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At the RAN4 NR#2 ad hoc meeting a WF on introduction of signal quality measurements for NR was agreed [1]. Candidates for such signal quality measurements are RSRQ and SINR, although other options are not precluded. The signals onto which such measurements are to be carried out, are SS block and CSI-RS. As the signals have different properties particularly with respect to inter-cell interference, the WF addresses both separately. Particularly, the following is raised:
· 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 this contribution, we are discussing the issues raised in the WF, and propose measurement definitions for SS block-based SINR, and CSI-RS-based SINR. SS block-based RSRQ and CSI-RS-based RSRQ measurement definitions are addressed in separate contributions [2, 5]. 
SS block-based signal quality measurements
SS block-based signal measurements are based on at least the RE carrying SSS, but might also include PBCH-DMRS in the same burst.
For both SS-based RSRQ (SSRQ) and SINR (SS-SINR), one challenge is that there may be systematic collisions with SS-bursts transmitted in other cells or from other transmission points, particularly if the same burst periodicity is used. When such collisions occur, there may also be differences in the signal strength of the wanted signal and the interferer, depending on beamforming used for the respective colliding SS blocks and UE position. Hence when the target cell SS block is received as strongest with respect to SSRP, the interference might not be received at its strongest. This may lead to incorrect conclusions that may indicate less or more favourable conditions than the average conditions the UE will experience, particular when any kind of ICIC will be used.

The SINR estimation is based on separating the power received in REs that carry a known signal into two components: power that correlates with the known signal, and residual power i.e. interference. The quotient of the two components gives the SINR. Hence for SINR, one is restricted to the usage of REs that carry known signal(s). Therefor in case of systematic collisions, the estimate will very much depend on which respective beams from the neighbouring TrPs are colliding.

For SSRQ, which is the quotient between received power of a known signal (SSRP) to all received power over a defined resource (RSSI), one has the possibility to extend the resource over which one calculates the RSSI part and may form an average RSSI over this extended resource. Such extensions were made in LTE for RSRQ in frequency domain and time domain, respectively, for different features to more accurately capture the conditions under which the UE would operate. We have proposed extensions of the RSSI to be used for SSRQ – see [2].

So, to the questions raised in the WF:

Whether more data REs should be included in RSSI and how to include these data REs

Here we have proposed to extend the time resource over which RSSI is calculated, as described in [5]. The RSSI would be measured over more than the SS block length, and would particularly cover also those OFDM symbols between SS blocks that carry downlink control information.

How SS block SINR may be underestimated in the case of colliding SS blocks with very low interferer load

As mentioned above, depending on beamforming aspects, the SS-SINR may be both under- and over-estimated with respect to the conditions a UE would operate under – particularly when taking into account any kind of ICIC being in use. The SINR in this case would not tell anything on the load conditions in the interfering cell – however this is similar to the case of colliding CRS in LTE.

Measurement definition of RSRQ and SINR

Proposed measurement definition for SS block-based RSRQ is in [2]:
Proposed measurement definition for SS block-based SINR is expressed below:
	Definition
	Synchronization signal-signal to interference and noise ratio (SS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying the secondary synchronization signal divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying the secondary synchronization signal within the same frequency bandwidth.

The reference point for the SS-SINR shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SS-SINR of any of the individual sets.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency (TBD),
RRC_INACTIVE inter-frequency (TBD),
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency

	Note 1: The union of the antenna elements that is used as the reference for the SS-SINR may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.



CSI-RS based signal quality measurements


Investigate how to measure RSRQ and SINR based on CSI-RS

For CSI-RS-based SINR (CSI-SINR) it is straight forward to apply a similar definition as for SS-SINR above. Moreover, since systematic collisions of CSI-RS between neighbour cells would be less likely than SS block collisions, CSI-SINR has the potential of more accurately providing information on the conditions under which the UE would operate.

Measurement definition of CSI-RS based RSRQ and SINR

A measurement definition for CSI-RS based RSRQ is discussed in another contribution [5].

For CSI-RS-based SINR we propose the following definition:
	Definition
	Channel state information reference signal-signal to interference and noise ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying the CSI-RS signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying the CSI-RS signals within the same frequency bandwidth.

Higher layers indicate which OFDM symbols the CSI-SINR is to be measured on. The reference point for the CSI-SINR shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding CSI-SINR of any of the individual sets.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency (TBD),
RRC_INACTIVE inter-frequency (TBD),
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency

	Note 1: The union of the antenna elements that is used as the reference for the CSI-SINR may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.




Summary and Conclusion
In this contribution, we have addressed the issues raised in the WF, and we have proposed measurement definitions for SS block-based SINR and CSI-RS-based SINR. 
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