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1. Introduction

In the last meeting, we had a thorough discussion on the RRM measurement on the non-anchor carriers for R16 NB-IoT enhancements. A way forward was agreed in [1] to confirm that RAN4 is to define requirements for non-anchor NRS based RRM measurement and an LS was sent to RAN2 to inform them the consensus in RAN4 in [2]. Previous agreements are copied below.
	· For RRM measurements on non-anchor carriers based on NRS,

· Skip the NRSRQ measurement on non-anchor carrier

· The existing criteria depending on NRSRQ are not feasible on non-anchor carrier

· It is left to RAN2 whether to modify the existing S criteria or define new criteria


In this paper, we further analyse the possible way of addressing the issue of NRSRP/NRSRQ offsets between anchor and paging carriers. We also talk about the issues to be resolved when specifying the measurement requirements for non-anchor RRM. A parallel CR is to implement the requirements for NRS based RRM measurement on non-anchor carriers in [3].
2. Discussion
2.1. NRS based measurement requirements on non-anchor paging carrier
We have introduced the NRS on the non-anchor carrier, the main benefit from RAN4 perspective is that the UE can utilize the NRS for serving cell RRM measurement on the non-anchor carrier. This benefits a lot by avoiding the UE to retune to the anchor carrier at least once in every DRX cycle to do the serving cell measurement. In the last meeting, a WF was approved in [2],
	· For RRM measurements on non-anchor carriers based on NRS,

· Skip the NRSRQ measurement on non-anchor carrier

· The existing criteria depending on NRSRQ are not feasible on non-anchor carrier

· It is left to RAN2 whether to modify the existing S criteria or define new criteria


As we are introducing the measurement requirements for non-anchor carriers, one important thing to think about is how to cope with the measurement results from different carriers. Large chances are that even now with the help of non-anchor RRM measurement the UE still needs to retune to the anchor carrier to do synchronization occasionally.
This means that when using the measurement results to trigger the mobility behaviours such as cell re-selection and relaxed monitoring abortion, the UE has to decide based on which carriers the results should be used. In the current requirements for NB-IoT RRM measurement, it is specified that the UE should filter the measurement by at least 2 samples that are spaced at least half DRX long. Further when evaluating S criteria for cell-reselection, consecutive filtered results are used. In TS36.133 clause 4.6.2.1 it is specified that
	The UE shall measure the NRSRP and NRSRQ level of the serving NB-IoT cell and evaluate the cell selection criterion S defined in [1] for the serving NB-IoT cell at least every DRX cycle.
The UE shall filter the NRSRP and NRSRQ measurements of the NB-IoT serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.


And,

	If the UE is not configured with eDRX_IDLE cycle and has evaluated according to Table 4.6.2.1-1 in Nserv_NB-IoT-NC consecutive DRX cycles that the serving NB-IoT cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving NB-IoT cell, regardless of the measurement rules currently limiting UE measurement activities.


Thus there are two main issues upon the requirements based on non-anchor RRM measurement,
· How to do the filter with samples from different carriers, and

· How to evaluate the filtered results if they are different by carrier

For the first issue, since there is great chance that the network configure different Tx power among the carriers, it is not feasible for the UE to directly combine the results of samples from different carriers. Though the power offset is signalled to the UE, so that the UE may be able to compensate non-anchor RSRP, it is impossible for the UE to translate RSRQ from non-anchor to anchor carrier. Under such circumstances, the best way of solving this issue is to allow the UE to only filter the results on the same carrier and if the samples are spaced by too long time, the results don’t count at all. Then the UE has to maintain at least 2 sets of results corresponding to anchor carrier and one non-anchor paging carrier to have separated filtered results for serving cell evaluation. As a result, the second issue should be solved by specifying that as long as one set of filtered results among all indicates that the UE shall initiate mobility, the UE shall do it.
To be fair, there is also an alternative to address these issue in the other way. It is the way of translating the non-anchor results to anchor ones so that they can be filtered together. To look at the usage of the filtered results, they are to trigger either neighbour cell measurement or relaxed monitoring abortion, according to TS 36.304. For triggering neighbour cell measurement (cell-reselection), S-criteria is used so that both RSRP and RSRQ are to be evaluated. However for relaxed monitoring abortion, only RSRP is used and this is the main usage of such filtered results since only under low mobility should the UE carry our non-anchor carrier measurement which means there is not much chance for the UE to trigger cell-reselections. Thus it is feasible to use the RSRP offset configured by the network to translate RSRP results and the RSRQ evaluation can be skipped only if necessary.
In the last meeting RAN4 had the consensus that whether the network should configure per carrier S criteria or the UE should translate the NRSRP results from non-anchor to anchor carrier so as to use the legacy S criteria is according to RAN2 decision. 

On the other hand for the samples that can be used for a filtered result, RAN4 should make decision in this meeting on the below 2 options.

Proposal 1: RAN4 decides that for the measurement samples from different carriers,

· Option 1: the results are feasible for the UE to use,

· the UE is allowed to translate the non-anchor NRSRP sample results by the corresponding RSRP offset value configured by the network
· filter according to legacy requirements using the translated samples

· skip NRSRQ evaluation

· Option 2: the results are not feasible and only samples from the same carrier is allowed to the filter
Accordingly, we propose for the second issue the UE is allowed to trigger mobility or/and relaxed monitoring when any results indicate violations of the criteria.
Proposal 2: Any filtered results, either from anchor or non-anchor carrier, can trigger neighbor cell measurement and/or relaxed monitoring abortion.
There is still one minor thing to be considered. It is possible that for samples to be filtered, they are spaced by too long a period between them. Under this case, it is not fair for the performance to be guaranteed so that we also propose,
Proposal 3: A threshold should be used so that if the two samples of measured RSRP and/or RSRQ are spaced by a period longer than the threshold the results do not count.

3. Conclusion
In this paper, we further analyse the possible way of addressing the issue of NRSRP/NRSRQ offsets between anchor and paging carriers. We also talk about the issues to be resolved when specifying the measurement requirements for non-anchor RRM. A parallel CR is to implement the requirements for NRS based RRM measurement on non-anchor carriers in [3].
Proposal 1: RAN4 decides that for the measurement samples from different carriers,

· Option 1: the results are feasible for the UE to use,

· the UE is allowed to translate the non-anchor NRSRP sample results by the corresponding RSRP offset value configured by the network

· filter according to legacy requirements using the translated samples

· skip NRSRQ evaluation

· Option 2: the results are not feasible and only samples from the same carrier is allowed to the filter

Proposal 2: Any filtered results, either from anchor or non-anchor carrier, can trigger neighbor cell measurement and/or relaxed monitoring abortion.
Proposal 3: A threshold should be used so that if the two samples of measured RSRP and/or RSRQ are spaced by a period longer than the threshold the results do not count.
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