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1 Introduction

In RAN #80 meeting, new WID on Rel-16 NB-IoT enhancements for LTE was agreed [1] and revised in RAN #82 meeting [2]. One of the objectives is studying for 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 RAN2 #104, the following agreements were made:

	· RAN2 further study how to support the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.


In this contribution, we will provide further consideration on non-anchor carrier measurements and give our proposals.
2 Discussion

According to current specification, the idle UE camps on anchor carrier. In the period of camping, the UE performs RSRP/RSRQ measurement at least every DRX cycle for determining coverage enhancement level and cell selection/reselection. Also, the UE needs to receive PSS/SSS for synchronization and to receive the updated system information if it gets the change notification of SIBs. When a paging occasion (PO) comes, the UE needs to choose a non-anchor carrier and turn to it to receive paging message.
After RAN1 support that a non-anchor carrier for paging will contain NRS even when no paging NPDCCH is transmitted, it would be possible to support camping and performing measurement on a non-anchor carrier. Generally to say, if idle UE is allowed to camp on paging carrier (non-anchor carrier), UE only needs to turn back to anchor carrier for synchronization and for updating system information if it detects SIB change notification on non-anchor carrier (e.g., by monitoring systemInfoModification in Direct Indication Information). As the SIB change seldom occurs, the UE power consumption may be reduced. 
However, there still some issues or impacts need to be considered when UE camping on non-anchor carrier is allowed.

#Issue 1: impacts on synchronization
Even more NRS would be provided on non-anchor carrier, they can only be used for measurement but not for synchronization. That means, a UE camping on non-anchor carrier still needs to back to anchor carrier to receive PSS/SSS for synchronization. In order try to reduce UE power consumption caused by switching between non-anchor carrier and anchor carrier, we think UE can slightly extend the cycle for synchronization when it camps on non-anchor carrier. 

As this would be mainly discussed in RAN1, here we just assume an example period of four DRX cycles for synchronization on anchor carrier, for the convenience of the following discussion.

#Issue 2: impacts on cell selection/reselection

In current specification, NB-IoT UE supports both RSRP and RSRQ measurement for cell selection/reselection. As RSRP and RSRQ have different characteristic, we should evaluate them respectively. 
For RSRP measurement, the transmitting power of non-anchor carrier may be different from that of anchor carrier. But the fixed power offset between them is configured by eNB. That means, if the UE can obtain RSRP measurement result of the camped non-anchor carrier, it can deduce the RSRP result on anchor carrier. The UE can still use this deduced RSRP result on anchor carrier for cell selection/reselection procedure so that the impacts on specifications caused by supporting RSRP measurement on non-anchor carrier can be reduced. 
Observation 1: RSRP measurement on non-anchor carrier is feasible and RSRP result of anchor carrier can be deduced based on RSRP of non-anchor carrier. 
For RSRQ measurement, it may be some complicated. Firstly, there has no agreement in RAN1 about whether NRS can be used for RSRQ measurement. Secondly, different from RSRP, there has no configured fixed offset between RSRQ of non-anchor carrier and that of anchor carrier. That means, even if RSRQ of non-anchor carrier can be acquired, UE maybe cannot directly deduce the RSRQ results of anchor carrier. 

One possible way is to let UE back to anchor carrier to perform RSRQ measurement. The possible UE behavior shows in the following figure. As UE needs back to anchor carrier to perform RSRQ measurement every DRX cycle, even we may have longer cycle for synchronization, it can be seen for UE the frequency of switching between non-anchor carrier and anchor carrier is not reduced, then the power saving benefit would be not obvious. Therefore, this way is highly undesired. 
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If RSRQ measurement on non-anchor carrier can be supported, the possible UE behaviour shows in the following figure. We can see for UE the frequency of switching between non-anchor carrier and anchor carrier is obviously reduced. In a summary, the idle UE camping on non-anchor carrier can perform both RSRP and RSRQ measurement every DRX cycle on non-anchor carrier and only need to back to anchor carrier for synchronization with longer cycle or for SIB update when it necessary. The benefit for UE power saving would be maximized.
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Observation 2: If RSRQ measurement on non-anchor carrier can also be supported, the UE could camp on non-anchor carrier for both RSRP and RSRQ measurement every DRX cycle and only need to back to anchor carrier for synchronization with longer cycle or for SIB update when it necessary. The benefit for UE power saving would be maximized.
As the RSRQ value indicates the interference on UE, we think the difference between the interference on different narrow-band signals may be very tiny (the main reason is that the bandwidth is too narrow). Therefore, we tend to assume the actual interference measured on non-anchor carrier would be approximate equal to that measured on anchor carrier. That means, If RSRQ measurement on non-anchor carrier can be supported, the RSRQ results of anchor carrier can also be known.
Proposal 1: It’s suggest to allow UE camp on non-anchor carrier and support both RSRP and RSRQ measurements on the non-anchor carrier. 
As mentioned about, it’s still not clear whether NRS can be used for RSRQ measurement. Therefore, before RAN2 can agree to support RSRQ measurement on non-anchor carrier, we’d better to ask RAN1 about the feasibility of using NRS on non-anchor carrier for RSRQ measurement.

Proposal 2: It’s suggest to send LS to RAN1 to ask feasibility of using NRS on non-anchor carrier for RSRQ measurement.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: RSRP measurement on non-anchor carrier is feasible and RSRP result of anchor carrier can be deduced based on RSRP of non-anchor carrier. 
Observation 2: If RSRQ measurement on non-anchor carrier can also be supported, the UE could camp on non-anchor carrier for both RSRP and RSRQ measurement every DRX cycle and only need to back to anchor carrier for synchronization with longer cycle or for SIB update when it necessary. The benefit for UE power saving would be maximized.
Proposal 1: It’s suggest to allow UE camp on non-anchor carrier and support both RSRP and RSRQ measurements on the non-anchor carrier. 
Proposal 2: It’s suggest to send LS to RAN1 to ask feasibility of using NRS on non-anchor carrier for RSRQ measurement.
4 Reference

[1] 3GPP, RP-181451, New WID on Rel 16 NB-IoT enhancements for LTE, Huawei, RAN #80
[2] 3GPP, RP-182902, Rel-16 NB-IoT WID revision, Huawei, RAN #82
1

