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1. Introduction
This contribution discusses several remaining issues regarding the RRM measurements based on SS/PBCH blocks and CSI-RS for L3 mobility. 
2. CSI-RS periodicity for RRM
In previous RAN1 meeting, the following agreements were made. 
	Agreements(91):
· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Add additional periodicity 0.625ms (for 120 kHz SCS only), 1.25ms (for >=60 kHz SCS), and 2.5ms (for >=30 kHz SCS)
· Also support 2 concatenated DL-unknown-UL periodicity
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included
· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms
· When two periodicities are included, the corresponding parameters are independently configured.
· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)
Agreement(AH0801):
· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following periodic/semi-persistent RS:
· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)
· SRS
· FFS on whether and how to align to additional periodicities as agreed in the frame structure agenda
· “The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms”
· FFS on CSI-IM periodicity


It’s agreed that the value of periodicities for semi-static configured DL/UL transmission includes 0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, and 10ms. This can support cell-specific frame structure. The DL/UL resource allocation granularity can be configured with slot level and symbol level. 
We see the benefits of 2n slot(s) length DL/UL configuration periodicity (type1 frame structure) compared to  multiples of 5 slots length DL/UL configuration periodicity (type2 frame structure). Firstly, the type1 frame structure adapts to different SCSs much better than type2 frame structure. For example, 2 ms DL/UL configuration periodicity has 4 slots with 30 kHz SCS, 2 slots with 15 kHz SCS, 8 slots with 60 kHz, while 2.5ms DL/UL configuration periodicity has 5 slots with 30 kHz SCS, 10 slots with 60 kHz, but it can’t support 15 kHz. Secondly, the type1 frame structure supports shorter slots length DL/UL configuration periodicity. In other words, it can provide more frequent UL periodic signals and CQI feedback transmission opportunities, which leads to more accurate channel estimation and MCS determination. Moreover, type1 frame structure supports more patterns with two DL/UL switch points, which is necessary for the scenario of low latency traffic For example, with 30 kHz SCS, 2ms periodicity frame support 1ms+1ms combination frame structure, but 2.5ms periodicity frame can’t divide periodicity into 1.25ms+1.25ms combination frame structure. The number of slots corresponding to different DL/UL configuration periodicities and SCS is given in table1. 
Table 1. Number of slots to different cell-specific periodicities and SCS
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[bookmark: OLE_LINK5]In RAN1 AH0801, it was agreed to introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to CSI-RS and SRS to fit 2n slots length DL/UL configuration periodicity under MIMO session. Similarly, the corresponding configurations should also be introduced for CSI-RS for RRM to support this feature. Currently agreed short periodicities of CSI-RS for RRM only apply to 5 slots based frame structure, but not for 2n slots based frame structure. Since current short periodicities of CSI-RS for RRM, e.g. 5 ms, are necessary, the closest values of CSI-RS periodicity for RRM to fit 2n slots based frame structure are also necessary. In particular, the values 4 ms (close to 5 ms), 8 ms (close to 10 ms) and 16 ms (close to 20 ms) should be supported.
Proposal 1: Support additional periodicities {4, 8, 16} ms for CSI-RS for mobility. These periodicities are added to the existing RRC parameter CSI-RS-mobility-periodicity, with new range {4, 5, 8, 10, 16, 20, 40} ms.
3. UE Rx Beams for RRM Measurements
In RAN1 NR_AH#3, the following was agreed:
	[bookmark: OLE_LINK4]Agreements:
· 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


It was agreed that it’s up to the UE implementation to select a set of Rx beams for the RRM measurements on a carrier. It was understood in the discussion that all beams in a selected set of Rx beams should have similar maximum Rx beamforming gain, in order to provide consistent RRM measurements.
Proposal 2: The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain.
4. RSSI time-domain measurement resource configuration
In RAN1 #91, we have the following agreement on RSSI time-domain measurement resource configuration.
	Agreements:
When a set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier for a UE in RRC_CONNECTED mode:
· Slots in the RSSI measurement resource are configured by a bitmap with each bit corresponding to each slot of the slots within the SMTC window duration 
· Here, the slots are determined based on the SSB numerology


It was agreed that RSSI time-domain measurement resource is explicitly configured per frequency carrier for a UE in RRC_CONNECTED mode. In #NR AH2, it is also agreed that up to two measurement window periodicities can be configured for intra-frequency CONNECTED mode measurement, where two measurement window have the same duration and offset. In this case, UE can be informed of which cell(s) is associated with which measurement window periodicity and if a cell is not informed, longer measurement window periodicity is used. It means intra-frequency cells may have different SMTC configuration. Here we clarify that the configured RSSI time-domain measurement resource of target cell is based on the associated STMC window configuration for intra-frequency measurement. 
Proposal 3: Clarify that the configured RSSI time-domain measurement resource of target cell is based on the associated STMC window configuration for intra-frequency measurement. .
5. C-DRX assumption on CSI-RS reception
In RAN1 #90, we have the following agreement on C-DRX UE measurement.
	Agreements:
· 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


It was agreed that UE is not required to measure CSI-RS for L3 mobility outside the active time when C-DRX configuration is configured for UE. In NR, both CSI-RS configuration and C-DRX configuration are UE-specific and very flexible. Therefore, C-DRX UE should not assume the configured CSI-RS resources for L3 mobility are present outside the active time and CSI-RS for L3 mobility is configured only within C-DRX UE’s active time. 
Proposal 4: C-DRX UE should not assume the configured CSI-RS resources for L3 mobility are present outside the active time and CSI-RS for L3 mobility is configured only within C-DRX UE’s active time. 
6. Default RSSI time-domain measurement resource
In RAN1 #90b, we have the following agreement on default RSSI measurement resource.
	Agreements:
· The same default SS-RSSI measurement time resources are applicable for all SS-RSRQ measurements in the same carrier.
To continue discussion till next meeting. Aim to conclude in early week of next RAN1 meeting
· For FDD:
· Accept RAN4 recommended default SS-RSSI measurement time resources  
· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.  
· For TDD
· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.
· Down-select from the following alternatives:
· Alt 1: a subset of OFDM symbol of the slots that contain detected SSB.
· The subset of OFDM symbols are: 
· Option 1) first 12 OFDM symbols
· Option 2) first 5 OFDM symbol in the half slot that SSB was detected
· Option 3) all OFDM symbols before a detected SSB in each half slot that contains the detected SSB
· Option 4) 2 OFDM symbols
· Option 5) First 1 OFDM symbol  for Case A & B, first 2 symbol for Case C & D, first 4 symbol for Case E (case A,B,C,D,E are SS/PBCH patterns for different bands)
· Option 6) All symbols excluding the OFDM symbol corresponding to the detected SSB
· Alt 2: a set of OFDM symbols relative to the detected SSB
· Alt 3:  RAN4 recommendation
· Alt 4: RAN4 recommendation with the exclusion of resources where slots that do not carry detected SSB 


RSSI measurement should reflect the target cell load as much as possible. Generally, the OFDM symbols after SSB may be configured as UL OFDM symbols and it should not be used for RSSI measurement because UL transmission will bias RSSI measurement results. The SSB OFDM symbols can not reflect the cell load accurately in synchronization network because the SS blocks of target cell may collide with neighbor cells all the time. They cannot be used for RSSI measurement as well. Therefore, we support option 3 in Alt1 as default RSSI measurement time resource. 
Proposal 5: Option 3 of Alt 1 is supported as default RSSI time-domain measurement resource.
From the perspective of the UE, the UE can choose to measure parts of the SS-RSSI measurement time resources to reduce measurement complexity and power consumption as long as it can satisfy the requirement defined by RAN4. How to choose the parts of the SS-RSSI measurement time resources is up to UE implementation. 
Proposal 6: UE can measure parts of SS-RSSI measurement time resources as long as it can satisfy the requirement defined by RAN4. 
7. SS-RSSI Measurement BW
In RAN1 #90b, we have the following agreement on RSRQ measurement.
	[bookmark: OLE_LINK3]Agreements:
· CSI reference signal received quality (CSI-RSRQ) is defined as the ratio (N×CSI-RSRP)/ CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS: Additional support of the following. The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the CSI-RSSI measurement BW can be differently configured from the CSI-RS measurement BW.
Agreements:
· Secondary synchronization signal reference signal received quality (SS-RSRQ) 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 are made over the same set of resource blocks.
· FFS The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the SS-RSSI measurement BW can be differently configured from the SS measurement BW.


[bookmark: OLE_LINK6]Unlike CSI-RS with flexible BW, the bandwidth of SS block is only 20 PRBs. In RAN #90, it is concluded that multiple SSB based RRM measurement for a WB carrier is not supported in R15. It seems the bandwidth of SSB is not sufficient to reflect the carrier load well, especially when the bandwidth of carrier is large. Therefore, SS-RSSI measurement BW can be larger than the SS measurement BW. On the other hand, SS-RSSI measurement BW should not exceed the carrier BW due to the fact that the BW out of carrier cannot reflect the cell load. In some cases, UE can know the carrier BW and location, e.g. UE is camping on the carrier, or it reselects from the carrier, and using a larger RSSI measurement BW should be supported in such cases.
Proposal 7: SS-RSSI measurement BW larger than the SS measurement BW is supported at least under the condition that the UE knows the carrier BW and location . 
8. Conclusions
The following was proposed above:
Proposal 1: Support additional periodicities {4, 8, 16} ms for CSI-RS for mobility. These periodicities are added to the existing RRC parameter CSI-RS-mobility-periodicity, with new range {4, 5, 8, 10, 16, 20, 40} ms.
Proposal 2: The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain.
Proposal 3: Clarify that the configured RSSI time-domain measurement resource of target cell is based on the associated STMC window configuration for intra-frequency measurement.
Proposal 4: C-DRX UE should not assume the configured CSI-RS resources for L3 mobility are presented outside the active time and CSI-RS for L3 mobility is configured only within C-DRX UE’s active time.
Proposal 5: Option 3 of Alt 1 is supported as default RSSI time-domain measurement resource.
Proposal 6: UE can measure part of SS-RSSI measurement time resources as long as it can satisfy the requirement defined by RAN4.
Proposal 7: SS-RSSI measurement BW larger than the SS measurement BW is supported at least under the condition that the UE knows the carrier BW and location .
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