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1 Introduction

The RAN2 agreements so far on measurement gap handling assumes that the “need for gap” UE capability is not conveyed to the network. This means that the network always needs to configure measurement gaps when a measurement “potentially” requiring measurement gaps is configured. Such measurement configuration includes intra-frequency (Frequency Range 2), inter-frequency and inter-RAT measurements.
We consider the current design is too restrictive. In this document we propose a solution to provide the “need for gap” UE capability information to the network.
2 Discussion

Consider the following scenario:

1. The UE is configured with LTE PCell on frequency f1 on MN and NR PSCell on frequency f2 on SN.

2. Both MN and SN configure the UE to measure an NR frequency f4.

3. Assuming the UE has an additional RF chain, both PCell and PSCell do not need gap to measure frequency f4.

4. SN reconfigures the UE to add a new NR SCG cell on frequency f3.

5. The RF chain that was measuring f4 may be occupied by the newly added NR cell on f3. It’s possible both PCell and the newly added NR cell require gap to measure frequency f4 due to RF chain sharing.

Observation 1:
A reconfiguration may change the UE measurement capability.
Observation 2:
Semi-static “need for gap” UE capability will require the awareness of the UE capability and the entire EN-DC configuration across RATs by both nodes.
Observation 3:
Dynamic UE capability is more appropriate mechanism for EN-DC.
In pre-Rel-14, the “need for gap” UE capability was reported as part of the semi-static UE capability. In Rel-14 with per-CC measurement gap capability, such measurement capability change can be reported to the eNB dynamically. To maintain the current design principles to separate RRM handling between RATs in case of EN-DC, we consider the dynamic UE capability to be more appropriate solution where the UE is responsible to update its current “gapless” or “need for gap” capability to MN and/or SN.
Proposal 1:
Introduce a new mechanism allowing the UE to notify any change of “need for gap” indication to the network, MN and/or SN, after reconfiguration.
In Rel-14, per-CC gap indication is sent in the RRCConnectionReconfigurationComplete message. However, in case of EN-DC, the non-configuring network node did not send any reconfiguration message. Thus, this message may not be used.

Proposal 2: 
UECapabilityInformation message is used to report measurement capability change to the non-configuring node.
In EN-DC, the following measurement scenarios can happen, separately or together:

1. LTE freq. measurement is configured by MN and it requires gap in MCG carrier(s) (this is legacy behavior)
2. LTE freq. measurement is configured by MN and it requires gap in SCG carrier(s) (need inter-node coordination)
3. NR freq. measurement is configured by MN and it requires gap in MCG carrier(s) (need inter-node coordination)
4. NR freq. measurement is configured by MN and it requires gap in SCG carrier(s) (need inter-node coordination)
5. NR freq. measurement is configured by SN and it requires gap in MCG carrier(s) (need inter-node coordination)
6. NR freq. measurement is configured by SN and it requires gap in SCG carrier(s) (no coordination needed)

For case 2, 3, 4, or 5, if it happens separately, Proposal 1 and 2 can be used to report gap or gapless capability. Then MN or SN can configure measurement gap accordingly. The only coordination is MN may pass LTE gap pattern/requirement to SN for case 2, or SN may pass NR gap pattern/requirement to MN for case 5. However, it’s highly possible that those use cases happen together. For example, when measuring an NR frequency, both MCG carrier and SCG carrier need a gap. Clearly the gaps on MCG and SCG need to be coordinated and aligned, shown in Figure 1. This is the same as LTE-DC measurement gap requirement such that both MCG and SCG gaps use MCG timeline as time reference.
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Figure 1: Aligned gaps between MCG and SCG.

If the gaps are not aligned, shown in Figure 2, other than the gap duration, the grey duration on MCG or SCG will also observe throughput loss and UE-network out-of-sync. In EN-DC, it’s already agreed that any MN-SN coordination shall be handled by MN, so MN should be responsible to align the gaps.
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Figure 2: Gaps not aligned between MCG and SCG.

Proposal 3: 
when the UE needs gap on both MCG and SCG carriers for measurement (“per UE gap”), the UE shall report “need for gap” to MN. 
Proposal 4: 
when the UE only needs gap on MCG or SCG carriers for measurement (“independent gap”), the UE shall report “need gap” to the corresponding network node, i.e. MN or SN.
It should be noted that the inter-node coordination agreed in RAN2#100 meeting is still necessary with the proposed solution because each node needs to know the purpose of the measurement gap to configure appropriate measurement gap pattern.
3 Conclusion
In this document we proposed a solution to provide the “need for gap” UE capability information to the network to address the shortcomings of the current protocol design for EN-DC. The following observations and proposals were made. It should be noted that the inter-node coordination agreed in RAN2#100 meeting is still necessary with the proposed solution because each node needs to know the purpose of the measurement gap to configure appropriate measurement gap pattern.
Observation 1:
A reconfiguration may change the UE measurement capability.

Observation 2:
Semi-static “need for gap” UE capability will require the awareness of the UE capability and the entire EN-DC configuration across RATs by both nodes.
Observation 3:
Dynamic UE capability is more appropriate mechanism for EN-DC.
Proposal 1:
Introduce a new mechanism allowing the UE to notify any change of “need for gap” indication to the network, MN and/or SN, after reconfiguration.
Proposal 2: 
UECapabilityInformation message is used to report measurement capability change to the non-configuring node.
Proposal 3: 
when the UE needs gap on both MCG and SCG carriers for measurement (“per UE gap”), the UE shall report “need for gap” to MN. 
Proposal 4: 
when the UE only needs gap on MCG or SCG carriers for measurement (“independent gap”), the UE shall report “need gap” to the corresponding network node, i.e. MN or SN.
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