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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]This document addresses a variety of issues related to measurement configuration.
Measurement framework and configuration
[bookmark: OLE_LINK1]Structure of the framework
RAN2#96 agreed that connected state cell-level mobility is based on a common RRM measurement framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.  Later on RAN2#97 has agreed that network can configure the UE to report the N best beams. In RAN2#97bis, further agreements are reached as below regarding CSI-RS and SS-block measurements for MM:
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

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 neighbor cells.

Some further agreements were reached during RAN2#98, and a subsequent email discussion worked towards developing an RRM model, which was confirmed in the RAN2 ad hoc of June 2017.
All the above agreements can be accommodated into a uniform RRM model by flexible configurations of measurement objects and reporting process.  Considering these agreements and the related RAN1 agreements, it is our understanding that it is desirable to share RRM measurements (e.g., of CSI-RS and SS-block) for BM and MM as much as possible, but the measurement objectives of beam-level quality and the correspondingly derived cell-level quality and their reporting process may be different:
· RAN1 is mainly for beam-specific L1/L2 beam management (BM), also interpreted as L1/L2 mobility in RAN1, normally in the same serving cell of one or multiple TRPs, and 
· RAN2 is mainly for cell-level mobility management (MM) by comparing the cell quality that is derived from multiple beams in serving and neighboring cells, be it with or without RRC involvement.
Observation 1: Measurements considering beamforming for MM and BM may share common process, but cell-level measurement for MM (with or without RRC) and beam-specific measurement for BM may be configured and reported differently.

To consider for example the connected mode measurements of “additional RS” (e.g., CSI-RS), in our understanding these measurements can be applicable to both “L1/L2 mobility” (e.g., RAN1’s BM), and in RAN2 terms the connected mode MM with or without RRC involvement.  In the two cases the measurements derive similar metrics (RSRP and RSRQ), but the reporting is different in terms of timing, layering, and messaging formats.
Observation 2: Different measurement configurations on the same measurement process may support L1/L2 beam-specific BM based on at least additional RS (e.g., CSI-RS, etc.), and cell-level MM based on at least the IDLE mode RS (e.g., synchronization signals) and possibly connected mode additional RS (e.g., CSI-RS).

Similar to LTE’s CSI for link adaptation and HARQ vs. RSRP and RSRQ for L3 mobility, it is clear from the previous observations that NR’s RRM configuration and report mechanisms, including layers of signalling and the message formats, are very different between L1/L2 BM and cell-specific MM. 
Different from LTE’s CRS, (SS-block based) beam sweeping is used in NR without an always-on RS for measurement. When the measured beams transmit signal in one narrow direction, UE must use the corresponding Rx beam to perform the measurement.  This makes repeated UE measurements for different purposes costly.  Therefore, considering the UE power saving and design complexity, the gNB should try to reuse the same methods of UE-side measurement, but configure it by taking into account whether the measurements are for cell-level mobility or beam-level management purpose.  In our understanding this primarily applies to CSI-RS, since there is no agreement yet whether to use SS measurements for beam management.
In RAN1#89, RAN1 reached agreements on the CSI-RS design as below:
Agreements:
•       RAN1 provides the following response to Question 1:
–      The design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline. 
–      CSI-RS for L3 mobility can have same, partly same or different configuration from CSI-RS for beam management.
•       For example, they could be the same when both are configured to be periodic with same periodicity
•       For example, they could be different when CSI-RS for L3 mobility is configured to be periodic and CSI-RS for beam management is configured to be aperiodic
•       For example, they could be partly the same when both are configured to be periodic but with different periodicities
These agreements generally align with the concept of supporting a common measurement process between BM and MM.  To capture CSI-RS structure according to these agreements, we could manage the main part of the CSI-RS configuration (physical resource, bandwidth, etc.) as a common structure between BM and MM, except for the periodicity (or aperiodic characteristic) which can be different.
Proposal 1: Define a common CSI-RS pool IE to configure CSI-RS resources, which is common to BM and MM, and does not include the periodicity information.
Proposal 2: The CSI-RS resources for BM and MM have separately defined timing information, including periodicity information.
The separate timing information could be in separate IEs “mm-CSI-RS-Timing” and “bm-CSI-RS-Timing”, for example.  These IEs could be sent as part of the respective configuration for MM (measurement configuration) or BM, allowing to reuse the CSI-RS configuration from the common pool IE.
If RAN1 agree to use SS for beam management as well, we anticipate that similar principles could be used to share a common configuration for SS resources. In RAN1#89, RAN1 also agreed that they don’t see the need to support cell-specific (vs. UE-specific) configuration for CSI-RS for RRM measurements, and at the same time RAN1 is studying a number of methods for a CONNECTED UE to obtain parameters for CSI-RS for L3 mobility, e.g., by UE specific configuration by RRC signaling for parameters valid for one, a group of, or all cell(s), or by UE derivation from the cell ID, or by network provision based on UE’s measurement reports. 
In LTE, the measurement object is configured per frequency and common to all measurement IDs. Each measurement ID is used to link the one measurement object, one measurement event and the corresponding measured result. Since it has been agreed in NR that Events A1-A6 can be configured to use CSI-RS or SS, it would be simple to configure SS based event and CSI-RS based event by separate measurement IDs. For example, we use two measurement IDs for CSI-RS based event A3 and SS based event A3.
RAN1 has also implicitly agreed on a method to obtain CSI-RS parameters (e.g., of a target cell) based on reference parameters (e.g., of a serving cell). In accordance with this, it could be considered that the reference CSI-RS resources configuration, e.g., the CSI-RS resources of current serving cell as the reference configuration, in measurement event configuration could be used to indicate the used reference signal type. However, the reference CSI-RS resources are not present in all CSI-RS based event. For example, for CSI-RS based event A4 (Neighbour becomes better than threshold), no reference (serving cell) CSI-RS resources is needed. 
In consideration of the above, an explicit indication will be needed to indicate to use either CSI-RS or SS for event evaluation. Therefore, the simplest way is to have an explicit indication for the reference signal type (CSI-RS or SS) for all the measurement events.  This indication should be in the reporting configuration, so that the measurement object still applies to the frequency rather than to a particular signal type.
Proposal 3: Configure SS based events and CSI-RS based events by separate measurement IDs, with an explicit indication in the reporting configuration for the reference signal type (CSI-RS or SS). 
Configuration of SMTC for SS block measurement
During the ad hoc of June 2017, RAN1 agreed that there is a so-called “SMTC” (RRM measurement timing configuration) comprising “measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier”. For the intra-frequency case up to two different periodicities can be configured; for the inter-frequency case, only one SMTC is configured per carrier.
The RAN1 agreements also include that the “UE can be informed of which cell(s) is associated with which measurement window periodicity”, and “For cell(s) that is not listed, longer measurement window periodicity is used.”  In other words, the longer periodicity serves as a default value for the frequency in the intra-frequency case, and a cell list is provided along with the shorter periodicity.
For RAN2, this means that the SS block measurement configuration needs to contain a structure for the SMTC, and for the intra-frequency case, a second value of the periodicity (only), associated with a cell list.  Assuming we have the division described above, where the signal type (SS or CSI-RS) is contained in the reporting configuration, this could either be in the measurement object (thus common to the whole frequency) or in the reporting configuration (thus specific to the SS measurements).
In the case that the SMTC is placed in the measurement object, the “MeasObjectNR” construct might contain fields as follows:
MeasObjectNR ::=					SEQUENCE {
	carrierFreq							ARFCN-ValueNR,
	primarySMTC							SMTC,
	shortPeriodicity					PeriodicityAndCellList	OPTIONAL, -- Cond Intra-freq
	...
}

SMTC ::=							SEQUENCE {
	windowPeriodicity					WindowPeriodicity,
	windowDuration						ENUMERATED {...},
	windowOffset						INTEGER (0..x)
}

PeriodicityAndCellList ::=			SEQUENCE {
	windowPeriodicity					WindowPeriodicity,
	cellList							SEQUENCE (1..maxCellMeas) OF PhysCellID-NR
}

WindowPeriodicity ::=				ENUMERATED {...}

where the contents of the enumerations, and the value x that defines the maximum window offset, need to be determined by RAN1 still.
Proposal 4: The SS block related measurement configuration for an NR frequency contains a primary SMTC object, and an optional short periodicity along with a corresponding cell list that is used in the intra-frequency case.
Approach to CSI-RS measurements
For neighbour cell CSI-RS resources configuration, since it has been agreed that “Previous agreements on measurement model and cell quality derivation are also applicable for CSI-RS”, the UE needs to know the relation between CSI-Resource and cell in order to derive the cell quality by CSI-RS resource. Furthermore, before performing CSI-RS based measurement, the UE needs to derive the cell timing (for example frame boundary, slot index and OFDM symbol index) by SS block which is related to the PCI of the cell. Therefore, the CSI-RS resource configuration shall include the cell specific information needed to measure the SS blocks and derive cell timing.  This could be achieved either by putting the SMTC in the SS and CSI-RS reporting configurations separately, or by putting it in the measurement object where it is automatically common to SS and CSI-RS measurements.  Either approach will work although including it in the measurement object seems more intuitive and saves a small amount of signalling.
Proposal 5: The measurement object shall include the cell specific information needed to measure the SS blocks and derive cell timing.
As noted in section 2.1 above, it has been agreed to that “Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell level quality”. To support the CSI-RS based events, the CSI-RS resources used for RRM measurement in serving cell and neighbour need to be configured. For the CSI-RS resources in serving cell, similar as LTE, the reference CSI-RS could be introduced in measurement event reporting configuration to allow the flexibility that different serving CSI-RS resources could be configured for different events. The only difference is that only one reference CSI-RS resource could be configured in LTE, while in NR it is allowed to configure a group of CSI-RS as reference CSI-RSs. 
Proposal 6: Similar as LTE, reference CSI-RS resources could be included in measurement event reporting configuration to configure the CSI-RSs in serving cell for the corresponding event evaluation.
For the serving cell to get the CSI-RS configuration of neighbour cell, there are two potential options as below:
· Option 1: neighbour gNB sends CSI-RS configurations to source gNB
[bookmark: OLE_LINK433][bookmark: OLE_LINK517][bookmark: OLE_LINK518][bookmark: OLE_LINK534][bookmark: OLE_LINK535][bookmark: OLE_LINK725][bookmark: OLE_LINK430][bookmark: OLE_LINK431][bookmark: OLE_LINK425][bookmark: OLE_LINK426][bookmark: OLE_LINK423][bookmark: OLE_LINK424][bookmark: OLE_LINK421][bookmark: OLE_LINK422][bookmark: OLE_LINK536][bookmark: OLE_LINK537][bookmark: OLE_LINK444][bookmark: OLE_LINK445][bookmark: OLE_LINK436][bookmark: OLE_LINK437]As illustrated in Figure 1, the neighbour gNB sends the CSI-RS configurations corresponding to SS-Blocks to the source gNB in advance, then the source gNB sends RRM measurement configuration with CSI-RS configurations optionally to the UE. If such neighbour gNB CSI-RS configurations are included in the measurement configuration sent by the source gNB, the UE can derive cell quality of the neighbour cell based on CSI-RS. Once the measurement report is triggered, the UE shall send the measurement report to the source gNB including SS-Block identifier and/or CSI-RS identifier as well as the RSRP/RSRQ of the neighbour cell, beam-specific measurement result may also be included in the measurement report. 

 
Figure 1 RRM measurement for mobility (option 1)
· Option 2: source gNB requests CSI-RS configurations from neighbour gNB
[bookmark: OLE_LINK740][bookmark: OLE_LINK741][bookmark: OLE_LINK510][bookmark: OLE_LINK511][bookmark: OLE_LINK507][bookmark: OLE_LINK508][bookmark: OLE_LINK538][bookmark: OLE_LINK539][bookmark: OLE_LINK752][bookmark: OLE_LINK753][bookmark: OLE_LINK754][bookmark: OLE_LINK757][bookmark: OLE_LINK758][bookmark: OLE_LINK514][bookmark: OLE_LINK515][bookmark: OLE_LINK755][bookmark: OLE_LINK756][bookmark: OLE_LINK750][bookmark: OLE_LINK751][bookmark: OLE_LINK759][bookmark: OLE_LINK760][bookmark: OLE_LINK283][bookmark: OLE_LINK284][bookmark: OLE_LINK516][bookmark: OLE_LINK761][bookmark: OLE_LINK762]Figure 2 illustrates the case that the neighbour gNB doesn’t send the CSI-RS configurations corresponding to SS-Blocks to the source gNB in advance. The UE executes measurement based on SS-Block and upon the measurement report is triggered, it sends the measurement report to the source gNB at least including SS block identifier and neighbour cell quality (RSRP/RSRQ). Measurement results based on SS-Block may not be accurate enough and the source gNB may prefer to achieve more measurement results based on CSI-RS aiming to make HO decision more accurately, so based on SS-Block measurement report, the source gNB can request the neighbour gNB to provide the CSI-RS configurations corresponding to SS-Blocks. The request message shall include the SS-Block identifier and optionally the SS-Block based measurement result. After the source gNB achieves the CSI-RS configurations from the target gNB, it can configure the UE to perform measurement with CSI-RS configurations. Then the UE reports the second measurement result to the source gNB including CSI-RS identifier as well as the RSRP/RSRQ of the neighbour cell, beam-specific measurement result and SS-Block identifier may also be included in the measurement report.


Figure 2 RRM measurement for mobility (option 2)
[bookmark: OLE_LINK512][bookmark: OLE_LINK513][bookmark: OLE_LINK523][bookmark: OLE_LINK524][bookmark: OLE_LINK540][bookmark: OLE_LINK541]In option 1, multiple gNBs may be sending CSI-RS configurations to source gNB, and if CSI-RS configurations are changed, the neighbour gNB needs to indicate to the source gNB timely. In option 2, source gNB can decide to only send the request to the best neighbour cell according to the SS-block measurement report. So option 1 may cause more signalling overhead comparing with option2.
[bookmark: OLE_LINK525][bookmark: OLE_LINK526][bookmark: OLE_LINK544]Proposal 7: The serving gNB may trigger a CSI-RS configuration request based on a measurement report of SS results, to obtain the CSI-RS resources corresponding to the reported SS.
The request and response messages would need to be defined by RAN3. The request message should obviously include the SS block identifier, and may also include the SS block measurement results from the preceding measurement report.
Conclusion
Proposal 1: Define a common CSI-RS pool IE to configure CSI-RS resources, which is common to BM and MM, and does not include the periodicity information.
Proposal 2: The CSI-RS resources for BM and MM have separately defined timing information, including periodicity information.
Proposal 3: Configure SS based events and CSI-RS based events by separate measurement IDs, with an explicit indication in the reporting configuration for the reference signal type (CSI-RS or SS). 
Proposal 4: The SS block related measurement configuration for an NR frequency contains a primary SMTC object, and an optional short periodicity along with a corresponding cell list that is used in the intra-frequency case.
Proposal 5: The measurement object shall include the cell specific information needed to measure the SS blocks and derive cell timing.
Proposal 6: Similar as LTE, reference CSI-RS resources could be included in measurement event reporting configuration to configure the CSI-RSs in serving cell for the corresponding event evaluation.
Proposal 7: The serving gNB may trigger a CSI-RS configuration request based on a measurement report of SS results, to obtain the CSI-RS resources corresponding to the reported SS.
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