[bookmark: _Ref452454252]3GPP TSG-RAN WG2 #100	R2-1713263
Reno, USA, November 27th - December 1st 2017	


Agenda item:	10.4.1.4.2
Source:	Nokia, Nokia Shanghai Bell
Title:	On the need of multiple filter coefficients in NR
WID/SID:	NR_newRAT-Core - Release 15
Document for:	Discussion and Decision
1	Introduction
In the course of the 3GPP RAN2 “[99bis#22][NR] Filter coefficients” e-mail discussion (report in [1]), the flexibility of configuring filter coefficients in NR was considered, among the other measurement-related aspects. This paper is aimed at providing additional justification why one set of coefficients per measurement configuration or even per measurement object may be merely insufficient for NR Layer 3 (L3) filtering.
2	Discussion
2.1	Dynamic switching 
While discussing this issue via e-mail or during the online session at RAN2#99bis, we have pointed out one should imagine another purpose of filtering measured quantities, other than handover (HO) related ones which typically induce heavy procedures in the network, e.g. RRC or X2 procedures. These L3-filtered, cell-level measurements can be also used to dynamically switch the legs for data transmission in case Dual Connectivity (DC) or Multi-Connectivity (MC) is established. Such use-case has been already indicated in one of our TDocs [2] submitted to RAN2#98. Furthermore, based on the inputs provided by other companies, it appears not only Nokia was interested in addressing such scenario. Ericsson in [3] proposes to “investigate the need for faster measurements in dual connectivity/multi-connectivity scenarios”. LG Electronics [4] considers path switching as means to support SRB transmission over split bearers. Eventually, “flexible duplication and switching” is also pointed out by Huawei [5]. All that made us confident this scenario should be carefully evaluated when designing the overall NR measurement framework.
Observation 1: [bookmark: _Ref498421883]L3 filtering may be useful not only for handover purposes. “Fast switching” has been pointed out by several companies throughout the NR Work or Study item.
We assume dynamic leg switching would have to be handled by PDCP sublayer within the “central entity” (e.g. Master Node). This is one of the reasons why L3-filtered measurements are considered for such purpose, and not e.g. CQI measurements which would not be available at PDCP sublayer, surely not those originating from the Secondary Node (SN). Transferring the CQI results to the “switching unit” could be an excessively expensive step, requiring, e.g. another filtering procedure to be agreed between the MN/CU and SN/DU. Finally, please note that CQI measurement and reporting could be deconfigured in the inactive link. As a result, L3-filtered measurements seem to be an obvious choice (or least burdensome) for leg switching in DC/MC case. Subsequent sections will outline how to make sure this process is sufficiently “dynamic”.
Observation 2: [bookmark: _Ref498421896]Fast leg switching cannot rely on CQI measurements.
2.2	Different approaches to filtering
The most common quantity, subject to L3 filtering, is Received Signal Reference Power (RSRP). Without applying L3 filtering, the measured RSRP result would be prone to e.g. fast fading, negatively impacting system stability in terms of SN addition/removal or handovers. Nevertheless, the filtering coefficients need to be meticulously chosen, depending on the filtering purpose. Long averaging would result in the increased accuracy of the obtained results, but the decision could be taken relatively late. On the other hand, short averaging leads to a fast decision, which, however, may lack the accuracy. The result will be bad decisions leading to false alarms and thereby unnecessary mobility actions (handovers, SgNB additions), or even missed mobility actions. Decreased accuracy, though, could be acceptable for certain purposes (e.g. leg switching between the already configured links).
Observation 3: [bookmark: _Ref498423676]There is an inherent trade-off in case of L3 filtering: early results may be lacking accuracy while accurate results could be available too late. 
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Fig. 1: L1 and L3 measurements for a degrading channel
Fig. 1 illustrates the trade-off between accuracy and delay of the measurements by help of a degrading channel. It has been generated to match the assumptions of the simulation results discussed later on. The black dotted line shows the “true” channel degradation which, however, is prone to fast fading, i.e. the dotted cyan curve is the available signal for measurement. The yellow curve represents the L1 measurements which is a noise estimate of the cyan signal (here with 5ms spacing). Green, red and blue lines show the layer 3 filtered results with different L3 filters using filter time constants of 20ms, 50ms, and 100ms, respectively. Obviously, the green case (i.e. with the shortest filter) follows the channel slope best. On the other hand, in the flat area of the channel, the measurements still fluctuate by +-5dB or more. This will lead to bad decisions which are problematic when triggering heavy procedures, but less problematic when triggering lighter procedures such as the link switching. The blue case only has little variations in the flat area, but follows the channel with the largest delay. Dynamic link switching based on those measurements will obviously not lead to the desired effects.
Please note that we are using “filter time constants” instead of filter coefficients, since those will depend on the periodicity of L1 measurements, and they give a more intuitive illustration of the L3 filter.
2.3	One or multiple filter coefficient sets
The aforementioned reasoning should be taken into account when deciding on the configuration flexibility in NR. Basically, the following options are available:
a) Single filter coefficient set per measurement configuration
b) Two (or more) filter coefficient sets but just one per measurement object
c) Two (or more) filter coefficient sets without any restrictions how those are mapped to measurement objects
Considering a spectrum range foreseen for NR, it seems to be vastly insufficient to rely on the same filtering for, e.g. 70 GHz band and the frequencies from “below 6 GHz” band. Among the others, one can expect significantly different channel coherence time for such widely distant spectrum excerpts, implying various filtering duration would be necessary. Configuring long and conservative filtering will provide stability and accuracy needed for handover-related measurements. However, fast link switching would have to utilize exactly the same filter coefficient due to the unavoidable limitation of option a). Thus, we believe solution a) is not the efficient approach to tackle these distinctive use-cases and large span of spectrum assigned to NR. Option b) is a considerable improvement compared to what is offered by adopting option a). Nevertheless, even though one set for lower frequencies, another for higher frequencies may indeed resolve the problem of largely different channel characteristics, it does not address the issue of dissimilar purposes for applying L3 filtering (i.e. HO/link addition versus user plane leg switching). In order to implement such mechanism, option c) would have to be adopted, effectively allowing to configure two filtering coefficient sets, even to a single measurement object. 
Proposal 1: [bookmark: _Ref498432267]NR measurement framework shall support the configuration of multiple (i.e. two or more) filtering coefficient sets even for the same measurement object.
3	Performance evaluation
3.1	Simulation assumptions
In the following we will show the benefits of having 2 different sets of coefficients by help of system level simulations. We are using Madrid Grid as proposed in the METIS project [6]. Only macro cells on the roof tops at 5.6 GHz are assumed. Fast users are moving with 30km/h in streets, and slow users are moving with 3km/h in pedestrian areas and open spaces. Beamforming is not necessary in such a dense deployment. The employed models are very similar to those described in [7] for EN-DC, more details can be found there.
The underlying DC principle is given in Fig. 2. The target is added as SgNB at an early stage, when a served cell is still 4 dB worse than the serving cell(s). The master role is transferred from the MgNB to the SgNB when the SgNB cell is 3 dB better. The source (now SgNB) is removed when it falls 6 dB below the MgNB’s signal level. During the DC phase, SRB is duplicated, i.e. measurement reports and RRC reconfigurations are relatively safe. For DRB, dynamic leg switching is applied. We assume that SgNB addition, SgNB remove and Master role swap are heavy procedures and thus should be conservatively decided, whereas the leg switching is a lighter procedure and can be more aggressively decided. So, we use only 1 dB hysteresis and no time to trigger for those decisions.
In those simulations we allow for up to 2 SgNB, i.e. we assume “triple” connectivity. Radio link failures in the MgNB will always lead to re-establishment, even if an SgNB should be available (this does not happen in this setup).
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[bookmark: _Ref498501526]Fig. 2: DC / MC principle

3.2	Simulation results
Fig. 3 shows the results of the simulations. The x-axis labels represent the 3 multi-connectivity cases with different filter configuration:
· Multi,50ms: single (global) aggressive filter time constant of 50 ms is used for ALL procedures (SgNB add/remove, role swap, and leg switching)
· Multi, 100ms: single (global) conservative filter time constant of 100ms is used for ALL procedures (SgNB add/remove, role swap, and leg switching) 
· Multi, 100ms/50ms: mixed case with 2 filter time constants
· conservative 100ms for SgNB add/remove and role swap
· aggressive 50ms for dynamic leg switching
For comparison, we have added 2 single connectivity cases doing conventional handover with 3dB offset:
· single,50ms: aggressive filter time constant of 50ms
· single,100ms: conservative filter time constant of 100ms
Apart from the dynamic leg switching, where TTT was set to 0, we have used a TTT of 70ms when the aggressive filter of 50ms was used, and of 120ms, when the conservative case of 100ms was used. Note, that the coherence times at 5.6GHz are much smaller compared with LTE bands, so we are using smaller filter time constants than typically used in LTE. 
The left plot shows the outage. This is defined as the percentage of time where either the SINR of a data-carrying (i.e. the selected leg) is below -8 dB, or where the UE is re-establishing the link after a radio link failure. This can be viewed as an upper bound for the achievable reliability, i.e. URLLC would require an outage rate below 0.001%. Looking at the single connectivity references, we can observe that the aggressive filter leads to a smaller outage. In general, the MC show a much smaller outage (the SC bars are cut, i.e. the plot is zoomed). Unfortunately, the use of conservative 100 ms filter globally leads to a much larger outage than in the other 2 MC cases. The mixed case with 2 filter coefficients 100/50ms is almost as good as the global aggressive case with 50ms. The brown bars, showing only the outage caused by bad leg switching, are the same as long as we use the short filter for switching. So, the performance seems to be dominated by the dynamics of the leg switching.
The center plot shows the number of handovers in the SC case, and the number of role swaps in the MC case (per UE per minute). Those are comparable procedures, they require RRC reconfiguration, path switching, etc. Here we can observe the price for this aggressive filtering, both for SC and MC. Despite similar outage performance the global aggressive filter requires more role swaps than the mixed case with 2 filter coefficients. Only the mixed filter case is comparable with the SC case.
The right plot shows the number of additions and removal of SgNBs. Those do not exist for SC. Again, we observe the higher price of the global aggressive filter. In particular for the slow users, this effect is massive (2x).
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[bookmark: _Ref498501650]Fig. 3: Results – outage rate (left), number of HOs/swaps per minute (center), number of SgNB additions/removals per minute (right)
The results show nicely that the potential of dynamic leg switching is only leveraged with more aggressive L3 filter. Unfortunately, using more aggressive L3 filtering globally, i.e. in the whole measurement object, may lead to instabilities, oscillations and finally in increased signalling due to unnecessary additions and removals of SgNBs, and unnecessary role swaps (including path switching).
Observation 4: [bookmark: _Ref498524493]The same short filtering coefficients for leg switching and HO/swaps may decrease the outage ratio, but at the expense of increased signalling overhead.
Observation 5: [bookmark: _Ref498524505]The introduction of two filtering time constants (100 ms and 50 ms) reduces the amount of RRC signalling procedures while keeping the ratio of outages at low level. 

4	Conclusion
This TDoc was intended to provide the technical motivation behind adopting a more flexible approach to filter coefficients than the LTE baseline. Throughout the paper the following Observations and Proposals have been made:
Observation 1: L3 filtering may be useful not only for handover purposes. “Fast switching” has been pointed out by several companies throughout the NR Work or Study item.
Observation 2: Fast leg switching cannot rely on CQI measurements.
Observation 3: There is an inherent trade-off in case of L3 filtering: early results may be lacking accuracy while accurate results could be available too late.
Observation 4: The same short filtering coefficients for leg switching and HO/swaps may decrease the outage ratio, but at the expense of increased signalling overhead.
Observation 5: The introduction of two filtering time constants (100 ms and 50 ms) reduces the amount of RRC signalling procedures while keeping the ratio of outages at low level. 
Proposal 1: NR measurement framework shall support the configuration of multiple (i.e. two or more) filtering coefficient sets even for the same measurement object.
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Annex A: Text Proposal to TS 38.331
<Proposed text>
[bookmark: _Hlk497717734]–	MeasIdToAddModList
The IE MeasIdToAddModList concerns a list of measurement identities to add or modify, with for each entry the measId, the associated measObjectId and the associated reportConfigId.

MeasIdToAddModList information element
-- ASN1START
-- TAG-MEAS-ID-TO-ADD-MOD-LIST-START

MeasIdToAddModList ::=				SEQUENCE (SIZE (1..maxNrofMeasId)) OF MeasIdToAddMod

MeasIdToAddMod ::=	SEQUENCE {
	measId								MeasId,
	measObjectId						MeasObjectId				OPTIONAL,
	reportConfigId						ReportConfigId
	quantityConfigId					QuantityConfigId
}

-- TAG-MEAS-ID-TO-ADD-MOD-LIST-STOP
-- ASN1STOP


–	QuantityConfig
The IE QuantityConfig specifies the measurement quantities and layer 3 filtering coefficients for NR and inter-RAT measurements.
QuantityConfig information element
-- ASN1START
-- TAG-QUANTITY-CONFIG-START

QuantityConfig ::=							SEQUENCE (SIZE (1..maxNrofQuantityConfig)) OF QuantityConfigNR {
	quantityConfigNR							QuantityConfigNR													OPTIONAL	
}

QuantityConfigNR::=							SEQUENCE {
	quantityConfigId							QuantityConfigId
	quantityConfigCell							QuantityConfigRS,
	quantityConfigRSindex						QuantityConfigRS													OPTIONAL
}

QuantityConfigRS ::=						SEQUENCE {
	-- SS Block based
	ssbFilterCoefficientRSRP					FilterCoefficient													DEFAULT FFS!,
	ssbFilterCoefficientRSRQ					FilterCoefficient													DEFAULT FFS!,
	ssbFilterCoefficientRS-SINR					FilterCoefficient												    DEFAULT FFS!,

	-- CSI-RS based
	csi-rsFilterCoefficientRSRP					FilterCoefficient													DEFAULT FFS!,
	csi-rsFilterCoefficientRSRQ					FilterCoefficient													DEFAULT FFS!,
	csi-rsFilterCoefficientRS-SINR				FilterCoefficient												    DEFAULT FFS!
}

QuantityConfigId							INTEGER (1..maxNrofQuantityConfig)
-- TAG-QUANTITY-CONFIG-STOP
-- ASN1STOP
	QuantityConfig field descriptions

	quantityConfigCell
Specifies L3 filter configurations for cell measurement results for the configurable RS Types (e.g. SS/PBCH block and CSI-RS) and the configurable measurement quantities (e.g. RSRP, RSRQ and SINR).

	quantityConfigId
Defines the identifier of the quantityConfig 

	quantityConfigNR
Specifies filter configurations for NR measurements.

	quantityConfigRSindex ssbFilterCoefficientRSRP
Specifies L3 filter configurations for measurement results per RS index for the configurable RS Types (e.g. SS/PBCH block and CSI-RS) and the configurable measurement quantities (e.g. RSRP, RSRQ and SINR).

	ssbFilterCoefficientRSRP
Specifies L3 filter configurations for SS-RSRP measurement results from the L1 filter(s), as defined in 38.215 [X].

	ssbFilterCoefficientRSRQ
Specifies L3 filter configurations for SS-RSRQ measurement results from the L1 filter(s), as defined in 38.215 [X].

	ssbFilterCoefficientSINR
Specifies L3 filter configurations for SS-SINR measurement results from the L1 filter(s), as defined in 38.215 [X].

	csi-rsFilterCoefficientRSRP
Specifies L3 filter configurations for CSI-RSRP measurement results from the L1 filter(s), as defined in 38.215 [X].

	csi-rsFilterCoefficientRSRQ
Specifies L3 filter configurations for CSI-RSRQ measurement results from the L1 filter(s), as defined in 38.215 [X].

	csi-rsFilterCoefficientRSRP
Specifies L3 filter configurations for CSI-SINR measurement results from the L1 filter(s), as defined in 38.215 [X].


[bookmark: _Toc491180912][bookmark: _Toc493510613]6.4	RRC multiplicity and type constraint values
[bookmark: _Toc491180913][bookmark: _Toc493510614]–	Multiplicity and type constraint definitions
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-START

maxNrofSCells							INTEGER ::=	15		-- Max number of secondary serving cells per cell group
maxNrofCellMeas							INTEGER ::=	XX		-- Maximum number of entries in each of the cell lists in a measurement object

maxSchedReqPerCell						INTEGER ::= FFS		-- Maximum number of simultaneous SR configurations per serving cell with PUCCH


maxNrofControlResourceSets 				INTEGER ::= XX 		-- Max number of CoReSets configurable on a serving cell
maxNrofControlResourceSets-1			INTEGER ::= XX 		-- Max number of CoReSets configurable on a serving cell minus 1
maxCoReSetStartSymbol					INTEGER ::= XX		-- Highest possible start symbol for a control resource set
maxCoReSetDuration						INTEGER ::= 3		-- Max number of OFDM symbols in a control resource set
maxNrofSearchSpacesPerCoReSet			INTEGER ::= XX		-- Max number of search spaces configurable per Control Resource Set

maxNrofCSI-Reports						INTEGER ::= XX 		-- Maximum number of report configurations
maxNrofCSI-Reports-1	 				INTEGER ::= XX 		-- Maximum number of report configurations minus 1
maxNrofCSI-ResourceConfigurations		INTEGER ::= XX		-- Maximum number of resource configurations
maxNrofCSI-ResourceConfigurations-1		INTEGER ::= XX		-- Maximum number of resource configurations minus 1
maxNrofCSI-ResourceSets					INTEGER ::= XX		-- Maximum number of resource sets per resource configuration
maxNrofCSI-ResourceSets-1				INTEGER ::= XX		-- Maximum number of resource sets per resource configuration minus 1
maxNrofCSI-RS-ResourcesPerSet			INTEGER ::= XX		-- Maximum number of CSI-RS resources per resource set
maxNrofCSI-MeasId						INTEGER ::= XX		-- Maximum number of link configurations
maxNrofCSI-MeasId-1						INTEGER ::= XX		-- Maximum number of link configurations minus 1
maxNrofCSI-RS-ResourcesRRM				INTEGER ::= XX		-- Maximum number of CSI-RS resources for an RRM measurement object
maxNrofCSI-RS-ResourcesRRM-1			INTEGER ::= XX		-- Maximum number of CSI-RS resources for an RRM measurement object minus 1

maxNrofObjectId							INTEGER ::= XX		-- Maximum number of configured measurement objects
maxNrofReportConfigId					INTEGER ::= XX		-- Maximum number of reporting configurations
maxNrofMeasId							INTEGER ::= XX		-- Maximum number of configured measurements
maxNrofQuantityConfig					INTEGER ::= XX		-- Maximum number of Quantity configurations

maxNrofSRS-ResourceSets					INTEGER ::= XX		-- Maximum number of SRS resource sets.
maxNrofSRS-ResourceSets-1				INTEGER ::= XX		-- Maximum number of SRS resource sets minus 1.
maxNrofSRS-Resources					INTEGER ::= XX		-- Maximum number of SRS resources in an SRS resource set.
maxNrofSRS-Resources-1					INTEGER ::= XX		-- Maximum number of SRS resources in an SRS resource set minus 1.

-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-STOP
-- ASN1STOP
[bookmark: _GoBack]
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