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1. Introduction

In the last plenary meeting, NB R16 WID was revised in [1]. Now we have the objectives for multi carrier improvement for NB R16 as follows,

	Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2, RAN4]

· Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].

· 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] 




For the feature of NRS presence on non-anchor carrier, RAN4 replied to RAN2 in the last RAN4 meeting that when the mobility of the UE is low, the UE is allowed to do RRM measurement, mainly serving cell evaluation, on the non-anchor carriers based on NRS. The reply LS was approved in [2].
For msg3 based quality reporting on the non-anchor carriers, discussion is still ongoing in all the involved groups. RAN4 discussed a bit on the feasible time period for measurement before the msg3 but reached no consensus.
For connected CQI not carried in PHY layer, RAN4 can do little before solid consensus can be reached in RAN1 and RAN2.

In this paper, we first discuss about the NRS based non-anchor measurement, and then about 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. At last we provide analysis on the connected mode channel quality reporting.
2. Discussion
2.1. NRS based measurement on non-anchor paging carrier
In Rel-14, NRS is not transmitted when no paging is sent on a non-anchor carrier. This reduces the power consumption of both the network and UE and mitigates the interference caused on other cells or systems. In Rel-16, the NRS presence on the non-anchor carrier is brought to the table and by specifying the presence of NRS on the non-anchor carrier for non-paging occasions, it helps the early termination of PDCCH detection which can save effort from the UE’s perspective.
The main method for R16 UE to early terminate the PDCCH detection under relatively high channel condition. The mechanism is that the network sends NRS prior to the POs for the UE to measure the NRSRP beforehand and to decide whether to early terminate the PDCCH detection accordingly.

Now that 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. Also the msg3 based quality reporting can benefit from the NRS on the non-anchor carrier to allow flexibility and accuracy for the network to schedule the UE among candidate carriers. In the last meeting, an LS was approved in [2] to reply to RAN2 several questions on the NRS based non-anchor carrier RRM measurements.
	Q1: Is it feasible to define a parameter similar to the existing nrs-PowerOffsetNonAnchor  (e.g. nrs-NRSRQOffsetNonAnchor) to translate NRSRQ measurements on a non-anchor paging carrier to the equivalent NRSRQ measurements for the anchor carrier? If the answer is yes, would this offset be carrier specific? Note, nrs-PowerOffsetNonAnchor is provided for each non-anchor carrier.
NRSRQ measurements on a non-anchor paging carrier cannot be translated to the equivalent NRSRQ measurements of the anchor carrier in the same way that NRSRP can be translated. RAN4 is further investigating possible alternative methods for NRSRQ measurements translation between non-anchor paging and anchor carriers. 

Q2: Would RAN4 have any concern on allowing the UE to perform serving cell measurements always on the non-anchor paging carrier when NRS presence is enabled or should additional conditions be fulfilled e.g. UE is stationary? 

Per the agreement in RAN4 and if configured by the network, serving cell NRSRP measurements on the non-anchor paging carrier are feasible provided that:

· The relaxed cell monitoring criteria defined in TS 36.304 clause 5.2.4.12 are met, and 

· Transmit power difference of the signals/channels between anchor carrier and non-anchor paging carrier is signalled to the UE via a parameter similar to nrs-PowerOffsetNonAnchor, and

· UE is not configured with any positioning measurements, and

· There are sufficient number of NRS subframes available for measurements in the non-anchor paging carrier as being discussed in RAN1.

Q3: Assuming that the UE can perform serving cell measurements on the non-anchor paging carrier, can the serving cell measurement relaxation introduced in Rel-15 for WUS also be applied when the UE performs serving cell measurements on the non-anchor paging carrier when WUS is supported on the non-anchor paging carrier?

It is FFS whether serving cell measurement relaxation introduced in Rel 15 for WUS can also be applied when the UE performs serving cell measurements on the non-anchor paging carrier. 


Next, a WF was approved also in the last RAN4 meeting in [3] further confirming,
	· For NRSRQ measurement on non-anchor carriers
· NRSRQ measurements on a non-anchor paging carrier cannot be translated to the equivalent NRSRQ measurements of the anchor carrier in the same way that NRSRP can be translated. 
· RAN4 is further investigating possible alternative methods for NRSRQ measurements translation between non-anchor paging and anchor carriers
· It is FFS whether serving cell measurement relaxation introduced in Rel 15 for WUS can also be applied when the UE performs serving cell measurements on the non-anchor paging carrier


And finally during online discussion, it is then agreed that,
	Agreement: to the question whether the serving cell measurement relaxation introduced in Rel-15 for WUS can also be applied when the UE performs serving cell measurements on the non-anchor paging carrier when WUS is supported on the non-anchor paging carrier, the answer is Yes.


Till now, thanks to the fruitful discussion of the group, we have the consensus in RAN4 to introduce the measurement requirements on non-anchor carrier and confirm that in certain conditions the UE is allowed to use the results on the non-anchor carrier to trigger mobility procedures, such as neighbour cell measurement and relaxed monitoring abortion.

2.2. Measurement requirements
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.
Proposal 1A: RAN4 decides that for the measurement samples from a single carrier,

· Option 1: the UE is allowed to translate the RSRP results from non-anchor filtered results to anchor carrier by the corresponding RSRP offset value configured by the network and skip RSRQ evaluation
· Option 2: provide carrier specific Qrxlevmin and Qqualmin for carrier specific S-criteria
Proposal 1B: RAN4 decides that for the measurement samples from different carriers,

· Option 1: the UE is allowed to translate the RSRP results from non-anchor samples to anchor ones by the corresponding RSRP offset value configured by the network and skip RSRQ evaluation

· Option 2: the results are not feasible

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 for Option 1 to be considered. It is possible that for samples to filtered that belong to one carrier, 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.

2.3. Channel quality report in connected mode

We notice that it is added in the objectives of the WI that,

	Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].


What I understand of the intention of this objective is to specify support for channel quality report to help the network schedule in connected mode in case that the UE is redirected to another carrier than the RAR carrier in msg4. Thus it is supposed by RAN1/RAN2 that the UE should report channel quality of the newly configured carrier as soon as possible. 

In a RAN1 LS [4], RAN1 informs RAN2 and RAN4 about the agreement they had on the topic and asks that,

	For channel quality report in connected mode other than Msg3, RAN1 assumes the following aspects are decided by RAN2 and RAN4.

· number of candidate values for channel quality reports

· mapping value of reported channel quality

· report in RRC message or MAC CE


Meanwhile RAN2 also sent an LS to RAN4 in [5] to ask input on the issue, where they intended to ask if the UE is able to report the channel quality condition for the new carrier together with msg5,

	In order to evaluate whether the time between the instant the UE is able to start monitoring the configured carrier and the reception of UL assignment is enough to perform the measurement, RAN2 would like to ask RAN4 the time needed to perform the DL channel quality measurement of the configured carrier.

To RAN4:

RAN2 kindly requests RAN4 to provide feedback on the time needed to perform the DL channel quality measurement of the configured carrier.




Thus it is RAN4 work to firstly analyze whether the UE is most likely to be able to measure the channel quality in time for the worst case when msg5 is sent on a different carrier than RAR, and then specify the mapping value of reported channel quality.

For the reporting, the worst case is that the UE is redirected in msg4 by the network to a different carrier to monitor the NPDCCH for msg5. During the NPDCCH monitoring the UE needs to measure the channel quality in time to report in msg5 on time. It is certainly very demanding for the UE since carrying out a relatively accurate measurement within milliseconds for an NB UE is not easy. So it is fair that the UE should be allowed to measure the channel quality within a certain time after msg5 and the network should trigger the report with a certain NPDCCH. The UE needs to report only once each time it goes into connected mode.

To answer the RAN2 question, it fair to look up to the current spec for references. It is specified in clause 8.14 TS 36.133 that the connected mode serving cell measurement requirements, which may be for uplink power control. Our view is that we should reuse the numbers of the requirements for connected mode channel quality report in the below tables.

For example, for normal coverage,

	8.14.2.1
NB-IoT intra frequency measurements when no DRX is used

In the RRC_CONNECTED state the measurement period for intra frequency measurements is 800ms, unless the UE is capable of NSSS-based RRM measurements and nsss-NumOccDiffPrecoders value n1 [2] is indicated by higher layers, by which the measurement period is [1600] ms. The NRSRP measurement accuracy shall be as specified in the sub-clauses 9.1.22.1.

8.14.2.2
NB-IoT intra frequency measurements when DRX is used

When DRX is used in the RRC_CONNECTED state the measurement period for intra frequency measurements is Tmeasure_intra as shown in table 8.14.2.2-1.

Table 8.14.2.2-1: Requirement for intrafrequency measurement

DRX cycle length (s)

Tmeasure_intra (s) (DRX cycles)

0.256<DRX-cycle≤10.24

Note1 ([5])

Note1:
Time depends upon the DRX cycle in use

The NRSRP measurement accuracy shall be as specified in the sub-clauses 9.1.22.1


Thus in non-DRX cases, it is 800ms for the UE to have a reliable result for the serving cell measurement under normal coverage, while it is specified 1600ms for enhanced coverage.

In DRX cases, 5 DRX cycles are specified as the measurement period for both normal and enhanced coverage.

Proposal 4: for connected mode channel quality reporting, the UE is allowed to report after msg5 the channel quality of the msg5 carrier within the below values,

· in non-DRX cases, 800ms for normal coverage and 1600ms for enhanced coverage;

· in DRX cases, 5 DRX cycles.
Thus to reply the LS we provide a draft reply in [6].

3. Conclusion
In this paper, we first discuss about the NRS based non-anchor measurement, and then about the possible way of addressing the issue of NRSRP/NRSRQ offsets between anchor and paging carriers. We also talk about the issues to be resolve when specifying the measurement requirements for non-anchor RRM. At last we provide analysis on the connected mode channel quality reporting.
Proposal 1A: RAN4 decides that for the measurement samples from a single carrier,

· Option 1: the UE is allowed to translate the RSRP results from non-anchor samples to anchor ones by the corresponding RSRP offset value configured by the network and skip RSRQ evaluation
· Option 2: provide carrier specific Qrxlevmin and Qqualmin for carrier specific S-criteria
Proposal 1B: RAN4 decides that for the measurement samples from different carriers,

· Option 1: the UE is allowed to translate the RSRP results from non-anchor samples to anchor ones by the corresponding RSRP offset value configured by the network and skip RSRQ evaluation

· Option 2: the results are not feasible

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.

Proposal 4: for connected mode channel quality reporting, the UE is allowed to report after msg5 the channel quality of the msg5 carrier within the below values,

· in non-DRX cases, 800ms for normal coverage and 1600ms for enhanced coverage;

· in DRX cases, 5 DRX cycles.
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