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Introduction
RAN4 has been discussing the issue of measurements and measurement gaps in NR for many meetings over a period of several years. RAN4 agreement was reached concerning UE requirements for gap assisted measurements which are now captured in 38.133.
The requirements reflect and consider the basic NR physical design including that the synchronization and SSB-based measurement signals are likely transmitted in a synchronized manner – especially in FR2. This design leads to that there may be an overlap in time domain between the SSB occasion used for intra-frequency measurements and those for inter-frequency measurements.
Lately some concerns have been raised by some companies in RAN4 related to UE complexity when performing intra-frequency measurements in FR2 and the complexity in ensuring the UE minimum requirements. In this paper we discuss this concern.
Discussion
Under discussion is the matter of intra-frequency measurements outside measurement gaps in FR2. We believe it has been recognized by RAN4 in general, that the NR physical design poses some additional constraints on UE measurements, both intra-frequency measurements alone if there are multiple serving cells as well as gap assisted measurements. 
Many of the challenges comes from the assumption that in FR2 it is assumed that most deployments will be TDD deployments and that the SSB’s on different carrier frequencies would need to be transmitted in a more or less synchronized manner. To enable gap assisted measurements, the SSB’s of the carrier frequencies, which needs to be measured by the UE, would need to be within the UE measurement gaps – and hence the SSB’s and SMTC’s of those carrier frequencies needs to be present in within the measurement gap. The same applies for servings cell SSB and thereby SMTC. Even if these would not be gap assisted the serving cells SSB would be available for measurements in a synchronized manner.
If measurements on serving carriers are not gap assisted and non-serving NR carriers are gap assisted, RAN4 defined a scaling factor, CSSFintra (CSSFoutside_gap,i), which is used for defining the UE minimum requirements related to cell detection and measurements for measurement conducted outside measurement gaps. 

UE requirements
Lately some concerns have been raised in RAN4 related to the UE complexity of how to ensure that the UE can fulfil the minimum requirements for intra-frequency measurements, when some of the intra-frequency measurement occasions falls outside measurement gaps.
Concerns have been raised about the UE complexity in ensuring that the UE would be able to schedule the intra-frequency measurements in a way that would ensure the UE minimum requirements. Next we look at the requirements and how the current UE requirements are related to distributing the measurement occasions among serving carriers.
To address the requirements, RAN4 introduced the CSSF scaling factor. RAN4 defined two scaling factors: CSSFwithin_gap and CSSFoutside_gap which are applied according to 38.133. For intra-frequency measurement performed outside measurement gaps it is defined that when none or some of the intra-frequency SMTC occasions are overlapping with the measurement gaps:
· UE is expected to conduct the measurement of this measurement object i only outside the measurement gaps.
This rule for intra-frequency measurements in FR2 and the assumed Rel-15 UE receiver restrictions put some limitations on the UE scheduling of the intra-frequency measurements. Looking at the EN-DC case for FR2 (to keep the discussion simple), RAN4 made following assumption considering UE searchers:
· UE has 1 searcher for FR1 measurements, and 2 searchers for FR2 measurements. Of the searchers for FR2 measurements:
· 1 searcher is prioritized for PSCell measurements, and 
· 1 searcher is shared among SCells for SCell measurements
It is common understanding that if a searcher is not fully utilized continuously for its primary measurements it can be used to perform other measurements. 
For intra-frequency measurements outside measurements gaps (which in a simple way is the same as having a longer measurement SMTC periodicity for these measurements), RAN4 defined the CSSFoutside_gaps factor. CSSFoutside_gaps is used in defining the UE minimum requirements for intra-frequency cell detection and measurement e.g. in section 9.2.5.1 CSSFintra is used determine the time period for PSS/SSS detection (including activated and deactivated SCell) and Index detection for intra-frequency carrier frequencies. For the measurement requirements in the latency tables it states that the CSSFintra used in the tables is defined as:
‘according to CSSFoutside_gap,i in clause 9.1.5.1 for measurement conducted outside measurement gaps, i.e. when intrafrequency SMTC is fully non overlapping or partially overlapping with measurement gaps,’
Looking at one specific case, we look at the case with no DRX, SMTC=20ms and MGRP=40ms for which the requirement for PSS/SSS detection is:
max(600ms, ceil(Mpss/sss_sync_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra 

For this case we will have following CSSFintra:
· CSSFintra for PSCell = 1, and
· CSSFintra for SCell = number of configured FR2 SCells
Additionally, Kp=2 and Klayer1_measurements=1.5. CSSFintra for PSCell requirements are not scaled due to additional serving cells in FR2, while CSSFintra for SCell requirements are scaled in the traditional way with the number of configured activated SCell in FR2.
However, it is worth noting that although CSFFintra =1 for PSCell does not mean that the UE will use every and each of the PSCell SSB measurement occasion for PSCell measurements. The RAN4 requirements are deliberately and carefully designed such that UE would not be required to perform continuous intra-frequency measurements – even when considering the worst-case cell detection conditions. 
Assuming it would take the UE up to 24 SMTC occasions to detect a new cell (which is already quite relaxed) and a measurement occurrence availability (accounting the CSSFintra) of 20ms, the UE in worst case need to use 24 out of 30 available SMTC occurrences (assuming 600ms minimum requirement) for PSCell search (and measurement of already detected cells). This would leave 6 SMTC occurrences unused.
Hence, it can be assumed that there are unused measurement occurrences where the dedicated PSCell searcher is not necessarily used for PSCell measurements and therefore can be used for searching other serving SCell carrier frequencies.
Similar applies for serving SCells in activated state. As the requirements are the same as for the PSCell it can be expected that not all measurement occasions are needed to fulfil the UE minimum requirements for SCell measurements, and that there will be a number of unused measurement occasions also per SCell. Additionally, the SCell requirements are scaled with the number of configured and activated SCells. Hence there is a scaling based on the SMTC periodicity and number of SCells.
Based on this, it is foreseen and expected, that even for worst-case conditions, there will be a number of unused measurement occasions available. These occasions can be used to flexibly perform searches ensuring that also all good spherical coverage is ensured.

Alignment of SMTC
Let’s assume 4 beams/directions must be searched (which would mean 4 wider Rx beams are assumed measured on ‘wide’ SSB beams which could mean UE has 4 panels). Assuming UE has 2 searchers available for FR2 searches, and that the Rel-15 UE only can measure in one direction at a time (1 Rx spatial setting) due to Rel-15 single Rx assumption – UE would be able to search 2 carriers/cells simultaneously.
If all SMTCs on all serving carriers have same periodicity it should be fairly straightforward to design a round robin style of scanning and measurements of all serving carriers in FR2 when assuming 2 searchers.
Having different SMTC periods on the different carriers, more care must be taken to ensure that UE minimum requirements are fulfilled. In this case there would be a need to consider how it would be necessary to schedule the measurements on the different carriers according to SMTC periodicity on the carriers, while considering the UE Rx restriction.
SMTC periods can be 5ms, 10ms, 20ms, 40ms, 80ms and 160ms. All of these are multiple of each other by factor of 2. In the next example we illustrate in a simple manner the case where UE has a PSCell and 3 activated SCells each one of them using different SMTC periods of 20ms, 40ms, 80ms and 160ms (i.e. this is somehow worst case):
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We assume 4 Rx beam measuring SSBs. In the initial part of the figure a simple sampling is done where the PSCell measurements are done simply by taking 5 samples with one panel before switching to next, etc. This means measurement on SCells follows similar approach as illustrated.
Later a more advanced mapping is used which ensures optimized mapping of the measurement according to the SMTC and carrier measurements. We see from this illustration that it is feasible to fulfil PSCell measurements. It is also seen that for the SCell with 40ms SMTC the measurements can be done well in time.
From this example (although the full scheme is not laid out) we do see it possible for the UE to schedule the intra-frequency measurements on the different serving carriers such that the UE would be able to measure all carriers.
Another thing that can be observed from the illustration is that having shorter SMTC periodicities on different carriers (SSB availability for measurements) will make the measurement scheduling scheme simpler on UE side and should not add to the UE scheduling algorithm complexity.
Longer SMTC periodicity (more seldom SSB availability for measurement) leads to a need for a more careful design of the measurement scheduling algorithm, but we do not see it impossible. However, as the configurations under consideration are semi-static and hence semi-fixed, it would be a matter of either calculating the measurement scheduling once a new configuration impacting the measurement scheduling is received - or alternatively, have a UE precalculated scheduling patterns. Latter is possible as the number of different SMTC periodicities is rather limited.

Use of Offset
RAN4 also discussed the use of offset and whether this would need to be special attention. It was raised as a concern that use of different offsets on different carriers complicates measurements.
Our understanding is that that although RAN4 has not discussed the use of offset in great details, this should not cause a problem for the UE. As long as the SSB is still within the SMTC the use of offset should be feasible.

Summary
A text proposal has discussed during RAN4#93:
The requirements in this clause for FR2 measurement objects apply provided that the SMTC on all CCs in FR2 have the same offset, and one of following conditions is met
· If smtc2 is configured on any FR2 CC, 
· All CCs have the same configuration for smtc1, and
· All CCs configured with smtc2 have the same configuration for smtc2
· If smtc2 is not configured on any FR2 CC, 
· The total number of different SMTC periodicities on all CCs does not exceed [FFS 2, 3 or 4]
Editor’s Note: The impact of different SMTC offset for different CC on FR2 has not been considered in requirements in this version of the specification.
However, based on the analysis and discussion in this paper we have not identified that there would be anything broken in the current specification. Hence, although complex on UE side, it is still feasible for the UE to perform intra-frequency measurement outside measurement gaps according to the current requirements. We do not see any need for such strict limitation on the use of SMTC on intra-frequency carriers. 
Additionally, we do not see a need to limit the use of offset as long as the SSB transmissions are still within the SMTC as this could lead to some deployment limitations.
No limitations are introduced on the use of SMTC periodicities for intra-frequency carriers.
No limitations are introduced on the use of Offset.
To reduce the UE measurement complexity, we could disregard the use of measurements based on SMTC2 configuration in Rel-15.
Limit the use of SMTC2 for intra-frequency measurements in Rel-15.
Next we present a text proposal capturing proposal 3.

Text Proposal
For a Rel-15 UE, the requirements in this clause apply provided following related to use of smtc2:
· If smtc2 is configured on any FR2 CC,
· All CCs configured with smtc2 have the same configuration for smtc2

Conclusion
In this paper we analysed the UE complexity when performing intra-frequency measurements in FR2 and the complexity in ensuring the UE minimum requirements. Based on the detailed analysis we conclude:
1. No limitations are introduced on the use of SMTC periodicities for intra-frequency carriers.
1. No limitations are introduced on the use of Offset.
1. Limit the use of SMTC2 for intra-frequency measurements in Rel-15.
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