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Introduction
[bookmark: _Ref178064866]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 RAN2 #97 it was agreed that cell quality can be derived from N best beams.
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 RAN2 #97bis it was further agreed in RAN2 97bis that previous agreements on measurement model and cell quality derivation are also applicable for CSI-RS.
Agreements
1: CSI-RS configured for RRM purpose can be used to derive a cell level quality
2: Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell level quality.
3	Previous agreements on measurement model and cell quality derivation are also applicable for CSI-RS.
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.

It was further agreed that serving cell quality is derived in the same way as neighbour cell quality.
1	Serving cell quality is derived in the same way as neighbour cell quality (i.e. N best).
FFS whether a UE can be configured with a different values of N for the serving cell, and for specific neighbour cells.

It was also agreed that the UE can indicate the SS block identifier of x best beams in measurement reports triggered by the events on SS block, and whether the same applies for CSI-RS was seen as FFS.
Agreements
1	In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.
2	UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 
FFS whether it is needed for all events. 
FFS how the UE can choose the best beams. 
FFS whether quality of the beams are also reported
FFS whether the same applies for CSI-RS

In this contribution, we provide more details of the RRC configuration to aid the measurements on the CSI-RS.
Discussion
Configuration of reference signal measurement window
It has been agreed that CSI-RS can be used for RRM measurements for mobility in RRC_CONNECTED mode. In the following, we will first look into how measurements of sparse PSS/SSS/CRS and CSI-RS has been solved in LTE. We then discuss and propose configuration needed for CSI-RS measurements in NR.
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. 
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
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, as well as the CSI-RS individual offset.
Measurement window for CSI-RS in NR
Following the LTE configuration example, CSI-RS can be configured associated to IDLE mode NR-SS.  The CSI-RS resource of NR could be associated to the NR-SS (can be of the source cell or that of the neighbouring cells) via 
· A physical cell ID
· A CSI-RS periodicity and number of repetitions per NR-SS
· A time offset relative NR-SS
· A frequency offset (not in LTE) relative to NR-SS
[image: ]
Figure 2. An example of a CSI-RS measurement window and periodicity configuration
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. Hence, the following is proposed:
UE can be configured with a measurement window for monitoring of CSI-RS having an NR-SS as a reference.
The CSI-RS measurement window configuration should contain at least the periodicity and time/frequency offsets relative to the associated NR-SS.
Configuring multiple CSI-RS associated to the same NR-SS
As in LTE, it should be possible to configure multiple CSI-RS per associated NR-SS. The different CSI-RS can be separated via configurations of CSI-RS-specific:
· scrambling ID for CSI-RS sequence generation
· CSI-RS resource element set within a subframe
· CSI-RS offset in time and/or frequency
· CSI-RS configuration ID
In addition, it shall be possible to configure an individual offset per CSI-RS, not for separation purposes but for report triggering.
UE can be configured with multiple CSI-RS resources per NR-SS.
Each CSI-RS is from a UE perspective uniquely represented by a CSI-RS configuration ID.
Configuration related to cell and group quality generation
The generation of cell level measurements from multiple SS block level measurements is discussed in 3GPP and it has been agreed that the network can configure the UE to either use the strongest SS block or use the average of ‘N’ SS blocks to generate cell level measurements.
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)

It was further agreed in RAN2 97bis that previous agreements on measurement model and cell quality derivation are also applicable for CSI-RS.
Agreements
1: CSI-RS configured for RRM purpose can be used to derive a cell level quality
2: Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell level quality.
3	Previous agreements on measurement model and cell quality derivation are also applicable for CSI-RS.
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.

[bookmark: _GoBack]We interpret this as that cell quality will be based on N best beams also when calculated based on CSI-RS as is further discussed in [1]. Therefore, there is a need to also be able to configure sets of beams, where each beam is associated to a CSI-RS configuration ID. The set of beams is therefore naturally represented by a list of CSI-RS configuration IDs. Since the set of beams is used to derive a cell-level quality measure that can be used for event triggering etc, each set of beams is denoted as a virtual cell.
It should be possible to configure the ‘N’ for CSI-RS measurements per carrier frequency. It is FFS whether N can also have cell-specific offsets.
It should be possible to configure a virtual cell as a list of CSI-RS configuration IDs, to enable the derivation of a cell-level quality value associated to the virtual cell. 
0. Configuration related to reporting of the SS block identifier of x best beams
In RAN2 97bis, it was agreed that the UE should be able to indicate the SS block identifier of x best beams in measurement reports triggered by the events on SS block.
Agreements
1	In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.
2	UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 
FFS whether it is needed for all events. 
FFS how the UE can choose the best beams. 
FFS whether quality of the beams are also reported
FFS whether the same applies for CSI-RS


Thus, the UE can be configured to report information about the x best beams in the measurement report. The reported information includes an identifier per beam according to the agreement, while it is FFS if the beam quality is included. The measurement report content is further discussed in [2]. Based on this, it should be possible to configure the setting of x in the measurement report configuration.
It should be possible to configure the UE with the value of x, i.e. the number of best beams for which the UE shall provide beam information in the measurement report.
The cell level measurement generation is discussed in [1]. As the whole purpose of having CSI-RS measurements is to obtain beam level measurements, it would be fair to assume that the measurement report will contain beam level measurement values. Therefore, UE should perform both L1 and L3 filtering on individual CSI-RS signals separately and report the L3 filtered individual CSI-RS measurement values for the x best beams.
It should be possible to configure filtering and measurement reporting of per CSI-RS quality measurements.
Conclusion
In the previous section, the following has been observed:

1. MeasDS-Config was introduced in LTE to configure the UE to perform RRM measurements on a sparsely transmitted DRS signal.
Observation 4 MeasDS-Config configuration includes the DMTC periodicity and DMTC offset and also indicates the DRS duration.
We have proposed the following:

1. UE can be configured with a measurement window for monitoring of CSI-RS having an NR-SS as a reference.
The CSI-RS measurement window configuration should contain at least the periodicity and time/frequency offsets relative to the associated NR-SS.
UE can be configured with multiple CSI-RS resources per NR-SS.
Each CSI-RS is from a UE perspective uniquely represented by a CSI-RS configuration ID.
It should be possible to configure the ‘N’ for CSI-RS measurements per carrier frequency. It is FFS whether N can also have cell-specific offsets.
It should be possible to configure a virtual cell as a list of CSI-RS configuration IDs, to enable the derivation of a cell-level quality value associated to the virtual cell. 
It should be possible to configure the UE with the value of x, i.e. the number of best beams for which the UE shall provide beam information in the measurement report.
It should be possible to configure filtering and measurement reporting of per CSI-RS quality measurements.
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