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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]The measurement gap was discussed in RAN4 #83 meeting, with the following agreements achieved:
	MGL:
· MGL=6ms is agreed
· It is FFS to introduce MGL shorter than 6ms for both sub-6GHz and mmWave
MGRP:
· For NSA
1. MGRP: 40ms, 80ms, 160ms
2. If there is LTE inter-frequency layer to be monitored, 160ms MGRP won’t be used.
3. RAN4 will not define LTE inter-frequency requirements based on 160ms MGRP
4. It is FFS if shorter MGRP is needed 
· For SA
1. Candidates: 40ms, 80ms, 160ms 
2. It is FFS if shorter MGRP is needed

Companies are encouraged to provide their opinion on the question
”How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?”
· It is noted that when SMTC period is smaller than MGRP, only partial of SMTC can be covered by the measurement gap. 
· It is noted that measurement gap can be used for all RAT including LTE and NR.



Based on the latest progress of RAN4 agreement, we discuss the gap design to ensure that both PSS/SSS in LTE and SS-blocks in NR can be covered by a single measurement gap. 
2	Discussion on Single Measurement Gap  
RAN1 achieved the following agreements for SMTC in RAN1 NR#2 meeting.   
	Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
1. UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
2. Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier



RAN1 agreed that only one SMTC can be configured per inter-frequency. That is, all the SS blocks in the same frequency layer can be covered by a single measurement gap, if SS burst set periodicity is no smaller than 40ms. The question now is -- can these SMTCs on different frequency layers be aligned? Note that, by alignment we do not restrict that all SS bursts should be collided. The periodicity, duration, and offset of each SMTC can still be different. We only require that all (or partially when SMTC’s periodicity is less than 40ms) the SS bursts of different frequency layers can be covered by the gaps provided by a single measurement gap pattern. 
In [1], it has been specified that when CA is deployed frame timing and SFN are aligned across CCs, so we can assume that there is a mechanism to achieve the time synchronization across different frequency layers. For SMTCs on different frequency layers to be aligned, the requirement is not as tight as CA. The symbol or slot boundaries of multiple SS bursts do not need to be aligned within 30.26μs tolerance. Actually, it is still fine that multiple SS bursts from different frequencies present a large timing difference, as long as they are all confined within a 5ms duration. 
[bookmark: _Ref492809354]Observation 1: For multiple CCs controlled by the same gNB, a tight timing synchronization is already possible.
[bookmark: _Ref492809355]Observation 2: The alignment of SS bursts from different frequency layers does not demand the timing synchronization requirement as tight as CA.
Therefore, for the cells deployed by the same operator, it is possible for network (NW) to properly select the time location of SS bursts in different frequency layers to ensure that all the SS bursts can be (partially) covered by one single measurement gap pattern. In the following, we denote the frequency layers that can share one measurement gap pattern as a frequency layer group. Figure 1 is an example for the case, where frequencies A, B, C, D belong to the same frequency layer group. Note that once the SMTCs and gap configuration are informed to UE, the measurement behavior can be left for UE to decide.


Figure 1 : SMTCs belong to the same frequency layer group 
When SMTCs of all inter-frequencies cannot be covered by a single gap pattern, UE may assume that there are multiple frequency layer groups. Each group now corresponds to a specific measurement gap pattern. One solution is to directly provide a joint gap pattern to the UE. However, the design of the joint gap pattern is very complicated and cannot be well defined by only few parameters. Figure 2 shows an example of two frequency layer groups (i.e., 2 gap configurations). Here, 2 MGLs are needed. We expect more frequency layer groups will lead to even more complicate the joint gap pattern. It becomes irregular and will further complicate/restrict UE’s measurement procedure. Some disadvantages are obvious:    
1. Configuring multiple frequency layer groups and its gap association requires additional signaling overhead, which further increases with the number of groups.
2. From UE implementation point of view, multiple gap patterns increase the complexity of RRM measurement, as well as the difficulty of UE scheduling.  
3. From RAN4 requirement point of view, multiple gap patterns make the specification of measurement requirement complicated and increase RAN4 workload. 


Figure 2 : SMTCs belong to the two different frequency layer groups 
Therefore, we suggest that the measurement requirement should only be specified under the condition that all SMTCs are covered by a single measurement gap pattern. Note that this demands nothing more than what RAN4 had already agreed in the discovery signal cases, which is captured in TS 36.133 and also below.
The discovery signal occasion and the measurement gap should be aligned, provided that also the following additional conditions are fulfilled:
Entire discovery signal occasion should be contained in the measurement gap.
[bookmark: _Ref492809368]Proposal 1: Rel-15 requirement is defined based on a single measurement gap configuration which covers the union of all SMTCs from different frequency layers.
Considering the drawbacks that multiple frequency layer groups, strong justification is needed, such as -- the necessity of NW deployment upon multiple frequency layer groups, and the maximum number of frequency layer groups expected in NR. Then we could discuss if the measurement requirement should be extended from single to multiple frequency layer groups. Even if multiple measurement gap configurations are allowed in Rel-15, RAN4 still needs to start from defining requirement based on at least single measurement gap configuration.
[bookmark: _Ref492809370]Proposal 2: In Rel-15, requirement for single measurement gap configuration for NR per UE is the starting point, even if multiple measurement gap configurations are allowed.      
3	Discussion on Measurement Configuration in LTE-NR DC 
In LTE DC, the following agreements on the measurement gap were achieved based on the report and summary in [2].
	Choose common gap for the MN and the SN as gap mechanism for DC;
· There is only a single measurement gap configuration for the UE in RRC which is controlled by the MN.
· Timing of the gap (SFN and subframe boundary) refers to the timing of MN, i.e. UE uses PCell’s SFN and subframe number to determine the first subframe of the measurement gap
· UE determines the starting point of the measurement gap based on the subframe boundaries of the MCG serving cells 
MN informs SN of the UE’s measurement gap configuration



In LTE-NR DC, measurement gap is also needed when UE would like to measure LTE and NR frequency layers based on one RF chain. Given a 6ms MGL, it is obvious that the PSS/SSS/CRS of an LTE inter-frequency can always be covered. Therefore, the measurement gap configuration only needs to consider the SMTCs of NR inter-frequencies. Figure 3 is the example. Network only needs to ensure that SMTCs of NR frequency layers can still be covered by the gap.     


Figure 3 : The single measurement gap for LTE and NR inter-frequencies. (Note that CRS of LTE inter-frequencies are omitted in the figure)
[bookmark: _Ref492809357]Observation 3: In LTE-NR DC, a single measurement gap configured by MN is possible. Network only needs to ensure that SMTC of NR frequency layers can still be covered by the gap.
[bookmark: _Ref492809371]Proposal 3: A single shared measurement gap is used to measure NR and LTE inter-frequencies in LTE-NR DC.
We then discuss the impact when shorter MGL is adopted. In Figure 4, an example that a single measurement gap with small MGL is provided. Where the SSS of frequency layer B can never be measured because 3ms MGL is too short for the LTE design. 


Figure 4 : The shorter measurement gap for LTE and NR inter-frequencies. (Note that CRS of LTE inter-frequencies are omitted in the figure)
[bookmark: _Ref492809358]Observation 4: In LTE-NR DC, if the MGL shorter than 6ms is applied, the UE might not be able to detect the SSS/PSS of a LTE inter-frequency in the gap.  
In order to avoid this exception, when there is LTE inter-frequency layer to be monitored, shorter MGL should be used with proper timing alignment.
[bookmark: _Ref492809372]Proposal 4: In LTE-NR DC, if there is LTE inter-frequency layer to be monitored, MGL shorter than 6ms should be used with proper timing alignment. 
[bookmark: _GoBack]4	Summary 
In this paper, we discuss the gap design to ensure that both SSS in LTE and SS-blocks in NR can be covered by a single measurement gap. It is observed that
Observation 1: For multiple CCs controlled by the same gNB, a tight timing synchronization is already possible.
Observation 2: The alignment of SS bursts from different frequency layers does not demand the timing synchronization requirement as tight as CA.
Observation 3: In LTE-NR DC, a single measurement gap configured by MN is possible. Network only needs to ensure that SMTC of NR frequency layers can still be covered by the gap.
Observation 4: In LTE-NR DC, if the MGL shorter than 6ms is applied, the UE might not be able to detect the SSS/PSS of a LTE inter-frequency in the gap.
And we propose
Proposal 1: Rel-15 requirement is defined based on a single measurement gap configuration which covers the union of all SMTCs from different frequency layers.
Proposal 2: In Rel-15, requirement for single measurement gap configuration for NR per UE is the starting point, even if multiple measurement gap configurations are allowed.
Proposal 3: A single shared measurement gap is used to measure NR and LTE inter-frequencies in LTE-NR DC.
Proposal 4: In LTE-NR DC, if there is LTE inter-frequency layer to be monitored, MGL shorter than 6ms should be used with proper timing alignment.
5	Reference 
[1] 3GPP TS 36.300
[2] R2-143347, Report and summary of email discussion 86#29 LTE DC RRM measurement, Huawei, HiSilicon.
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