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Introduction
Some progress was made in the RAN2#99bis meeting related to measurement configuration and RRM. An email discussion was triggered to capture agreements in the DRAFT RRC specifications:
[99bis#20][NR] RRM (Ericsson)
	After merge of TPs from this meeting in draft TS, continue to progress RRM, ASN.1 and corresponding field descriptions and procedure text. To include:
	-	updating to capture agreements from this meeting
	-	attempt to address identified FFS points
	-	identify FFS points that need online discussion at next meeting
	Intended outcome: TP (changes to draft TS) for next meeting
	Deadline:  Thursday 2017-11-09 

One topic that generated questions from companies was the way the agreements on the configuration of the s-Measure and UE behaviour should have been interpreted. This contribution aims to clarify the following issues:
· 1/ Configuration of s-Measure per RS type;
· 2/ UE behaviour based on s-Measure n EN-DC.
[bookmark: _Ref178064866]Discussion
The first time that s-Measure was discussed in RAN2 for NR was in RAN2#97-bis Spokane, and the following has been agreed:
…
4	When the serving cell quality is above S-Measure, the UE is not required to measure the IDLR RS and CSI-RS for neighbour cells.
…

In RAN2#99 Berlin, during EN-DC discussions, the following has been agreed:
... 
3	In MR-DC, both MN and SN can configure independent s-Measures towards UE, with s-Measure configured by MN referring to PCell, and the s-Measure configured by SN referring to PSCell.
...

Then, in RAN2#99bis Prague, the following was agreed based on an email discussion triggered in RAN2#99 Berlin on RRM [2]:
[bookmark: _Hlk499033939][bookmark: _Hlk497470218]…
4:	Network can configure the RS type for s-Measure.
…

Based on the agreements described above, the TP on RRM was drafted, see R2-1713590 [1]. Therein, agreements for s-Measure on NR have been interpreted by the rapporteur as follows:
· Network can configure the UE only with a single s-Measure value;
· Only RSRP is used as the measurement quantity; 
· RS type can be configured i.e. CSI-RS or SS/PBCH block.

The reasoning for that interpretation comes from the responses from most companies to e-mail discussion # 32, more specifically to discussion 2.2 and 2.3, which originated the agreement.

****** Extract from email discussion #32 triggered after RAN2#99 Berlin [2] *********************************
Discussion 2.2: Companies are welcome to express their views on how in Rel-15 the network may configure s-Measure considering different RS Types (for a given measurement quantity e.g. RSRP). At least the following options have been identified from the previous discussion (but companies are welcome to provide other options):
· a/ Single s-Measure may be provided (network may configure RS type to associate to it);
· And if the serving cell quality is below this s-Measure then the UE shall perform measurements on all configured RS-types for neighbour cell
· b/ Multiple s-Measure (per RS-type) may be provided. Network may configure one or both;
· Option b.1: if the quality of either of the RS-type fall below its configured threshold, the UE shall perform measurements on all configured RS-types for neighbour cell
· Option b.2: if the quality of both the RS-type fall below their configured thresholds, the UE shall perform measurements on all configure RS-types for neighbour cell.
· c/ Single s-Measure based on SS block only
	Company 
	Please, provide your preferred option and try to justify.

	NEC
	a/ Single s-Measure:
Our assumption is to detect and camp on the cell, the essential RS will be NR-SS and thus s-Measure can be simply applied to NR-SS only. So, even configuration indicating the RS type is not necessary.

	ZTE
	To be more explicit, we suggest to modify the options into following version, and split the optionb to capture all sub cases :
- a/ Single s-Measure may be provided (network may configure RS type to associate to it);
· And if the serving cell quality is below this s-Measure then the UE shall perform measurements on all configured RS-types for neighbour cell; 
· a.2/ network may configure RS type to associate to it;
- b/ Multiple s-Measure (per RS-type) may be provided. Network may configure one or both;
· Option b.1: if the quality of either of the RS-type fall below its configured threshold, the UE shall perform measurements on all configured RS-types for neighbour cell; 
· Option b.2: if the quality of both the RS-type fall below their configured thresholds, the UE shall perform measurements on all configure RS-types for neighbour cell.

We prefer option b.1, due to the different characteristic of NR-SS and CSI-RS, CSI-RS RSRP may be more sensitive to the propagation environment, there may be cases that NR-SS remains above the configured s-measure while the CSI-RS RSRP indicates that the cell may become not a good choice for data transmission, so s-measure based on CSI-RS should be supported in NR.

	Qualcomm
	We prefer a/ because it is simple. Complex rule may need to be specified for option b/ in case of different observations in NR-SS and CSI-RS (e.g. when both NR-SS and CSI-RS’s RSRP are large than s-Measure threshold, and same or different threshold for NR-SS or CSI-RS?)  

	Nokia
	Single s-measure is sufficient – at least we have not identified benefits of multiple s-measures. 

	MediaTek
	a/ Single s-Measure may be provided (network may configure RS type to associate to it)
In NR, measurement based on SSB is considered as baseline, and CSI-RS is configured if the network wants better accuracy. Network is interested in only one RS at the same time, and a single s-Measure should be associated with this RS.

	CATT
	Prefer option a. S-Measure is a rough threshold to control UE to perform measurements on neighbouring cells. A single s-Measure is enough and it is simple.

	Huawei, HiSilicon
	c. s-Measure should be kept simple.

	Sony
	c/ Agree with Huawei. We think this option is useful from UE power consumption point of view.

	Ericsson
	We agree with CATT, Mediatek, Nokia, Qualcomm and NEC. In our view a/ is quite simple and sufficient for Rel-15 (preferred). ON the other hand b/ works, and has more flexibility, but it requires one more parameter and maybe is not needed. About c/, I thought about that possibility when drafting the template but did not include as I thought it would be a bit strange if network configures only CSI-RS based events (possible in the spec) and trigger neighbor cell measurements based on SSB s-measurements as proposed in c/? And, considering the cost of having a single parameter is not high, a/ seemed anyway quite simple. Actually a/ comes from a suggestion in the previous email discussion.

	Lenovo/ MotM
	a) is sufficient.

	AT&T
	Option c is not acceptable because a carrier could be configured without SS blocks. Option b-1 is preferable because there could be significant difference in quality measured on SS Block vs. CSI-RS. We understand the argument of simplicity for Option a. However, considering that Option a can be viewed as a subset of Option b-1, we prefer to support Option b-1. 

	Intel
	Option (a) is sufficient. NR-SS can be used. NR-SS should be a wider beam than CSI-RS, so if NR-SS satisfy s-Measure, CSI-RS most likely will satisfy as well. However, if company would like to configure by NW, then option (a) is preferred.

	Interdigital
	Although option b is more optimal given SSB and CSI-RS can be transmitted with different antenna gain or beam pattern, we think option a is sufficient.  We also think option c is not applicable when CSI-RS events are configured only.

	LG
	a/ Single s-measure is sufficient.

	Panasonic
	Option (a) is preferred as it simplifies the measurement procedure.

	OPPO
	Agree with Huawei that the single S-Measure based on NR-SS is sufficient.

	Samsung
	Assuming RRM measurements are merely for RRC involved/ inter-cell mobility, a single measure (and parameter) indicating current cell is so good that nCell measurements are not needed



Summary of discussions 2.2 and 2.3: Most companies agree that network can configure only a single s-Measure with a configurable RS Type (SS block or CSI-RS). The UE shall perform neighbour cell measurements if the PCell RSRP is below this configured s-Measure threshold. The current DRAFT ASN.1 structure follows that and defines a single s-MeasureConfig IE in measConfig where network can only choose either to configure ssb-rsrp or csi-rsrp as measurement quantities.
****** Extract from email discussion #32 triggered after RAN2#99 Berlin [2] *********************************

As it can be seen, the following can be observed from the responses:
· Almost all companies (15) preferred a single s-Measure threshold;
· All companies prefer only RSRP;
· Almost all companies (11) preferred a single value with configurable RS-type controlling all neighbour cell measurements i.e. no further optimizations distinguishing neighbouring measurements per RS type and/or beam and cell measurements.

[bookmark: _Hlk499039216]In email discussion # 32, most companies preferred that the network can configure only a single s-Measure with configurable RS Type (SS block or CSI-RS). The UE shall perform neighbour cell measurements if the PCell RSRP is below this configured s-Measure threshold. The merged TP follows that and defines a single s-MeasureConfig IE in measConfig where network can only choose either to configure ssb-rsrp or csi-rsrp as measurement quantities.

Based on the conclusions from email discussion #32, the TP on RRM has been drafted [1]. Hence, we kindly suggest the following, at least for the time being where the EN-DC specifications should to be concluded:

[bookmark: _Hlk499108559]For s-Measure configuration per RS type, keep the interpretation in the TP on RRM (R2-1713590) i.e. based on email discussion # 32 summary (R2-1711963). Reviews on the exact formulation in R2-1713590 are possible.

UE behaviour based on s-Measure in EN-DC
In RAN2#99 Berlin, during EN-DC discussions, the following has been agreed:
... 
3	In MR-DC, both MN and SN can configure independent s-Measures towards UE, with s-Measure configured by MN referring to PCell, and the s-Measure configured by SN referring to PSCell.
...

Despite the agreement, as correctly pointed out in the RRM email discussion #20, RAN2 has not discussed the UE behaviour when two s-measure values are configured in EN-DC, before and after EN-DC setup under different conditions.
Perhaps the simplest solution, also assumed at least temporarily in the current RRM TP [1], seems to be some level of independency of procedures i.e. the s-Measure configured by EUTRAN controls the triggering of neighbour cells measurements configured by EUTRAN, while the s-Measure configured by NG-RAN controls the triggering of neighbour cells measurements configured by NG-RAN.
Perhaps the simplest interpretation of the agreement in terms of UE behaviour is that each independently configured s-Measure values control each measConfig provided by each RAT, NG-RAN and EUTRAN. Hence, RAN2 should discuss whether that really works.

Before we analyse whether that solution works fine, it is worth recapitulating that s-Measure has been defined for triggering neighbour measurements to support coverage based handovers i.e. neighbour measurements are triggered when the PCell RSRP drops below the configurable s-Measure value. In EUTRAN, if the network supports Carrier Aggregation (CA) and/or Dual Connectivity (DC) and wants to configure measurements for that purpose, in addition to the support for handovers, the network would not even bother of configuring the s-Measure, as the addition of a candidate PSCell/SCell should not directly depend whether the PCell quality is good or not.
[bookmark: _Hlk499675186]When EUTRAN configures the UE to perform measurements, for the purpose of setting up CA and/or DC, in addition to handovers, EUTRAN either sets s-Measure to its lowest value or simply does not configure it. In other words, DC/CA makes s-Measure quite useless. 

Hence, as in EN-DC inter-RAT handovers from LTE to NR are not supported, a potential consequence could be that the EUTRAN will never configure s-Measure for EN-DC capable UEs before EN-DC is setup.
[bookmark: _Hlk499675233]When EUTRAN configures the UE to perform measurements, for the purpose of EN-DC, EUTRAN might never configure s-Measure.

In principle, one could say that the usage of s-Measure is limited when EUTRAN only wants to support inter-RAT handovers from LTE to NR. However, as NR would be highest priority RAT, if EUTRAN configures measurements on NR frequencies, EUTRAN wants the UE to go back to NR as fast as possible if coverage is good enough. Hence, EUTRAN will never make the UE wait to perform NR measurements, or even more generally, any higher priority RAT measurements. Hence, even for that case of inter-RAT handovers, s-Measure would not be so useful for NR measurements. Hence, in our view, to make s-Measure useful in EN-DC at least for LTE measurements, we need to agree on the following requirement:
UE shall perform NR measurements configured by EUTRAN upon receiving measConfig, regardless if s-Measure is configured or not.

After EN-DC is setup, NG-RAN may configure s-Measure, as measurements provided to support SCG changes could potentially be delayed when the SCG PCell quality is very good. And, if only one s-Measure is configured (by NG-RAN), UE shall perform neighbour measurements configured by NG-RAN when the SCG PCell quality is below that configured s-Measure.
If NG-RAN configures s-Measure, after EN-DC setup, UE shall perform neighbour NR measurements configured by NG-RAN if SCG PCell RSRP is below the configured s-Measure. FFS LTE measurements configured by NG-RAN.
As the s-Measure threshold configured by EUTRAN, as proposed in P1, does not affect the way the UE perform NR measurements configured by EUTRAN, P3 can be easily extended so that the s-Measure condition only matters for NG-RAN configured measurements, while the s-Measure configure by EUTRAN is not applicable for NR measurements configured by EUTRAN.

Notice that the procedure based on P1-P3 becomes quite clear when LTE and NR have configured different measurement objects i.e. the ones configured by EUTRAN are always measured, while the ones configured by NG-RAN could depend on s-Measure. However, perhaps some discussion is needed for the case where the same measurement object is configured by EUTRAN and NG-RAN, especially in the case of NR measurement objects where different RS types in different frequency locations can be configured in the same measurement object. In our view, the UE considers that the same measurement associated to an NR measObject has been configured if both measurement configure the following:
· the same RS type;
· the same configured quantities (trigger and reporting) for cell measurements;
· the same configured beam reporting information (or same measured quantity); 

[bookmark: _Hlk499108587]In other words, when the UE is in EN-DC and, based on EUTRAN configuration the UE is performing measurements associated to NR measObject(s), and the NR s-Measure triggers the UE to perform measurements on the same measurement object (e.g. same ARFCN), the UE shall perform the additional measurements, if any i.e.: on additional RS type (e.g. CSI-RS measurements are not configurable via EUTRAN), different configured quantities (trigger and reporting) for cell measurements and different configured beam reporting information (or same measured quantity). 
[bookmark: _Hlk499108520]If the s-measure condition configured by NG-RAN is fulfilled when the UE is in EN-DC performing measurements on the same NR measurement objects configured by EUTRAN and NG-RAN, UE shall perform the additional measurements configured by NG-RAN (if any) i.e. additional RS (e.g. CSI-RS based measurements), additional measurement quantities for cell measurements (trigger and reporting), additional beam measured quantities.
Conclusion
In section 2 we made the following observations:
Observation 1	In email discussion # 32, most companies preferred that the network can configure only a single s-Measure with configurable RS Type (SS block or CSI-RS). The UE shall perform neighbour cell measurements if the PCell RSRP is below this configured s-Measure threshold. The merged TP follows that and defines a single s-MeasureConfig IE in measConfig where network can only choose either to configure ssb-rsrp or csi-rsrp as measurement quantities.
Observation 2	Perhaps the simplest interpretation of the agreement in terms of UE behaviour is that each independently configured s-Measure values control each measConfig provided by each RAT, NG-RAN and EUTRAN. Hence, RAN2 should discuss whether that really works.
Observation 3	When EUTRAN configures the UE to perform measurements, for the purpose of setting up CA and/or DC, in addition to handovers, EUTRAN either sets s-Measure to its lowest value or simply does not configure it. In other words, DC/CA makes s-Measure quite useless.
Observation 4	When EUTRAN configures the UE to perform measurements, for the purpose of EN-DC, EUTRAN might never configure s-Measure.



Based on the discussion in section 2 we propose the following:
1. For s-Measure configuration per RS type, keep the interpretation in the TP on RRM (R2-1713590) i.e. based on email discussion # 32 summary (R2-1711963). Reviews on the exact formulation in R2-1713590 are possible.
1. UE shall perform NR measurements configured by EUTRAN upon receiving measConfig, regardless if s-Measure is configured or not.
1. If NG-RAN configures s-Measure, after EN-DC setup, UE shall perform neighbour NR measurements configured by NG-RAN if SCG PCell RSRP is below the configured s-Measure. FFS LTE measurements configured by NG-RAN.
1. If the s-measure condition configured by NG-RAN is fulfilled when the UE is in EN-DC performing measurements on the same NR measurement objects configured by EUTRAN and NG-RAN, UE shall perform the additional measurements configured by NG-RAN (if any) i.e. additional RS (e.g. CSI-RS based measurements), additional measurement quantities for cell measurements (trigger and reporting), additional beam measured quantities.
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