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1 Introduction

Different than LTE DC, in EN-DC, SN may add/remove Scell by itself without notifying MN. In this case, it’s remain open on how to address measurement capability change on gap or gapless. In addition, when both MCG and SCG carriers need to open a gap for measurement, the MN and SN may need to coordinate to manage gaps on both MCG and SCG, which is not required in LTE-DC  
In this paper, we give our analysis and proposal.
2 Discussion

As in LTE Carrier Aggregation and LTE Dual Connectivity, the UE measurement capability may change when new cell(s) are added to MCG or SCG in EN-DC configuration. For example, to measure a frequency, the UE may change its measurement capability from “gapless” to “need for gap” after the cell addition. 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. However, with EN-DC, it remains open on how to handle the case where configuration from one cell group causes a measurement capability change of another cell group.
Consider the following use case:
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.

6. However, there is no existing mechanism to report the change to MN and SN.
Observation 1: A reconfiguration may change the UE measurement capability.

Observation 2: semi-static UE capability will require UE capability across RATs, which may have to be comprehended by both nodes.

Observation 3:
Dynamic UE capability is more appropriate mechanism for EN-DC.
Based on the above example and observations, we conclude that it’s quite difficult for the network to understand the exact UE measurement capability under different EN-DC band configurations. The UE should be 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 per-CC gap indication to the network, MN and/or SN, after one network node (e.g. MN or SN) reconfigures the UE.
In Rel-14, per-CC gap indication is sent in the RRCConnectionReconfigurationComplete message. However, in our case, 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 to measure a neighbor frequency, the UE shall report “need gap” to MN. 
Proposal 4: when the UE only needs gap on MCG or SCG carriers to measure a neighbor frequency, the UE shall report “need gap” to the corresponding network node, i.e. MN or SN.
When the UE only needs gap on one carrier group, in theory the corresponding network node can make separate decision on how to open the gap. For example, SN may decide to open gap to measure an NR frequency based on its own interest. In this case, the gap on SCG and the gap on MCG are not necessarily aligned. However, as shown in figure 1 and figure 2, when gap is needed on both MCG and SCG, the following alignment requirements are needed:
· Both MCG gap and SCG gap are time-referenced to the same timeline, e.g. MCG timeline.
· Both MCG gap and SCG gap shall use the same periodicity.
The same issue was discussed in LTE Dual Connectivity where it was assumed that SN creates the measurement gaps “covering” the measurement gaps whose timing reference is frame/subframe timing of MCG. The SN uses the MN-SN timing difference information obtained, e.g by SSTD measurement.
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Figure 3: Measurement gap alignment in LTE Dual Connectivity
Proposal 5: when the UE needs gap on both MCG and SCG carriers, the gap pattern is decided by MN and uses MCG timing reference
Proposal 6:
when the UE needs gap on both MCG and SCG carriers, MN indicates the measurement gap configuration to SN in SCG-ConfigInfo

Proposal 7:
SSTD measurement result is included in SCG-ConfigInfo, to facilitate gap alignment between MN and SN.

3 Summary
In this paper, we give analysis on measurement capability change in EN-DC configuration and measurement gap coordination requirement between MN and SN. The following observations and proposals are made:
Observation 1: A reconfiguration may change the UE measurement capability.

Observation 2: semi-static UE capability will require UE capability across RATs, which may have to be comprehended 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 per-CC gap indication to the network, MN and/or SN, after one network node (e.g. MN or SN) reconfigures the UE.

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 to measure a neighbor frequency, the UE shall report “need gap” to MN. 

Proposal 4: when the UE only needs gap on MCG or SCG carriers to measure a neighbor frequency, the UE shall report “need gap” to the corresponding network node, i.e. MN or SN.

Proposal 5: when the UE needs gap on both MCG and SCG carriers, the gap pattern is decided by MN and uses MCG timing reference

Proposal 6:
when the UE needs gap on both MCG and SCG carriers, MN indicates the measurement gap configuration to SN in SCG-ConfigInfo

Proposal 7:
SSTD measurement result is included in SCG-ConfigInfo, to facilitate gap alignment between MN and SN.
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