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Introduction
In RAN4#90 there were discussions on gap sharing for NE-DC and NR-DC, and it was proposed to introduce a modified scheme for FR2 intra-frequency gap sharing compared with the scheme for EN-DC and SA. A way forward was proposed I but not agreed. n [1] In this contribution, we discuss further the proposed modified scheme.
Discussion
Gap sharing was firstly introduced for LTE cat M1 when gap based intrafrequency measurements were first introduced due to a concept somewhat analogous to NR bandwidth parts whereby the UE may need to retune its receiver to make measurements. The basic scheme specified divided measurement gaps into two pools, which we will denote as pool A and pool B, and to define a sharing ratio between pool A and pool B. Depending on the configured sharing ratio, requirements assume a certain sharing of gaps between pool A and pool B.
In LTE cat M1 work, pool A corresponds to intrafrequency measurements and pool B corresponds to interfrequency measurements. The sharing ratio may be configured, and the sharing ratio depends on the exact configuration, but in all cases where non equal sharing is used, at least 40% of gaps are assumed to belong to pool A from a requirements perspective,
In NR, the basic sharing mechanism from LTE was reused, but some additional aspects are relevant.
1) The SMTC configuration of the measurement objects in pool A and pool B is also relevant. For example, if SMTC of measurement objects in pool A and pool B is completely independent, gap sharing has no physical meaning, and within a pool, the SMTC configuration will result in a different CSSFwithin_gap for each measurement object in the pool.
2) So-called “type C” measurements are introduced, where the UE RF does not need to be retuned to make intrafrequency measurements, but the SMTC fully overlaps with MG such that measurement gaps are the only time where the intrafrequency measurement can be performed at any rate.
3) More diverse scenarios such as FR1+FR2 carrier aggregation and NR-DC are introduced
4) More diverse UE capabilities, such as per FR measurement capability are introduced. For a UE supporting per FR gaps, FR1 and FR2 gap patterns may be configured independently of each other and the UE is able to measure FR1 measurement objects (either intra or inter) in the FR1 gap pattern and FR2 measurement objects (either intra or inter) in the FR2 measurement gap pattern.
Another area which needs to be considered is the UE measurement capability, which defines the minimum requirement for how many measurement objects of different types (intra, inter, interRAT) may be configured as well as a total number of measurement objects. For example, for NR-DC it was agreed
	9.1.3.2b	NE-DC: Maximum allowed layers for multiple monitoring
If a UE is configured with NE-DC operation mode, the UE shall be capable of monitoring at least:
-	Depending on UE capability, 7 NR inter-frequency carriers configured by PCell, and
-	Depending on UE capability, 6 E-UTRA TDD inter-frequency carriers configured by E-UTRA PSCell [15], and
-	Depending on UE capability, 6 E-UTRA FDD inter-frequency carriers configured by E-UTRA PSCell [15], and
-	Depending on UE capability, 1 E-UTRA FDD inter-frequency carrier for RSTD measurements configured via LPP [22], and
-	Depending on UE capability, 1 E-UTRA TDD inter-frequency carrier for RSTD measurements configured via LPP [22].
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 13 effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, and E-UTRA TDD layers. The UE shall be capable of monitoring a total of at least 6 effective E-UTRA carrier frequency layers, excluding E-UTRA serving carrier(s), comprising of any above defined combination of E-UTRA inter-RAT carriers excluding E-UTRA serving carrier(s) configured by PCell and E-UTRA inter-frequency carriers configured by E-UTRA PSCell.Editor’s note: FFS when the PCell and E-UTRA PSCell configure the same E-UTRA carrier frequency layer to be monitored.

9.1.3.2c	NR-DC: Maximum allowed layers for multiple monitoring
If a UE is configured with PCell and PSCell, the UE shall be capable of monitoring at least:
-	Depending on UE capability, 7 NR inter-frequency carriers configured by PCell, and
-	Depending on UE capability, 7 NR inter-frequency carriers configured by PSCell, and
-	Depending on UE capability, 7 E-UTRA TDD inter-RAT carriers configured by PCell, and
-	Depending on UE capability, 7 E-UTRA FDD inter-RAT carriers configured by PCell, and
-	Depending on UE capability, 1 E-UTRA FDD inter-RAT carrier for RSTD measurements configured via LPP [22], and
-	Depending on UE capability, 1 E-UTRA TDD inter-RAT carrier for RSTD measurements configured via LPP [22].
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least [TBD] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD and E-UTRA TDD layers.



Based on this description, we can see that a large number of interfrequency layers may be configured for NE-DC or NR-DC. For the purposes of this discussion we will assume 7 interfrequency layers, although in NR-DC it is possible that even more layers could be configured based on PCell and PSCell (subject to the total effective carrier frequency layer requirement which is still TBD).
Observation 1: The number of configured interfrequency layers for NE-DC and NR-DC can be at least 7
The proposal under discussion in RAN4#90 may be summarised as follows
	Pool A
	Pool B

	NR Intrafrequency FR1 gap or type C measurement
	NR Intrafrequency FR2 gap or type C measurement

	
	NR Interfrequency measurement configured by PCell or PSCell (NR-DC case only) 

	
	LTE interfrequency measurement configured by PSCell (NE-DC case only)

	
	InterRAT E-UTRA FDD and E-UTRA TDD measurement configured by PCell (NR-DC case only)



Table 1: Types of measurement objects in each gap sharing pool as proposed in [1]
Although not explicitly stated in table 1, the number of intrafrequency carriers can also be quite large, especially in FR2.
From our perspective, one of the main motivations of introducing gap sharing is to allow differentiated performance for intra-frequency and non-intrafrequency measurement types. Typically, intra-frequency mobility is more time critical since neighbour cells provide interference, and if the UE does not make a timely handover/PSCell change, the connection will be lost. Non-intrafrequency measurements are often made for longer term needs such as adding an additional SCell, or performing load balancing, although there are also sometimes deployments such as country or regional borders where an interfrequency handover needs to be made to remain in coverage. However, in these scenarios the UE is not encountering interference on the serving frequency as it moves towards the new cell.
Observation 2: In a typical scenario, intrafrequency mobility is more time critical to maintain a connection.
So far we do not discuss FR1 and FR2 intrafrequeny mobility needs separately. In RAN4#90, it was suggested that FR1 mobility, corresponding to the PCell is more time critical than FR2 mobility corresponding to the PSCell (NR-DC) or FR2 SCells (NE-DC). Such thinking is valid, because if the PCell is not maintained, the whole NR connection is lost. On the other hand, our concern is that the FR2 branch of the connection may also be rather important for getting UE good throughput, considering the very different bandwidth available on FR2. Hence, efficient serving cell changes are still rather important for FR2 to provide a good user experience, especially considering the likely small cell size on FR2 and the fact that basic measurement periods on FR2 are longer due to the need for UE RX beam sweeping.
Observation 3: Although maintenance of serving cell on FR1 may be regarded as a top priority in mobility needs, efficient serving cell changes are still rather important for FR2 to provide a good user experience, especially considering the likely small cell size on FR2 and the fact that basic measurement delays and handover/serving cell change on FR2 are longer due to the need for UE RX beam sweeping
Considering the proposal in table 1, there exist scenarios where there will be a very large number of measurement objects in pool B. This also implies that a large CSSFwithin_gap for the proposed intrafrequency measurement objects in pool B could be unavoidable.
Observation 4: There exist scenarios where there will be a very large number of measurement objects in the proposed pool B. This also implies that a large CSSFwithin_gap for the proposed intrafrequency measurement objects in pool B could be unavoidable.
Observations 3 and 4 taken together imply that the measurement delays for the intra-frequency measurement objects in FR2 in pool B from the proposed way forward may become excessive, and in many cases the UE will experience intermittent FR2 utilisation as it moves around due to the delays preventing good mobility in FR2. This encapsulates our concern with the proposal.
We also consider what the network could do to mitigate such issues. There are several approaches that could be considered in network implementation such as
1. Reducing other types of carriers in pool B. However, this limits the possibility to configure load balancing or CA enabling measurements on other carriers
2. Modifying the SMTC configuration of carriers in pool B. 
a. If the intrafrequency measurements are type-C, one way is to provide shorter SMTC period or change SMTC offset, converting the measurements to type A or type B measurement. This cannot help with type D measurements. It would also reduce FR2 throughput due to the scheduling restriction for type A/B measurement, although at the benefit of improved measurement performance.
b. Splitting pool B into at least two different, fully non-overlapping SMTC configurations. Then intrafrequency FR2 measurement objects in pool B do not need to compete with other measurement objects in pool B in CSSFwithin_gap calculations.
While modifying SMTC configurations does indeed provide some possibility to work around the possible issues of deprioritisation of FR2 intrafrequency measurements, we need to keep in mind the system impacts. What is an intrafrequency FR2 measurement object for one UE in the system may well be an interfrequency or interRAT measurement object for another UE. Although SMTC is configured for connected mode UEs on a per UE basis, it is a network responsibility to transmit SSBs for each and every SMTC configuration that is currently used by any UE connected to, or monitoring the frequency layer. Additionally, SSB transmission also needs to be planned for RLM, beam management etc. Hence it is likely to increase overall SSB transmission overhead to adopt either mitigation scheme.
Observation 5: Schemes to mitigate increased FR2 measurement delay due to deprioritisation may increase SSB overhead or reduce user throughput.
Based on observations 1-5, we have significant concerns on the proposal in [1] to prioritise FR1 intrafrequency measurement, since it also implies that FR2 intrafrequency measurement is deprioritised. The number of measurement objects in pool B may become large, and intra-frequency measurement delays may become very long, especially if the gap sharing ratio prioritises pool 1 and additionally due to RX beamforming on FR2. Hence we propose that a similar scheme to EN-DC and SA measurement gap sharing is adopted, as shown in table 2.
 Proposal 1: Adopt the gap sharing scheme shown in table 2
	Pool A
	Pool B

	NR Intrafrequency FR1 gap or type C measurement
	NR Interfrequency measurement configured by PCell or PSCell (NR-DC case only) 

	NR Intrafrequency FR2 gap or type C measurement
	LTE interfrequency measurement configured by PSCell (NE-DC case only)

	
	InterRAT E-UTRA FDD and E-UTRA TDD measurement configured by PCell (NR-DC case only)


Table 2: Gap sharing scheme proposed for FR2
Conclusion
In this contribution we discuss the gap sharing scheme for NE-DC and NR-DC, based on the way forward (not agreed) in [1]. Based on the following observations we have significant concern with the proposed scheme
Observation 1: The number of configured interfrequency layers for NE-DC and NR-DC can be at least 7
Observation 2: In a typical scenario, intrafrequency mobility is more time critical to maintain a connection.
Observation 3: Although maintenance of serving cell on FR1 may be regarded as a top priority in mobility needs, efficient serving cell changes are still rather important for FR2 to provide a good user experience, especially considering the likely small cell size on FR2 and the fact that basic measurement delays and handover/serving cell change on FR2 are longer due to the need for UE RX beam sweeping
Observation 4: There exist scenarios where there will be a very large number of measurement objects in the proposed pool B. This also implies that a large CSSFwithin_gap for the proposed intrafrequency measurement objects in pool B could be unavoidable.
Observation 5: Schemes to mitigate increased FR2 measurement delay due to deprioritisation may increase SSB overhead or reduce user throughput.
Based on observations 1-5, we have significant concerns on the proposal in [1] to prioritise FR1 intrafrequency measurement, since it also implies that FR2 intrafrequency measurement is deprioritised. The number of measurement objects in pool B may become large, and intra-frequency measurement delays may become very long, especially if the gap sharing ratio prioritises pool 1 and additionally due to RX beamforming on FR2. Hence we propose that a similar scheme to EN-DC and SA measurement gap sharing is adopted, as shown in table 2.
 Proposal 1: Adopt the gap sharing scheme shown in table 2
	Pool A
	Pool B

	NR Intrafrequency FR1 gap or type C measurement
	NR Interfrequency measurement configured by PCell or PSCell (NR-DC case only) 

	NR Intrafrequency FR2 gap or type C measurement
	LTE interfrequency measurement configured by PSCell (NE-DC case only)

	
	InterRAT E-UTRA FDD and E-UTRA TDD measurement configured by PCell (NR-DC case only)


Table 2: Gap sharing scheme proposed for FR2
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