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[bookmark: _Ref462817227]Introduction
In RAN2#97 NR meeting in Athens, it was agreed that the RRC_CONNECTED UE can perform RRM measurements on IDLE RS.
1	An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 
It was also agreed that A1-A6 events can be configured for the IDLE RS.
Agreements
[bookmark: _GoBack]1: Measurement events can be configured for xSS and for additional RS for RRM measurement. 
2:	At least event A1-A6 can be configured for xSS
FSS Which events that can be configured for additional RS

In this contribution, we provide more details of the RRC configuration to aid the measurements on the IDLE RS.
[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion 
DRS and measurement window in LTE
LTE introduced support for RRM measurements based on discovery reference signal (DRS) as part of the small cells enhancements work in Rel. 12. The main purpose was to enable discovery of a dormant transmission point by transmitting a sparse signal. It is based on a DRS concept, enabling UEs to be configured with time/frequency search spaces where transmission points will transmit PSS/SSS/CRS and optionally also CSI-RS. The reference signals are configured as part of the EUTRAN measurement object and form a discovery signal occasion. The synchronization signals are configured in the first subframe of the occasion, and the CRS and CSI-RS are configured in the remaining subframes. The UE can be configured with  a periodicity and an occasion duration for DRS measurements. In addition, it can be configured with CSI-RS including a physical cell ID, a scrambling ID (for CSI-RS sequence generation), a CSI-RS resource within a subframe, a subframe offset within the occasion, and an individual offset. Figure 1 illustrates an example of a configured DRS.
[image: ]
Figure 1. Example of a DRS configuration [2].
To aid the UE with the knowledge of when to measure for DRS, the DMTC (DRS Measurement Timing Configuration) windows were introduced. DMTC windows will inform the UE as to when to measurement duration and the DRS periodicity. 
MeasDS-Config information elements
-- ASN1START

MeasDS-Config-r12 ::=			CHOICE {
	release							NULL,
	setup							SEQUENCE {
		dmtc-PeriodOffset-r12			CHOICE {
			ms40-r12						INTEGER(0..39),
			ms80-r12						INTEGER(0..79),
			ms160-r12						INTEGER(0..159),
			...
		},
		ds-OccasionDuration-r12		CHOICE {
			durationFDD-r12 				INTEGER(1..maxDS-Duration-r12),
			durationTDD-r12 				INTEGER(2..maxDS-Duration-r12)
		},
		measCSI-RS-ToRemoveList-r12	MeasCSI-RS-ToRemoveList-r12	OPTIONAL,	-- Need ON
		measCSI-RS-ToAddModList-r12	MeasCSI-RS-ToAddModList-r12	OPTIONAL,	-- Need ON
		...
	}
}

MeasCSI-RS-ToRemoveList-r12 ::=	SEQUENCE (SIZE (1..maxCSI-RS-Meas-r12)) OF MeasCSI-RS-Id-r12

MeasCSI-RS-ToAddModList-r12 ::=	SEQUENCE (SIZE (1..maxCSI-RS-Meas-r12)) OF MeasCSI-RS-Config-r12

MeasCSI-RS-Id-r12 ::=			INTEGER (1..maxCSI-RS-Meas-r12)

MeasCSI-RS-Config-r12 ::=		SEQUENCE {
	measCSI-RS-Id-r12				MeasCSI-RS-Id-r12,
	physCellId-r12					INTEGER (0..503),
	scramblingIdentity-r12			INTEGER (0..503),
	resourceConfig-r12				INTEGER (0..31),
	subframeOffset-r12				INTEGER (0..4),
	csi-RS-IndividualOffset-r12		Q-OffsetRange,
	...
}

-- ASN1STOP

	MeasDS-Config field descriptions

	csi-RS-IndividualOffset
CSI-RS individual offset applicable to a specific CSI-RS resource. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	dmtc-PeriodOffset
Indicates the discovery signals measurement timing configuration (DMTC) periodicity (dmtc-Periodicity) and offset (dmtc-Offset) for this frequency. For DMTC periodicity, value ms40 corresponds to 40ms, ms80 corresponds to 80ms and so on. The value of DMTC offset is in number of subframe(s). The duration of a DMTC occasion is 6ms.

	ds-OccasionDuration
Indicates the duration of discovery signal occasion for this frequency. Discovery signal occasion duration is common for all cells transmitting discovery signals on one frequency. If the carrierFreq in the measurement object is on an unlicensed band as specified in [42], the UE shall ignore the field ds-OccasionDuration for the carrier frequency and apply a value 1 instead.


Figure 2: DRS specific configuration including DMTC related information elements in LTE
Observation 1 MeasDS-Config was introduced in LTE to configure the UE to perform RRM measurements on a sparsely transmitted DRS signal.
Observation 2 MeasDS-Config configuration includes the DMTC periodicity and DMTC offset and also indicates the DRS duration.

Measurement window in NR
It has been agreed both in RAN1 and RAN2 that the IDLE RS will be used for RRM measurements in RRC_CONNECTED mode. However, several characteristics of IDLE RS in NR are different compared to the PSS/SSS in LTE.
In LTE, the PSS/SSS is transmitted in the centre of the carrier bandwidth. However, this has not been decided for NR in NR1 and in fact, it is said to be configured/informed to the UE. 
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
· FFS whether this information is available only in CONNECTED mode or in both modes
· FFS how to signal the position(s)

Observation 3 The UE can assume that the frequency location of the PSS/SSS is at the centre of the carrier frequency in LTE whereas the UE can be explicitly configured with the frequency location of the SS blocks in NR.
Proposal 1 It should be possible in NR to configure the UE with the frequency location of the SS blocks via a frequency offset in the measurement configuration.
The periodicity of SS burst set (encompassing one or more SS blocks in one or more SS bursts) is also under discussion in RAN1 and agreements have been made specifically to stand alone (10 ms or 20ms) and non-stand-alone carriers (20,40,80 and 160 ms). It is mentioned as a network adaptation parameter and thus allowing for configuration.
· NR should support set of SS burst set periodicity values for adaptation and network indication
· Candidate periodicity values to be evaluated are [20, 40, 80 and 160 ms]  

Observation 4 Periodicity of the SS burst set is dependent of the network configuration.
Proposal 2 In NR, it should be possible to configure the UE with the time occasion of the SS bursts transmission as part of measurement configuration.
Proposal 3 In NR, it should be possible to configure the UE with the periodicity of SS burst sets as part of measurement configuration.
The size of the SS bursts encompassing SS blocks can be of varying size depending on the type of beamformers used (digital/hybrid or analog) and also on the number of beams transmitted to provide the idle mode coverage. Only the maximum number SS blocks is under discussion and it is agreed that it is carrier dependent.
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]
· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]
· FFS: L for additional frequency range category

In scenarios where the network can transmit all the SS blocks within a short duration of time, the UE would benefit from knowing that the RRM measurements can be performed only for a smaller time duration (including the guard windows for assisting measurements in asynchronous networks). The gains from such a configuration can be larger in NSA carriers with longer periodicity of SS burst sets whereas the SS block sweeping duration can be significantly smaller. Therefore, it should be possible to configure the UE with measurement window sizes that are flexible.    
[image: ]
Figure 3: Example of measurement duration (which can be larger than a SS burst size to provide RRM measurements in an asynchronous network) and SS burst set periodicity in an NSA carrier
Observation 5 SS burst can be of different sizes in NR depending on the used beamformers and the number of beams supported by the node.
Proposal 4 In NR, it should be possible to configure the UE with the time duration of RRM measurement as part of the measurement configuration.
Based on the above observations and proposals, it can be said that the measurement configuration in NR for IDLE RS needs to include;
· SS-block-Frequency-offset
· Pointer to the frequency location within the carrier bandwidth wherein SS blocks are transmitted
· SS-burst-set-periodicity 
· SS burst set periodicity as chosen by the network for the carrier.
· SS-block-Timing-offset
· Pointer to the time location where the UE can search for SS blocks
· SS-burst-Occasion-duration
· Duration for which the UE searches for SS blocks
The above mentioned configuration parameters have a similarity with the MeasDS-Config in LTE for DRS related measurements. The above mentioned SS-burst-set-periodicity parameter be a counter part of dmtc-periodicity parameter, SS-block-Timing-offset parameter be a counter part of dmtc-offset parameter, SS-burst-Occasion-duration be the counter part of fixed 6ms DMTC occasion duration. The only new parameter being the SS-block-Frequency-offset. Therefore, a similar measurement configuration framework as that of MeasDS-Config can be applied to the measurement configuration on SS blocks. 
Observation 6 The MeasDS-Config based measurement configuration for DRS in LTE has similarities to the wanted measurement configuration parameters of SS blocks in NR.
Proposal 5 It is proposed to have a measurement configuration framework for IDLE RS measurements in NR based on the MeasDS-Config framework in LTE for DRS.

Configuration related to cell quality generation
In RAN2#97 NR meeting in Athens, it was agreed that the cell quality can be derived from ‘N’ best beams.
Agreement
1	Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 
FFS: Details of filtering to be applied
FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS: Whether the agreement applies to both additional RS and idle RS.
FFS: Whether to only consider beams above a threshold ('good' beams)

In principle, it seems reasonable to assume that N could be configure per carrier frequency, otherwise the UE would not be able to compute the cell quality for unknown neighbor cells. RAN2 could also discuss the possibility to configure at least cell-specific offsets in addition.
Proposal 6 The serving cell should be able to configure the ‘N’ per carrier frequency. It is FFS whether N can also have cell-specific offsets.
[bookmark: _Toc461106288]Conclusion
In this contribution, the following observations were made:
Observation 1	MeasDS-Config was introduced in LTE to configure the UE to perform RRM measurements on a sparsely transmitted DRS signal.
Observation 2	MeasDS-Config configuration includes the DMTC periodicity and DMTC offset and also indicates the DRS duration.
Observation 3	The UE can assume that the frequency location of the PSS/SSS is at the centre of the carrier frequency in LTE whereas the UE can be explicitly configured with the frequency location of the SS blocks in NR.
Observation 4	Periodicity of the SS burst set is dependent of the network configuration.

Based on these observations the following has been proposed:
Proposal 1 It should be possible in NR to configure the UE with the frequency location of the SS blocks via a frequency offset in the measurement configuration
Proposal 2 In NR, it should be possible to configure the UE with the time occasion of the SS bursts transmission as part of measurement configuration.
Proposal 3 In NR, it should be possible to configure the UE with the periodicity of SS burst sets as part of measurement configuration.
Proposal 4 In NR, it should be possible to configure the UE with the time duration of RRM measurement as part of the measurement configuration.
Proposal 5 It is proposed to have a measurement configuration framework for IDLE RS measurements in NR based on the MeasDS-Config framework in LTE for DRS.
Proposal 6 The serving cell should be able to configure the ‘N’ per carrier frequency. It is FFS whether N can also have cell-specific offsets.
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