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1   Introduction

RAN2#100 discussed measurement gap requirement for EN-DC and various agreements were reached for the same as described below:
Agreements:
1    For case of a single gap pattern that applies to both LTE and NR radios of the UE ('per UE gaps'): LTE RRC provides a single measurement gap configuration.

2    For the independent gap case where UE is able to apply a different gap pattern for LTE/FR1 and FR2:

      a/      NR RRC configures a measurement gap configuration for FR2. 

      b/      LTE RRC configures a measurement gap configuration for LTE and NR FR1 frequencies

 

Agreements:

1    In the case of per UE measurement gap configuration, MN decides the configuration and informs the SN about the configuration.

 

2    For Dec 17, adopt a solution where:
      a/ For case of a single gap case the network always configures per UE gaps if the UE is configured to measure any inter-freq or inter-RAT carrier or intra-freq cases where gaps are required.
      b/ For the independent gap case the network always configures for the LTE/FR1 gaps if the UE is configured to measure any carrier within the FR1 range, and network always configures for the FR2 gaps if the UE is configured to measure any carrier within the FR2 range.
 

3    For the independent gap case once EN-DC is setup:

      a/      the MN should inform the measurement gap pattern configuration on FR1 to the SN

      b/      the MN should inform the SN that it wants to measure in FR2 frequency(ies). Some assistance information to the SN to configure the gaps is provided 

      c/      the SN should inform the MN that it wants to measure in NR carriers in FR1 range, if the SN has not already received a measurement gap pattern.  Some assistance information to the MN to configure the gaps is provided

FFS What assistance information is required
 

4    For the per UE gap case once EN-DC is setup:

      a/      the MN should inform the measurement gap pattern configuration to the SN

      b/       the SN should inform the MN that it wants to measure any inter-freq carrier or intra-freq cases where gaps are required.  Some assistance information to the MN to configure the gaps is provided
 

5    Capability is added to indicate support for independent gap configuration for FR1 and FR2

In this paper, we discuss further procedural and signaling details for measurement gap configuration for EN-DC.

2   Discussion
Based on the current agreements, network will always configure measurement gap to UE if any NR frequency is configured to be measured by the UE, irrespective of UE capability to support multiple RF chains. This results in a suboptimal operation where UE perceives frequent data interruptions due to configured measurement gaps. In order to improve the efficiency of measurement gaps, enhancements are required related to additional information exchange between MN, SN and UE.
2.1   Measurement Gap Configuration Framework

From our understanding, there are two main frameworks which can be considered for optimal measurement gap configuration which are provided below:
(i)  UE measurement gap assistance to network after receiving measurement configuration (similar to per-CC UE gap assistance)
1. UE indicates to the network node whether a gap is required for FR1/FR2: 
a. If UE supports independent gaps, then it indicates whether a gap is required for both LTE/FR1 and FR2 (i.e. two independent values)
b. If UE supports single gap, then it indicates a single value whether gap is required for LTE/FR1/FR2 (i.e. single value)
2. If SN receives the UE assistance information, SN forwards the measurement gap requirement to MN 
a. If UE supports independent gaps, then SN forwards at least information whether gap is required for LTE/FR1
b. If UE supports single gap, then SN forwards information whether gap is required for LTE/FR1/FR2
3. If MN receives the UE assistance information, MN forwards the measurement gap requirement to SN 
a. If UE supports independent gaps, then MN forwards at least information whether gap is required for FR2
4. MN and SN can compute the measurement gap required based on the exchanged information
(ii) Measurement gap  configuration based on inter-node coordination and “needForGaps” static capability

1. UE provides needForGaps capability for each MR-DC band combination (i.e. static capability)
a. needForGaps capability includes information about whether UE needs measurement gap to measure a NR/LTE frequency for a specific MR-DC band configuration
2. MN and SN exchange extra information (e.g. related to cell configuration or measurement configuration) configured to UE
a. If UE supports independent gaps, then MN indicates to SN information about FR2 frequencies configured for measurement and SN indicates to MN information about FR1 frequencies configured for measurement
b. If UE supports single gap, then SN indicates to MN information about FR1/FR2 frequencies configured to measure by UE
3. MN and SN can compute the measurement gap required based on the exchanged information

The second approach requires “needForGaps” capability in order for network to determine the optimal measurement gap pattern. However, “needForGaps” capability is expected to have high signaling overhead (UE indicates list of frequencies for each supported MR-DC band combination) and is complicated to compute from UE perspective. While, UE assistance information used in first approach is relatively simpler to compute and has smaller footprint. Hence, it seems preferable to support the first approach (i.e. UE dynamic assistance information about its measurement gap requirement).

Proposal 1: After receiving measurement configuration from MN or SN, UE provides measurement gap assistance information to the configuring node using the reconfiguration complete message.
The UE assistance information should at least include information on whether UE requires measurement gap for a frequency band or not. Other detailed information can be considered later for e.g., frequencies for which measurement gap is required.
Proposal 2: If UE supports single measurement gap, UE indicates whether a measurement gap is required by UE to measure LTE/FR1/FR2 band. FFS if any other information is provided by UE.
Proposal 3: If UE supports independent measurement gaps, UE indicates whether measurement gap is required for LTE/FR1 or FR2 or both. FFS if any other information is provided by UE.
After receiving the UE indication of measurement gap requirement, inter-node signaling exchange is required to forward the assistance information from one node to other. For example, if SN receives the UE indication which states that measurement gap is required for FR1, then SN should forward the information to MN so that MN can setup the measurement gap appropriately. Similarly MN may forward the received information from UE to SN, so that SN may configure measurement gap for FR2 if required.
Proposal 4: For the case when UE supports independent gaps, if MN receives the measurement gap assistance information from UE, then MN indicates to SN whether UE requires a measurement gap for FR2.
Proposal 5: For the case when UE supports independent gaps, if SN receives the measurement gap assistance information from UE, then SN indicates to MN whether UE requires a measurement gap for LTE/FR1.
Proposal 6: For the case when UE supports single gap, if SN receives the measurement gap assistance information from UE, then SN indicates to MN whether UE requires a measurement gap for LTE/FR1/FR2.
2.2   Support of Need for Gaps Capability for EN-DC
Given that “needForGaps” capability indicates for which supported frequencies UE requires measurement gap for each support CA band combination, if we assume that UE indicates its measurement gap requirements dynamically (i.e. in response to measurement configuration by network), then there is no need to extend “need for gaps” capability (i.e. the capability is redundant) for MR-DC band combinations.
Proposal 7: There is no requirement to extend need for gaps UE capability for MR-DC band combinations.
3   Conclusion
Following observations and proposals are made in this paper:
Proposal 1:
After receiving measurement configuration from MN or SN, UE provides measurement gap assistance information to the configuring node using the reconfiguration complete message.
Proposal 2:
If UE supports single measurement gap, UE indicates whether a measurement gap is required by UE to measure LTE/FR1/FR2 band. FFS if any other information is provided by UE.
Proposal 3:
If UE supports independent measurement gaps, UE indicates whether measurement gap is required for LTE/FR1 or FR2 or both. FFS if any other information is provided by UE.
Proposal 4:
For the case when UE supports independent gaps, if MN receives the measurement gap assistance information from UE, then MN indicates to SN whether UE requires a measurement gap for FR2.
Proposal 5:
For the case when UE supports independent gaps, if SN receives the measurement gap assistance information from UE, then SN indicates to MN whether UE requires a measurement gap for LTE/FR1.
Proposal 6:
For the case when UE supports single gap, if SN receives the measurement gap assistance information from UE, then SN indicates to MN whether UE requires a measurement gap for LTE/FR1/FR2.
Proposal 7:
There is no requirement to extend need for gaps UE capability for MR-DC band combinations.
