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1. Introduction
Measurement requirements and RLM requirements for FR2 have been extensively discussed in the last few RAN4 meetings. In this paper we propose how to define these requirements. These requirements have to be jointly considered because of the use of Rx beamforming.
2. Discussion
The requirements for measurements in FR2 have been extensively discussed in the last few meetings. No final agreements were made but it was recognized that the requirements need some time scaling to allow the UE to measure different directions using beamforming. The previous agreements only contain one scaling factor for the measurement requirements that are depicted below:
Tidentify_intra_without_index = TPSS/SSS_sync + T SSB_measurement_period  ms
Tidentify_intra_with_index = TPSS/SSS_sync + T SSB_measurement_period + TSSB_time_index
Table 9.2.5.1-2: Time period for PSS/SSS detection, (Frequency range FR2)

	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle < SMTC periodicity
	max([X1], [5 or 6] x N1 x SMTC period)Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified

Editor’s note: The values of X1, and N1 are to be updated.


Table 9.2.5.1-4: Time period for time index detection (Frequency range FR2)

	DRX cycle
	TSSB_time_index

	No DRX, or DRX cycle < SMTC periodicity
	max([X2], [5] x N2 x SMTC period)Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified

Editor’s note: The values of X2 and N2 are to be updated.


Table 9.2.5.2-2: Measurement period for intrafrequency measurements without gaps(Frequency FR2)

	DRX cycle
	T SSB_measurement_period  

	No DRX, or DRX cycle < SMTC periodicity
	max([X3], 5 x N3 x SMTC period)Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified

Editor’s note: The values of X3 and N3 are to be updated.


The RLM requirements are TBD as there were no tentative agreements in previous meetings. 

The cell/beam identification delay and measurement period should be low enough to guarantee system performance under mobility scenarios (e.g. 30km/h for FR2) while allowing the UE enough time to beam sweep for finding the best Tx-Rx beam pair. A good trade-off between mobility performance and number of instances to be measured needs to be found. 
An important aspect that should be considered is that the UE will also have to perform RLM based on the SS block. Since Rx beams used for RLM could be different compared to the beams used for measurements, the UE cannot perform RLM and serving/neighbour cell measurements at the same time. This is a major difference compared to FR1 (where a omni antenna is assumed) and must be accounted for. Hence, link evaluation measurement and serving/neighbour cell beam measurements have to be TDM-ed. Depending on the SMTC configuration, there could be full overlap between SMTC and SS block transmissions (RLM occasions). Requirements will have to take this scenario into account. 
In [1] we presented some mobility performance analysis and we proposed 400ms as baseline for the measurement period in FR2. This measurement period was shown to have good enough mobility performance even for medium speed scenarios (30km/h). It was also shown that the RLM period could be relatively long without any impact on performance.
Beams are expected to be much narrower in FR2 compared to FR1. To enable good system performance, it is useful to reduce the beam detection latency such that newly acquired beams can be reported relatively quickly to the gNB. Hence, lower beam detection time is desirable. 

Based on these observations we propose the following for the FR2 measurements and RLM evaluation period with no DRX cycle.

TPSS/SSS_sync= max(400, 20 x SMTC period x Koverlap_SMTC_SSB);
T SSB_measurement_period= max(400, 20 x SMTC period x Koverlap_SMTC_SSB);
TSSB_time_index = max(200, 8 x SMTC period x Koverlap_SMTC_SSB);

TEvaluate_out=max(200, 10 x TSSB x 2 x Koverlap_SMTC_SSB));
TEvaluate_in =max(100, 5 x TSSB x 2 x Koverlap_SMTC_SSB));

In the equations above, Koverlap_SMTC_SSB is a scaling factor that is applied when SSburst is fully overlapping the SMTC. In this case, a good tradeoff between RLM occasions and beam measurements should be 1:2, i.e. in 3 SS bursts, UE performs RLM in 1 occasion and measurements in 2 occasions. Hence, Koverlap_SMTC_SSB =1.5. Otherwise, Koverlap_SMTC_SSB=1. In this case, the factor 2 in the T equation ensures the UE is performing RLM in 1 out of 2 occasions because the SMTC periodicity is at least two times larger compared to the SS burst periodicity.
During link evaluation, the UE should use the best Rx beam corresponding to the Tx beam used for the configured RLM-RS. This Rx beam can be different than the Rx beam used for data. It should be clarified in the specifications that the UE should not monitor PDSCH/PDCCH or transmit PUSCH/PUCCH during the transmission of the SSB configured as RLM-RS. Because these signals are coming from the serving cells, the UE does not need to “blank” the symbols adjacent to the SSB as is the case when performing neighbour measurements (during SMTC).

Proposal: It should be clarified in the specifications that the UE should not monitor PDSCH/PDCCH or transmit PUSCH/PUCCH during the transmission of the SSB configured as RLM-RS.

For a network configuration with SS burst periodicity of 20ms and fully overlapping SMTC, based on the requirements proposed above, the detection/measurement period would be 600ms and the evaluation periods would be 600ms and 300ms.
3. Conclusion
In this paper we proposed the following requirement for cell/beam measurements and evaluation period for FR2:
TPSS/SSS_sync= max(400, 20 x SMTC period x Koverlap_SMTC_SSB);
T SSB_measurement_period= max(400, 20 x SMTC period x Koverlap_SMTC_SSB);

TSSB_time_index = max(200, 8 x SMTC period x Koverlap_SMTC_SSB);
TEvaluate_out=max(300, 10 x TSSB x 2*Koverlap_SMTC_SSB));
TEvaluate_in =max(100, 5 x TSSB x 2*Koverlap_SMTC_SSB));

Koverlap_SMTC_SSB =1.5
We also proposed the following:
Proposal: It should be clarified in the specifications that the UE should not monitor PDSCH/PDCCH or transmit PUSCH/PUCCH during the transmission of the SSB configured as RLM-RS.
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