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1. Introduction
In this contribution we discuss collisions between measurement gaps and intra-frequency SMTC(S) based gapless measurements. If intra-frequency measurements are performed in gaps, then gap sharing applies which is a different discussion topic.
Currently in the intrafrequency gapless measurement section there is an editor’s note in the specification which reads: The requirements below have been derived without considering gap sharing when all SMTC occasion are fully overlapping with measurement gaps. 

2. Discussion

The first topic to discuss is definition of a collision. When an individual gap and SMTC occasion fully overlap the definition is clear, but there can be partial overlap scenarios between gap and SMTC(s), some of which are illustrated in figure 1.
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Figure 1a: Full overlap from intra measurement perspective
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Figure 1b: Partial overlap, shorter gap
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Figure 1c: Partial overlap, offset


For figure 1a, it is clear that the UE has to choose to make gap-based measurement (i.e. retune) or to make SMTC based measurement. For figures 1b and 1c there is in principle some time where the UE could measure intra SMTC(S) regardless of whether it chooses to make a gap-based measurement or not. Clearly, the UE cannot measure for the full SMTC(S) in any scenario in figure 1, if it chooses to make use of the gap.
In scenarios like 1b or 1c, the UE measurement performance will depend on the SSB index and timing of the neighbour cell (if different from the serving cell). Generally, it would be quite difficult to specify different requirements for different SSB indices and RAN4 should be developing generic minimum requirements rather than considering very specific and detailed cases where some UE implementations might be optimized. Hence, we propose

Proposal 1 : If there is any overlap (part or full) between an individual gap and an individual SMTC occasion, then this is considered to be a collision

Next, we need to consider the overlap scenario between different SMTC(S)/gap pairs. For example, if SMTC periodicity is 40ms and MGRP is 80ms, then every 2nd gap may collide with an SMTC, as illustrated in figure 2
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Figure 2: Partial overlap between different SMTC/gap occasions

Figure 2 is drawn with fully colliding individual gaps from intra SMTC perspective (where a collision takes place) but under proposal 1 could just as easily have been drawn showing a partial collision between individual gap and SMTC occasions.

For the discussion on different SMTC/gap occasions, there are 4 scenarios which need to be discussed
· Case 1: Collision at every SMTC/ gap occasion

· Case 2: Some SMTC occasions are colliding with a gap occasion

· Case 3: Some gap occasions are colliding with an SMTC occasion

· Case 4: No collision at every SMTC/gap occasion

The difference between case 2 and case 3 is illustrated in figure 3
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Figure 3a : Case 2


Figure 3a: Case 2
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Figure 3b : Case 3


Figure 3b: Case 3
Case 4

The most straightforward case is case 4, since gap-based and gapless measurements do not impact each other. It is obvious that the requirements can be defined without considering overlap in case 4.
Observation 1: Case 4 is straightforward since there is no overlap between SMTC(S) and measurement gap
Case 1

Considering case 1, there are two behaviors which could be considered

Case 1 option 1: UE follows gaps and cannot make intrafrequency measurements. For this option some companies think network can avoid such configurations.
Case 1 option 2: UE releases some gaps for intrafrequency measurement so that intrafrequency mobility is not blocked. For this option some companies think a concept similar to gap share could be used, except that the sharing parameter would control how many gaps are released for non-gap based intrafrequency measurements.
Our view here is that there is sufficient flexibility in NR for the network to avoid full collision. For example, either SMTC periodicity may be increased to be shorter than gap periodicity, or MGRP may be increased to be longer than SMTC periodicity, or an offset may be introduced in either measurement gap or SSB.  The constraint is that some intra frequency SS bursts need to fall within the intra-frequency SMTC and some interfrequency SS bursts need to fall within the measurement gaps . Considering that UE assumes 20ms SS burst periodicity for initial access in SA operation, it is likely in many NR networks that SS burst periodicity will be 20ms or less so it often (always for some network parameterization) be possible to modify the UE configuration to avoid collision in such ways without changing SS burst transmission. 
Changing the UE configuration to avoid full collision allows many different tradeoffs to be made between intrafrequency and interfrequency/interRAT measurements and the relative RRM measurement delays so in the end it provides a very similar outcome to using a sharing parameter. One main difference is that the issue is resolved by the network rather than by the UE using network assistance (sharing parameter).
Proposal 2: RRM requirements are not defined for cases when the gapless intrafrequency SMTC fully collides with measurement gaps, and the network resolves the issue by selecting suitable configuration.

It should also be mentioned that this is in line with the outcome for LAA and eLAA in LTE, where requirements apply, provided that the inter-frequency measurement gap pattern does not overlap with all DMTC occasions of the measured cell.

Case 2

In case 2 some SMTC do not collide with measurement gaps, and it is fairly clear that the UE could make intrafrequency measurements in those SMTC. Since the set of possible SMTC periodicities is {5,10,20,40,80,160}ms and the set of possible MGRP is {5,10,20,40,80,160}ms it follows that for case 2 to occur, the SMTC periodicity must be not more than half of the MGRP periodicity.
Unlike case 1, it seems difficult for the network to avoid case 2 if the MG and SMTC offsets are the same or similar. For instance, the network may avoid case 1 by changing MGRP to 80ms when intra SMTC period = 40ms, but this converts case 1 to case 2.

Hence, we propose that for this case, the UE uses only the non-colliding subset of STMC for intra-frequency measurements and uses the gaps for interfrequency / interRAT measurement as expected

Proposal 3: RRM requirements are defined for cases where a subset of the SMTC are colliding with measurement gaps. In this case the intra requirements are based on assumption that the UE performs intra measurement in non-colliding SMTC, and all measurement gaps are used for interfrequency / inter RAT measurements

Again, this approach is somewhat aligned with LAA/eLAA collision between measurement gap and DMTC although LAA uses a fixed relaxation factor of k1=2 when the measurement gaps configured for inter-frequency measurements in DMTC occasions or for inter-frequency RSSI measurements in RMTC occasions on a carrier with frame structure 3 overlap with some but not all DMTC occasions of the measured cell. The same relaxation could technically be used with NR; however, it would lead to unnecessarily relaxed requirements when e.g. 2 out of 3 SMTC are not covered by measurement gap.

One aspect which needs to be remembered is that intrafrequency requirements will be relaxed by proposal 2 (or any other proposal where some of the gaps are used for interfrequency/interRAT measurements). This needs to be kept in mind, for example when discussing known cell definition in RRM for DRX, in case the time between usable SMTC becomes longer than the time a cell is known (such as 5seconds).
According to our analysis, the maximum possible relaxation for a colliding scenario is a factor of 2 compared to a fully non-colliding scenario with the same configuration.

Observation 2: Care is needed in definition of known cell due to the relaxation that will occur because not all SMTC can be used if they partially collide with measurement gaps
Case 3
Case 3 is similar to case 1 from the intra-frequency SMTC perspective, the difference being that although all SMTC are covered by measurement gaps, some measurement gaps are not covered by SMTC.
Since proposal 2 implies that the UE behavior is to prioritize measurement gaps over intra-SMTC(S) and the network should avoid SMTC configurations where this blocks intrafrequency measurement gaps, we can simply reiterate proposal 2 for this case also. For instance, considering figure 3b, the network can reconfigure the MGRP to 80ms with a 40ms offset relative to the intra SMTC and convert case 3 to case 4 (no collision)

In summary our view is that the network needs to take some responsibility to manage SMTC(S) and MGRP configurations to avoid full collision.

RLM aspects

A further aspect is radio link monitoring, since the UE will be configured with RLM-RS (corresponding to either CSI-RS or SSB) which may collide with either measurement gaps or intra-frequency SMTC(S) – indeed it is rather likely that some RLM-SSB will fall within the intrafrequency SMTC window(s).

Considering first CSI-RS, our view is that there is almost complete freedom in configuration of CSI-RS resources for RLM in time domain from the serving cell’s perspective. So, it could be seen as a poor choice for the network to configure a UE to have RLM CSI-RS which coincides exactly with the intrafrequency SMTC(S) or measurement gap. So there appears no need to discuss CSI-RS based RLM in the discussion on collision.
Proposal 4: For CSI-RS based RLM, the network should configure the CSI-RS to avoid collision with measurement gap or intra-frequency SMTC(s) (if in FR2 or with different numerology in FR1/FR2 if the UE does not support simultaneous reception of multiple SCS)
For SSB based RLM, the configured SSB for RLM purposes are likely to be significantly shorter than the corresponding SMTC window duration, since not all SSB(or TX beams) will need to be used for RLM purposes. Hence, it could be considered to prioritise RLM over intra-frequency gapless measurements during the SSB symbols where RLM is performed, considering that the number of RLM-RSs is much smaller than the number of beams, so the most part of SMTC for serving and neighbour measurements without harm to RLM.
Proposal 5 : For SSB based RLM, serving cell RLM measurements take priority over intrafrequency mobility measurements

In practice, the same RS measured for RLM purposes may also be useful for updating serving cell mobility measurements.

Similarly to the case 1 with intrafrequency mobility, for a potential full collision between measurement gap and RLM-RS we propose
Proposal 6: RRM requirements are not defined for cases when RLM-RS fully collides with measurement gaps, and the network resolves the issue by selecting suitable configuration
In summary, from a UE behavior point of view all of the proposals in this contribution can simply be summarized by a priority order for gap/RLM-RS measurement/gapless intra measurement

Combined proposal 1 : In UE, the following priority order applies, which is used as the assumption to specify UE requirements
1. Measurement gap

2. RLM-RS measurement
3. Intrafrequency gapless measurement (on non RLM-RS symbols in the SMTC(s) if RLM-RS coincides with intrafrequency SMTC(s))
3. Conclusion
Proposal 1 : If there is any overlap (part or full) between an individual gap and an individual SMTC occasion, then this is considered to be a collision

Observation 1: Case 4 is straightforward since there is no overlap between SMTC(S) and measurement gap
Proposal 2: RRM requirements are not defined for cases when the gapless intrafrequency SMTC fully collides with measurement gaps, and the network resolves the issue by selecting suitable configuration.

Proposal 3: RRM requirements are defined for cases where a subset of the SMTC are colliding with measurement gaps. In this case the intra requirements are based on assumption that the UE performs intra measurement in non-colliding SMTC, and all measurement gaps are used for interfrequency / inter RAT measurements

Observation 2: Care is needed in definition of known cell due to the relaxation that will occur because not all SMTC can be used if they partially collide with measurement gaps
Proposal 4: For CSI-RS based RLM, the network should configure the CSI-RS to avoid collision with measurement gap or intra-frequency SMTC(s) (if in FR2 or with different numerology in FR1/FR2 if the UE does not support simultaneous reception of multiple SCS)

Proposal 5 : For SSB based RLM, serving cell RLM measurements take priority over intrafrequency mobility measurements

Proposal 6: RRM requirements are not defined for cases when RLM-RS fully collides with measurement gaps, and the network resolves the issue by selecting suitable configuration

4. Combined proposal 1 : In UE, the following priority order applies, which is used as the assumption to specify UE requirements
5. Measurement gap

6. RLM-RS measurement

7. Intrafrequency gapless measurement (on non RLM-RS symbols in the SMTC(s) if RLM-RS coincides with intrafrequency SMTC(s))
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