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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. This is a revision of R1-1717037.
2. UE Rx Beams for RRM Measurements
In RAN1 NR_AH#3, the following was agreed:
	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
· 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


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 1: The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain.
Given that it is up to the UE implementation to select the set of Rx beams for a carrier frequency, it is reasonable to expect that the UE sweeps those Rx beams during RRM measurements. Since it is also expected that the UE would use the best of those Rx beams during subsequent communication, it is reasonable that the UE reports the measurement corresponding to that Rx beam, i.e. Alt.2. Note that the reporting refers to L1 reporting to higher layers for beam consolidation/selection and cell- and beam-level L3 filtering.
Proposal 2: Measurement to be reported to higher layers shall be the best among measurements based on each RX beam in the selected set (Alt.2).
3. CSI-SINR Measurement
	Agreements:
IMR for CSI-RS based RS-SINR for RRM shall be down-selected (if any) from the following alternatives:
· Alt 1: CSI-RS REs used for the RSRP measurement 
· Alt 2: interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped 
· No RRC impact is expected 



If interference is measured on the OFDM symbols carrying CSI-RS, a problem is how to measure interference on the non-CSI-RS REs. When UE doesn’t know the transmitted signals on this REs, it is difficult to obtain the noise and interference power. Therefore, for CSI-RS based SINR measurement, the interference plus noise power can be efficiently measured on the REs used for the CSI-RS signal power measurement, using the same UE Rx beam.
Proposal 3: For CSI-RS based SINR measurement, signal, interference and noise powers are measured on the same CSI-RS REs, using the same UE Rx beam.
4. Block-wise QCL between SS block and multiple CSI-RS
SS blocks tend to use wider/lower spatial resolution beams over CSI-RS beams with higher oversampling. Hence, it is reasonable for one SS block to be (partially) QCL-associated with multiple CSI-RS resources/ports [1]. 
Proposal 4: Support block-wise QCL association (including spatial QCL) between multiple CSI-RS resources and an SS block.
5. SSS to PBCH-DMRS EPRE Ratio
In RAN1 #90bis, the following working assumption was made:
	·  (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB


A natural candidate power offset is 0 dB. The 3dB offset is based on previous agreement that SSS bandwidth is half of PBCH bandwidth with the assumption that nothing is transmitted on the REs next to the SSS within the SS block. However, in RAN1 #90b, the number of PBCH PRBs is reduced to X and Y PBCH PRBs is added to the SSS symbol with the details for FFS. The working assumption is X=20 and Y =2*(24-X), which means there is no available power from the blank REs can be boosted into SSS REs. In addition, it’s not clear how power boosting only PSS/SSS but not PBCH would translate into increased cell coverage, since both PSS/SSS and PBCH are designed targeting -6 dB post-beamforming SINR. For the reasons outlined above, and due to implementation simplicity, we propose to use 0 dB power offset between SSS and PBCH DMRS for all frequency bands. 
Proposal 5: The ratio between the SSS EPRE and the PBCH-DMRS EPRE is 0 dB.
6. SS-SINR Measurement
In RAN1 #90b, we have the following agreement on SS-SINR measurement.
	Agreements:
IMR for SSS based RS-SINR shall be down-selected from the following alternatives:
· Alt 1: PBCH DMRS 
· Alt 2: The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS)
· No RRC impact is expected 



In RAN1 #90, the working assumption is that UE assume same EPRE between NR-PBCH DMRS and NR-PBCH data is applied. In this case, PBCH DRMS and SSS may suffer the similar interference although neighbor cells may have different frequency positions of PBCH DMRS. Therefore, IMR for SS-SINR should be the RS used for SS-RSRP measurement.
Proposal 6: IMR for SS-SINR should be the RS used for SS-RSRP measurement.
7. RSRQ Measurement
In RAN1 #90b, we have the following agreement on RSRQ measurement.
	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. 


If RSSI measurement can be performed on a larger bandwidth, the measurement result can reflect the whole carrier load more exactly. Generally, the load of different frequency parts of a carrier are different. Therefore, if a narrow band RSSI measurement is performed in the different frequency range, different RSSI will be obtained as well as different RSRQ. Similarly, when two UE have the same RSRP but different RSSI e.g. different RSSI measurement bandwidth, two different RSRQ will be obtained. In this case, it will bring some unfairness to UE if RSRQ is used for UE for judgment for the following action, e.g. the one UE may access the cell but the other one may not because its RSRQ is below the threshold. A feasible solution is to design multiple threshold where each one corresponds a RSSI measurement bandwidth or a bandwidth range. UE perform RSSI measurement in a bandwidth range then use corresponding threshold for following action judgment. The other feasible solution is to enforce narrow band UE to perform multiple measurement on different frequency range then filter multiple measurement results and use the filtered result for criteria judgment.  
Proposal 7: If RSSI measurement bandwidth can be differently configured from the RSRP measurement bandwidth, some scheme should be consider to keep fairness, e.g. design multiple thresholds for different bandwidth or bandwidth range or enforce narrow band UE to perform multiple measurement on different frequency range.
8. Conclusions
The following was proposed above: 
Proposal 1: The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain.
Proposal 2: Measurement to be reported to higher layers shall be the best among measurements based on each RX beam in the selected set (Alt.2).
Proposal 3: For CSI-RS based SINR measurement, signal, interference and noise powers are measured on the same CSI-RS REs, using the same UE Rx beam.
Proposal 4: Support block-wise QCL association (including spatial QCL) between multiple CSI-RS resources and an SS block.
Proposal 5: The ratio between the SSS EPRE and the PBCH-DMRS EPRE is 0 dB.
Proposal 6: IMR for SS-SINR should be the RS used for SS-RSRP measurement.
Proposal 7: If RSSI measurement bandwidth can be differently configured from the RSRP measurement bandwidth, some scheme should be consider to keep fairness, e.g. design multiple thresholds for different bandwidth or bandwidth range or enforce narrow band UE to perform multiple measurement on different frequency range.
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