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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In the last meeting, more detailed discussions have done for the SS blocks measurements. And some remaining issues needed to be discussed, e.g. the measurement configuration details, RSRP definition for SS block based measurement, and necessity and definition of signal quality measurement such as RSRQ/SINR based on SS block
In this contribution, we provide analysis and discussion on RSRQ measurement based on SS blocks.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Discussion
SS Block RSRP (SSB-RSRP)
The bandwidth of SS block is 24 PRBs, so the measurement bandwidth wider than 24 PRBs would not help on the measurement accuracy of SSB-RSRP. By using lower sampling rate to save UE power consumption, the measurement bandwidth for SSB-RSRP is reasonable to be no wider than around 24 PRBs, at least in IDLE mode.
Proposal 1: The measurement bandwidth for SSB-RSRP is no wider than around 24 PRBs. 

RSRQ in NR
In LTE, RSRQ is defined as the ratio N×RSRP/RSSI, where N is the number of RB’s in the measurement bandwidth. The RSSI comprises the total received power observed in certain OFDM symbols from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The RSSI could be measured only from OFDM symbols carrying RS, or from DL OFDM symbols of certain measurement subframes, which can be indicated by higher layer indication or configurations, e.g. the RSSI measurement timing configuration (RMTC).
RSRQ observes the interference level and cell loading on different frequency layers, and it is applicable to intra/inter-frequency measurement, IDLE mode, and CONNECTED mode. In LTE, RSRQ is already not a very accurate estimate of interference level and cell loading because:
· The RSSI mixes up the contributions of interference strength with the cell loading.
· The exact time (symbol or subframe) that UE will measure the RSSI is up to UE implementation. With few and limited samples, it is hard to accurately reflect the exact interference condition.
In NR, the usefulness of RSRQ (for both SS block and CSI-RS) becomes more challenging because:
· mmW channel is a noise-limited scenario, where the interference level is not as significant as below 6GHz. In other words, the difference between RSRQ and RSRP gets smaller. 
· In beamforming scenarios, all transmissions are beamformed, which means a UE may not experience a full-loaded cell (or interference), if the cell has no user located at the same beam as that UE. In an extreme case, a UE may observe a very low RSSI in a full-loaded frequency layer because none of the transmission is carried by the beam pointing to that UE.

Observation 1: In NR, the benefit of supporting RSRQ is not clear in noise-limited scenarios and beamformed scenarios.
Proposal 2: The RSRQ can be supported for below 6GHz. FFS above 6GHz. 

SS Block RSRQ (SSB-RSRQ)
In this section, we discuss the detail design for SS block RSRQ. 
It is obvious that the RSRP will be measured through SS block. But it is now unclear where and how UE can measure RSSI. There are at least 3 options to be considered here.
· Option 1: RSSI is measured right on the REs occupied by the SS block (SSS and or PBCH DMRS)
· Option 2: RSSI is measured by extending the measurement bandwidth of a SS block
· Option 3: RSSI is measured through the OFDM symbols without SS block

Regarding Option 1, the RSRQ becomes no different to SINR. Serving or non-serving cell loading is not reflected. Furthermore, interference measured through SS block is contributed from the SS block from neighboring cells. Assuming that the mapping between beam directions and SS blocks is fixed for all cells, the interference measured through SS block is an always-on broadcasting signal with always the same beam direction. This is very different from what we can expect from data part, on which the interference could be very dynamic in terms of its existence and beam direction.
Observation 2: Measuring RSSI right on the REs occupied by the SS block is not preferred because the interference behavior has nothing to do with cell loading and it is very different from the interference level observed by data transmission.

For Option 2, RSSI is measured through a BW wider than SS block. The intention is to include the contribution of PDSCH from serving and non-serving cells. However, this option may not be really useful because:
· This will force UE to use a wider BW for measurement even in idle mode, in which the power consumption a very critical issue. 
· The additional REs observed through a wider BW should still follow the same analog beamforming as SS block, if they share the same OFDM symbol. This means that gNB cannot freely schedule DL data on those REs. A more possible alternative is to schedule beam-specific broadcast signals such as SI and paging which have limited relations to cell loading.
· In the case when a 14-symbol slot is shared by two SS blocks, which as two different analog beamforming directions. It is unclear how gNB can still schedule data transmission on this slot, as illustrated in Figure 1, where use the agreed SS block locations for SCS 30KHz as an example. The OFDM symbols (#4 to #7) needs to follow the same analog beamforming direction as SS block n, while OFDM symbols (#8 to #11) needs to follow the same analog beamforming direction as SS block n+1. In this case, 

[image: ]
[bookmark: _Ref490048449]Figure 1 Example of analogy beam forming constraint
Observation 3: Measuring RSSI by extending the measurement bandwidth of a SS block is not preferred because of higher UE power consumption and analog beamforming constraint.

As for Option 3, RSSI could be measured on DL symbols within SS burst (e.g. DL control symbols) or outside SS burst. The illustration is shown in Figure 2. This option avoids the issue that UE needs to measure RSSI with a wide BW. Concerning dynamic beamforming behavior on the control and data channels, it is natural to average received power over DL symbols of measurement subframes to derive a cell-level RSSI. The time location (subframes or slots) of RSSI measurement can be either selected by UE or indicated by higher layers through RMTC. Regarding the inter-frequency measurement, where the measurement gap is needed, the RMTC should be confined inside the measurement gap. Further study is needed to see if the MGL needs to be extended. 



[bookmark: _Ref490049564]Figure 2: Symbols and slots available for RSSI mmeasurement 

Based on above discussion, Option 3 is more preferred. 
Proposal 3: The RSSI is measured on the time location indicated by RMTC. A single RSSI per cell can be derived by averaging the receive power over the RMTC duration.

Concerning on the IDLE mode measurement, the measurement bandwidth of RSSI is preferred to be the same as that of SSB-RSRP measurement. It is beneficial for UE to save power consumption and simply RRM measurement.
Proposal 4: The measurement bandwidth for RSSI is the same as that of SSB-RSRP measurement, at least in IDLE mode.
Conclusion
In this contribution, we provided more discussion on aspects related to RRM measurement based on SS blocks. Based on the discussion, the following proposals are given for consideration.
Proposal 1: The measurement bandwidth for SSB-RSRP is no wider than around 24 PRBs. 
Observation 1: In NR, the benefit of supporting RSRQ is not clear in noise-limited scenarios and beamformed scenarios.
Proposal 2: The RSRQ can be supported for below 6GHz. FFS above 6GHz. 
Observation 2: Measuring RSSI right on the REs occupied by the SS block is not preferred because the interference behavior has nothing to do with cell loading and it is very different from the interference level observed by data transmission.
Observation 3: Measuring RSSI by extending the measurement bandwidth of a SS block is not preferred because of higher UE power consumption and analog beamforming constraint.
Proposal 3: The RSSI is measured on the time location indicated by RMTC. A single RSSI per cell can be derived by averaging the receive power over the RMTC duration.
Proposal 4: The measurement bandwidth for RSSI is the same as that of SSB-RSRP measurement, at least in IDLE mode.
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