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1 Introduction
In RAN1#97 meeting, the following agreements were made on presence of NRS on a non-anchor carrier for paging [1]:

	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.

For nB < X, the value of M+N is 10

· FFS: Whether the values of M and N are configurable

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)


In this contribution, we discuss the remaining NRS presence issues on a non-anchor carrier for paging from RAN1 perspective.

2 Discussions
Based on the last meeting agreement, all POs have NRS when nB < T/2 and M+N is 10. There are four alternatives for the value of M and N when nB < T/2.

· Alt 1: M=10, N=0

· Alt 2: M=0, N=10

· Alt 3: M=N=5

· Alt 4: The value of M/N is configured (N+M =10)

The main function of transmitting NRS on a non-anchor carrier for paging is early termination of NPDCCH, therefore Alt 2 is not considered. Compare to Alt 1, the gap between subframes with NRS belonging to two adjacent POs may be smaller for Alt 3 or Alt 4. Since all POs have NRS for nB < T/2, it is not necessary to use NRS corresponding to other POs for measurement. Therefore, we propose Alt 1.

Proposal 1: M=10 and N=0 when nB < T/2.
Based on the last meeting agreement, the pattern/M/N should be considered when nB >= T/2. To determine the decimation pattern, the definition of ‘nearby’ should be clarified. Considering the largest overhead of NRS subframe is 10 NRS subframes within 40 ms when nB < T/2, the definition of ‘nearby’ is 40 ms around a PO. The maximum number of NRS subframes within 40ms is 10. Since the number of POs in 40ms is power of 2, to achieve even distribution for each PO, the number of subframes with NRS within 40ms is 8.

Proposal 2: The number of subframes with NRS nearby every PO (40 ms around a PO) is 8 when nB >= T/2.

Figure 1 (POs were highlighted in yellow) shows the distribution of POs in one frame for the value of parameter nB is 4T, 2T, T and T/2.
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 (d)  nB = T/2

Figure 1 distribution of POs for different value of parameter nB

Based on Figure1 1, we see that the gap between two POs is same except nB = 4T. That means the distribution of POs is uniform.
Observation 1: When nB >= T/2, the distribution of POs is uniform except nB = 4T.

Based on the RAN1# 97 meeting agreement, the decimation pattern/M/N is determined for each nB value. Therefore, the following discussion of pattern/M/N is based on each nB value.
· nB = T/2
For nB = T/2, the distribution of POs is uniform. Considering the number of PO within 40ms is 2 and the number of subframes with NRS within 40ms is 8, therefore a fair distribution is each PO has 4 subframes with NRS. An example is shown in Figure 2 (POs were highlighted in yellow and subframes with NRS were highlighted in blue) wherein M=4, N=0. 
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 Figure 2 distribution of PO and subframes with NRS when nB = T/2

· nB = T
For nB = T, the distribution of POs is uniform. Considering the number of PO within 40ms is 4 and the number of subframes with NRS within 40ms is 8, therefore a fair distribution is each PO has 2 subframes with NRS. An example is shown in Figure 3 wherein M=2, N=0.
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 Figure 3 distribution of PO and subframes with NRS when nB = T

· nB = 2T
For nB = 2T, the distribution of PO is uniform. Considering the number of PO within 40ms is 8 the number of subframes with NRS within 40ms is 8, therefore a fair distribution is each PO has 1 subframe with NRS. An example is shown in Figure 4 wherein M=1, N=0.
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 Figure 4 distribution of PO and subframes with NRS when nB = 2T

· nB = 4T
For nB=4T, the distribution of PO is not uniform. To ensure fairness between UEs, offset can be introduced to determine which PO of two consecutive POs have NRS. The offset can be different in consecutive DRX cycles or consecutive frames. The UE needs to determine the index of DRX cycles if the offset is different in consecutive DRX cycles. For every PO, the average gap between the PO and all corresponding subframes with NRS was similar if offset is different in consecutive frames. But if offset is different in consecutive DRX cycles, the above mentioned average gap corresponding to each of the two consecutive DRX cycles is different and can be similar only for every two DRX cycles. That means the fairness between UEs can be achieved for at least two DRX cycles. Therefore, we propose the offset is different in consecutive frames. Considering the number of subframes with NRS within 40ms is 8 which is less than the number of POs within 40ms, the number of subframes with NRS is 1 for POs that have subframe with NRS. An example is shown in Figure 4 wherein M=1, N=0.
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 Figure 4 distribution of PO and subframes with NRS when nB = 4T

Based on above analysis, we propose that:

· All POs have subframes with NRS and M=4, N=0 when nB = T/2.
· All POs have subframes with NRS and M=2, N=0 when nB = T.
· All POs have subframes with NRS and M=1, N=0 when nB = 2T.
· Offset that is different in consecutive frames is introduced when nB = 2T.
Proposal 3: All POs have subframes with NRS when nB < 4T.

· M=4, N=0 when nB = T/2

· M=2, N=0 when nB = T

· M=1, N=0 when nB = 2T

Proposal 4: When nB = 4T, offset that is different in consecutive frames is introduced and M = 1, N = 0.
3 Conclusions

In this contribution, we have provided our considerations on NRS presence on non-anchor carrier for NB-IoT from RAN1 perspective. We make the following observation and proposals:

Observation 1: The distribution of POs is uniforms except nB = 4T when nB >= T/2.

Proposal 1: M=10 and N=0 when nB < T/2.
Proposal 2: The number of subframes with NRS nearby every PO (40 ms around a PO) is 8 when nB >= T/2.

Proposal 3: All POs have subframes with NRS when nB < 4T.

· M=4, N=0 when nB = T/2

· M=2, N=0 when nB = T

· M=1, N=0 when nB = 2T

Proposal 4: When nB = 4T, offset that is different in consecutive frames is introduced and M = 1, N = 0.
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