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1 Introduction
In RAN#88, a new work item on NB-IoT enhancements was approved (RP-181451) with the following objective:
Improved multi-carrier operation:
· 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#98, the following agreements were reached:
Agreement
· For nB<T/2, M=10, N=0

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

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

In this contribution we present our views on the remaining issues of presence of NRS in non-anchor carrier.


2 Values of M,N for nB>=T/2
We base the design of the decimation pattern for nB>=T/2 on the following:
- The overhead due to presence of NRS should not exceed 50% of the subframes
- There should as much fairness as possible across UEs (i.e., a first UE should not consistently see less CRS around its POs than a second UE).
Based on these principles, we design the decimation patterns shown in Table 1. Highlighted entries represent subframes with NRS.
Table 1 Decimation pattern for even DRX cycles (top) and odd DRX cycles (even) for nB=4T,2T,T,T/2
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We highlight the following properties of the decimation patterns:
· For nB=4T, only the POs in subframes 4/9 have associated CRS. In this case, there is a slight unfairness with UEs that monitor paging in subframes 0/5 (they may need to wake up one subframe earlier). To keep an overhead of 50%, the pattern gives N=3 to subframe 4 and N=2 to subframe 9 in even DRX cycles, and the other way around for odd DRX cycles.
· For nB=2T, one out of every other PO is decimated with N=5. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.
· For nB=T, one out of every other PO is decimated with N=10. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.
· For nB=T/2, N=10 in every other PO.
Proposal 1: Adopt the following values of M/N for nB>=T/2:
· For nB=4T, only the POs in subframes 4/9 have associated NRS with N=3 in subframe 4 and N=2 in subframe 9 in even DRX cycles, and the other way around for odd DRX cycles.
· For nB=2T, one out of every other PO is decimated with N=5. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.
· For nB=T, one out of every other PO is decimated with N=10. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.
· For nB=T/2, N=10 and all subframes have POs. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.



3 Offset across POs – effect of UE-specific DRX cycle
In RAN1#98, the following equation was proposed to introduce an offset for different DRX cycles. The objective was that, if a given UE group in a first DRX cycle does not have NRS associated with its POs, it will have them in the next DRX cycle.
· R = (PO_Index+(X div T)) mod 2, where:
· PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N + i_s) mod T
· X = SFN + 1024 * H-SFN
· T is the DRX cycle measured in radio frames.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.

As an example, consider the case of one PO per radio frame (i.e., nB = T), and a DRX cycle of 1024 radio frames. This case is agreed to have a decimation factor of ½, i.e., every other PO has NRS. If there is no offset introduced, the decimation pattern would look as follows:

	RF
	UE group
	NRS

	0
	0
	Yes

	1
	1
	No

	2
	2
	Yes

	3
	3
	No

	4
	4
	Yes

	5
	5
	No

	…
	…
	…

	1023
	1023
	No

	1024
	0
	Yes

	1025
	1
	No



Note that UE group 0 (in general, all even UE groups) will always have NRS in its POs, and UE group 1 (in general, all old UE groups) will never have NRS in its POs. This problem can be solved by introducing an “offset” in the second DRX cycle, i.e., (X div T), such that the NRS ON/OFF is flipped as follows:

	RF
	UE group
	NRS

	0
	0
	Yes

	1
	1
	No

	2
	2
	Yes

	3
	3
	No

	4
	4
	Yes

	5
	5
	No

	…
	…
	…

	1023
	1023
	No

	1024
	0
	No

	1025
	1
	Yes




The basic method in the first table is “PO_Index mod 2” to ensure every other PO has NRS. We can modify this by “(PO_Index + offset) mod 2”, where the offset increases by 1 every DRX cycle. 

The example above is assuming that all UEs camping in the cell have the same DRX cycle. In RAN#85, however, a new objective was added to introduce UE-specific DRX cycle. As we will show next, the introduction of UE-specific DRX cycle should be taken into account when designing the offset.

Consider the equation “R = (PO_Index+(X div T)) mod 2” as captured in the Chairman’s notes of RAN1#98. When this equation was designed, the value of “T” corresponded to the DRX cycle, which is unique for all UEs in the cell. Now, with the introduction of the UE-specific DRX cycle, we can make “T” be the UE-specific or cell-specific DRX cycle. As we will show next, using this equation directly with either of those creates some issues that need resolving:

- If T is the UE-specific DRX cycle, the assumption of presence of NRS will be different for different UEs. For example, a UE with a DRX cycle of 128RF may assume that NRS is present in a given radio frame, and a UE with a DRX cycle of 256RF may assume NRS is not present. In this case, the network must transmit NRS (since there is at least one UE that assumes NRS presence), and thus the network overhead would be increased.

- If T is the cell-specific DRX cycle, then UEs with UE-specific DRX cycle will see bursts of NRS. For example, consider the case depicted above with cell-specific DRX cycle of 1024RF, and a UE with a UE-specific DRX cycle of 128RF. In this case, the presence of NRS would be as follows:

	RF
	UE group (for T=128)
	NRS

	0
	0
	Yes

	1
	1
	No

	2
	2
	Yes

	3
	3
	No

	4
	4
	Yes

	5
	5
	No

	…
	…
	…

	128
	0
	Yes

	…
	…
	…

	256
	0
	Yes

	…
	…
	…

	1023
	127
	No

	1024
	0
	No

	1025
	1
	Yes



So, the NRS presence for UE group 0 would be “11111111000000001111111100000000…”, since the offset is introduced every cell-specific DRX cycle, and there are 8 UE-specific DRX cycles within one cell-specific DRX cycle, i.e., 8x128=1024. This is undesirable from UE power consumption, especially when the case of UE operating in eDRX, since the PTW may completely align with a period of no NRS presence and, therefore, such UE may never see NRS.

Observation 1: On the effect of UE-specific DRX cycle for offset determination, and taking as baseline the equation “R = (PO_Index+(X div T)) mod 2”, the following is observed:
- If T is the UE-specific DRX cycle, then different UEs may have different assumptions on the presence of NRS.
- If T is the cell-specific DRX cycle, UEs with smaller UE-specific DRX cycle will see consecutive NRS ON/OFF. For the case of eDRX, this may lead to cases where the UE does not see any NRS in the POs within the PTW.

To solve this issue, we propose to account for the presence of UEs with UE-specific DRX cycle and slightly modify the equation. We propose to use the following equation:

· 

where    . The value of N is equal to  and  is the signaled cell-specific DRX cycle (i.e., all the DRX cycles smaller than or equal to the cell-specific DRX cycle are included). With this, the bursts (consecutive NRS ON/OFF) are minimized (although the presence of NRS is still not completely uniform). The table below contains the decimation pattern with the new equation, assuming a cell-specific DRX cycle of 1024RF. It can be seen that the proposal greatly randomizes the presence of NRS, and eliminates the long bursts from the original proposal.

	SFN / 128
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
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	29
	30
	31

	1024/RF mod2
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1

	512/RF
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1

	256/RF
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	128/RF
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	Proposed
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0

	Original
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1



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

4 Summary

Proposal 1: Adopt the following values of M/N for nB>=T/2:
· For nB=4T, only the POs in subframes 4/9 have associated NRS with N=3 in subframe 4 and N=2 in subframe 9 in even DRX cycles, and the other way around for odd DRX cycles.
· For nB=2T, one out of every other PO is decimated with N=5. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.
· For nB=T, one out of every other PO is decimated with N=10. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.
· For nB=T/2, N=10 and all subframes have POs. An offset of one PO on the decimation pattern is introduced across DRX cycles to ensure fairness.

Observation 1: On the effect of UE-specific DRX cycle for offset determination, and taking as baseline the equation “R = (PO_Index+(X div T)) mod 2”, the following is observed:
- If T is the UE-specific DRX cycle, then different UEs may have different assumptions on the presence of NRS.
- If T is the cell-specific DRX cycle, UEs with smaller UE-specific DRX cycle will see consecutive NRS ON/OFF. For the case of eDRX, this may lead to cases where the UE does not see any NRS in the POs within the PTW.

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