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Introduction
The UE measurement mode were discussed in the previous RAN4 meetings and were specified in TS38.133 as:
	NSA:
For E-UTRA-NR dual connectivity, when serving cells are on E-UTRA and FR1, measurement objects are in both E-UTRA /FR1 and FR2,
· If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the measurement gap pattern configured by MN;
· If MN indicates UE that the measurement gap from MN applies to only LTE/FR1 serving cell(s),
· UE fulfils the measurement requirements for FR1/LTE measurement objects based on the configured measurement gap pattern;
· UE fulfils the requirements for FR2 measurement objects based on effective MGRP=20ms;
When serving cells are in E-UTRA, FR1 and FR2, Measurement objects are in both E-UTRA /FR1 and FR2,
· If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the measurement gap pattern configured by MN.

SA:
In NR standalone operation, for per-FR gap based measurement, when there is no serving cell in a particular FR, where measurements objects are configured, regardless if explicit per-FR measurement gap is configured in this FR, the effective MGRP in this FR used to determine requirements;
· 20ms for FR2 NR measurements
· 40ms for FR1 NR measurements
· 40ms for LTE measurements
· 40ms for FR1+LTE measurements
If measurement gap is configured in one FR but measurement object is not configured in the FR, the scheduling opportunity in the FR depends on the configured measurement gap pattern.



If the UE support per-FR gap it always assume that UE can do the parallel measurements on FR1 and FR2, however, the band combination issue was ignored during that discussion; that is, UE is capable to support per-FR gap configuration but UE may be not able to support some of the band combination between FR1 CC and FR2 CC. So it’s desirable to clarify this UE RF capability limitation in the requirement for UE measurement capability. In this contribution we discuss the band combination capability in the UE measurement mode requirement during MG. 
Discussion
In NSA mode, when serving cells are on E-UTRA and FR1, measurement objects are in both E-UTRA /FR1 and FR2, if the per-FR gap for FR1 is configured to the UE, UE will use this FR1 gap to conduct the measurement for FR1/LTE measurement objects; and also UE is required to fulfils the requirements for FR2 measurement objects based on effective MGRP=20ms. Since there is no gap configure for FR2 MO, it could be considered as a fake gap based measurement associated with an effective MGRP. However, the UE capability of the band combination is missed during the all discussion and agreements. In the figure 1, an example was provide to illustrate the limitation on band combination; and the case is UE have two serving cells on carrier 1 and carrier 2, and both carrier 1 and 2 are in FR1. Then UE is configured with 2 MOs for both FR1 carrier 3 and FR2 carrier 4, and at meantime UE is also configured a per-FR gap for FR1 due to UE’s capability of independent gap. 


Figure 1. Example for band combination capability limitation for FR1+FR2 measurement
In this case, the measurement of carrier 4 might be conducted within the time span of FR1 gap or outside the time span of FR1 gap. If carrier 4 SMTC is fully overlapped with carrier 3 SMTC, then the measurement on carrier 3 and 4 might be conducted in parallel within the time span of FR1 gap, but the prerequisite shall be that UE can support the band combination between carrier 3 and 4, otherwise UE is not capable to perform the parallel measurement for carrier 3 and 4 even though UE claim it can support independent gap. If carrier 4 SMTC is fully non-overlapped with carrier 3 SMTC, then the measurement on carrier 4 might be conducted in parallel with the data reception/transmission of FR1 serving cells, but also, the prerequisite shall be that UE can support the band combination between carrier 1, 2 and 4, otherwise UE will cause interruption to the FR1 serving cell data reception/transmission during FR2 carrier 4 measurement even though UE claim it can support independent gap.
Based on the above analysis, we think it’s better to clarify the measurement behaviour for the UEs who can support per-FR gap; that is, UE can conduct parallel inter-frequency/inter-RAT measurements on FR #i carrier and FR #j carrier only if UE can support per-FR gap and can support the band combination of those target carriers in F FR #i and FR #j(i≠j). If taking serving cell data reception/transmission into account, it can be clarified that UE can conduct data reception/transmission of serving cell(s) in FR #i in parallel with the inter-frequency/inter-RAT measurement in FR #j only if UE can support per-FR gap and can support the band combination between serving CCs in FR #i and target carriers in FR #j (i≠j).
Proposal 1: UE can conduct parallel inter-frequency/inter-RAT measurements on FR #i carrier and FR #j carrier only if UE can support per-FR gap and can support the band combination of those target carriers in F FR #i and FR #j(i≠j).
Proposal 2: UE can conduct data reception/transmission of serving cell(s) in FR #i in parallel with the inter-frequency/inter-RAT measurement in FR #j only if UE can support per-FR gap and can support the band combination between serving CCs in FR #i and target carriers in FR #j (i≠j).
Even though the limitation of band combination will probably eventually reflected in the scaling factor of inter-frequency/inter-RAT identification/measurement delay requirement, we think it is also necessary to clarify in the UE measurement mode requirement. The effective MGRP is an approach to design the requirement and give UE some guidance to follow a certain timeline to perform the measurement; and it shall also add the band combination capability as a pre-condition. In reality, we think if UE cannot support the band combination between target carrier in FR1 and target carrier in FR2 and SMTCs on those carriers are fully overlapped, network will probably configure per-UE gap instead of per-FR gap even though UE claim to support per-FR gap. 
In the future release this issue could be addressed by using indication of “needforgap” from UE, but in R15 we may need to add additional clarification to make requirement applicable to the UE implementation. If UE can neither support the band combination of target carrier(s) in FR1 and FR2 for measurement nor support the band combination between serving CC(s) in FR1 and target carrier(s) in FR2, it’s not feasible to use an effective MGRP to design the requirement. So for simplicity, we propose:
Proposal 3: The measurement mode requirement shall be revised as below,
NSA:
For E-UTRA-NR dual connectivity, when serving cells are on E-UTRA and FR1, measurement objects are in both E-UTRA /FR1 and FR2,
· If MN indicates UE that the measurement gap from MN applies to only LTE/FR1 serving cell(s),
· UE fulfils the measurement requirements for FR1/LTE measurement objects based on the configured measurement gap pattern;
· UE fulfils the requirements for FR2 measurement objects based on effective MGRP=20ms provided that UE can support band combination between the carrier(s) of E-UTRA /FR1 measurement object(s) and the carrier(s) of FR2 measurement object(s) or UE can support band combination between the serving carrier(s) of E-UTRA /FR1 and the carrier(s) of FR2 measurement object(s);

SA:
In NR standalone operation, for per-FR gap based measurement, when there is no serving cell in a particular FR, where measurements objects are configured, regardless if explicit per-FR measurement gap is configured in this FR, the effective MGRP in this FR used to determine requirements provided that UE can support band combination between the carrier(s) of E-UTRA /FR1 measurement object(s) and the carrier(s) of FR2 measurement object(s) or UE can support band combination between the serving carrier(s) of FR1 and the carrier(s) of FR2 measurement object(s) or UE can support band combination between the serving carrier(s) of FR2 and the carrier(s) of FR1 measurement object(s);
· 20ms for FR2 NR measurements
· 40ms for FR1 NR measurements
· 40ms for LTE measurements
· 40ms for FR1+LTE measurements
If measurement gap is configured in one FR but measurement object is not configured in the FR, the scheduling opportunity in the FR depends on the configured measurement gap pattern.
Conclusion
In this contribution we discuss the band combination capability in the UE measurement mode requirement during MG. 
Proposal 1: UE can conduct parallel inter-frequency/inter-RAT measurements on FR #i carrier and FR #j carrier only if UE can support per-FR gap and can support the band combination of those target carriers in F FR #i and FR #j(i≠j).
Proposal 2: UE can conduct data reception/transmission of serving cell(s) in FR #i in parallel with the inter-frequency/inter-RAT measurement in FR #j only if UE can support per-FR gap and can support the band combination between serving CCs in FR #i and target carriers in FR #j (i≠j).
Proposal 3: The measurement mode requirement shall be revised as below,
NSA:
For E-UTRA-NR dual connectivity, when serving cells are on E-UTRA and FR1, measurement objects are in both E-UTRA /FR1 and FR2,
· If MN indicates UE that the measurement gap from MN applies to only LTE/FR1 serving cell(s),
· UE fulfils the measurement requirements for FR1/LTE measurement objects based on the configured measurement gap pattern;
· UE fulfils the requirements for FR2 measurement objects based on effective MGRP=20ms provided that UE can support band combination between the carrier(s) of E-UTRA /FR1 measurement object(s) and the carrier(s) of FR2 measurement object(s) or UE can support band combination between the serving carrier(s) of E-UTRA /FR1 and the carrier(s) of FR2 measurement object(s);

SA:
In NR standalone operation, for per-FR gap based measurement, when there is no serving cell in a particular FR, where measurements objects are configured, regardless if explicit per-FR measurement gap is configured in this FR, the effective MGRP in this FR used to determine requirements provided that UE can support band combination between the carrier(s) of E-UTRA /FR1 measurement object(s) and the carrier(s) of FR2 measurement object(s) or UE can support band combination between the serving carrier(s) of FR1 and the carrier(s) of FR2 measurement object(s) or UE can support band combination between the serving carrier(s) of FR2 and the carrier(s) of FR1 measurement object(s);
· 20ms for FR2 NR measurements
· 40ms for FR1 NR measurements
· 40ms for LTE measurements
· 40ms for FR1+LTE measurements
If measurement gap is configured in one FR but measurement object is not configured in the FR, the scheduling opportunity in the FR depends on the configured measurement gap pattern.
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