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1. Introduction
There has been discussion for multiple meetings on how to reflect the RX beam sweeping operation in UE requirements for FR2 such as intrafrequency PSS/SSS sync, time index determination and measurement period. Moreover, many other discussions in RAN4 for FR2 requirements are linked, e.g. handover requirement, SCell addition/activation etc. Therefore, it is very critical to progress with this issue to get stable and complete RRM requirements.
Observation 1: A conclusion on RX beamsweeping is critical for many FR2 RRM requirements and is therefore urgent for RAN4
2. Discussion

In RAN4#87, three values were discussed
· N1 (PSS/SSS sync scaling factor for FR2 RX beamforming)

· N2 (Time index reading scaling factor for FR2 RX beamforming)
· N3 (measurement period scaling factor for FR2 RX beamforming)

There was an agreement that N1=N3 would be used, and either 4 or 8 was discussed for N1,N3 with some companies also proposing that it could be a UE capability or manufacturer declaration. For N2, some companies believe N2=1 is feasible, whereas other companies see a need for RX beam sweeping also to perform time index reading by PBCH decoding.
The first aspect which we would like to emphasise is that the RX beamsweeping procedure in the UE necessarily assumes that the UE does not move significantly (including orientation changes) from the start of the beam sweep until it is complete. The idea of finding a “best beam” is clearly invalidated if some beams are measured with one orientation and other beams are measured with a different orientation. In the worst case, a UE could report false beams, which were best beam when the measurement was performed, but which are significantly weaker when the measurement period is completed, and the report is made. An ideal UE would have good spherical coverage such that a strong SSB measured with one RX beam would still be a similarly strong beam even if it was later measurable with a different RX beam. However, practical UEs will not have an ideal RX antenna pattern and UE orientation change during the measurement period will be a significant source of measurement uncertainty. While such an argument would even apply to FR1 operation without active RX beamforming, the issue is exacerbated by extending the measurement period since this gives a greater amount of UE movement possible in the measurement period.
Observation 2: A long RX beam sweep period increases the risk that the UE has an incorrect estimation of the best RX beam

Another aspect that we would like to raise is DRX operation, since we expect that DRX requirements will be scaled by N1 & N3. For example, if we assume that the measurement period for DRX>320ms is 5N3▪DRX_cycle then this is either 20▪DRX_cycle or 40▪DRX_cycle. Considering that NR may use RRC connected DRX cycles of up to 2.56s, the measurement period can be either 51.2s (N3=4) or 102.4s(N3=8) with the longest DRX cycle. Of course, if the network needs a certain mobility performance it may always configure a shorter DRX cycle than 2.56s but shortening DRX artificially (i.e. when not motivated by user data activity) to get better mobility performance is clearly undesirable from a UE battery life perspective. Hence, we think there is a strong motivation not to unduly relax N1/N3 since network implementations may well need to avoid the longer UE DRX cycles to ensure reasonable measurement performance.
Observation 3: A long RX beam sweep period increases the risk that network cannot use the longer DRX cycles due to measurement performance.

For non DRX operation, if we assume 20ms intrafrequency SMTC periodicity (for initial access the UE assumes 20ms SSB periodicity, so transmitting SSB every 20ms and informing the UE of this using SMTC is likely to be a natural/common setting) and 5 sample measurement period, the measurement period becomes either 400ms (N3=4) or 800ms (N3=8). Considering the highly dynamic nature of FR2 propagation, we think that especially N3=8 will lead to significant mobility issues, since the non DRX measurement period is already 4 times longer than the LTE measurement period. Again, the network could improve matters by configuring a shorter SMTC, but this is clearly undesirable for many reasons including throughput due to scheduling restrictions, UE power consumption and SSB transmission overhead. Therefore, 20ms SMTC periodicity seems a practical lower limit in many scenarios and it is likely that N3=8 would then cause significant problems.

Observation 4: With 20ms SMTC periodicity, N3=8 would lead to a 4x longer measurement period than LTE.
Based on these considerations we reiterate our earlier proposal 

Proposal 1: N1=N3=4 is used for intrafrequency FR2 requirements with RX beam sweeping
Moreover, since we expect that N1=N3=8 would be problematic based on observations 2,3 and 4 we do not recommend introduction of this setting even as a UE capability or manufacturer declaration, especially as the means available to the network mitigate longer measurement delays are likely to harm UE power consumption.

Proposal 2: No manufacturer declaration or UE capability is used in NR requirements regarding RX beam sweeping.

We note that in earlier contributions we also had interest in an optional capability or feature, but at that time our proposal was N1,N3=2 and optionally N1,N3=1 for example for UEs with digital beamforming.
For N2 (time index determination) in FR2 our view is that some more thinking and discussion is necessary. When the structure of intrafrequency requirements was developed, the FR2 scheduling availability in measurements had not been agreed. The requirements now assume that it useServingCellTimingForSync is always enabled for FR2, and indeed this is explicitly stated in section 9.2.5.3
	The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, 1 symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration (it is assumed that useServingCellTimingForSync is always enabled for FR2)
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell

-
UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, RSSI measurement symbols, 1 data symbol before each consecutive SSB/RSSI symbols and 1 data symbol after each consecutive SSB/RSSI symbols within SMTC window duration (it is assumed that  useServingCellTimingForSync is always enabled for FR2)



The justification is that all FR2 bands are TDD, and therefore asynchronous operation is not possible.

RAN4 also progressed the definition of useServingCellTimingForSync in RAN4#87, and agreed that:

Frame boundary is aligned and Same SFN number is used in all cells on the same carrier is assumed if useServingCellTimingForSync=TURE for the carrier 
Based on these definition, it can be concluded that for FR2, time index of an intrafrequency neighbour can always be determined from the serving cell timing, and there is no need for an additional step of time index determination in intrafrequency measurements. For interfrequency measurements, time index determination is also likely only needed for the first SSB which is detected on a frequency if there are no SSB with known time indices. Although there are no scheduling restrictions for interfrequency measurement (gap-based measurement is used), the layer which is interfrequency for some UEs is also going to be configured as an intrafrequency layer for other UEs, and therefore it seems hard to operate without useServingCellTimingForSync enabled for interfrequency layers as well.
Observation 5: For FR2 intrafrequency measurements, time index determination is never needed since it is assumed for scheduling availability requirements that useServingCellTimingForSync is always enabled
Observation 6: In FR2 interfrequency measurements, it is difficult to envisage useServingCellTimingForSync not enabled, and time index determination is only needed when the UE has not already detected at least one SSB.
Anyway, considering that there is never a need for time index determination for intrafrequency measurements we propose 

Proposal 3: Time index determination is removed from intrafrequency requirements, and there is no need for further discussion on the value of N2
Under the condition that useServingCellTimingForSync must also be enabled for interfrequency measurements (because they are intrafrequency measurements for some UEs, and a candidate to become an intrafrequency layer for the UE under consideration) and that time index determination is a rare procedure only performed when the UE first detects one SSB on the layer, we could as a compromise accept N2>1 for interfrequency measurements (either N2=2 or N2=4). However, we do not state this as a proposal at this point, since we think that further feedback and discussion on the condition in RAN4 would be beneficial first.
3. Conclusion

In this contribution, we discuss the impact of RX beam sweep in the requirements for FR2, and make the following observations and proposals
Observation 1: A conclusion on RX beamsweeping is critical for many FR2 RRM requirements and is therefore urgent for RAN4
Observation 2: A long RX beam sweep period increases the risk that the UE has an incorrect estimation of the best RX beam

Observation 3: A long RX beam sweep period increases the risk that network cannot use the longer DRX cycles due to measurement performance.

Observation 4: With 20ms SMTC periodicity, N3=8 would lead to a 4x longer measurement period than LTE.
Observation 5: For FR2 intrafrequency measurements, time index determination is never needed since it is assumed for scheduling availability requirements that useServingCellTimingForSync is always enabled
Observation 6: In FR2 interfrequency measurements, it is difficult to envisage useServingCellTimingForSync not enabled, and time index determination is only needed when the UE has not already detected at least one SSB.
Proposal 1: N1=N3=4 is used for intrafrequency FR2 requirements with RX beam sweeping
Proposal 2: No manufacturer declaration or UE capability is used in NR requirements regarding RX beam sweeping.

Proposal 3: Time index determination is removed from intrafrequency requirements, and there is no need for further discussion on the value of N2
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