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[bookmark: DocumentFor]Introduction
Requirements on intra-frequency measurements based on SSB were discussed at the last RAN4 meeting, but some of those have been still under discussion. In this contribution, we present our views on remaining issues of intra-frequency measurements requirements.
Discussion
Requirements on RSRP measurement period for FR2
[bookmark: _GoBack]At the RAN4#85 meeting, requirements on intra-frequency measurement were discussed, and measurement period of intra-frequency measurements were partially determined for FR1. In case of measurement periods for FR1, aspects of Rx beamforming were not considered, but Rx beamforming would be required to make receiving performance better for FR2. Therefore, it would be important to consider Rx beamforming and beam sweeping to define the requirements for FR2. In addition, channel condition in FR2 would change fast, and hence too long measurement periods should be avoided. In previous RAN4 meetings, companies had provided their evaluation results on RSRP measurement, and　it was shown that even one-shot measurement could achieve the same accuracy level as LTE, e.g. +/- 4.5 dB, based on the evaluation results [1]. Furthermore, if UE is expected to utilize Rx beamforming for RSRP measurements, it becomes easier to achieve sufficient accuracy by using just 1 sample if appropriate Rx beamforming is applied. In other words, side condition assumption to derive required number of samples to meet accuracy requirement could be better than the case without Rx beamforming. For FR1, especially from UE power consumption point of view, number of samples to determine RSRP measurement delay requirements was decided as [5]. For FR2, however, long measurement periods could be critical issue as mentioned above. Thus, required number of samples for intra-frequency measurements in FR2 should be smaller than that in FR1. 
Observation 1: For FR2, considering Rx beam sweeping would be important to derive requirements on intra-frequency measurements.
Observation 2: If UE utilize the best Rx beamforming, accurate RSRP measurements could be achieved with smaller number of samples, and required number of samples for intra-frequency measurement in FR2 should be smaller than that in FR1 considering fast channel variation.
Considering measurement period for FR2 in the same manner as FR1, it could be described as max{Tmin, Nsamp × SMTC period}, where Tmin is minimum time for intra-frequency measurements and Nsamp is required number of samples. However, this does not take Rx beam sweeping aspect into account. For intra-frequency measurements, UE might be expected to evaluate all receiving signals via each Rx beam and select the Rx beam which could achieve the best performance for each SSB. Therefore, a scaling factor including number of Rx beams needs to be multiplied to the requirement. If we simply consider about the requirements with Rx beam sweeping, UE would be expected to perform measurement by using all Rx beams with 3 samples per beam, then UE reports the best RSRP value among all Rx beams as shown in Figure 1. For example, if UE has 3 Rx beams and required number of samples are 3, total required number of samples to derive intra-frequency measurement period would be 9. In our opinion, requirements should be defined irrespective of number of Rx beams, so measurement period could be expressed as max{Tmin,  Nbeam × 3 × SMTC period}. Here, Nbeam is assumed maximum number of Rx beams.
[image: ]
Figure 1: Illustration of RSRP measurement in case of Rx beam sweeping

Proposal 1: For FR2, measurement period of intra-frequency measurements could be expressed as following alternatives.
Measurement period = max{Tmin, Nbeam × [3] × SMTC period}
where Tmin is minimum time of measurement period and Nbeam is assumed maximum number of Rx beams.

Requirements for intra-band CA operation
In the discussion on requirements of intra-frequency measurement at the last RAN4 meeting, some companies argued their concerns on delay requirements in case that SMTC window timings of different CCs are overlapped.  Figure 1 shows two cases with different SMTC window timings. In case 1, all SMTC windows are not aligned, so UE could perform RSRP measurements at all SMTC window timings. On the other hands, in case 2, some SMTC window timings are overlapped, and then UE may not be able to perform measurement on all CCs simultaneously even for intra-frequency measurement because UE may have limited number of cell searchers. If the number of CCs that have overlapped SMTC window with that of the other CCs is larger than number of UE’s cell searchers, requirements on measurement period should be relaxed. However, it should be avoided to apply relaxed requirements to all CA cases because it might cause too long measurement delay. In some cases, e.g. co-located CCs, intra-frequency measurement on only one of serving CCs would be enough for UE to perform intra-band CA operation. Therefore, it should be supported to configure enabling/disabling intra-frequency measurement on NR SCell. In other words, it should be possible to enable intra-frequency measurement on only one serving cell while intra-frequency measurements on the other serving cells are disabled. It would be beneficial to perform intra-frequency measurement with acceptable delay.
Proposal 2: NR supports to configure enabling/disabling intra-frequency measurement on NR SCell. At least if there is other serving cell with intra-frequency measurement for intra-band CA, disabling intra-frequency measurement on NR SCell should be possible.

[image: ]
Figure 2: Cases that SMTC window timings of different CCs are overlapped

Conclusion 
In this contribution, we provide our views on requirements of intra-frequency measurement delay, and we make following observations and proposals.
Observation 1: For FR2, considering beam sweeping would be important to derive requirements on intra-frequency measurements.
Observation 2: If UE utilize Rx beamforming, RSRP measurements could be achieved with smaller number of samples, and required number of samples per beam should be smaller than FR1 case due to fast channel condition.
Proposal 1: For FR2, measurement period of intra-frequency measurements could be expressed as following alternatives.
Measurement period = max{Tmin, Nbeam × [3] × SMTC period}
where Tmin is minimum time of measurement period and Nbeam is assumed maximum number of Rx beams.
Proposal 2: NR supports to configure enabling/disabling intra-frequency measurement on NR SCell. At least if there is other serving cell with intra-frequency measurement for intra-band CA, disabling intra-frequency measurement on NR SCell should be possible.
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