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1. Introduction & Background
In last RAN4 meeting, an LS [1] was triggered to RAN2 to summarize RAN4 discussion for measurement gap. Currently, RAN4 has already defined the inter-frequency and intra-frequency NR RRM for SS block and CSI-RS respectively. 
Based on RAN4 LS and previous RAN1/RAN2 agreements, RAN2 work for signalling design for measurement gap configuration should be finished in December. Although there is still some unstable issues still being discussed by RAN4, we think RAN2 could take the basic framework and discuss some critical issues for the measurement gap configuration for ENDC and NR RRM.
2. Discussion
In LTE, the measurement gap is used for RF retuning if the UE needs to measure an inter-frequency cell, which means that the neighbour cell and the serving cell have different central frequencies. In each band for EUTRAN, UE can indicate to the network that whether the UE needs a gap to perform the inter-frequency measurement. Also in LTE, if the frequency to be performed is within the operating bandwidth, there is no need to perform the RF retuning, thus no need for the gap.
According to the RAN4 LS guidance, RAN4 has already decided the measurement gap pattern and the usage of gaps. Among which we can find that two basic tasks for RAN2 are gap configuration and UE capability indication. Generally, we think some similar principles as in LTE can be reused for EN DC as well as NR part.
1. As long as the measurement bandwidth does not exceed the operating bandwidth in the serving cell, the UE would not be required to use a measurement gap to performe the measurement. Regardless of whether UE has the capability to perform the inter frequency measurement without measurment gap in some band combination, This simple priciple is also appliacable to EN-DC and NR.
2. The needforgap signalling as in LTE can be used for the EN-DC band combinations and NR band combinations
3. Gap pattern is predifined which includes the measurement gap repetition periods (MGRP) and measurement gap length (MGL)
In this contribution, we mainly discuss the gap issues for EN-DC and NR. Considering EN-DC, gaps may be configured by each node, thus some coordination is needed. When it comes to the NR part, both for NSA and SA, the UE should at least know when there is a need for the gap after all the configrations are configured to the UE.
2.1. General gap issues for EN DC
2.1.1 Gap configuration
In legacy LTE, measurement gap is configured per-UE for inter-frequency or inter-RAT measurement. In DualCo structure in LTE, only MN can have the capability to configure the measurement gap for UEs. While in EN-DC, NR SN has more functionality. In order to achieve deployment flexibility, SCG can also have separate measurement gap configuration from the MCG. Thus, per-CG measurement gap can be introduced in NR. That is, measurement gap for both MCG and SCG can be configured for UE in EN-DC.
Proposal 1: Per-CG measurement gap should be configured in EN-DC.
In LTE, only MN can configure the measurement gap for UE. If the above proposal 1 can be agreed, which node can configure the measurement gap for SCG needs further discussion. In NR, SgNB is quite independent from the legacy SeNB, and it may have the capability for the configuration of measurement gap. In this way, simple signaling structure and more flexibility configuration can be achieved. SN can control the measurement, so that to control the corresponding Scell addition/remove based on the measurement.  Thus, we think SCG measurement gap for UE can be configured by MN or SN in EN-DC.
Proposal 2: SCG measurement gap for UE can be configured by MN or SN in EN-DC.
2.1.2 Gap coordination
If the above proposal 1 and proposal 2 can be agreed, SN has the capability to configure the measurement gap. For per-UE or per-CG measurement gap, both MN and SN can perform the configuration. To achieve higher performance, coordination between MN and SN can be considered. 

For example, if SN has no requirement for inter-frequency measurement at the beginning, there is no measurement gap for SCG. In case SN wants to perform inter-frequency measurement, SCG measurement gap is required. Since the new configured SCG measurement gap may have some impact to MCG measurement gap, or be restricted by UE capability, SN has to request for the SCG measurement to MN. MN can performance configuration directly for UE, or send the response to SN for SN configuration.
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Figure 1 SCG measurement gap request
Proposal 3: Coordination between MN and SN can be considered for measurement gap configuration.
Basically, if both MN and SN need to configure the measurement gap, in case of one configuration has impact on the other one, coordination should be prior to actually configuring the UE. If MN configures the UE, it needs to know SCG gap configuration, if SN decides to configure the UE with the gap, it may request for the permission or gap parameter of MN.

Proposal 3a: MN needs to know the SCG gap configuration if MN actually configure the UE with MG.

Proposal 3b: SN needs to request for the SCG measurement gap from MN.
2.2. Gap indication report for NR and EN-DC
In this session, we mainly analyze different situations when UE may need a gap. Besides the static needforgap indication, we think a semi-static indication for whether the gap is needed could be sent to NW. 
According to current agreements RAN1/RAN2/RAN4 have made, we may have the following observations as below. 
2.1.1 Cases may not need a gap
A wide band CC can have multiple SS blocks, and CSI-RS configuraiton is associated with SS blocks. Take the SSB as example, there are several cases from UE perspective in which a gap may not be needed.

1) Central frequency is the same, SSB in the same location within the operating bandwidth
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Figure 2  (a) one SSB in the central          (b) one SSB in offset from central                (c) multiple SSBs 
In this case, cell1 is the serving cell and cell2/cell3 are neighbour cells, each cell carrier with central frequency F1 and UE may operate in a certain bandwidth part with one or more SSB(s). And the SSB all have the same numerology. The measurement configured to the UE is within the operating bandwidth. The UE will not retune its RF if it needs to measure the neighbour cells.

2) There are two special cases if the central frequencies are different for serving and neighbour cells. Different central frenquency, but the SSB (reference signals) to be measured are located in the same frequency location, with the same numerology.
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In Figure 3a, three frequencies are partially overlapped, and the SSBs UE needs to measure fall on the same frequency location. In Figure 3b, a wider band CC and a narrower CC have different central frequency but the SSBs fall on the same frequency location, which is also indicated in [2]. Based on the RAN4 definition of intra-frequency measurement, in this case, even this is inter frequency cell because of the different central frequency, the UE may not use the measurement gap.
Considering the above cases, from UE perspective, the UE will find that it may not need a gap for measurement after receive all the measurement objects configured to the UE, if all the SSB and/or CSI RS are within the operating bandwidth. Thus we have the following observation:
Observation 1: The UE will check whether it needs a gap according to the network configuration of active BWP and measurement configurations

· If all the RS to be measured are located in the same frequency location and within the active bandwidth, with the same numerology, the UE will not need a gap to perform the measurement.
We should note that in last RAN2#99bis meeting, we had achieved the consensus

=>We will revisit decision on MO containing a centre frequency plus offset to locate the SSB frequency when RAN4 has concluded discussion of the measurement raster.
If we maintain the previous agreement, above cases are all valid; but if we change the previous agreement to that the central frequency of the MO has to be the central frequency of the SSB, some of the cases above may not be existed. However, in this contribution, we will mainly focus on measurement gap report and configuration regardless of whether the MO is consist of central frequency plus offset.

2.1.2 Cases may need a gap
Another observation of “inter-frequency” measurement in which gap may be needed can be depicted below:
3) Central frequency is the same, SSB to be measured in the different frequency locations
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In this case, serving cell and neighbour cell have different SSB configurations, the UE should be configured with several measurement objects with different offsets for the measurement. This may occur in the case that the network may expect the UE to measure a different SSB/BWP in neighbour cell. Naturally, it can be regarded as a inter frequency SSB measurement and UE needs a gap to perform the measurement if no other capability indication is sent. 
4) Central frequency is the same, UE needs to measure outside the operating bandwidth part.
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According to RAN1 agreement as below
Agreements:
When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap

· FFS: details of measurement gap configuration

· During the measurement gap, UE is not expected to monitor CORESET

In this case, UE needs a gap to perform the measurement even in the same cell carrier. As the serving cell configure the UE with a MO indicate the ARFCN with F1, if another SSB needs to be measured outside the active BWP, another MO should be configured for the UE. In LTE, a needforgap indicator is used to indicate that whether an inter frequency measurement requires a measurement gap. The bandwidth part here can reuse the basic idea to indicate whether a UE need a gap if will measure outside the BWP for another BWP in the same CC.
5) Central frequency is the same, but the different SCS for SSBs in different cells.
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Different SSB subcarrier spacing lead to different bandwidths for the SSB has fixed 24 PRB. According to RAN4 agreement, this case should be regarded as inter-frequency measurement, and will need a measurement gap. However, we notice the following RAN1 agreements
Agreements:
· NR supports NW adaptation and indication of SCS used for SS/PBCH block for NSA carrier access

· RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information

· UE can assume a single subcarrier spacing of SS/PBCH block per frequency carrier

· In case that target NSA carrier is in below 6 GHz range, 

· NW can adapt either 15 kHz or 30 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE

· In case that target NSA carrier is in between 6 GHz and 52.6 GHz range, 

· NW can adapt either 120 kHz or 240 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE

· If there is no indication on SCS used for SS/PBCH block transmission on target NSA carrier, UE assumes default SCS for SS/PBCH block transmission
Agreements:

· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign

· Working assumption: 

· X=20 

· Y=2*(24-X) 

· Same mapping rule(frequency-first, time-second) for data and DMRS is applied

· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 

· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)

· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS

· After initial cell selection, the UE is expected to find a single SCS per frequency layer

· (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB

· Reply LS to RAN4 – Asbjorn (Ericsson) (R1-1719162), which is endorsed and final version in R1-1719165

The highlighted parts assume a single SCS of SSB per frequency after the initial cell selection. That is to say, the case that different numerologies to be measured in the same frequency does not exist at all. 
6) Another case mentioned by RAN4 is that
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Figure 7
The SSB timing location may differ from cells, so the intra-frequency measurements within the active BWP with a different numerology between data/control and SS block. RAN4 is still discussing whether this case needs a gap, it can be indicated to the network by a per UE capability.
7) Considering the high frequency cases, there is a possibility that Rx beamforming switch may need a retuning time. 
In our understanding, it is pending on RAN4 discussion whether the switching time is short enough that it does not exceed the CP length. If the switching time is short enough, maybe there is no need for a gap configuration, but if it is identified that a gap is indeed needs, the gap length in higher frequency FR2 for Rx beamforming switch should be shorter than the normal FR1 gap length.
According to above all, we have the following observations:
Observation 2: The UE will check whether it needs a gap according to the network configuration of active BWP and measurement configurations
· For outside active BWP measurement, a needforgap indication is needed as in LTE
· In NR, the scenario that neighbor cell has different SCS configuration for SSB in the same frequency does not exist. Therefore there is no need to consider such case for measurement gap configuration.
· Intra-frequency measurements within the active BWP with a different numerology between data and SSB may still need a gap indicated by a per UE capability.
· Intra-frequency Rx beamforming in FR2 may also need a gap whose gap length is shorter than that in FR1.
2.1.3 Semi-static indication of “needforgap”
From UE perspective, besides the UE capability of needforgap indication in the band combinations, the UE would not know whether a measurement actually needs a gap before all the configuration of operating BWP and measurement to be performed are delivered to UE. In LTE, a perCC gap indication was introduced in R14. The procedure includes basically two steps: 1) in RRCConnectionReconfiguration message, an indication called perCC-GapIndicationRequest is sent to UE to request for the gap preference; 2) and then UE responses in RRCConnectionReconfiguration complete message with the PerCC-GapIndicationList, after considering all the measurement configurations. As the UE could know whether a gap is needed when receving all the BWP configurations and measuremnet configurations, a similar mechanim could be introduced in NR as well for the active BWP. The NSA should be finished in December, a simplified solution for the measurement gap configuration is preferred. Thus, a per BWP gap indication alike LTE perCC gap is needed.
Based on the observations above, the UE will check whether it needs a gap according to the active BWP and measurement configurations configured to the UE, then the UE should report to the network when it operates on a BWP, whether a gap is needed when performing all the configured measurements. 
Proposal 4: After the (re)configuration message, a per BWP gap indication alike LTE per CC gap indication could be introduced in NR.
Note that in previous RAN1 discussion, a UE can be configured with multiple BWPs but at a time only one BWP is activated. Whether a gap is needed partially depends on the active BWP, with a frequency and a bandwidth. So after the UE is configured with multiple BWP configuration and measurement configuration, the UE has some approaches to report the need gap indication:
· UE reports the gap indication on a carrier base as in LTE R14 per CC gap indication.
· UE reports all per BWP gap indications for each configured BWP regarding if this BWP is activated while measuring all the configured MO layers.
· UE reports the current active BWP gap indication based on the measurement objects to the network, and when network activates another BWP by DCI, the UE should then report the per BWP gap indication again.
The first approach is based on a per CC basis, in this case, the UE would take the worst case to evaluate if a CC needs a gap. That is to say, even only one configured BWP of the carrier needs a gap when performing the measurement, the CC will indicate a needforgap to network. The last one, dynamic indication for gap may cause a lot of signaling as the BWP change may be frequent and it is not feasible to configure the measurement gap when BWP switching. Considering the second option, the UE will report the per BWP gap indication in one shot, for each BWP indication, it will consider all the measurement layers needed to be performed when this BWP is activated. Thus, network can decide what the configuration is in case of a certain BWP is activated. This approach is preferred for the efficiency and finest granularity of the gap indication.
Proposal 5: After receiving all the BWP and measurement configurations, the UE reports all per BWP gap indications in one shot for each configured BWP regarding if this BWP is activated while measuring all the configured MO layers.
As per RAN4 notes

· For monitoring of multiple frequency layers with gaps, RAN4 view is some UE may need per UE gaps to measure in either LTE and/or FR1 and/or FR2 while other UE may be able to measure with independent and potentially different gap patterns (including no gap pattern) for LTE/FR1 and FR2 serving cells (including different MGRP, MGL and offset). 
· From RAN4 perspective, a capability to indicate whether a UE can support two independent measurement gap configurations for FR1 and FR2 is recommended. RAN4 will work on specifications for independent gap measurement configuration on a best effort basis.
For the forward compatibility and per RAN4 requests, the UE may have the capability indication that it supports two independent MG configurations.
As mentioned above, the Rx beam-forming may also need gaps but the gap length may be different. In RAN4 LS, it says
· In total, there are therefore 6 potential MGL options x 4 MGRP options=24 gap pattern IDs for NR. 4 of these options are expected to correspond to the already existing LTE gap pattern IDs 0, 1, 2 and 3. Existing LTE Gap patterns nonUniform1, nonUniform2, nonUniform3, nonUniform4 and NCSG pattern IDs 0,1,2, and 3 are not used for NR target cell measurements in Rel-15.
RAN2 task mainly focuses on the gap configuration and UE capability. As the gap length and periodicity may vary from cases, if the UE supports two independent measurement gap configurations, the UE should be able to give the network preference which kind of gap pattern is needed. 
Proposal 6: UE should be able to give the network a preference which kind of gap pattern is needed.
Considering the EN DC scenario, the semi-static gap indication reporting could be simply expanded. The LTE side will not timely know the BWP activation/deactivation in the NR link, thus it may lead to the confusion of whether a gap is needed for the inter-RAT and/or inter-frequency measurement. So once the NR link (re)configures the UE with BWP configurations, the UE will update its per CC gap indication in LTE side based on the worst assumption, that if any one of the configured BWP is activated that causes the carrier need a gap, then this LTE carrier needs a gap. Accordingly, when the LTE side (re)configures the UE with carrier addition/removal, the NR link should also be updated with each per BWP gap indication. However, for which node to finally configure the measurement gap is still to be discussed. 
Proposal 7: In EN-DC, UE should update its Per CC/Per BWP gap indication once it receives the configuration of LTE link or NR link.
Proposal 7a: Once the NR link (re)configures the UE with BWP configurations, the UE will update its per CC gap indication in LTE side based on the worst assumption, that if any one of the configured BWP is activated that causes the carrier need a gap, then this LTE carrier needs a gap.
Proposal 7b: When the LTE side (re)configures the UE with carrier addition/removal, the NR link should also be updated with each per BWP gap indication.
If the above proposals can be agreed and UE needs to response to the network, i.e., when the NR link configures some new BWPs, the UE needs to notify the LTE link per CC gap indication, then a new RRC message should be applied other than RRCConnectionReconfigurationComplete.
Proposal 8: In EN-DC, when one link reconfigures the UE with new configurations (e.g. BWP configurations or serving carrier addition/removal), the UE needs to notify the other node the updated perCC/perBWP gap indication with a new RRC message.
However, if the SCG does not configure the UE with SRB3, the UE cannot directly report the gap indication to the NR node. Then the UE should send the gap indication via MN within a container, and MN forwards the container to SN.
Proposal 9: If the SCG does not configure the UE with SRB3, the UE should send the NR link gap indication via MN within a container
3. Conclusion

In this contribution, we mainly discussed the issues for measurement gap. Base on the discussion, we have the following proposals and observations.
Proposal 1: Per-CG measurement gap should be configured in EN-DC.
Proposal 2: SCG measurement gap for UE can be configured by MN or SN in EN-DC.
Proposal 3: Coordination between MN and SN can be considered for measurement gap configuration.
Proposal 3a: MN needs to know the SCG gap configuration if MN actually configure the UE with MG.

Proposal 3b: SN needs to request for the SCG measurement gap from MN.
Observation 1: The UE will check whether it needs a gap according to the network configuration of active BWP and measurement configurations
· If all the RS to be measured are located in the same frequency location and within the active bandwidth, with the same numerology, the UE will not need a gap to perform the measurement.
Observation 2: The UE will check whether it needs a gap according to the network configuration of active BWP and measurement configurations
· For outside active BWP measurement, a needforgap indication is needed as in LTE
· In NR, the scenario that neighbor cell has different SCS configuration for SSB in the same frequency does not exist. Therefore there is no need to consider such case for measurement gap configuration.
· Intra-frequency measurements within the active BWP with a different numerology between data and SSB may still need a gap indicated by a per UE capability.
· Intra-frequency Rx beamforming in FR2 may also need a gap whose gap length is shorter than that in FR1.
Proposal 4: After the (re)configuration message, a per BWP gap indication alike LTE per CC gap indication could be introduced in NR.
Proposal 5: After receiving all the BWP and measurement configurations, the UE reports all per BWP gap indications in one shot for each configured BWP regarding if this BWP is activated while measuring all the configured MO layers.
Proposal 6: UE should be able to give the network a preference which kind of gap pattern is needed.
Proposal 7: In EN-DC, UE should update its Per CC/Per BWP gap indication once it receives the configuration of LTE link or NR link.
Proposal 7a: Once the NR link (re)configures the UE with BWP configurations, the UE will update its per CC gap indication in LTE side based on the worst assumption, that if any one of the configured BWP is activated that causes the carrier need a gap, then this LTE carrier needs a gap.
Proposal 7b: When the LTE side (re)configures the UE with carrier addition/removal, the NR link should also be updated with each per BWP gap indication.
Proposal 8: In EN-DC, when one link reconfigures the UE with new configurations (e.g. BWP configurations or serving carrier addition/removal), the UE needs to notify the other node the updated perCC/perBWP gap indication with a new RRC message.
Proposal 9: If the SCG does not configure the UE with SRB3, the UE should send the NR link gap indication via MN within a container
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