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Introduction
[bookmark: _Ref178064866]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). 

In RAN1#88 NR meeting in Athens, it was agreed that CSI-RS can be used for RRM measurements for mobility in RRC_CONNECTED mode.
For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
•	Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
•	Detection of neighbor cell for measurement is based on NR-SS

In this contribution, we provide more details of the RRC configuration to assist the UE to efficiently perform measurements on the IDLE RS and the CSI-RS.
Note that in the paper we use the term IDLE RS, while sometimes we refer to the RAN1 terminology based on SS Blocks, SS block Burst and SS Block Burst Set.
Discussion
[bookmark: _Hlk485381978][bookmark: _Hlk485381124]In LTE, UE can be configured with one measurement object corresponding to an absolute radio-frequency channel number (ARFCN). Further, UE can be given one or more reporting configuration which are linked to one or more measurement objects by measurement identity. As proposed in the email discussion [98#33] conclusions, NR should follow LTE principle. In addition, there was consensus to adopt black and white cell lists in the NR MO.
1. [bookmark: _Toc485388588]In the email discussion [98#33] conclusions, there was consensus to follow LTE principle for MO, MI and reporting configuration linkage as well as to adopt black and white cell lists in the NR MO.

In NR, two different reference signals have been agreed to be used for connected mode mobility, the IDLE mode reference signal, found in the SS block and additionally the CSI-RS. As the periodicity of the SS Block burst may be sparser than corresponding PSS/SSS in LTE (5ms) a UE would benefit from knowing the measurement timing configuration even the UE would not need to indicate to the network need for measurement gaps. 
Also for measurements on CSI-RS, measurement configuration will be needed as CSI-RS does not have synchronization signal and cannot be found without pointing to the UE the specific REs from where to measure. 

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 cell which would be transmitting a sparse discovery signal which consists of occasions of PSS/SSS/CRS and optionally also CSI-RS. If the cell has remote radio heads aka transmission points, it is possible to reflect a transmission point by a CSI-RS which has different scrambling sequence from the cell ID. A UE can be configured to monitor a carrier for dormant small cells and be given timing information in the EUTRAN measurement object about the location of the discovery signal occasion. The synchronization signals are located in the first subframe of the occasion, CSI-RS can be configured in the remaining subframes and CRS is found in all subframes by default within the occasion. The UE can be configured with a periodicity and an occasion duration for DRS measurements. In addition, it can be configured with information about the CSI-RS including a physical cell ID, a scrambling ID, a CSI-RS resource within a subframe, a subframe offset within the occasion, and an individual offset. 
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 of the measurement duration and the DRS periodicity, as well as an offset for the CSI-RS. 
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 1: DRS specific configuration including DMTC related information elements in LTE
1. MeasDS-Config includes DMTC periodicity, offset and duration as well as knowledge on individual CSI-RS configuration and subframe offset from start of the DMTC window.
Information for NR-SS measurement configuration
[bookmark: _Toc485388589]In LTE, the PSS/SSS is transmitted in the centre of the carrier bandwidth. Hence, measurement configuration in LTE contains a measurement object i.e. carrier frequencies to be measured and, by knowing that for a given carrier frequency the UE can find an PSS/SSS at its centre, the UE can find cells, derive its CRS (based on the detected PCI(s)) and trigger configured events. In NR, the SS block position details have not been finalized especially for the possible frequency position of the SSB compared to the centre carrier frequency. It is suggested that as in LTE, there is one MO per ARFCN that can be given to the UE and if frequency offset location needs to be given for the UE, those are given as offset to ARFCN. 
[bookmark: _Toc485388602]There is one ARFCN per MO that can be given to the UE and if frequency offset location for SSB needs to be given for the UE, those are given as offset to ARFCN.

[bookmark: _Toc485388590]The periodicity of the IDLE RS or the 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 regarding the configurable periodicities (5 ms, 10 ms, 20ms, 40 ms and 80 ms, with 160 ms still pending decision in RAN4). The periodicity is therefore a configuration parameter. Furthermore, the UE can also benefit from being configured with an offset parameter.
[bookmark: _Toc485388591]The size of the SS bursts encompassing SS blocks can be of varying size depending on the type of beamforming used (digital/hybrid or analog) and also on the number of beams transmitted to provide the idle mode coverage. The maximum number SS blocks is considered and it is agreed that it is carrier dependent. Further, it is agreed that the SSBs, which has maximum length of 2.2ms, will be confined to a 5ms window regarless of the periodicity. In RAN1 #89. the following was agreed.

[image: ]

[bookmark: _Toc485388592]Based on the above observations, it can be said that the measurement configuration in NR for IDLE RS can to include;
· [bookmark: _Toc485388593]Measurement-Window-Frequency-offset: Pointer to the frequency location within the carrier bandwidth wherein the UE can start its measurement window
· [bookmark: _Toc485388594]Measurement-Window-periodicity:  Measurement window periodicity as chosen by the network.
· [bookmark: _Toc485388595]Measurement-Window-Timing-offset: Pointer to the time location where the UE can start its measurement window
· [bookmark: _Toc485388596]Measurement-Window-duration: Duration for which the UE opens its measurement window

[bookmark: _Toc485388597]Our view regarding the measurement-window-frequency-offset is expressed in Proposal 1. For the periodicity, offset and window we propose the network can configure periodicity possibly with offset information and window duration. If periodicity or window information are not given to the UE, UE may assume default values according to RAN1 decisions.

[bookmark: _Toc485388603]The UE can be configured with periodicity and/or offset and/or measurement window duration for measuring the NR-SS.
[bookmark: _Toc485388604]If measurement window duration is not given UE assumes 5ms at least for SS blocks, as per RAN1 agreement on max window size.
[bookmark: _Toc485388605]If periodicity is not given UE assumes default periodicity agreed by RAN1.

Configuring multiple CSI-RS associated to the same NR-SS

CSI-RS measurements can be configured following the LTE framework. Following the LTE configuration example, CSI-RS can be configured associated to IDLE mode NR-SS (can be of the source cell or that of the neighbouring cells) via e.g.
· A physical cell ID
· scrambling ID for CSI-RS sequence generation
· CSI-RS resource element set within a subframe
· A CSI-RS periodicity 
[image: ]
Figure 2. An example of a CSI-RS measurement window and periodicity configuration
It is understood that the above CSI-RS configuration detail will be provided by RAN1. As in LTE, it shall be possible to configure multiple CSI-RS to the same NR-SS by exploiting different CSI-RS resources. From a L1 perspective, such association can be used such a way that the UE can first obtain synchronization with a given cell using the NR-SS (unless it has already acquired sync) and use that as a reference to search for CSI-RS resources for which the location is given by the measurement configuration. In NR, the location information may include frequency location information that may be different from the SSB frequency location. In the end the measurement bandwidth for the CSI-RS is up to RAN4 and RAN2 needs to wait for RAN1/4 on the frequency and resource details. 
For timing synchronization for the L3 mobility CSI-RS RAN1 has agreed the following:

Agreements:
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.
· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block

[bookmark: _Toc485388598]When phyCellId is given in the measurement configuration of the CSI-RS UE is able to obtain the frame/slot/symbol timimng. Further, in RAN2 we can conclude that the measurement configuration of CSI-RS can include timing offset to NR-SS which follows the LTE DRS measurement configuration.
[bookmark: _Toc485388606]For CSI-RS measurements, network gives per resource CSI-RS measurement configuration including timing offset from the start of the NR-SS

As in LTE, it should be possible to configure multiple CSI-RSs per cell. It is beneficial to configure a measurement ID to a CSI-RS resource to be measured as it gives an handle to the measurement outcome. These measurement outcomes can then be flexibly combined when deriving actual cell quality, events, and measurement reports as discussed further in [1][2][3]. This measurement ID should not be confused with e.g. SSB beam index, CSI-RS configuration ID given in physical config dedicated IE. This measurement ID is purely a ID pointing to an element in a list which in this case is list of information specific to a certain CSI-RS configuration in another cell. Measurement ID is given in LTE as follows:	Comment by Helka-Liina Maattanen: I removed the SSB relation as that requires fixed SSB index which we want to avoid to my underatnding

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,
	...
}

[bookmark: _Toc485388607]UE can be configured to measure multiple CSI-RS resources given as a list in MO. 
[bookmark: _Toc485388608]Each CSI-RS is from a UE perspective uniquely represented by a CSI-RS measurement ID.
Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we made the following proposals:
Proposal 1	There is one ARFCN per MO that can be given to the UE and if frequency offset location for SSB needs to be given for the UE, those are given as offset to ARFCN.
Proposal 2	The UE can be configured with periodicity and/or offset and/or measurement window duration for measuring the NR-SS.
Proposal 3	If measurement window duration is not given UE assumes 5ms at least for SS blocks, as per RAN1 agreement on max window size.
Proposal 4	If periodicity is not given UE assumes default periodicity agreed by RAN1.
Proposal 5	For CSI-RS measurements, network gives per resource CSI-RS measurement configuration including timing offset from the start of the NR-SS
Proposal 6	UE can be configured to measure multiple CSI-RS resources given as a list in MO.
Proposal 7	Each CSI-RS is from a UE perspective uniquely represented by a CSI-RS measurement ID.
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