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1 Introduction
Measurement requirements is one of the most basic and important RRM requirements that RAN4 needs to settle for NR. In RAN4#83 there were intensive discussions, and one aspect as captured in the agreed WF [1] is measurement gaps. 
	Measurement gaps

· Companies may evaluate further the scenarios where measurement gaps are needed for measurements eg interfrequency measurements, intra-frequency measurements, interRAT measurements

· Further analysis is needed on suitable measurement gap pattern(s) for NR measurements and scenarios in which gaps are needed


In this paper, we will provide our views on measurement gaps for NR. 
2 Discussion
Need for gaps
In LTE, measurement gaps are introduced to allow UE to interrupt all the activities on the serving cell in order to perform inter-frequency or inter-RAT measurements. The fundamental need of gap comes from the fact that UE has to switch the RF chain that is used to serve the serving cell to another carrier frequency. As a results, if UE has a spare RF chain it does not need to indicate that it needs gaps to measure carriers in a certain band when it is configured with a certain band combination. Also for the same reason, in LTE Cat-M where UE has smaller RF BW than the cell BW, measurement gap is also introduced for intra-frequency measurement.
When discussing the need for measurement gaps in NR, we think the same principle should be used, i.e. the need for gaps depends on whether UE needs to switch the RF chain from the serving cell.

In LTE, the measurement object is a carrier frequency, and intra-frequency measurement means measurement of all cells with the same central frequency as the serving cell (and also includes the measurement of serving cell). In NR, however, our understanding is that the definition of intra-frequency for NR has not been clear, i.e. whether it means cells with the same central carrier frequency as the serving cell, or cells that are transmitting SS block at the same carrier frequency as the serving cell, or a set of cells defined by some other rule. In this sense, it is hard to discuss in RAN4 whether gaps are needed for intra-frequency measurement.
For inter-frequency measurement, our understanding is that the definition also needs to be clarified. On the other hand, an inter-frequency carrier should have some difference companied to the carrier frequency of the serving cell, which means UE may have to do some switching in order to do the measurement. Here the same capability as in LTE should be considered, i.e. different RF implementations may or may not require gap to measure a certain inter-frequency carrier, and that should be indicated to gNB.
For inter-RAT measurement, we understand it is not a priority for NSA as in NSA NR is always SN and should not be responsible for mobility in other RATs. Instead, the measurement of other RATs (LTE, UMTS etc.) should be controlled by MN. This means for NSA RAN4 does not need to consider the gaps for NR inter-RAT measurement.
Proposal 1: The need for gaps depends on whether UE needs to switch the RF chain from the serving cell.
· Whether gaps are needed for intra-frequency measurement should be discussed after definition of intra-frequency is clear

· UE RF capability should be considered in the need for gaps for inter-frequency measurement  

· Inter-RAT measurement for NR is not considered for NSA
Gap pattern
In LTE, two gap patterns were defined until Rel-14, GP#0 with 6ms gap length per 40ms period and GP#1 with 6ms gap length per 80ms period. It can be seen that the gap pattern is determined by two parameters, gap length and gap period. 

The gap length in LTE is 6ms by taking into account the period of SS burst set transmission (5ms) and the RF switching time (0.5ms each for switching to and back). The 5ms measurement time is sufficient for the worst case of asynchronous deployment where cell timing on a carrier frequency is not coordinated. For NR we focus the discussion on the SS block based measurement. In RAN1 May meeting, below was agreed [2].
	· The transmission of SS blocks within SS burst set is confined to a [5]ms window regardless of SS burst set periodicity

· FFS: How to signal the window location


Also below was agreed in RAN1 February meeting and captured in the chairman notes.
	· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· For detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible

· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier

· RAN1 recommends short measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity

· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms] 


Combining all the agreements from RAN1, at least for NSA, the gNB should either 

1) transmit the SS burst every 5ms, the duration of the SS blocks can be any value <=5ms, or
2) transmit the SS burst in a synchronous mode and indicate the time location of the blocks to the UE

For both cases, the LTE gap length of 6ms should be enough to cover all the SS blocks transmitted in a SS burst period. In this sense, it can be re-used for NR, and our preference is to re-use the gap length as there is no clear motivation to define a different gap length for NR.
The gap period in LTE is 40ms and 80ms by taking into account the measurement performance and the impact to data transmission on the serving cell. Also the period should be dividable by the SFN limit, i.e. 10240ms in LTE. For NR we believe the same considerations are still valid, and therefore the LTE gap period should be used as starting point. 

Proposal 2: LTE gap pattern should be re-used for NR as much as possible.

· Gap length is 6ms

· Gap period is 40ms or 80ms as starting point  

Per-RAT gap
In the context of NSA with LTE-NR DC, MN and SN can control its measurement independently, according to the latest RAN2 discussion. This means measurement gaps may be configured by both. In LTE DC, the measurement gap is per UE, i.e. the gaps apply to serving cells in both SCG and MCG, even UE has separate RF chain for them and only one of chains needs to be switched to perform the measurement. This should definitely be changed for LTE-NR DC, in particular since in Rel-14 LTE we have introduced the gap enhancement, where per-CC gap is introduced. 
With the same principle of per-CC gap in LTE, the gaps configured by MN and SN should not apply to the serving cells in SN and MN. In case interruption is caused due to single RFIC design, NCSG can be considered to avoid the unknown interruption due to measurement gaps configured in the other node. Whether the gap should be per-CC configured for NR could be further discussed after RAN4 decides on need for gaps for NR.
Proposal 3: Gaps configured by MN and SN should not apply to the serving cells in SN and MN. NCSG can be considered to accommodate interruptions. 
3 Conclusions 

In this paper, we provided our initial views on the measurement gaps for NR, and we have following proposals.  
Proposal 1: The need for gaps depends on whether UE needs to switch the RF chain from the serving cell.

· Whether gaps are needed for intra-frequency measurement should be discussed after definition of intra-frequency is clear

· UE RF capability should be considered in the need for gaps for inter-frequency measurement  
· Inter-RAT measurement for NR is not considered for NSA
Proposal 2: LTE gap pattern should be re-used for NR as much as possible.

· Gap length is 6ms
· Gap period is 40ms or 80ms as starting point
Proposal 3: Gaps configured by MN and SN should not apply to the serving cells in SN and MN. NCSG can be considered to accommodate interruptions.
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