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1	Introduction
Following agreement was made in RAN1#90. RAN1 agreed to define RSRQ and SINR based on SS block.
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
In this paper we discuss more regarding RSRQ and RSSI measurements for NR. We discuss in the time and frequency resources used for measuring RSSI and interference.
2	RSRQ and SINR for SS block measurements
In RAN1 following is still for further study:
· 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
And in the Berlin evening AH minutes [1] the issue of how to measure RSSI was listed although not much discussion happened during the due to time limitations. A couple of options were listed:
· Option 1:  From Ericsson R4-1708381
To ensure that the NR carrier RSSI incorporates sufficient contributions from resource elements which can carry data channel it is proposes that the RSSI part is measured over time duration (TRSSI) starting from the first symbol in the slot containing the first SS block in the SS burst set in where the measurement is done as follows:
TRSSI = MIN (5 ms, M*L*TSS-symbol)
Where:
· M is the number of number of symbols in the SS blocks, where M = 4 (PSS, SSS and 2 PBCH symbols)
· L is the maximum number of SS blocks within the SS burst set. L depends on carrier frequency of the cell.
· TSS-symbol is the duration of the symbol in the SS block. This depends on subcarrier spacing of SS block. 

· Option 2:  From Intel R4-1707417
The RSSI measurement period, TRSSI , can be defined as:
                                                         TRSSI= M*TSS-slot
Where,
· M is the number of slots which can carry SS blocks within the SS burst set. 
· TSS-slot is the duration of the slot which can carry the SS block. 
The starting point of TRSSI is the first slot containing the first SS block in the SS burst set.

· Option 3:  Others

Next we discuss some further details related to RSRQ and RSSI.

2.1 Time/Frequency resources for RSSI/interference
As discussed the feasibility of quality based measurements depend heavily on the selection of the time domain resource used for the estimation of e.g. RSSI. In this section we consider different options for the resource used for RSSI measurement. 

2.1.1. RSSI Measurements on SS Block
Different approaches for RSSI measurement on SS block symbols is illustrated in Figure 1. The possible SS block time location patterns for different subcarrier spacings were agreed in RAN1 NR AH#2. It has been agreed earlier that UE would be made aware of the locations of the used SS block locations. It is also currently being considered that UE would be provided in RMSI, making the information for the serving/camped cell available for IDLE mode UE’s. 
This gives two options for the RSSI measurements. 
Firstly, similarly as for LTE, the RSSI could be defined to be measured from all/subset of the SS block symbols. This, like discussed also in would mean that the RSSI would include the power sent from serving/camped cell. 
Other option would be to preclude the SS block location from which the RSRP is determined, and use some other SS block location. These could be somewhat arbitrary, e.g. closest (next/previous) in time domain, or deterministic e.g. based on the known used locations, or un-used locations (based on the information provided by RMSI). 
Some form of combination of the aforementioned could also be used and number of the SS block locations could be different (all/sub-set). It is well understood that in synchronous system, especially in case of single beam but also for multi-beam, it is rather likely that the RSSI obtained in SS block symbols could be dominated by power recevived from SS blocks. Hence, as an validity of the measurement for load estimation can be questionable.


[bookmark: _Ref492816509]Figure 1. Illustration of RSSI measurements based on SS block locations
The RSRQ definition should preferably be such that it can be applied in consistent manner for IDLE and Connected mode UEs. Thus the measurement bandwidth of RSRQ would likely need to be restricted to the SS block bandwidth. 
Wider bandwidth measurements could be considered to be used, if the UE is made aware what is the maximum available measurement bandwidth. Even if the measurement information is available, the RSRQ measurements should be applicable to deployments using minimum system bandwidth. When considering the frequency domain it could be considered to utlize that a different number of RE’s than used for PSS/SSS and PBCH symbols. As the empty RE’s outside the PSS/SSS could be used for transmitting some signals (e.g. RMSI scheduling), this type of transmission would not be load dependent. Considering synchronous scenarios, using these RE’s to measure RSSI would not seem likely to improve the RSRQ performance as load estimate.
Observation: SS block signals are contained in frequency, and if the symbols used for RSSI determination are contained within the SS block duration and bandwidth, the viability of the load/interference estimate could be somewhat limited.

2.1.2. RSSI Measurements on PDCCH symbols
One option could be to consider the symbol level placement outside SS block for RSSI measurement. Considering the SS block mapping to the slot agreed in RAN1 NR AH#2, at the start of the slots few symbols were left free to be used for PDCCH. From system operation perspective, these could be consided to better reflect the actual load situation. Hence, one option could be that in those slots where UE measures the SS RSRP, it would also estimate the RSSI over e.g. the 0th and 1st symbols (of 14 symbol slot) as depicted in the below Figure 2. 


[bookmark: _Ref492586084]Figure 2. Location of PDCCH symbols and SS block locations in 14 symbol slot for 15KHz SCS.

2.1.3. UE RX spatial filtering assumption for RSSI measurement
While for the time domain reference of the RSRQ has several options to define the RSSI, from spatial perspective we feel that options are somewhat more restricted. If we are interested from the perceived quality from the UE perspective in relation to a certain SS block (and the used transmit beam), it would seem natural to assume that the measurement definition should be set to reflect that. Hence in our view, it would be preferable, for a meaningful measurement, to determine that RSRQ is based on RSRP and RSSI that are measured with same spatial filtering assumption in UE RX. 
Proposal 1 : For spatial domain charasteristics perspective, the RSSI value used in determining the RSRQ, should be obtained through same RX spatial filtering as used for RSRP.

2.2. Indicating Resources for RSSI
Like discussed in Section 2.1 there could be different options to determine the time domain reference for the RSSI. Also like discussed in previous section, it would be preferable if the measurement definition would be compatible to different system bandwidths as well as harmonized between IDLE and Commneted mode. One approach considered would be to use the information regarding the actually transmitted SS blocks to steer the measurement of RSSI (if available in RMSI). However, there seems not be a strong motivation to have very dynamic indication of the resoruces used e.g. for RSSI measurement. 
Proposal 2: Define the RSSI resources in the specification.

2.3 UE RX spatial filtering
[bookmark: _Hlk492820145]In the Berlin meeting RAN4 agreed and sent an LS on RSRP definition to RAN1:
[bookmark: _Hlk492820125]RAN4 has discussed suitable measurement definitions for RSRP and CSI RSRP in NR, including the impact of receive beamforming and the reference point to define the measurement when no physical antenna connector is present, eg above 6GHz. RAN4 agreed that the RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA.
RAN4 opinion is that when multiple antenna elements are combined for analogue, digital or hybrid RX beamforming purposes (as for example in an antenna panel), the measurement definition should assume that RSRP and CSI-RSRP measurements are performed on the combined signal. Where multiple receiver branches are used in the measurement (for example where signals are received from multiple antenna panels) the same approach as LTE should be used (the reported value shall not be lower than the corresponding RSRP of any of the individual branches).
Based on the LS the preference in RAN4 is to use similar approach in relation to RX diversity as has been assumed for e.g . LTE. What needs further discussion is how the digital RX beam forming and RX diversity should be separated from each other in terms of definition (and implementation). Hence considering combining signals from M antennae elements (with somewhat directive antenna pattern) in digital domain, the separation between RX diversity and RX beam forming. RAN4 should discuss how to handle the gain of the spatial filtering (i.e. beam forming) which likely should be applied to the measured RSRP
In addition, RAN4 should discuss how the spatial aspect should be accounted in more general manner. E.g. conisidering that UE is able to hear a given SSB with multiple RX beam assumptions, and due to different spatial filter gain, the two observed RSRP levels would be different. In this case, should the UE provide the better of the observed RSRP results, average the results, or perform some other selection between the observed values? 
Additionally, when considering cell reselection evaluation between two cells, should the RSRP values used in the evaluation be based on same spatial RX filtering configuration (being possibly significantly better in terms of RX spatial filter gain for the other) or should the values be such that they would provide the best possible spatial RX gain for each cell perspective. In order to ensure that UE would be for example camping in the best cell, it would be preferable if the RSRP values provided from L1 to L2 would be such that they would reflect the best achievable RSRP. In case an arbitrary value is provided from L1 to higher layers, the determination of for example cell quality would not neccesary be meaningfull and mobility performance could be degraded.

3	Conclusion
In this paper we discussed more regarding RSRQ and RSSI measurements for NR. We discussed in the time and frequency resources used for measuring RSSI and interference. Additionally, we looked at how to account the spatial domain and which resources to use for RSSI. We propose.
Proposal 1 : For spatial domain charasteristics perspective, the RSSI value used in determining the RSRQ, should be obtained through same RX spatial filtering as used for RSRP.
Proposal 2: Define the RSSI resources in the specification.
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