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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 RAN2-NR-AH2


Agreements
1: 	In NR, each measurement identity links one measurement object with one reporting configuration. By configuring multiple measurement identities it is possible to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object.
2:	In NR, a list of 'blacklisted' cells can be configured as part of the measurement object. 
3	A list of 'whitelisted' cells can be configured as in LTE
FFS Whether the whitelisted cells are part of the measurement object as in LTE or moved to some other part of the measurement configuration.
4	For NR-SS based RRM measurement, SS burst set periodicities can be configured. 
FFS	Maximum number of possible periodicities (1 or more) per carrier. To be concluded after considering LS from RAN1.
5: NR-SS configuration for CONNECTED UE can be provided by dedicated signalling. 
6: CSI-RS measurement configuration is provided via dedicated signalling. 



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
Measurement object definition
[bookmark: _Hlk485381978]In LTE, UE can be configured with one measurement object corresponding to an absolute radio-frequency channel number (ARFCN). The PSS/SSS/(CRS) can be always found around the centre 6PRBs of the carrier frequency. In NR, the SS Blocks can be transmitted in different locations in frequency and not only in the centre of the carrier frequency. 

[bookmark: _Hlk487707443]RAN1#87 meeting the following working assumption was agreed: 
Working assumptions:
· For a NR cell, the center frequency for the synchronization signal can be different from the center frequency of the NR carrier
· FFS: Relationship between the center frequency of the NR carrier and the center frequency of synchronization signals and investigate tradeoff between UE complexity and flexibility
And, in the RAN1 NR Ad Hoc #1, the following has been agreed:
[bookmark: _Hlk487707942]Agreements:
· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 
· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 
· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster
· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster  
And, in the RAN1#88bis, the following has been agreed:
Agreements:
· SYNC frequency raster: RAN1 assumes that RAN4 will decide it  
One of the reasons for having this flexibility of the synchronization signals being in different locations than at center of a carrier is to enable the UE to perform measurements on multiple frequencies different from the serving frequency without the need to perform retuning, e.g. in the case of overlapping carriers. How exactly the SYNC frequency raster looks like will be defined by RAN4. 
[bookmark: _Toc485388589]
It is suggested that as in LTE, there is one MO per NR-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. Whether frequency offset for location of SSB is needed depends on RAN4 design on how fixed positions the SSBs may have. 
[bookmark: _Toc485388602][bookmark: _Toc490229067]There is one NR-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 NR-ARFCN.
However, in order to avoid carrier ambiguity, the exact SSB block locations should be different between carriers. If the SSB block locations are overlapping between carriers, UE might not be able to link the reported measurements for a measurement ID. Further, UE is not able to update the UE variable that tracks detected cells for a given measurement ID. Therefore, we propose RAN2 assumes that SSB blocks for different carriers are non-overlapping in order to keep current principles where measurement results are collected per measurement ID and the VarMeasReportList lists information per measurement ID about measurements for which triggering conditions have been met.

[bookmark: _Toc490229068]RAN2 assumes SSB blocks for different carriers are non-overlapping.
[bookmark: _Toc490229069]Keep current principles where measurement results are collected per measurement ID and the VarMeasReportList lists information per measurement ID about measurements for which triggering conditions have been met.

Different cell lists and offsets for the measurement configuration 
It has been agreed to include blackcell list and whitecell list in the measurement configuration with an FFS if the whitecell list is included in measurement object or for example to reporting configuration. In LTE, the whitecell list is in measurement object but it is indicated whether it is valid for a given reporting configuration. For example, network might want UE to report only certain cells e.g. cells that can be configured for carrier aggregation for a UE triggered by a certain event. Thus, the question is basically that is there a need to have different whitecell lists for different events. The original use of the whitecell list does not suggest there would be need to be able to configure different whitecell list depending on which event is configured. Therefore, we propose to keep the whitecell list in measurement object also for NR.

[bookmark: _Toc490229070]Include whitecell list in NR measurement object and parameter usewhitecell list in reporting configuration as in LTE.
In addition to black and whitecell lists, there exists a list of cells which includes cell specific offsets to be applied when evaluating candidates for cell re-selection or when evaluating triggering conditions for measurement reporting. This list of cells and cell specific offsets should be included in the reporting configuration to be able to have different offsets per configured measurement. 
Further, the frequency specific offset parameter should be included as well.

[bookmark: _Toc490229071]Include both frequency specific offset as well as cell specific offsets.
[bookmark: _Toc490229072]Frequency specific offset adopted in MO and cell specific offsets adopted in reporting configuration. 

Information for NR-SS measurement configuration

[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 regardless of the periodicity. In RAN1 #89. the following was agreed.
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Further, RAN1 send LS to RAN2 on initial access and mobility which contains the following RAN1 agreements regarding RRM measurement based on SS block from RAN1#NR-AH2 meeting:
	Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers

Agreements:
· A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band






[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][bookmark: _Toc490229073]The UE can be configured with periodicity and/or offset and/or measurement window duration for measuring the NR-SS.
[bookmark: _Toc485388604][bookmark: _Toc490229074]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][bookmark: _Toc490229075]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 
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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]Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
· Configurable parameters for sequence generation 
· Configurable numerology
· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)
· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties


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][bookmark: _Toc490229076]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:

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][bookmark: _Toc490229077]UE can be configured to measure multiple CSI-RS resources given as a list in MO. 
[bookmark: _Toc485388608][bookmark: _Toc490229078]Each CSI-RS is from a UE perspective uniquely represented by a CSI-RS measurement ID.
[bookmark: _Hlk490229109]UE autonomous changes to measurement configuration in NR
In LTE, there is support for UE autonomous measurement identity removal (TS36.331 Section 5.5.2.2a) and autonomous flipping of source and target primary frequencies (TS36.331 Section 5.5.6.1). The consequence of supporting UE autonomous changes is that it brings complications on network side to follow which is the current valid measurement configuration UE has. As network needs to anyway ensure that all needed measurement objects are present it would result in smoother operation of the system if it would be assumed that in NR, network always explicitly configures the measurements for a UE.
[bookmark: _Toc490229079]In NR, network explicitly configures the measurements for a UE and UE autonomous changes to measurement configuration are not supported.
Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we made the following proposals:
Proposal 1	There is one NR-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 NR-ARFCN.
Proposal 2	RAN2 assumes SSB blocks for different carriers are non-overlapping.
Proposal 3	Keep current principles where measurement results are collected per measurement ID and the VarMeasReportList lists information per measurement ID about measurements for which triggering conditions have been met.
Proposal 4	Include whitecell list in NR measurement object and parameter usewhitecell list in reporting configuration as in LTE.
Proposal 5	Include both frequency specific offset as well as cell specific offsets.
Proposal 6	Frequency specific offset adopted in MO and cell specific offsets adopted in reporting configuration.
Proposal 7	The UE can be configured with periodicity and/or offset and/or measurement window duration for measuring the NR-SS.
Proposal 8	If measurement window duration is not given UE assumes 5ms at least for SS blocks, as per RAN1 agreement on max window size.
Proposal 9	If periodicity is not given UE assumes default periodicity agreed by RAN1.
Proposal 10	For CSI-RS measurements, network gives per resource CSI-RS measurement configuration including timing offset from the start of the NR-SS
Proposal 11	UE can be configured to measure multiple CSI-RS resources given as a list in MO.
Proposal 12	Each CSI-RS is from a UE perspective uniquely represented by a CSI-RS measurement ID.
Proposal 13	In NR, network explicitly configures the measurements for a UE and UE autonomous changes to measurement configuration are not supported.
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