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1 Introduction
In RAN4#82bis we provided initial considerations[1] on the measurement definition for NR and also presented some considerations on RAN4 side conditions for accuracy requirements.
2 Discussion

In NR UEs may perform receive beamforming; indeed, at mm-wave bands it is likely to be a common implementation to perform receive beamforming to detect NR signals. Based on this we believe that the LTE RSRP or CSI-RSRP definition could not simply be reused for NR. Following the LTE approach where it is specified that the reported RSRP shall not be lower than the RSRP on any of the individual elements in a receive antenna array, the RSRP may be extremely small considering a narrow RX beam. 
Observation 1 : The existing LTE definition of RSRP or CSI-RSRP cannot be reused for NR.
Observation 2 : A measurement definition is needed to simulate measurements at system or link level

Based on this we propose

Proposal 1 : If the UE performs receive beamforming the reference point for RSRP measurements should include the gain due to beamforming, i.e. measurements are performed on the combined signal from the set of elements in an antenna array

On the other hand, there are many electrical gain elements in the RF which amplify all the received signals from each element of the antenna array. From measurement definition point of view, only beamforming gain should be included, i.e. the measurement definition should only include the combining operation (with normalised / unity gain).  

Additionally, a UE antenna may consist of multiple antenna arrays, for example to allow for RX diversity operation.

In this case, the selection of signals between different antenna arrays could follow a similar approach to LTE

Proposal 2: If multiple antenna arrays are used, the reported RSRP measurement shall not be lower than the combined signal from any individual antenna array.

Another new aspect for NR is that the measurement definitions need to apply for different sub carrier spacing, since the NR SS block or CSI-RS symbols could use different numerology for different frequency ranges. Ideally the definition would allow a “like for like” comparison between measurements with different numerologies. If a concept such as energy per OFDM symbol is used, then this is automatically normalised between numerologies since a wider bandwidth results in a shorter symbol duration and vice versa. At any rate the impact of different reference symbol SCS and duration needs to be considered carefully in the measurement definition.

Proposal 3: The impact of different reference symbol SCS and duration needs to be considered carefully in the measurement definition.
Quality metrics such as RSRQ or RS-SINR also need to be considered for NR. Since these are dependent on the definition of RSRP, it is might be better that first discussions are on RSRP definition, although quality metric discussion should start early because it is typically somewhat more complicated.

Proposal 4: Definitions of quality metrics such as RSRQ or RS-SINR are discussed in addition to the RSRP definition.
2.1 RAN4 aspects

Since the UE may perform RX beamforming, the measurement performance will depend on the SNR after RX beamforming. For example, measurements where the interferer has a different direction of arrival from the wanted signal will have a better SNR than measurements where both signals arrive from the same direction Therefore, it seems natural to define Es/Iot or SNR as the SNR after combining. It should be noted that this is different from LTE and corresponds to a point deep inside the UE implementation. In the case of digital RX beamforming, this is after digital processing. From a core requirements point of view, this approach makes sense but it is also going to create challenges from a testability point of view since the beamforming gain for both the wanted and interfering signals will be unknown.

Proposal 3 : Side conditions such as SNR for measurements apply on the combined signal from the set of elements in an antenna array

3 Conclusions

In this contribution we discuss measurement definition for NR. Due to the possible use of RX beamforming we observe

Observation 1 : The existing LTE definition of RSRP or CSI-RSRP cannot be reused for NR.
Observation 2 : A measurement definition is needed to simulate measurements at system or link level
Based on this we propose

Proposal 1 : If the UE performs receive beamforming the reference point for RSRP measurements should include the gain due to beamforming, i.e. measurements are performed on the combined signal from the set of elements in an antenna array

On the other hand, a UE antenna may consist of multiple antenna arrays, for example to allow for RX diversity operation.

In this case, the selection of signals between different antenna arrays could follow a similar approach to LTE

Proposal 2 : If multiple antenna arrays are used, the reported RSRP measurement shall not be lower than the combined signal from any individual antenna array.
Proposal 3 : The impact of different reference symbol SCS and duration needs to be considered carefully in the measurement definition.
Proposal 4 : Definitions of quality metrics such as RSRQ or RS-SINR are discussed in addition to the RSRP definition.

We also discuss RAN4 aspects related to side conditions and propose.

Proposal 3 : Side conditions such as SNR for measurements apply on the combined signal from the set of elements in an antenna array
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