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1 Introduction
In RAN#80, 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 previous meetings, the following agreements were reached:
[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
· 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.
Additionally, RAN2 agreed the following (LS sent to RAN4, CC RAN1 in R2-1905264):
· If RAN4 confirms feasibility, and NRS is present in non-anchor carrier, RAN2 can make use of that for RRM measurements in non-anchor carrier.
In this contribution we present our views on the remaining issues 

2 Density and length of NRS in one PO
Given the agreements in RAN1 and RAN4, the following use cases are envisioned for NRS in non-anchor:
- Early termination of NPDCCH
- Measurements/measurement relaxation based on NRS on non-anchor
[bookmark: _Hlk7766496]Sourcing company’s simulation results show that for low SNR ranges of enhanced coverage mode, 10 subframes with NRS are needed to meet the NRSRP accuracy requirements of +/- 10.3 dB as defined in TS 36.133. Thus, N+M has to be at least 10ms.
Observation 1: In order to meet the NRSRP requirements defined by RAN4, it is observed that at least 10 subframes of NRS are needed.
Proposal 1: For the case of nB < X, N+M is at least 10.
For early termination of NPDCCH, however, more accurate estimation of SNR is needed. This is due to the fact that the RAN4 requirements for NRSRP are very loose, and thus may not allow for correct assessment of the number of repetitions needed to decode the NPDCCH. In the Table below we show the number of NRS subframes required for early termination in different SNR regimes. Roughly, the number of NRS subframes required doubles with every 3dB in SNR.
Table 1 NRS subframes required for early termination in different SNR regimes
	Number of NRS subframes
	SNR required for Early Termination 

	2
	-1

	4
	-3

	8
	-6

	16
	-9

	32
	-12

	64
	-14

	128
	-18



Observation 2: The number of NRS for early termination of NPDCCH is different for different SNR regimes (or, equivalently, for different values of Rmax)
Proposal 2: The values of (N,M) are configurable at least for the case of nB < X. 
	- FFS whether the configuration is explicit or implicit depending on the value of Rmax

3 Value of X
In RAN1#96b it was agreed that, for separation of POs > X, all POs will have NRS. Given that the minimum number of NRS required for NRSRP is 10 (and this would allow for early termination of NPDCCH up to ~-7dB SNR), setting X=T/2 would result in only 50% subframes with NRS, which we assume is a reasonable overhead.
Proposal 3: If the separation between POs is greater than 20 ms, all POs have NRS (i.e., X = T/2)

4 Principles for decimation pattern
In RAN1#96, the following principles were agreed for decimation pattern:
· 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.

In the following, we present our views on further details for the multiple principles:
P3: quasi-uniform/uniform distribution from UE perspective: 
In general for UE implementation, it is desirable if the NRS pattern looks completely uniform in the UE POs. This has the following advantages:
1) The network may configure the separation between POs with NRS to allow for accurate SNR estimation for UEs with e.g. low doppler. This means that the SNR estimation may be valid for R paging receptions. Let’s assume an average separation of R POs between NRS-POs. If the separation between NRS-POs is not uniform, for the same overhead, the UE power consumption will increase:
a. For those NRS-POs with a separation smaller than R POs, the UE is measuring NRS in an occasion for which it would use the previous estimate.
b. For those NRS-POs with a separation larger than R POs, the UE needs to either perform NRS measurements in a neighbouring PO (which will increase power consumption) or skip NPDCCH early termination (which will also increase power consumption).
2) UE behaviour is simplified, since all sets of N consecutive POs look exactly the same, and there is no need for the UE to build complicated tables for optimizing each case
a. For instance, the UE behaviour if the separation is uniform would be “Wake up in first PO, measure NRS, store SNR, use SNR for next R POs”. If the separation is not uniform, this behaviour needs to be optimized for each of the possible separation between POs.
b. Also, in case of higher doppler, the “closest PO” to the UE PO (belonging to a different UE group monitoring different set of POs) will be the same in every cycle.
Observation 3: From UE perspective, non-uniform separation between POs that contain NRS even when no NPDCCH is transmitted increases UE power consumption and complicates the optimization of UE behaviour.
Proposal 4: Modify P3 as follows:
· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.

P4: Fairness Starting from modified P3 in Proposal 3, a design of the POs with NRS that has the same amount of NRS-POs for all UEs (and thus ensures fairness) is given as follows: 
Let us define the i-th UE group  as the set of UEs that monitor the same set of POs, with UE group  monitoring the POs  - Note that the parameter nB (defined in TS 36.304) determines the number of groups and . If we define the decimation factor as R (i.e., one out of every R POs have NRS), and based on modified P3, the POs with NRS for R=2 would be (bold POs mean POs with NRS):
· If offset , then 
· If offset , then 
In general, for a UE-group specific offset  with , and for POs associated with UE group the POs with NRS would be the ones belonging to the following set
· 
Or, putting all groups together, the POs that follow the following equation will have associated NRS:

(note that PO is the absolute PO number across all groups)
In the appendix, we show two examples for the offset . Changing  would result in different NRS-PO distribution/density from network perspective. The offset per group  can be designed to meet P4 and further considering P2 to reduce the UE power consumption.
Proposal 5: The POs with NRS are the ones that meet the following equation:	
Where:
	-  is the absolute PO number (across all UEs)
	- nB is the parameter defined in TS 36.304
	- R is the decimation pattern (i.e., the fraction of POs with NRS is R)
	-  is the offset for the i-th UE group with 
		- FFS:  to be designed to meet principles P4/P2.



5 Interaction with CRS
For in-band deployments, in most cases the LTE eNB needs to transmit CRS most of the time. Current NB-IoT specification does not allow the UE to assume presence of CRS in the subframes that do not contain NRS. Thus, it may be beneficial for the eNB to allow the UE to use CRS and avoid sending additional NRS - especially in cases where the NRS-CRS power offset is small.
Proposal 6: For in-band deployments, enable use of CRS for UE measurement in non-anchor carrier even when NRS is not present.
	FFS: Details



6 Summary
In this contribution we presented our views on usage and specification impact of enabling presence of NRS in non-anchor carriers for paging. We made the following observations and proposals:
Observation 1: In order to meet the NRSRP requirements defined by RAN4, it is observed that at least 10 subframes of NRS are needed.
Proposal 1: For the case of nB < X, N+M is at least 10.
Observation 2: The number of NRS for early termination of NPDCCH is different for different SNR regimes (or, equivalently, for different values of Rmax)
Proposal 2: The values of (N,M) are configurable at least for the case of nB < X. 
	- FFS whether the configuration is explicit or implicit depending on the value of Rmax
Proposal 3: If the separation between POs is greater than 20 ms, all POs have NRS (i.e., X = T/2)
Observation 3: From UE perspective, non-uniform separation between POs that contain NRS even when no NPDCCH is transmitted increases UE power consumption and complicates the optimization of UE behaviour.
Proposal 4: Modify P3 as follows:
· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.

Proposal 5: The POs with NRS are the ones that meet the following equation:	
Where:
	-  is the absolute PO number (across all UEs)
	- nB is the parameter defined in TS 36.304
	- R is the decimation pattern (i.e., the fraction of POs with NRS is R)
	-  is the offset for the i-th UE group with 
		- FFS:  to be designed to meet principles P4/P2.







Appendix: Examples of decimation patterns:
In the following, some examples of decimation patterns are shown, where each color represents a UE group, and the entries with “1” signal that there is NRS in a given group.
Option 1: 

In Figure 1 we show the patterns generated by this option. It can be seen that this pattern does not meet P4, as the POs with NRS are not uniformly spaced from network perspective, especially for the case of nB=8 and R=2.
Figure 1 NRS patterns resulting from setting 
nB=4, R=2
nB=2, R=4
nB=8, R=2



Option 2: nB=4, R=2
nB=2, R=4
nB=8, R=2


Just by adding this simple offset, the NRS locations look more uniformly distributed, as shown in Figure 2.
Figure 2 NRS patterns resulting from setting 
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