to indicate which of the two adjacent POs has NRS, etc.
[bookmark: _Toc15636296][bookmark: _Toc15655232][bookmark: _Toc16840962]For the decimation patterns proposed in [4], the following drawbacks have been identified:
· [bookmark: _Toc16840963]It is unclear how the starting point of the decimation pattern is going to be determined, which in our view should be based on SFN.
· [bookmark: _Toc16840964]Introducing an offset doesn’t seem to be needed, since alternating the presence of NRS on the POs can be achieved by other means.
Thus, we discuss below decimation patterns for nB>=T/2 (i.e., when nB = 4T, 2T, T, T/2) that fulfil the agreed design criteria without having to introduce any offset.
2.1.2.1	Decimation pattern for Four UE groups (nB = 4T)
[bookmark: _Hlk11187297]In [4] it has been proposed to have only one subframe containing NRS associated to a given PO. In Table 3, the decimation pattern for four UE groups (nB = 4T) is shown using as in [4] only one subframe containing NRS associated to a given PO. Our intention is to make the number of subframes containing NRS configurable from 1 to 4 as to guarantee (i.e., when needed) up to 8 subframes with NRS nearby every PO.
Table 3: Decimation pattern for Four UE groups (nB = 4T), example using only one subframe (either N=1, M=1) containing NRS associated to a given PO
	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
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Note: The subframes containing NRS associated to “M” are depicted as         , whereas the ones associated to “N” are depicted as    
      (The POs for UE groups 0, 1, 2 and 3 are depicted by subframes colored in blue, yellow, green and pink respectively).

Overall Description of the Decimation Pattern for Four UE groups (nB = 4T):
· In even radio frames (SFNmod2 = 0), UE groups 0 and 2 will have subframes containing NRS by configuring “N to be either 1, 2, 3 or 4” and setting “M = 0”.
· In odd radio frames (SFNmod2 = 1), UE groups 1 and 3 will have subframes containing NRS by configuring “M to be either 1, 2, 3 or 4” and setting “N = 0”. 
· No offset is required, since the decimation pattern itself rotates within a DRX cycle the presence of NRS among the Four UE groups.
· The decimation pattern guarantees that nearby every PO there will be either 2, 4, 6, or 8 subframes containing NRS, which will depend on the configuration of “M” and “N” in the odd and even radio frames respectively.

[bookmark: _Toc16840967]Decimation Pattern for Four UE groups (nB = 4T):
· [bookmark: _Toc16840968]In even radio frames (SFNmod2 = 0), UE groups 0 and 2 will have subframes containing NRS by configuring “N to be either 1, 2, 3 or 4” and setting “M = 0”.
· [bookmark: _Toc16840969]In odd radio frames (SFNmod2 = 1), UE groups 1 and 3 will have subframes containing NRS by configuring “M to be either 1, 2, 3 or 4” and setting “N = 0”.
2.1.2.2	Decimation pattern for Two UE groups (nB = 2T)
For the decimation pattern dealing with two UE groups (i.e., nB = 2T), one important thing to notice is that the PO mapping of the UE groups 0 and 1 is different with respect to the mapping that those UE groups had in the four UE groups scenario [5]. In Table 4, the decimation pattern for two UE groups (nB = 2T) is shown using as in [4] only two subframes containing NRS associated to a given PO. Nonetheless, we also aim to make the number of subframes containing NRS configurable from 1 to 4.
Table 4: Decimation pattern for Four UE groups (nB = 2T), example using only two subframes (either N=2, M=2) containing NRS associated to a given PO
	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

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: The subframes containing NRS associated to “M” are depicted as    , whereas the ones associated to “N” are depicted as       (The POs for UE groups 0, and 1 are depicted by subframes colored in blue, and yellow respectively.

Overall Description of the Decimation Pattern for Two UE groups (nB = 2T):
· UE group 0 is active with NRSs:
· When , then UE group 0 will have subframes containing NRS by configuring “M to be either 1, 2, 3, or 4” while setting “N = 0”, whereas UE group 1 sets both “M” and “N” to 0.
· When , then UE group 0 will have subframes containing NRS by configuring “N to be either 1, 2, 3, or 4” while setting “M = 0”, whereas UE group 1 sets both “M” and “N” to 0.
· UE group 1 is active with NRSs:
· When , then UE group 1 will have subframes containing NRS by configuring “N to be either 1, 2, 3, or 4” while setting “M = 0”, whereas UE group 0 sets both “M” and “N” to 0.
· When , then UE group 1 will have subframes containing NRS by configuring “M to be either 1, 2, 3, or 4” while setting “N = 0”, whereas UE group 0 sets both “M” and “N” to 0.
· No offset is required, since the decimation pattern itself rotates within a DRX cycle the presence of NRS among the two UE groups.
· The decimation pattern guarantees that nearby every PO there will be either 1, 2, 3, or 4 subframes containing NRS, which will depend on the configuration of “M” and “N” in the odd and even radio frames respectively.
[bookmark: _Toc16840970]Decimation Pattern for Four UE groups (nB = 2T):
· [bookmark: _Toc16840971]UE group 0 is active with NRSs:
· [bookmark: _Toc16840972]When , then UE group 0 will have subframes containing NRS by configuring “M to be either 1, 2, 3, or 4” while setting “N = 0”, whereas UE group 1 sets both “M” and “N” to 0.
· [bookmark: _Toc16840973]When , then UE group 0 will have subframes containing NRS by configuring “N to be either 1, 2, 3, or 4” while setting “M = 0”, whereas UE group 1 sets both “M” and “N” to 0.
· [bookmark: _Toc16840974]UE group 1 is active with NRSs:
· [bookmark: _Toc16840975]When , then UE group 1 will have subframes containing NRS by configuring “N to be either 1, 2, 3, or 4” while setting “M = 0”, whereas UE group 0 sets both “M” and “N” to 0.
· [bookmark: _Toc16840976]When , then UE group 1 will have subframes containing NRS by configuring “M to be either 1, 2, 3, or 4” while setting “N = 0”, whereas UE group 0 sets both “M” and “N” to 0.

2.1.2.3	Decimation pattern for One UE group (nB = T and nB = T/2)
For the decimation pattern dealing with one UE group (i.e., nB = T and nB = T/2), yet again the PO mapping of the UE groups 0 is different with respect to the mapping that UE group 0 had in the two and four UE group scenarios [5]. In Tables 5a and 5b, the decimation patterns for one UE group (nB = T and nB = T/2 respectively) is shown using respectively as in [4] four and eight subframes containing NRS associated to a given PO. Nonetheless, as for other scenarios we make possible to configure the number of subframes containing NRS from 1 to 4.
2.1.2.3.1 Decimation pattern for One UE group (nB = T)
Table 5a: Decimation pattern for One UE group (nB = T), example using four subframes (either N=4, M=4) containing NRS associated to a given PO
	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
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	5
	6
	7
	8
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Note: The subframes containing NRS associated to “M” are depicted as  , whereas the ones associated to “N” are depicted as   .

Overall Description of the Decimation Pattern for One UE group (nB = T):
· UE group 0 is active with NRSs:
· When , then UE group 0 will have subframes containing NRS by configuring “N to be either 1, 2, 3, or 4” while setting “M = 0”.
· When , then UE group 0 will have subframes containing NRS by configuring “M to be either 1, 2, 3, or 4” while setting “N = 0.
· No offset is required, since the decimation pattern itself rotates within a DRX cycle the presence of NRS in odd and even radio frames (there is only one UE group in this case).
· The decimation pattern guarantees that nearby every PO there will be either 1, 2, 3, or 4 subframes containing NRS, which will depend on the configuration of “M” and “N” in the odd and even radio frames respectively.
[bookmark: _Toc16840977]Decimation Pattern for One UE group (nB = T):
· [bookmark: _Toc16840978]UE group 0 is active with NRSs:
· [bookmark: _Toc16840979]When , then UE group 0 will have subframes containing NRS by configuring “N to be either 1, 2, 3, or 4” while setting “M = 0”.
· [bookmark: _Toc16840980]When , then UE group 0 will have subframes containing NRS by configuring “M to be either 1, 2, 3, or 4” while setting “N = 0.
[bookmark: _Hlk15483996]2.1.2.3.2 Decimation pattern for One UE group (nB = T/2)
This case is just in the limit of being considered a sparse case, and according to the equations in TS 36.304, “nB=T/2” in all cases results in having a PO in even radio frames. Thus using “odd” and “even” radio frames to rotate the location of the subframes containing NRS is not possible. Hence, the decimation pattern applies on even radio frames only.
Table 5b: Decimation pattern for One UE group (nB = T/2), example using four subframes (either N=4, M=4) containing NRS associated to a given PO
	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

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: The subframes containing NRS associated to “M” are depicted as  , whereas the ones associated to “N” are depicted as   .

.
.
.


	SFN = 4
	SFN = 5
	SFN = 6
	SFN = 7

	0
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	3
	4
	5
	6
	7
	8
	9
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	3
	4
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	7
	8
	9
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	8
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Note: The subframes containing NRS associated to “M” are depicted as  , whereas the ones associated to “N” are depicted as   .


[bookmark: _Hlk11357160]Overall Description of the Decimation Pattern for One UE group (nB = T/2):
· When ), then the UE group 0 will have subframes containing NRS by configuring “M” to be either 1, 2, 3, or 4” while setting “N = 0”.
· [bookmark: _Hlk15634726]When ), then the UE group 0 will have subframes containing NRS by configuring “N” to be either 1, 2, 3, or 4” while setting “M = 0”. Alternatively, “M” can be configured to be either 1, 2, 3, or 4” while setting “N = 0”.
· No offset is required, since the SFN-based operations are used to alternate the presence of NRS (there is only one UE group in this case and nB = T/2).
[bookmark: _Toc16840981]Decimation Pattern for One UE group (nB = T/2):
· [bookmark: _Toc16840982]When ), then the UE group 0 will have subframes containing NRS by configuring “M” to be either 1, 2, 3, or 4” while setting “N = 0”.
· [bookmark: _Toc16840983]When ), then the UE group 0 will have subframes containing NRS by configuring “N” to be either 1, 2, 3, or 4” while setting “M = 0”.
2.3 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, [6] 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 [6], 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: _Toc16840965]The combined usage of CRS and NRS for measurement enhancement gives worse measurement results comparing to using only NRS. 
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 also be problematic in the point of view of 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: _Toc16840984]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	For nB < T/2 (i.e., when POs are sparse in time), if “M” starts from the leftmost subframe and “M” and “N” are ≠ 0 as to fulfill “M+N is 10”, then there will always be a gap between “M” and “N”.
Observation 2	For nB < T/2 (i.e., when POs are sparse in time), if “M” starts from the rightmost subframe and “M” and “N” are ≠ 0 as to fulfill “M+N is 10”, then there will always be a contiguous transmission of NRS with no gap between “M” and “N”.
Observation 3	There are several drawbacks for having a gap between “M” and “N”:
	The measurement period and filtering will be interrupted, which depending on the length of the gap may significantly impact the estimated SNR.
	The created gap leads to unutilized resources that are difficult for the network to use for some other purposes.
	Instead of having SNR estimates from several subframes away the PO, it will be better having SNR estimates next to the PO, since the intention is assisting the UE to potentially stop monitoring the NPDCCH search space.
Observation 4	There are several solutions that can be used for not having a gap between “M” and “N”:
	“M” and “N” can take two possible values, either 10 subframes or 0 subframes as to fulfil with the condition “M+N is 10”.
o	This will allow to have either, 10 subframes in row containing NRS ending at the PO or 10 subframes in a row containing NRS starting at the PO within the NPDCCH search space.
	”M” starts from the rightmost subframe, “M” and “N” can take several possible values as long as the condition “M+N is 10” remains fulfilled.
Observation 5	For the decimation patterns proposed in [4], the following drawbacks have been identified:
	It is unclear how the starting point of the decimation pattern is going to be determined, which in our view should be based on SFN.
	Introducing an offset doesn’t seem to be needed, since alternating the presence of NRS on the POs can be achieved by other means.
Observation 6	The combined usage of CRS and NRS for measurement enhancement gives worse measurement results comparing to using only NRS.

Based on the discussion in the previous sections we propose the following:
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.
Proposal 2	Decimation Pattern for Four UE groups (nB = 4T):
	In even radio frames (SFNmod2 = 0), UE groups 0 and 2 will have subframes containing NRS by configuring “N to be either 1, 2, 3 or 4” and setting “M = 0”.
	In odd radio frames (SFNmod2 = 1), UE groups 1 and 3 will have subframes containing NRS by configuring “M to be either 1, 2, 3 or 4” and setting “N = 0”.
Proposal 3	Decimation Pattern for Four UE groups (nB = 2T):
	UE group 0 is active with NRSs:
o	When , then UE group 0 will have subframes containing NRS by configuring “M to be either 1, 2, 3, or 4” while setting “N = 0”, whereas UE group 1 sets both “M” and “N” to 0.
o	When , then UE group 0 will have subframes containing NRS by configuring “N to be either 1, 2, 3, or 4” while setting “M = 0”, whereas UE group 1 sets both “M” and “N” to 0.
	UE group 1 is active with NRSs:
o	When , then UE group 1 will have subframes containing NRS by configuring “N to be either 1, 2, 3, or 4” while setting “M = 0”, whereas UE group 0 sets both “M” and “N” to 0.
o	When , then UE group 1 will have subframes containing NRS by configuring “M to be either 1, 2, 3, or 4” while setting “N = 0”, whereas UE group 0 sets both “M” and “N” to 0.
Proposal 4	Decimation Pattern for One UE group (nB = T):
	UE group 0 is active with NRSs:
o	When , then UE group 0 will have subframes containing NRS by configuring “N to be either 1, 2, 3, or 4” while setting “M = 0”.
o	When , then UE group 0 will have subframes containing NRS by configuring “M to be either 1, 2, 3, or 4” while setting “N = 0.
Proposal 5	Decimation Pattern for One UE group (nB = T/2):
	When ), then the UE group 0 will have subframes containing NRS by configuring “M” to be either 1, 2, 3, or 4” while setting “N = 0”.
	When ), then the UE group 0 will have subframes containing NRS by configuring “N” to be either 1, 2, 3, or 4” while setting “M = 0”.
Proposal 6	Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.
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