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1 Introduction
In this contribution, we discuss the remaining details of CSI-RS configuration for L3 mobility and the definitions of RSRP/RSRQ for SS/PBCH block-based measurement.
2 Configuration Parameters of CSI-RS for L3 mobility
The following agreements on CSI-RS for L3 mobility have been achieved:
Agreements [1]:

· UE is not required to measure CSI-RS configured for L3 mobility outside the active time

· Note exact definition of C-DRX active time depends on RAN2
· In this context the active time referred by RAN1 relates to the time when UE is monitoring PDCCH in onDuration or due to any timer triggered by gNB activity 
· I.e. when any of ‘onDurationTimer’, ‘drx-InactitivityTimer’ or ’ drx-RetransmissionTimer’ is running
· FFS:
· whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation

· whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time 
Agreements [1]:
· Sequence design used for CSI-RS for beam management is baseline

· For CSI-RS based RRM measurement for L3 mobility, CSI-RS sequence seed to generate CSI-RS sequence is UE-specifically configured
· FFS: sufficient CSI-RS sequence seed size for L3 mobility
In this section, we provide our views on the CSI-RS for L3 mobility parameters configuration.
2.1 Configurable parameters for sequence generation
After UE detects neighbor cells and reports the measured best N SS blocks to serving cell, multiple CSI-RS beams can be configured by serving cell on different ports for UE measurements. CSI-RS configuration information including the CSI-RS scrambling ID is sent to UE using RRC signaling. Based on the measurement on all configured CSI-RS resources or ports, UE can report cell level quality of the neighbor cell. Additionally, UE may also report neighbor cells’ CSI-RS resources or port indices that are transmitted in the best K beams.
It can be beneficial to generate scrambling ID of the CSI-RS sequence based on a UE-specific ID (e.g. UE dedicated ID or UE group ID). An example in which this is beneficial is dense TRPs to UE deployments whereby a UE entering an area bordering the serving cell and neighbor cells can be configured with a UE-specific ID which is unique to all neighbor cells within the area. Different cells can send different CSI-RS resources to the UE with a same sequence whose seed is generated using this ID. The use of UE specific ID to generate CSI-RS sequences can reduce CSI-RS configuration overhead as multiple neighbor cells can share one CSI-RS configuration and use different antenna ports at different cells instead of different CSI-RS configuration for each cell. Moreover, if CSI-RS that is generated using UE-specific ID is used, UE only needs to decode one CSI-RS sequence. This is in contrast with LTE where UE needs to generate multiple CSI-RS sequences whose scrambling IDs are different cell IDs or different network configurable indices. This reduces CSI-RS measurement complexity and delay. From a more general perspective, a cell-independent CSI-RS resource configuration can circumvent CSI-RS reconfiguration when UE moves from one cell to another. This is of particular importance for high speed UEs for which inter-cell movement is frequent. 
Note that if the use of UE-specific ID to generate CSI-RS sequence scrambling ID is not the best choice in a specific scenario, network may overwrite this scrambling ID with some network configurable index. As such, we propose:

Proposal 1: UE-specific ID shall be used to generate CSI-RS scrambling ID for L3 mobility unless it is configured by higher layers.
· Examples of UE-specific ID include UE dedicated ID and UE-group ID. 

In LTE, the set of CSI-RS scrambling IDs contains integers in the range 0~503. One approach to support proposal 1 without expanding the above set is to reserve a specific value, e.g. 0, in the above set to indicate to UE that the CSI-RS scrambling ID should be determined based on the UE-specific ID.
2.2 CSI-RS measurement timing configuration 
Since the CSI-RS for L3 mobility is UE-specifically configured using RRC signaling, it is preferred to configure CSI-RS resources for active UEs in any possible measurement timing to provide sufficient configuration flexibility and to facilitate allocation of a large number of orthogonal CSI-RS resources. As such, we believe that configuring a common SMTC-like CSI-RS measurement window to measure all CSI-RS resources from different cells should not be supported. 
For connect DRX (C-DRX) UE, it is agreed in [1] that UE is not required to measure CSI-RS configured for L3 mobility outside the active time. As such, to reduce CSI-RS transmission overhead, network should support pausing the transmission or increasing the periodicity of the configured CSI-RS for L3 mobility during Inactive period of C-DRX UE.
If some C-DRX UEs may have overlapped on duration periods, network can configure shared CSI-RS resources within the overlapped on duration of these C-DRX UEs to reduce CSI-RS configuration signaling overhead.

Proposal 2: UE configured with C-DRX should not assume that configured CSI-RS resources for L3 mobility are transmitted outside the active time. Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX. 
3 SS block RSRQ definition
For SS block-based measurement, the following agreements have been achieved:
Agreements [2]:

· Study further between the two alternatives on the type of the RSSI measurement resource in time domain: 

· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both

· Alt 2: RSSI is measured only within the DL part

· Note: UE at least knows that the OFDM symbols corresponding to the SS block locations indicated in the RMSI is for DL

· Note: Identification of the DL part of a slot of a serving/selected cell for the RSRQ measurement purpose, if necessary, will follow the decisions from the control sessions

· Study further among the following alternatives on the configurability of the RSSI measurement resource in time domain: 

· Alt a: The resource is predefined in the spec

· Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements

· Alt c: UE detects RSSI measurement resource

· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI

· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection

Agreements [2]:

· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier

· Different sets of RX beams can be used in measurements based on different measurement objects

· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object

· FFS

· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set

· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set

· Other alternatives are not precluded

Reference Signal Received Quality (RSRQ) in LTE is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks. E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement subframes, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise, etc. Unless indicated otherwise by higher layers, RSSI is measured only from OFDM symbols containing reference symbols for antenna port 0 of measurement subframes. 

It has been agreed that RSRQ based on SS block is introduced for both below-6 and above-6 GHz for UE in IDLE and CONNECTED mode. We suggest to reuse RSRQ definition in LTE as baseline in NR. Regarding the RSSI measurement, a unified RSSI measurement configuration should be considered to simplify UE measurement complexity for different SS block mapping patterns in different SCS. Regarding the RSSI measurement resource in time domain, two alternatives were discussed in RAN1 NR AdHoc 3. 
Alt1 is that RSSI is measured within the resource without considering whether the resource is DL or UL or both. A disadvantage of Alt1 is that other UEs’ UL signal may be strong and skew the measured RSSI value.

Alt 2 is that RSSI is measured only within the DL part. A challenge to Alt2 is to identify the DL part of the serving cell slot. In NR, DL/UL configuration is quite flexible and each symbol within a slot can be configured as ‘DL’, ‘UL’, ‘Unknown’ or ‘Reserved’. In semi-static DL/UL assignment, it was agreed that gNB can use cell-specific RRC configuration (SIB) and additionally UE-specific RRC configuration to indicate the DL part within a slot. In dynamic case, SFI carries an index to a table that is UE-specifically configured via RRC. However, using SFI to identify DL symbols can be unsuitable due to the following reasons:

1) SFI is too dynamic to indicate UE to measure RSSI within the DL part of each slot. It is unclear whether the dynamically changing SFI can satisfy the RSSI measurement delay requirement.
2) The format of some slots (e.g., ‘Unknown’ slots) can be dynamically configured by gNB through DCI to override the configuration in SIB or SFI. Idle UEs cannot be aware of these changes and need to discard the unknown slots.

3) SFI indication is still under discussion in control session, and it is not clear whether or not there are some scenarios that UE cannot identify the DL part via SFI.

For the measured symbols for RSSI, the following three options may be considered:

· Opt 1: RSSI measurement is applied only on the symbols which contain the actually transmitted SS block in the SS burst set
· Opt 2: RSSI measurement is applied to a specified measurement duration which covers all the SS  blocks in the SS burst set, e.g., 5ms window

· Opt 3: RSSI measurement is applied on the downlink symbols of the slots which contain the actual transmitted SS blocks in the SS burst set
In Opt 1, it is guaranteed that RSSI is only measured on DL OFDM symbols. Note that DL symbols carrying the actually transmitted SS blocks are indicated in RMSI. Therefore, both idle mode and connected mode UEs can use the actually transmitted SS block indication of serving cell to perform RSSI measurement. As such, if network cannot provide SFI information to UE or the SFI information is too dynamic for UE to measure RSSI, UE can measure RSSI only on the symbols which contain the actually transmitted SS/PBCH block in the SS burst set. However, a disadvantage of using Opt 1 is that only measuring the symbols containing the actually transmitted SS/PBCH blocks may not fully reflect accurate cell load, e.g., PDCCH and PDSCH interference.
In Opt 2, UE always needs to measure a long duration which may increase the UE measurement complexity and power consumption. Moreover, Opt 2 includes both DL and UL symbols in RSSI measurement which may lead to an inaccurate RSSI measurement. 

In Opt 3, UE measures all downlink symbols of the slots containing actual transmitted SS/PBCH blocks and, therefore, the effects of control and data channels are also taken into account. As such, Opt 3 can achieve a good trade-off between UE measurement accuracy and measurement complexity and power consumption. Further, UE can be instructed to measure only the downlink symbols of the slot which contains actual transmitted SS blocks with SS-RSRP above a threshold to avoid averaging over slots with very low RSSI. As such, if network can indicate to UE the DL part of the slots using, for instance, SFI or SIB information in semi-static DL/UL assignment, network can configure UE to measure RSSI on the downlink symbols of the slots which contain the actual transmitted SS blocks in the SS burst set. 
Based on the above discussion, we propose the following SS block RSRQ definition in NR:

Reference Signal Received Quality (RSRQ) in NR is defined as the ratio N×(SS block RSRP)/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks. 

NR Carrier Received Signal Strength Indicator (RSSI), comprises the average of the total received power (in [W]) observed only in certain OFDM symbols of measurement slots, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

Unless indicated otherwise by higher layers, RSSI is measured from the OFDM symbols of measurement slots which contain the actual transmitted SS blocks in the SS burst set.
If higher layers indicate all OFDM symbols of the downlink part of the slots which contain the actual transmitted SS blocks for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the downlink part of the slots which contain the actual transmitted SS blocks in the SS burst set.
If higher-layers indicate certain slots for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the downlink part of the indicated slots in the SS burst set.
Proposal 3: NR should adopt the above definition of SS block RSRQ. 
4 Conclusions

Proposal 1: UE-specific ID shall be used to generate CSI-RS scrambling ID for L3 mobility unless it is configured by higher layers.
· Examples of UE-specific ID include UE dedicated ID and UE-group ID. 

Proposal 2: UE configured with C-DRX should not assume that configured CSI-RS resources for L3 mobility are transmitted outside the active time. Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX. 
Proposal 3: NR should adopt the following definition of SS block RSRQ. 

Reference Signal Received Quality (RSRQ) in NR is defined as the ratio N×(SS block RSRP)/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks. 

NR Carrier Received Signal Strength Indicator (RSSI), comprises the average of the total received power (in [W]) observed only in certain OFDM symbols of measurement slots, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

Unless indicated otherwise by higher layers, RSSI is measured from the OFDM symbols of measurement slots which contain the actual transmitted SS blocks in the SS burst set.

If higher layers indicate all OFDM symbols of the downlink part of the slots which contain the actual transmitted SS blocks for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the downlink part of the slots which contain the actual transmitted SS blocks in the SS burst set.
If higher-layers indicate certain slots for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the downlink part of the indicated slots in the SS burst set.
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