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Discussion and Decision
1
Introduction
The following are agreed for measurement configuration at RAN2#97bis:
	1
In NR, a measurement object is corresponding to one carrier frequency. 

2
As part of the Measurement Object it is possible to configure a list of CSI-RS resource specific configurations for RRM measurement. (If this CSI-RS configuration is found to be usable for other purposes then its placement in the measurement object can be reconsidered)


Besides the agreement, an email discussion [1]  was carried out for further discussion. In this contribution, some further consideration on the measurement configuration in NR will be given, including the configuration of NR-SS and CSI-RS. 
2
Discussion
2.1     The meaning of carrier frequency in the measurement object

According to agreement at RAN2#98, in NR, a measurement object is corresponding to one carrier frequency.  Besides the agreement in RAN2, the terminologies like ‘carrier frequency’, ‘frequency carrier’ or ‘carrier’ etc. are also mentioned in several RAN1 agreements which are related to the measurement configuration. For example:
Agreement at RAN1#88 for the provision of SS burst set information:
	· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· Network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible

· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier
· RAN1 recommends shorter measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity
· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms] 


In LTE, the carrier (center) frequency coincided with the PSS/SSS (center) frequency. In other words, the EARFCN used for specifying a carrier frequency in LTE refers to both carrier frequency and synchronization signal frequency raster. However in NR, the carrier (center) frequency doesn’t necessarily coincide with the synchronization signal (center) frequency. Therefore, it is necessary to clarify whether the corresponding ‘carrier frequency’ in the measurement object refers to the NR carrier center frequency or NR synchronization signal frequency raster. 

The issue is more RAN1/RAN4 specific, so LS should be better sent to RAN1/RAN4 to clarify. Nevertheless, considering that DL measurement is performed at least on NR-SSS, so from this point of view, it seems natural that the ‘carrier frequency’ refers to the ‘NR synchronization signal frequency raster’.
Proposal 1: It’s necessary to clarify whether the corresponding ‘carrier frequency’ in the measurement object refers to the NR carrier center frequency or NR synchronization signal frequency raster.
· Send LS to RAN1/RAN4 to clarify the meaning of ‘carrier frequency’.
2.2     Configuration of NR-SS
UE performs RRM measurement at least based on NR-SS both in the IDLE and CONNECTED. However, unlike the CRS in LTE, to reduce the always-on signals in NR, the NR-SS is not transmitted in every subframe but transmitted periodically within the SS burst set. So besides the carrier frequency, the SS burst set information should also be provided to UE. Then the question is what SS burst set information should be provided to UE and how?
The SS burst set information is more RAN1 specific and a lot of companies think that RAN2 should wait for the final decision in RAN1 [1]. However, to keep pace with the most updated progress in RAN1 and also for the better discussion on how to provide the SS burst set information, the SS burst set information is briefly discussed in the following.
As quoted above, it has been agreed at RAN1#88 that SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection) should be provided for both IDLE and CONNECTED UEs. Furthermore, it was also agreed at RAN1#88bis that the position(s) of the actually transmitted SS blocks within the SS burst sets can also be indicated to UEs.
Agreement at RAN1#88bis for the indication of the actually transmitted SS blocks:

	· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:

· PBCH
· Remaining minimum system information

· Other SI

· dedicated signaling

· Other methods are not precluded 

· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.



Besides the agreement above, RAN1 is also discussing to provide the ‘SS block repetition’ for the benefit of improving cell detection performance and coverage, improving PBCH performance etc. The detail discussion about the ‘SS block repetition’ can be found in our companion contribution in RAN1 [2].
So according to the decisions and progresses listed above in RAN1, we think that the SS burst set information (corresponding to the NR-SS configuration in [1]) can include at least:
· SS burst set periodicity

· Time window for SS detection/measurement (in relation to the timing of the cell on which the SS burst set configuration is transmitted)

· Position(s) of actually transmitted SS blocks within an SS burst set

· SS block repetition level 

Proposal 2: The exact SS burst set information (NR-SS configuration) is more RAN1 specific and RAN2 should wait for the final decision from RAN1.

Proposal 3: For better discussion on how to provide the NR-SS configuration to UE, the NR-SS configuration is briefly listed here which includes at least:
· SS burst set periodicity

· Time window for SS detection/measurement (in relation to the timing of the cell on which the SS burst set configuration is transmitted)

· Position(s) of actually transmitted SS blocks within an SS burst set

· SS block repetition level 

Cells are detected based on the NR-SS. The UE performs RRM measurement at least based on NR-SS both in the IDLE and CONNECTED. In addition, it was agreed at RAN1#88bis that UE acquires the time synchronization reference for a CSI-RS for L3 mobility from the NR-SS. So the NR-SS configuration should be provided both to IDLE UEs and CONNECTED UEs. As analyzed above, RAN1 has agreed to provide the periodicity and time window per carrier frequency. It’s efficient and reasonable to provide a common NR-SS configuration that can be applied to all cells on the carrier frequency. Furthermore, even though the NR-SS configuration is defined per carrier frequency, the network may want to use a different configuration for a particular cell. For example, consider a carrier frequency on which the common NR-SS configuration with 80ms periodicity is configured. However, the network may choose to use 20 ms in a particular cell on the carrier frequency, for example to support higher mobility. So it would be also beneficial to allow providing cell particular NR-SS configuration in addition to the per carrier frequency configuration. If provided, the cell particular NR-SS configuration overrides the per carrier frequency configuration for this particular cell.
Proposal 4: The NR-SS configuration should be provided both to IDLE UEs and CONNECTED UEs.
Proposal 5: Provide a common NR-SS configuration that can be applied to all cells on the carrier frequency. 

Proposal 6: Cell particular NR-SS configuration in addition to the per carrier frequency NR-SS configuration could also be allowed.

In LTE IDLE, SIB4 and SIB5 contain configuration information related to IDLE mode intra- and inter-frequency cell reselection, respectively. Some information is configured per carrier frequency, whereas other information is configured per cell (configured in the interFreqNeighCellList on the corresponding carrier frequency). And an IDLE UE will only perform intra-LTE measurement on the carrier frequencies provided in SIB4 and SIB5. In our view, the similar structure can be reused in NR. The NR-SS configuration should be provided to UE in system information (SI). However, according to the agreement from RAN1#88 ‘If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity’, so if no NR-SS configuration is provided on a carrier frequency, a default NR-SS configuration should be assumed on the corresponding carrier frequency. The detail of the default configuration is up to RAN1 decision. A default configuration can be found in our companion contribution in RAN1 [2]. In addition, the same principle in the IDLE mode can be assumed also for the new introduced INACTIVE mode in NR. 
Proposal 7: In IDLE/INACTIVE, NR-SS configuration should be provided in SI, including:
· A common NR-SS configuration that can be applied to all cells on the carrier frequency;

· Cell particular NR-SS configuration in addition to the common NR-SS configuration associated with the carrier frequency;

· If no NR-SS configuration is provided on a carrier frequency, a default NR-SS configuration should be assumed on this particular carrier frequency;
In LTE CONNECTED, the measurement configuration is provided via dedicated signalling. And a measurement object in the measurement configuration is corresponding to one carrier frequency. Associated with this carrier frequency, a list of cell specific offsets (cellsToAddModList), a list of 'blacklisted' cells and a list of 'whitelisted' cells (whiteCellsToAddModList) can be configured in addition. In our view, the similar mechanism can be reused in NR. In other words, NR-SS configuration can be provided to a CONNECTED UE via dedicated signalling. And similar as for IDLE/INACTIVE, it’s efficient to provide a common NR-SS configuration that can be applied to all cells on the carrier frequency. Cell particular NR-SS configuration (provided in the cellsToAddModList ) in addition to the common NR-SS configuration should also be allowed too. 

Furthermore, the NR-SS is always-on transmitted and is used for RRM measurement both for IDLE and CONNECTED UEs. So from this point of view, the NR-SS configuration acquired in SI can also be reused in the CONNECTED. If a certain carrier frequency is not configured in IDLE, or if the NR-SS configuration is not configured on a certain carrier frequency in IDLE, or if the NR-SS configuration is updated when the UE is in CONNECTED, the dedicated signalling can be used to provide the NR-SS configuration. NR-SS configuration acquired via dedicated signalling overrides the NR-SS configuration acquired in SI.

At last, similar as in IDLE, if no NR-SS configuration is provided on a carrier frequency, a default NR-SS configuration should be assumed on the corresponding carrier frequency.

Proposal 8: NR-SS configuration acquired in SI can also be reused in the CONNECTED.
· Send LS to RAN1/RAN4 to ask whether the NR-SS configuration acquired in SI can be reused in CONNECTED.

Proposal 9: In CONNECTED, NR-SS configuration can be provided via dedicated signalling, including:

· A common NR-SS configuration that can be applied to all cells on the carrier frequency;

· Cell particular NR-SS configuration in addition to the common NR-SS configuration associated with the carrier frequency;

· If no NR-SS configuration is provided on a carrier frequency, a default NR-SS configuration should be assumed on this particular carrier frequency;
2.3     Configuration of CSI-RS

In CONNECTED, CSI-RS can be used for RRM measurement in addition to the NR-SS. CSI-RS is not always-on transmitted but can be turned on/off if needed. So the CSI-RS configuration should be provided to the UE for RRM measurement. Then similar as for NR-SS, the question is what CSI-RS information should be provided to the UE and how?
The CSI-RS information is more RAN1 specific and also a lot of companies think that RAN2 should wait for the final decision in RAN1 [1]. However, similar as for NR-SS, to keep pace with the most updated progress in RAN1 and also for the better discussion on how to provide the CSI-RS information, the CSI-RS information is briefly discussed in the following.
CSI-RS properties agreed at RAN1#89 of CSI-RS for L3 mobility:

	· At least the following properties of a CSI-RS for L3 mobility can be signaled to the UE using dedicated signaling:

· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· configurable transmission/measurement bandwidth 
· Note: it relates to wideband operation
· parameters for sequence generation
· FFS: configurable numerology
· FFS: Spatial QCL assumption e.g. QCL between SS block and CSI-RS
· FFS: Which parameters are common or partial-common to multiple CSI-RSs

FFS: Serving cell assists to derive the reference time of target cell in synchronous system


Besides the progress in RAN1, it is also agreed at RAN2#98 that ‘CSI-RS identifier can be included in measurement reporting triggered by event A1-A6 for measurement reporting triggered by CSI-RS events’. So from this perspective, the CSI-RS information should include CSI-RS identifier in addition.
Proposal 10: The exact CSI-RS information is more RAN1 specific and RAN2 should wait for the final decision from RAN1.

Proposal 11: For better discussion on how to provide the CSI-RS information to UE, the CSI-RS information is briefly listed here which includes at least:

· NR Cell ID
· CSI-RS identifier
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· parameters for sequence generation
At RAN2#97bis, it is agreed that ‘As part of the Measurement Object it is possible to configure a list of CSI-RS resource specific configurations for RRM measurement.’ And at RAN1#88bis, it is agreed that CSI-RS for L3 mobility can be configured at least via dedicated signalling:
	Agreements:
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.
· Note that signalling other than dedicated RRC signalling is not precluded



DL RRM measurement based on CSI-RS is introduced for the purpose of L3 mobility. Cell level quality should be derived for the purpose of L3 mobility. So it’s natural that the entries in the list of CSI-RS resource specific configuration in the Measurement Object correspond to CSI-RS configurations for NR cells.
Proposal 12: As a part of the Measurement Object, if a list of CSI-RS resource specific configurations (CSI-RS cell list) is configured, each CSI-RS configuration is valid for an NR cell on the carrier frequency.
However, besides the general agreement at RAN2#97bis, various methods are agreed for further study at RAN1#89 for UE to obtain the CSI-RS information (parameters):

	Agreements:
· RAN1 studies the following methods for a CONNECTED UE to obtain parameters for CSI-RS for L3 mobility:
· Method 1: Configuration of a parameter that is valid for one CSI-RS resource
· Method 2: Configuration of a parameter, e.g. periodicity, that is valid for all CSI-RS resources on a carrier frequency
· Method 3: UE derives a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID
· Method 4: Configuration of a parameter, e.g. periodicity, scramble ID (if specified), UE (group) ID (if specified), virtual cell ID (if specified), that is valid for a group of CSI-RS resources on a carrier frequency
· Method 5: NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting
· Other methods are not precluded
· Different parameters may be obtained by different methods.
· Note: "configuration" above means UE specific configuration by RRC signaling



In NR, frequencies up to 100 GHz can be used and Physical cell ID has been agreed to expand up to 1000. In order to support CSI-RS based RRM measurement on other carrier frequencies, the serving cell needs to configure and maintain lists of CSI-RS resources on lists of neighbour cells for different configured carrier frequencies. In this way, tremendous CSI-RS resources may need to be configured for one single UE due to potentially many cells with many TRPs/beams on many frequencies in NR. Providing all of the parameters for each CSI-RS resource explicitly and configuring each of the CSI-RS resource independently may be inefficient. Furthermore, as discussed above, the serving cell needs to configure and maintain lists of CSI-RS resources on lists of neighbour cells for different configured carrier frequencies. This is often difficult to achieve in practice when inter-gNB coordination is limited. In LTE, for example, networks often rely on autonomous UE detection of cells rather than maintaining white lists. Other examples are early deployments and measurements on unlicensed bands.
Given the analysis above, it would be beneficial to find more efficient solutions for the configuration of CSI-RS. In LTE CONNECTED, a measurement object corresponds to a carrier frequency. Within each measurement object, cellsToAddModList (called cell list hereafter) and whiteCellsToAddModList  (called white cell list hereafter) can be included additionally. In addition to the per carrier frequency configuration, cell specific parameters (e.g. cell individual offset) can be configured for particular cells on the carrier frequency in the cell list. While if the white cell list is configured and the useWhiteCellList (called use white indicator hereafter) is set to TRUE in the corresponding report configuration, the UE should only perform measurement on cells listed in the white cell list of this carrier frequency.
In our view, the similar structure can be reused for the configuration of CSI-RS in NR. As a part of the measurement object, it is possible to configure a common CSI-RS configuration that applies to all the cells on the carrier frequency. The common CSI-RS configuration can contain the frequency-specific configuration with parameters applicable to the carrier frequency that are not included in the CSI-RS configuration in the CSI-RS cell list, such as offsetFreq in LTE. The common CSI-RS configuration can also contain the default CSI-RS configuration (i.e. properties) that can be used for cells not in the CSI-RS cell list. For the default CSI-RS configuration, some of the parameters (e.g. the timing configuration) can be configured by the network explicitly. While some may be derived by UE itself from the detected cells at least partly from the Physical cell ID. Furthermore, with the common CSI-RS configuration, the properties explicitly configured in the CSI-RS configuration in the CSI-RS cell list are either also explicitly configured in the default CSI-RS configuration, or derived from the NR cell ID of the detected cell. Nevertheless, the exact configuration of the common CSI-RS configuration and the CSI-RS cell list are all up to RAN1 decision.

With the common CSI-RS configuration, the UE can perform CSI-RS based RRM measurements on detected cells on the carrier frequency, even though the CSI-RS cell list is empty. It should be noted that this does not mean that all cells need to transmit the CSI-RS for L3 mobility. The CSI-RS based measurement results for a detected cell that doesn’t transmit CSI-RS will simply be too weak to be reported and will therefore be ignored.
Besides the common CSI-RS configuration, the similar white cell list and use white indicator as in LTE could be introduced for CSI-RS based RRM measurement, e.g. whiteCSI-RSToAddModList (called white CSI-RS list hereafter), useWhiteCSI-RSlist (called use white CSI-RS indicator hereafter). With this white CSI-RS list and use white CSI-RS indicator provided, the UE needs not to perform CSI-RS based measurement on all the detected cells of this carrier frequency but should perform CSI-RS based measurement only on the resources listed in the white CSI-RS list.
Proposal 13: As part of the Measurement Object it is possible to configure a common CSI-RS configuration that applies to all the cells on the carrier frequency.
· Send LS to RAN1/RAN4 to ask whether it is possible to configure a common CSI-RS configuration that applies to all the cells on the carrier frequency. And if possible, how are the parameters configured.
Proposal 14: A white CSI-RS list (e.g. whiteCSI-RSToAddModList) and a use white CSI-RS indicator (e.g. useWhiteCSI-RSlist) can be configured similar as the white cell list (whiteCellsToRemoveList) and use white indicator (useWhiteCellList) in LTE to indicate the UE to perform CSI-RS based measurement only on the resources listed in the white CSI-RS list.

Per proposal 12 to 13 above, we propose:

Proposal 15: As part of the Measurement Object it is possible to optionally configure:

· a common CSI-RS configuration applicable to all cells on the carrier frequency;

· a CSI-RS cell list, containing CSI-RS configurations;
· a white CSI-RS list, containing NR cell IDs;
4
Conclusion
In this contribution, further consideration on the measurement configuration in NR is discussed with the following proposals:
 Proposal 1: It’s necessary to clarify whether the corresponding ‘carrier frequency’ in the measurement object refers to the NR carrier center frequency or NR synchronization signal frequency raster.

-
Send LS to RAN1/RAN4 to clarify the meaning of  ‘carrier frequency’.
Proposal 2: The exact SS burst set information (NR-SS configuration) is more RAN1 specific and RAN2 should wait for the final decision from RAN1.

Proposal 3: For better discussion on how to provide the NR-SS configuration to UE, the NR-SS configuration is briefly listed here which includes at least:

· SS burst set periodicity

· Time window for SS detection/measurement (in relation to the timing of the cell on which the SS burst set configuration is transmitted)

· Position(s) of actually transmitted SS blocks within an SS burst set

· SS block repetition level 

· Proposal 4: The NR-SS configuration should be provided both to IDLE UEs and CONNECTED UEs

· Proposal 5: Provide a common NR-SS configuration that can be applied to all cells on the carrier frequency. 

· Proposal 6: Cell particular NR-SS configuration in addition to the per carrier frequency NR-SS configuration could also be allowed.

Proposal 7: In IDLE/INACTIVE, NR-SS configuration should be provided in SI, including:

· A common NR-SS configuration that can be applied to all cells on the carrier frequency;

· Cell particular NR-SS configuration in addition to the common NR-SS configuration associated with the carrier frequency;

· If no NR-SS configuration is provided on a carrier frequency, a default NR-SS configuration should be assumed on this particular carrier frequency;
Proposal 8: NR-SS configuration acquired in SI can also be reused in the CONNECTED.

· Send LS to RAN1/RAN4 to ask whether the NR-SS configuration acquired in SI can be reused in CONNECTED.

Proposal 9: In CONNECTED, NR-SS configuration can be provided via dedicated signalling, including:

· A common NR-SS configuration that can be applied to all cells on the carrier frequency;

· Cell particular NR-SS configuration in addition to the common NR-SS configuration associated with the carrier frequency;

· If no NR-SS configuration is provided on a carrier frequency, a default NR-SS configuration should be assumed on this particular carrier frequency;
Proposal 10: The exact CSI-RS information is more RAN1 specific and RAN2 should wait for the final decision from RAN1.

Proposal 11: For better discussion on how to provide the CSI-RS information to UE, the CSI-RS information is briefly listed here which includes at least:

· NR Cell ID
· CSI-RS identifier
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· parameters for sequence generation
Proposal 12: As a part of the Measurement Object, if a list of CSI-RS resource specific configurations (CSI-RS cell list) is configured, each CSI-RS configuration is valid for an NR cell on the carrier frequency.
Proposal 13: As part of the Measurement Object it is possible to configure a common CSI-RS configuration that applies to all the cells on the carrier frequency.
· Send LS to RAN1/RAN4 to ask whether it is possible to configure a common CSI-RS configuration that applies to all the cells on the carrier frequency. And if possible, how are the parameters configured.
Proposal 14: A white CSI-RS list (e.g. whiteCSI-RSToAddModList) and a use white CSI-RS indicator (e.g. useWhiteCSI-RSlist) can be configured similar as the white cell list (whiteCellsToRemoveList) and use white indicator (useWhiteCellList) in LTE to indicate the UE to perform CSI-RS based measurement only on the resources listed in the white CSI-RS list.

Proposal 15: As part of the Measurement Object it is possible to optionally configure:

· a common CSI-RS configuration applicable to all cells on the carrier frequency;

· a CSI-RS cell list, containing CSI-RS configurations;

· a white CSI-RS list, containing NR cell IDs
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