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1 Introduction

Although RSRP and RSRQ mapping table belongs to performance part in RAN4, RAN2 needs RAN4 input for completing signal design for RSRP and RSRQ range.
In this contribution, we discuss the mapping table for RSRP and RSRQ
2 Discussion on RSRP mapping table
· RSRP range

The range of SNR in NR FR1 and FR2 is generally the same based on system level simulation results from companies [1-2]. That means that range of energy per RE is very similar as LTE .Thus it is reasonable to infer that RSRP in NR can be reused from LTE.

In Rel-14 FeMTC, the LTE RSRP range is futher reduced to -154dBm assuming the side condition is -15dB. Considering the side condition for NR is much higher than -15dB, the LTE RSRP range is sufficient for NR. Thus it is proposed to reuse LTE RSRP range for NR SS block and CSI-RS RSRP
Propsoal1: The RSRP range for SS-RSRP and CSI- RSRP should be reused from LTE.

· RSRP granularity

The LTE RSRP granularity is 1dB. The granularity has relation to the RSRP accuracy requirement. It is unreasonable to set up very fine RSRP granularity if the RSRP accuracy is very bad. 
For NR RSRP granularity in FR1, it is recommended to reuse 1dB since the RF margin for NR FR1 may be similar to LTE. That means a finer RSRP granularity e.g.0.5dB may not be necessary since RF margin error may be already 1.5dB.
For RSRP granularity in FR2, currently test equipment has problem to verify a very accurate RSRP measurement. Thus it is not reasonable to define finer granularity than 1dB.

In summary, it is recommended to reuse 1dB RSRP granularity for SS block RSRP and CSI-RS RSPR as well.

Propsoal2: The RSRP granularity for SS-RSRP and CSI- RSRP should be reused from LTE.
3 Discussion on RSRQ mapping table
RAN1 already agreed the definition of CSI-RSRQ and SS-RSRQ
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.

· 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.

Agreements:

· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

· Measurement time resource(s) are confined within SMTC window duration(s).

· Upper bound of SS-RSRQ 

The upper bound of RSRQ can be derived assuming there is no noise and inference.

SS-RSRQ= N×(SS block RSRP)/(NR carrier RSSI)

If N equal to SSS/PSS bandwidth which is 127subcarrier, then if no noise and interference is presented, the maximum SS-RSRQ can be derived as below:

SS-RSSI=127*SS-RSRP*2/14

SS-RSRQ=127*SS-RSRP/(127*SS-RSRP*2/14)= 7 =8.45dB
We use 14 symbol for RSSI as the worst case. RAN1 is discussed to use partial of the symbol for RSSI measurement, e.g. the first k symbols. But anyway the 8.45dB is the upper bound, since small window will lead to smaller SS-RSRQ
If N is smaller than 127 subcarrier, the RSRQ upper bound is still 8.45dB. If N is bigger than 127 subcarrier, the RSRP upper bound will be smaller.
Proposal3: The upper bound of SS-RSRQ is 8.45dB

· Upper bound of CSI-RSRQ 

The upper bound of CSI-RSRQ can be derived assuming there is no noise and interference. Considering CSI-RS 1 ports and density equals to 0.5, the upper bound of RSRQ is:
CSI-RSRQ=(N*CSI-RSRP) / (N*CSI-RSRP*1/14)=14=11.46dB
Proposal4: The upper bound of CSI-RSRQ is 11.46dB

· Lower bound of CSI-RSRQ and SS-RSRQ 
The lower bound of RSRQ from LTE is derived from simulation results when paging channel BLER=10%. At this point, it is difficult to determine the lower bound CSI-RSRQ and SS-RSRQ. It is recommended that RAN2 leave some margin on the lower bound of RSRQ.
· Granularity of CSI-RSRQ and SS-RSRQ 
Considering the RF margin error for RSRP and RSSI, it is proposed to reuse granularity of LTE RSRQ for NR SS-RSRQ and CSI-RSRQ. Finer granularity may not be necessary considering RF margin error.
Proposal5: Reuse granularity of LTE RSRQ for SS-RSRQ and CSI-RSRQ
4 Conclusions

This contribution has provided our view on range and granularity for RSRP and RSRQ.
Propsoal1: The RSRP range for SS-RSRP and CSI- RSRP should be reused from LTE.

Propsoal2: The RSRP granularity for SS-RSRP and CSI- RSRP should be reused from LTE.
Proposal3: The upper bound of SS-RSRQ is 8.45dB

Proposal4: The upper bound of CSI-RSRQ is 11.46dB

Proposal5: Reuse granularity of LTE RSRQ for SS-RSRQ and CSI-RSRQ
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