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1 Introduction

This document addresses a variety of issues related to measurement configuration.
2 Measurement framework and configuration
2.1 Structure of the framework and layers for measurement
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.

All the above agreements can be accommodated into a uniform RRM model, such as the one described in [3], 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 are 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. 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 for which beams to measure, on what time/frequency/beam resources, what CSI-RS/SS, taking into account whether the measurements are for cell-level mobility or beam-level management purpose.
Proposal 1: gNB should reuse UE-side measurements of common objects (SS/CSI-RS) for different purposes (i.e., BM vs. MM) through flexible configuration methods.
In addition, RAN2#97bis has reached the following agreements:
Agreements

1
For the purpose of Zero/Minimum RRC involvement mobility, a the CSI-RS configuration should be at least configurable to UE by dedicated signalling (does not preclude this CSI-RS configuration being used for other purposes)
2
…

3
UL SRS or measurements reported from UE on the DL reference signal, or other information known to the network, can be used in the maintenance of CSI-RS configuration.

FFS whether CSI-RS configuration for Zero/Minimum RRC involvement mobility and measurement reporting for maintenance of CSI-RS configuration is within RRC or MAC or L1.
To have the natural protocol modelling, the configuration should be in the same layer as the measurement processing, i.e., measurements for mobility with RRC involvement should be configured in L3, and measurements for lower layer mobility without RRC involvement should be in the lower layers.

Proposal 2: The UE RRM measurement should be configured via L3 signalling for MM with RRC involvement.
In order to obtain the beam information of neighbour nodes (gNB or TRP) for mobility or inter-cell beam coordination, gNBs should exchange their cell-level MM or beam-level BM configuration accordingly. The former is for the purpose of inter-node mobility-induced handover, the latter may be for inter-node interference cancelation. The configuration may include different filtering criteria, beam sets, RSRP/RSRQ trigger thresholds, and beam sweeping (SS-burst-set) pattern, etc. The measurements for BM vs. MM may be different, but the serving gNB should ensure that the measurements from serving and neighboring sites for mobility purposes are comparable to each other.
Proposal 3: Given the same measurement objects e.g. SS or xRS, the serving gNB(s) should align the configurations of measurements towards different gNBs/TRPs, including RRM filtering criteria, beam types to be measured (e.g. control or data beams), report triggers, and (RX/TX) beam patterns (e.g. ensuring that comparisons are between measured beams of the same width), etc.
2.2 Measurement configuration contents
For the SS measurement configuration, it is clear that at least the SS burst set periodicity is needed for the UE.  Per the agreement of RAN1#88, there is (at least) one such value per frequency delivered to the UE.  However, in our understanding the possibility of multiple periodicities on a single frequency is still open in RAN1, thus it should be considered as a possibility that the measurement object for SS on a frequency contains multiple periodicities.  (This could equate to multiple gap patterns, or to a complex gap pattern taking into account the multiple periodicities.)

In addition to the periodicity, the UE needs to know the timeline of the target cell to be measured, relative to the serving cell.  Thus it seems necessary to provide a timing offset between the target measurement object and the serving cell.

Other aspects of the SS configuration depend on RAN1 progress, e.g. mapping information in the frequency domain, numerology specific aspects, etc.

Proposal 4: Confirm that SS burst set periodicity and time offset relative to the serving cell are needed as part of the measurement configuration for SS.  Other parts are FFS pending RAN1 progress.
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 so that 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.

Proposal 5: The CSI-RS resource configuration shall include the cell specific information needed to measure the SS blocks and derive cell timing.
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 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.

Thus for one frequency, if both SS based measurement and CSI-RS based measurement are configured, the measurement object will include both SS configuration and CSI-RS configuration. Therefore, for a specific measurement ID, the associated measurement object can’t be used to indicate the type of reference signal (CSI-RS or SS) for event evaluation. The reference CSI-RS resources configuration in measurement event configuration could be used to indicate the used reference signal type, however, the reference CSI-RS resources is not present in all CSI-RS based event, for example for CSI_RS based event A4 (Neighbour becomes better than threshold), no reference CSI-RS resources is needed. In such case, an explicit indication will be needed to indicate to use either CSI-RS or SS for event evaluation. Therefore, the simplicity way is to have an explicit indication for the reference signal type (CSI-RS or SS) for all the measurement events.

Proposal 6: Configure SS based events and CSI-RS based events by separate measurement IDs, with an explicit indication for the reference signal type (CSI-RS or SS). 
3 Approach to CSI-RS measurements

As noted in section 2.2 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 7: 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

As illustrated in Figure 1, the neighbour gNB sends the CSI-RS configurations corresponding to SS-Blocks to the source gNB, then the source gNB send 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 neighbour cell based on CSI-RS, and whether to derive SS-Block based cell quality is also based on whether the SS-Block configurations of neighbour cell are included in measurement configuration, i.e. if the source gNB indicates the UE to execute neighbour cell measurement based on SS-Block with CSI-RS configurations, the UE shall execute measurement based on SS-Block and 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. 
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Figure1 RRM measurement for mobility (option 1)
· Option 2: source gNB requests CSI-RS configurations from neighbour gNB

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.
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Figure2 RRM measurement for mobility (option 2)
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.
Proposal 8: Based on SS-Block measurement report, the source gNB can request the neighbour gNB to provide the CSI-RS configurations corresponding to the SS-Blocks, and the request message shall include the SS-Block identifier and optionally the SS-Block based measurement result.
4 Conclusion

Proposal 1: gNB should reuse UE-side measurements of common objects (SS/CSI-RS) for different purposes (i.e., BM vs. MM) through flexible configuration methods.

Proposal 2: The UE RRM measurement should be configured via L3 signalling for MM with RRC involvement.
Proposal 3: Given the same measurement objects e.g. SS or xRS, the serving gNB(s) should align the configurations of measurements towards different gNBs/TRPs, including RRM filtering criteria, beam types to be measured (e.g. control or data beams), report triggers, and (RX/TX) beam patterns (e.g. ensuring that comparisons are between measured beams of the same width), etc.
Proposal 4: Confirm that SS burst set periodicity and time offset relative to the serving cell are needed as part of the measurement configuration for SS.  Other parts are FFS pending RAN1 progress.
Proposal 5: The CSI-RS resource configuration shall include the cell specific information needed to measure the SS blocks and derive cell timing.
Proposal 6: Configure SS based events and CSI-RS based events by separate measurement IDs, with an explicit indication for the reference signal type (CSI-RS or SS). 
Proposal 7: 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 8: Based on SS-Block measurement report, the source gNB can request the neighbour gNB to provide the CSI-RS configurations corresponding to the SS-Blocks, and the request message shall include the SS-Block identifier and optionally the SS-Block based measurement result.
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