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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 a framework for the definition of the requirements including number of beams that UEs should monitor. These requirements have to be jointly considered because of the use of Rx beamforming.
2. Discussion
Measurement Requirements and RLM
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 topics was discussed in more detail in [1], we reiterate the proposals here.
Proposal 1: Measurement delay requirements are defined as follows:

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

TSSB_time_index = max(200, 8 x SMTC period x Kp x Koverlap_SMTC_SSB);

Kp is the scaling factor used in case SMTC and measurement gaps are overlapping. Koverlap_SMTC_SSB is a scaling factor that will be needed in FR2 when there is full overlap between SMTC and RLM occasions. This could be integrated into Kp or introduced as a separate factor since full overlap between SMTC and RLM occasions can only happen in FR2 [1]. Actual values are discussed below.

Some agreements on RLM were also reached in RAN4#86 in [2]: 
TEvaluate_out= max(200,ceil(10*P)*TSSB);
TEvaluate_in = max(100,ceil(5*P)*TSSB)
Where P is a scaling factor accounting for the delay when all RLM-RS cannot be used for RLM measurements due to overlap with measurement gaps or intra-frequency SMTC window. P was FFS in [2].
In the case when RLM occasions and SMTC for intra-frequency measurements are fully overlapping, 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. Consequently, P=3 for this case.

Proposal 2: Scaling for measurements and RLM evaluation period in the case of fully overlapping RLM-RS and SMTC occasions is 1:2(in 3 SS bursts, UE performs RLM in 1 occasion and measurements in 2 occasions).
P is FFS in other sharing scenarios, try to come up with a proposal.

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 3: 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.

Measurement capabilities and Carrier Aggregation
The measurement capabilities and requirements for FR2 intra-frequency have been discussed at length in previous meetings, however, consensus could not be reached. It is rather difficult to reach a good trade-off between implementation complexity and measurement performance. It should be noted that FR2 measurement complexity is up to 8x more computationally demanding because of increased sampling rate(higher SCS, 240kHz vs. 30kHz SSB SCS).

Requirements with CA have so far been defined depending on the number of CCs and the scaling was linear for connected mode. In FR2, it is envisioned that there would be a large number of aggregated CCs and the UE complexity becomes a extremely high if requirements are simply scaled. Another aspect to consider is that in FR2, the UE will employ analog beamforming on the receive side and the receive beam is common(same direction) for all the aggregated CCs in a band. This means that the transmitters (TRxPs) for all the aggregated CCs have to be collocated and also that the UE can only perform measurements in the direction on all CCs at a given point in time. Hence, the UE will only be able to measure the same SSBs on all the aggregated CCs within a band. The instantaneous measurements on different CCs could be slightly different due to fading effects, however, the average measurement should be very similar since differences in shadowing are not expected to be large over ~1GHz bandwidth.

Taking these aspects into consideration, optimal system performance can be obtained if the UE performs measurements only on a single CC out of the aggregated intra-band CCs. Furthermore, the measurement complexity will not depend on the total aggregated bandwidth or number of CCs. For example, the complexity is same whether UE is operating in 2x400 CA or 8x100 CA. In this case, a slight increase in total number of beams to monitor is agreeable as overall complexity impact is not very high.
Proposal 4. UE should meet the intra-frequency measurement requirements in FR2 only on a single CC from the set of aggregated intra-band CCs.

Proposal 5. The UE is required to monitor up to 6 cells and 24 beams for intra-frequency measurements in FR2.

In the case that multiple CCs are configured, UE should perform measurements on PSCell. If multiple SCells are configured for measurements by the gNB, the UE can choose on which SCell to perform measurements.

In the case of inter-band CA in FR2(multiple aggregated bands in FR2), proposals 2 and 3 should apply independently for each band. 

Proposal 6. In case of inter-band FR2 CA, UE should meet the intra-frequency measurement requirements on 1 CC in each band.

In RAN4#86 it was discussed to relax the measurement requirements depending on the number of configured CCs. From a system performance point of view, a large relaxation to FR2 measurement delays is not desirable. If the UEs perform measurements only on a single CC in each band, the intra-frequency measurement requirements should not be subject to any scaling/relaxation depending on the number of configured CC in FR2.
Proposal 7. Intra-frequency measurement requirements in FR2 apply on a single CC in each band irrespective of the number of configured CCs.
3. Conclusion
In this paper we discussed several aspects related to measurements in FR2. We made the following proposals: 

Proposal 1: Measurement delay requirements are defined as follows:

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

TSSB_time_index = max(200, 8 x SMTC period x Kp x Koverlap_SMTC_SSB), Koverlap_SMTC_SSB is a scaling factor that will be needed in FR2 when there is full overlap between SMTC and RLM occasions
Proposal 2: Scaling for measurements and RLM evaluation period in the case of fully overlapping RLM-RS and SMTC occasions is 1:2(in 3 SS bursts, UE performs RLM in 1 occasion and measurements in 2 occasions).
Proposal 3: 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.

Proposal 4. UE should meet the intra-frequency measurement requirements in FR2 only on a single CC from the set of aggregated intra-band CCs.

Proposal 5. The UE is required to monitor up to 6 cells and 24 beams for intra-frequency measurements in FR2.

Proposal 6. In case of inter-band FR2 CA, UE should meet the intra-frequency measurement requirements on 1 CC in each band.

Proposal 7. Intra-frequency measurement requirements in FR2 apply on a single CC in each band irrespective of the number of configured CCs.
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