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1	Introduction
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]In RAN4 NR#2 meeting, the measurement metrics for NR signal quality had been discussed, with the agreements captured as below [1]: 
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]RAN4 intention is to introduce quality based measurement metric for NR. Possible candidates are:
· RSRQ
· SINR
· Other options not excluded
For SS block based measurement, investigate how to measure RSRQ and SINR, including
· Whether more data REs should be included in RSSI and how to include these data REs.
· How SS block SINR may be underestimated in the case of colliding SS blocks with very low interferer load
· Measurement definition of RSRQ and SINR
· Other aspects are not excluded.
For CSI-RS based measurement
· Investigate how to measure RSRQ and SINR based on CSI-RS
· Measurement definition of CSI-RS based RSRQ and SINR
· Other aspects are not excluded



In our paper for RAN4 #84, our analysis and proposals for NR quality based measurement metrics have been provided for RSRQ and SINR, while in this paper, we would like to provide our further analysis and views on the NR quality based measurement metrics. 

2 Update from RAN1 Agreement
Based on Chairman notes of August RAN1 #90, it should be noted that the following agreement reached in RAN1 for measurement metrics: 
	RAN1 Agreements:
In NR RRM measurement for L3 mobility, 
· RSRQ based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in IDLE and CONNECTED mode
· RSRQ based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· SS block based RSRQ/RS-SINR are at least based on SS/PBCH-RSRP, and CSI-RS based RSRQ/RS-SINR are at least based on CSI-RSRP
· FFS: how to define RSRQ and RS-SINR, e.g.,
· Which time/frequency resource(s) are used for RSSI/interference measurement
· Whether/how to indicate the resource(s) for RSSI/interference measurement
· How to treat UE RX beam for RSRQ/RS-SINR measurement
· RAN1 strives to have common definition on RSRQ and RS-SINR for below-6 and above-6 GHz



Based on the above agreement, it can be concluded that both SS/PBCH block-based and CSI-RS based RSRQ and RS-SINR are decided to be introduced in RAN4, while the detailed definition are still FFS. Hence, it could be beneficial RAN4 should continue the discussion on the following aspects: 
- Reference point for OTA requirement in metrics definition (same discussion in SS-RSRP and CSI-RSRP);
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]- To provide RAN4’s input on measurement reference resources in RSRQ and RS-SINR definitions. 
Observation 1: Based on parallel RAN1 discussion, RAN4 should provide the input on following aspects for quality-based metrics: 
- Reference point for OTA requirement in metrics definition (same discussion in SS-RSRP and CSI-RSRP)
- The way to capture the RAN4 agreement that “The RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA”;
- To confirm measurement reference resource from UE implementation perspective. 

3 SS/PBCH Block based RSRQ
2.2 RSSI Measurement Resource
As indicated in above-mentioned RAN1 agreement, the time/frequency resource(s) used for RSSI measurement needs further study. In NR, by extending the definition of the RSRQ to the multi-beam casein which Rx beamforming could be applied at the UE (UE may use different Rx beams to derive RSRP), it should be noted that RSRQ values will differ depending on whether the same Rx beam or different Rx beams are used for the RSRP and RSSI measurement. From RAN4 perspective, in order to derive the actual cell load information which is perceived in the corresponding RSRP, it seems reasonable to measure both RSRP and RSSI using the same Rx beam, so that the network can understand the frequency loading seen by the UE when a specific beam used for deriving the RSRP is used as a serving beam. 
Taking the scenario in below figure for instance, UE use RX beam-1 to receive the signal of SS-Block-1 as serving cell, however, to derive RSRQ for SS-block-3 and 4, it is not reasonable to still use RX Beam-1 for measurement, provided that beam management already have the results for RX beam selection. 


Figure 1. Illustration of measurement SS-Blocks by using different RX beams
From the TX beam side, it is also reasonable to assume that the SS/PBCH block and a corresponding RSSI measurement resource transmitted from the same gNB TX beam to indicate the actual cell load on that beam. To facilitate this, UE shall assume that an SS block and a corresponding RSSI measurement resource is QCL’ed in spatial parameters. 
Based on this analysis, we can have the following proposal: 
Proposal 1: The UE is configured to assume that an SS block and a corresponding QCL’ed RSSI measurement resource in spatial parameters for SS/PBCH based RSRQ definition.

2.3 Options for RSSI Measurement BW in SS-RSRQ
In LTE, E-UTRA RSSI is defined in the “measurement bandwidth”. With the support of rsrqMeasWideband in UE, i.e, UE can perform RSRQ measurement with wider bandwidth, the measurement bandwidth can be configured by RRC signalling in the field of allowedMeasBandwidth when configuring MeasObjectEUTRA. Specifically, the maximum allowed measurement BW in LTE can be configured from 6PRBs to 100PRBs, if rsrqMeasWideband is supported. 

For NR with the introduced wideband operation, the actual operation BW can be UE-specific configured, for which at least Wideband UE, Smaller BW Capability UE and CA-based UE should be considered. Particularly, the concept of “Bandwidth Part” is introduced to enable all these cases, as the below RAN1 agreement highlighted: 
	Working assumption in RAN1#88Bis: (Further confirmed in RAN1#89)
• One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
• A bandwidth part consists of a group of contiguous PRBs
• Reserved resources can be configured within the bandwidth part
• The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
• The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
• The bandwidth part may or may not contain the SS block
• Configuration of a bandwidth part may include the following properties
• Numerology
• Frequency location (e.g. center frequency)
• Bandwidth (e.g. number of PRBs)
• Note that it is for RRC connected mode UE
• FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
• FFS neighbour cell RRM



Based on this, we should rethink about the concept of measurement bandwidth in NR. For all these cases, at least the following measurement could be the options to be configured: 
Case-0 (Basic): Measurement BW aligned with SS/PBCH Block BW (similar to LTE narrowband RSRQ);
Case-1. Measurement of configured/activated anchor BWP in the serving cell;
Case-2. Measurement of other configured (not necessarily activated) BWP (overlapping or non-overlapping with anchor BWP) in the serving cell;
Case-3. Measurement of a specific bandwidth (which is not configured BWP for this UE) in either serving cell and neighboring cell, which should include the following information for this case: 
			• Numerology
			• Frequency location (e.g. offset from SS/PBCH block in the anchor BWP)
			• Number of PRBs
Although the measurement bandwidth concept for SS-RSRQ could not be specified in its definition, it should be better if we can be clarified that either narrow BW (Case-0) or wideband measurement (Case-1 to 3) can be considered options for RSSI measurement based on the above four conditions, thus further distinguish two options for SS-RSRQ:  
Observation 2: Two options exists for RSSI measurement BW:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]- Narrowband RSSI: Measurement BW aligned with SS/PBCH Block BW;
- Wideband RSSI: Configurable measurement BW by either UE-specific configured BWP or other configured bandwidth.

2.3.1 SS-RSRQ with Narrowband RSSI:
[bookmark: OLE_LINK199][bookmark: OLE_LINK200]For the SS-RSRQ with narrow bandwidth definition as above, the following problem could be observed: For SS-Block colliding case, SS-RSRQ’s role for cell load indication will be very limited, because RSSI contributed from serving/interfering cell mostly comes from fixed allocation (i.e., NR-PBCH and NR-PSS/SSS). 

2.3.2 SS-RSRQ with Wideband RSSI:
In LTE, RSRQ 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, and the measurements in the numerator and denominator shall be made over the same set of resource blocks. However in NR, if we follow SS-RSRQ with Wideband RSSI, the measurement target mismatch exists between SS-RSRP and wideband RSSI, due to the sparse density and flexible location of SS-RSRP within the RSSI measurement BW. 
[bookmark: OLE_LINK192][bookmark: OLE_LINK193][bookmark: OLE_LINK18][bookmark: OLE_LINK19]However, to compare the above two options for RSSI, we prefer to have SS-RSRQ with wideband RSSI, in which the measurement bandwidth can be configured flexibly by gNB to reflect the actual cell load.  
Proposal 2: For SS/PBCH based RSRQ, adopt SS-RSRQ with wideband RSSI, in which the measurement bandwidth can be configured flexibly by gNB to reflect the actual cell load.

2.4 Symbols for RSSI Measurement in SS-RSRQ
The most straightforward method to define the symbols for RSSI measurement is to use OFDM symbols carrying NR-SSS; however, it should be noted that SS block OFDM symbols may not be able to represent the loading condition well (especially when the network is synchronized); and hence OFDM symbols carrying SSS may not be good candidates for RSSI measurement. Based on this reason, it is better to adopt a separate RSSI measurement resources which occur in different OFDM symbols than SS blocks and configurable in measurement objects.
Proposal 3: For SS/PBCH based RSRQ, adopt a separate RSSI measurement resources which could occur in different OFDM symbols than SS blocks and configurable in measurement objects.

4 SS/PBCH Block based SINR
To avoid retuning for measurement, it is possible colliding SS-Blocks are arranged among serving and neighboring intra-frequency cells. In last meeting discussion, whether SS-SINR is under-estimated or not for SS-Block colliding case is proposed. 
However, based on understanding, the discussion should be separated into scenarios with and without beamforming. 
- Colliding SS-blocks, without gNB beamforming: 
	 SS-SINR may be underestimated with very low interferer load;
- Colliding SS-blocks, with gNB beamforming: 
	 SS-SINR values on individual SS-blocks could be underestimated or overestimated;
The above observation for the case with gNB beamforming can be illustrated by the example in the following figure, i.e, even with colliding SS-Blocks in frequency/time domain (SS-Block-1 in cell-A collides with SS-Block-1 in cell-B, SS-Block-2 in cell-A collides with SS-Block-2 in cell-B, and so forth), the spatial domain separation should also be considered: 
- For the spatial-collided SS-Blocks, such as SS-Block-3 in Cell A and B, SS-SINR may be underestimated with very low interferer load 
- For the non-spatial-collided SS-Blocks, such as SS-Block-1, SS-Block-5 in Cell A and B, SS-SINR may be overestimated with high interferer load. 
[bookmark: OLE_LINK190][bookmark: OLE_LINK191]
[image: ]
Figure 2. Illustration of spatial collided and non-collided SS-Blocks
Based on the above analysis, it seems reasonable to adopt a separate interference measurement resource for SINR measurement, similarly to RSRQ discussion: 
Proposal 4: For SS/PBCH based RSRQ, adopt a separate RSSI measurement resources which could occur in different OFDM symbols than SS blocks and configurable in measurement objects.

5 CSI-RS based RSRQ and SINR
As analyzed in our contribution for last RAN4 meeting [2], CSI-RS based measurement will be introduced for RRM measurement, including L3-Mobility and beam management, and CSI-RS based quality measurement will be introduced for RRC_CONNECTED (and RRC_INACTIVE if confirmed), rather than RRC_IDLE. 
Based on the above agreement, CSI-RS based RSRQ and SINR could be defined more easily, which is similar to the current CRS-based RSRQ and SINR definition. It could be straightforward for RAN4 to wait for RAN1’s detailed discussion for CSI-RS based RSRQ and SINR. 

6 Conclusion
In this paper, we give our analysis and proposals for NR quality based measurement metrics. Specifically, we have the following observation and proposals: 
Observation 1: Based on parallel RAN1 discussion, RAN4 should provide the input on following aspects for quality-based metrics: 
- Reference point for OTA requirement in metrics definition (same discussion in SS-RSRP and CSI-RSRP)
- The way to capture the RAN4 agreement that “The RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA”;
- To confirm measurement reference resource from UE implementation perspective. 
Proposal 1: The UE is configured to assume that an SS block and a corresponding QCL’ed RSSI measurement resource in spatial parameters for SS/PBCH based RSRQ definition.
Observation 2: Two options exists for RSSI measurement BW:
- Narrowband RSSI: Measurement BW aligned with SS/PBCH Block BW;
- Wideband RSSI: Configurable measurement BW by either UE-specific configured BWP or other configured bandwidth.
Proposal 2: For SS/PBCH based RSRQ, adopt SS-RSRQ with wideband RSSI, in which the measurement bandwidth can be configured flexibly by gNB to reflect the actual cell load.
Proposal 3: For SS/PBCH based RSRQ, adopt a separate RSSI measurement resources which could occur in different OFDM symbols than SS blocks and configurable in measurement objects.
Proposal 4: For SS/PBCH based RSRQ, adopt a separate RSSI measurement resources which could occur in different OFDM symbols than SS blocks and configurable in measurement objects.
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