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1. Introduction
In RAN4#85 there was discussion, but no agreement on, measurement mechanisms for mixed numerology or for FR2 where UE RX beamforming is assumed. A way forward was discussed [1] and was noted.
2. Discussion

Three cases were discussed for measurements
· Case 1: intra-frequency measurement in FR1 where SCS of SSBs and SCS of serving cell’s data are different and when UE does not support simultaneous reception of SSB and data with mixed numerologies
· Case 2: intra-frequency measurement in FR2 where SCS of SSBs and SCS of serving cell’s data are same
· Case 3: intra-frequency measurement in FR2 where SCS of SSBs and SCS of serving cell’s data are different and when UE does not support simultaneous reception of SSB and data with mixed numerologies
Case 3 is a hybrid of case 1 and case 2 together. The way forward also outlines a solution which may be restated as:

Case 1: When useServingCellTimingForSync=TRUE, assume that UE which is not capable of simultaneous reception of mixed numerology cannot be scheduled or transmit in slots containing SSB. UE has information from SSB-measured: which SSB location(s) are to be measured (single bitmap indication applicable to all cells). useServingCellTimingForSync=TRUE, whole duration of the SMTC window is not available for PDCCH/PDSCH/PUCCH/PUSCH. This solution assumes interruptions for numerology switching are negligible.

Case 2 / Case 3: It is assumed that useServingCellTimingForSync=TRUE for FR2, since there are only TDD bands. UEs which support fast switching of RX beams cannot be scheduled or transmit in slots containing SSB. UE has information from SSB-measured: which SSB location(s) are to be measured (single bitmap indication applicable to all cells). For UEs which do not support fast beam switching the whole duration of the SMTC window is not available for PDCCH/PDSCH/PUCCH/PUSCH.
Firstly, we think it would be beneficial to design a solution without explicit measurement gaps for these 3 scenarios. The existing measurement gap patterns are targeted to 250us/500us switching time for RF retuning, and are not ideal for the cases described, where switching should always be significantly faster. 250us or 500us becomes a significant overhead, especially if larger SCS is used.

Proposal 1: A solution or solutions for intrafrequency RX beamforming measurements and mixed numerology measurements other than explicit measurement gaps is developed 

The next question we discuss is whether one or two solutions are developed. In [1] there are two solutions applicable for different scenarios or UE capabilities

· SSB symbols to be measured within SMTC window duration are not available for PDCCH/PDSCH/PUCCH/PUSCH
· SMTC is not available for PDCCH/PDSCH/PUCCH/PUSCH
Naturally the benefit of the first solution is that the UE can be scheduled on some of the slots in the SMTC, especially if not all SSB are transmitted (which the UE is aware of from the bitmap in SSB-measured). On the other hand, handling of different UE capabilities with different network behavior has a cost from network perspective, and the two solutions would also be needed depending on whether network sets useServingCellTimingForSync=TRUE. While we can assume that first NR FR2 operations will be TDD, we do not know how FR2 and NR will be developed in future (e.g. if FDD would be introduced at some point).
To simplify implementation of NR in release 15, we propose
Proposal 2: It should always be possible to use the solution that PDCCH/PDSCH/PUCCH/PUSCH/SRS is not available in entire SMTC duration (either FR1 with mixed numerology, or in FR2), and all UE should be able to measure.

Another significant benefit of proposal 2 is that it allows RSSI and therefore RSRQ/SINR to be measured; in [2], the RSSI measurement time was agreed by RAN4:

The time duration, TRSSI, is defined as follows:

TRSSI=  Configured SMTC measurement window (if gap is not used)
TRSSI=  Overlapped time span between configured SMTC measurement window and minimum measurement time within measurement gap (if gap is used)
In our understanding, proposal 2 allows intrafrequency non-gap measurements to be performed for all cases ie

· Mixed numerology on FR1 for either useServingCellTimingForSync=TRUE or FALSE.

· RX beamforming on FR2 for either fast or slow RX beam switching capability UEs

· RX beamforming on FR2 for either fast or slow RX beam switching capability UEs and mixed numerology
· The measurement of RSRP, RSRQ and SINR

The question is then whether RAN4 should develop a more optimized SSB symbol based solution, given that under proposal 2 it would always be an option to use the SMTC based solution. According to figure 1, which is taken from [1], the number of data slots in the SMTC is relatively small, although this completely depends on the SSB-measured bitmap. It should be kept in mind that SMTC duration is also configurable by the network, so in general if the network does not want to transmit all SSB (e.g. less than L=64 for mm-wave) it is an option to concentrate all the SSB at the beginning of the SS-burst and minimize the SMTC duration
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Figure 1: Slots used for data in SMTC duration (assumed here  to be 5ms).

Another aspect is that the SMTC periodicity configuration for a UE does not need to be identical to the SSB periodicity transmitted by the gNB. For example, in an asynchronous network, 5ms SSB periodicity may be used, while individual UEs may still be configured with a longer SMTC periodicity, for example 40ms. In this case, each UE only uses one out of every eight SSBs for its measurements. By dividing the UEs up into different SMTC “groups”, a network may schedule 7 out of 8 UEs on either the non SSB slots, or non SSB RBs in frequency domain.
For this reason, we do not see a compelling reason to introduce an SSB slot based solution in addition to proposal 2, especially as an SSB slot based solution will not allow the measurement of RSRQ/SINR and needs additional UE capabilities (unless RAN4 could agree that all UEs support RX beam switching within the cyclic prefix).

Observation 1: As an SSB slot based solution addresses a limited set of scenarios (synchronous network, UE capable of fast beam switching, no need for RSSI measurement etc.) 
The final aspect which we would like to discuss is one that we already raised in RAN4#85. For the case of intraband contiguous NR carrier aggregation, the adjacent carriers would be subject to the same analogue receive beamforming, or if the numerology switch for measurements is performed it would apply to all adjacent CC assuming single FFT baseband. Therefore
Proposal 4: The solution for intrafrequency mixed numerology measurement or RX beamforming measurement without gaps should be applied on all intraband contiguous CC for NR carrier aggregation.
3. Conclusions

Proposal 1: A solution or solutions for intrafrequency RX beamforming measurements and mixed numerology measurements other than explicit measurement gaps is developed 

Proposal 2: It should always be possible to use the solution that PDCCH/PDSCH/PUCCH/PUSCH/SRS is not available in entire SMTC duration (either FR1 with mixed numerology, or in FR2), and all UE should be able to measure correctly.

Observation 1: As an SSB slot based solution addresses a limited set of scenarios (synchronous network, UE capable of fast beam switching, no need for RSSI measurement etc.) 
Proposal 4: The solution for intrafrequency mixed numerology measurement or RX beamforming measurement without gaps should be applied on all intraband contiguous CC for NR carrier aggregation.
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240 kHz SCS case (slot size is based on 120 kHz SCS for data/cont)
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