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1 Introduction
In this contribution we discuss further the design of measurement gaps for interfrequency and inter-RAT measurements in NR, focussing particularly on NSA operation.
2 Discussion

In this contribution we concentrate on measurement of NR resources in measurement gaps; in the end it will also be necessary to specify LTE measurements in NR so that eg interRAT handover or NR-LTE dual connectivity with an NR PCell can be specified, however this is not needed for NSA option 3 operation with LTE as a PCell and also it is likely that much of the LTE measurement framework (eg 6ms measurement gaps to measure async cells) can be reused for NR
We begin by discussing inter-frequency measurements and measurement gaps. When LTE was being specified in release 8, it was possible to begin working with LTE inter-frequency measurements and then reuse much of the work done for WCDMA interRAT measurement of LTE in 25.133 (although there are also differences). In NR, a similar approach seems possible, although for NR NSA operation, the relative importance of interRAT measurements of NR is higher and it may even be possible for an NSA UE to operate without performing inter-frequency measurements depending on deployment.

Proposal 1 : RAN4 should progress with interfrequency measurement gap discussions for NR, although LTE interRAT measurement of NR is also an important measurement case.
For interfrequency measurements, the most important initial fundamental decisions are

· In what cases are measurements with gaps necessary?

· What is/are the duration of a gap/gaps?

Other decisions such as periodicity of gap patterns affect the performance, however it is likely that multiple options will be configurable, and the NR physical layer design also implies some aspects of useful gap periodicity.

Considering the scenarios were measurement gaps are needed, we expect that there are architectures where independent RF chains allow measurements to be made without gaps, such as interband measurements. This could be particularly true for measurements between mm-wave and sub-6GHz bands where different RF-ICs may be used for each band and hence the measurement can be made quite independently of serving cell reception/transmission. For this reason, we expect that measurement without gaps capabilities will be useful for NR interfrequency/interRAT measurements.
Proposal 2 : Measurement without gaps capabilities should be specified for NR
In addition, based on the measurement gap enhancement work in LTE we can expect that other techniques could be used to minimise the need or duration of measurement gaps in NR. These include

· NCSG, where an interruption of known timing by both UE and network is used, before and after the measurement activity

· Per CC gap, where the UE may need measurement gaps for some, but not all serving cells. On CC where there are no measurement gaps there may be NCSG or no gap required.

While similar techniques are likely to be specified for NR interfrequency/interRAT measurement, we think that it may be better to concentrate on the basic measurement functionality in release 15, eg consider the need for either per UE gaps or no gaps, and then consider additional enhancements such as per CC and NCSG. The reason is the limited time to complete release 15, and this would be a comparable approach to release 8 in LTE, giving a working (if not optimal) solution in the minimum time.
Proposal 3 : Per CC and NCSG could be considered later, once the basic measurements with per-UE measurement gaps or no gaps (for UE capable of measuring without gaps) are better understood

Given that measurement gaps will be needed for some scenarios; we now turn our attention to the basic gap design.

For NR, measurements are based on SS burst, and (additionally, depending on configuration) CSI-RS. For SS burst based measurements, the SS burst set periodicities being considered are {5, 10, 20, 40, 80, and 160} ms. For periodicities greater than 5-10ms, it looks impossible to design a gap pattern which allows for asynchronous measurements since the gap duration would need to be >20ms which hardly seems feasible. A series of NR synchronisation burst sets are shown below.
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Figure 1 : Illustration of synchronisation burst set periodicity
For NSA operation this means that the LTE eNB will at a minimum need to have some knowledge of the approximate timing of neighbouring NR xSS signals. For the purposes of NR measurement gap duration, the necessary duration of the measurement gap is then
RF switching time + Duration of synchronisation signal burst  + TNR_LTE  + propagation delay

TNR_LTE  is a factor representing how accurately the NR timing is known by the LTE eNB

For example, if NR synchronisation signal burst is 2ms, the eNB knows the NR timing with +/-1ms accuracy, switching takes 0.5+05ms at each end of the gap, and propagation delay can be up to 100uS then the necessary gap duration is 1+2+1+0.1 = 5.1ms which may be rounded up to the nearest subframe boundary of 6ms. These numbers are for illustration purposes at this point and need further discussion. The main point is that given the candidate NR SS periodicity values, the UE should be given an appropriately timed gap pattern to find NR cells.

Observation 1 : To support the candidate NR gap periodicities, a UE needs to be given an appropriately timed gap pattern.

Considering the factors in the equation for minimum gap length
1. RF Switching delay : This needs to be discussed in RAN4. For sub 6GHz bands, we expect that 0.5ms from LTE may be evaluated as a starting point

2. Duration of synchronisation signal burst  : This needs to be understood when RAN1 specifications are stable. 

3. TNR_LTE : Better understanding of this term is needed, once the techniques to make NR timing known to the LTE eNB are understood in more detail.

4. Propagation delay : This is scenario dependent. As a starting point, the ISD of NR can be discussed. At any rate even 100km only corresponds to 333uS so this factor is likely always small compared with other factors such as burst duration. When above 6GHz frequency ranges are considered SS symbol duration will be reduced, as will cell size.  RAN4 could discuss deployment scenarios.

Another aspect which needs to be considered in gap pattern design is the possibility to measure CSI-RS. While interfrequency or interRAT measurements and mobility may be based principally on SS burst set, if the UE is expected to report CSI-RS then it needs to be given suitable gaps that also includes the possibility to measure CSI measurement resources. This could either be done by extending the gaps covering expected timing of SS burst set (for example if the CSI resources can be measured before/after the SS burst set) or by providing additional gaps at different times. Alternatively, CSI-RS measurement of neighbour cells may be more important for intrafrequency mobility without gaps.

Observation 2 : CSI-RS also needs to be considered in the design of a suitable gap pattern/gap patterns
3 Conclusions

In this paper we discuss UE architecture and measurement gaps. We propose:
Proposal 1 : RAN4 should progress with interfrequency measurement gap discussions for NR, although LTE interRAT measurement of NR is also an important measurement case.
Proposal 2 : Measurement without gaps capabilities should be specified for NR

Proposal 3 : Per CC and NCSG could be considered later, once the basic measurements with per-UE measurement gaps or no gaps (for UE capable of measuring without gaps) are better understood

Regards the gap design, we observe:
Observation 1 : To support the candidate NR gap periodicities, a UE needs to be given an appropriately timed gap pattern.

Considering the factors in the equation for minimum gap length

1. RF Switching delay : This needs to be discussed in RAN4. For sub 6GHz bands, we expect that 0.5ms from LTE may be evaluated as a starting point

2. Duration of synchronisation signal burst  : This needs to be understood when RAN1 specifications are stable. 

3. TNR_LTE : Better understanding of this term is needed, once the techniques to make NR timing known to the LTE eNB are understood in more detail.

4. Propagation delay : This is scenario dependent. As a starting point, the ISD of NR can be discussed. At any rate even 100km only corresponds to 333uS so this factor is likely always small. RAN4 could discuss deployment scenarios.

Observation 2 : CSI-RS also needs to be considered in the design of a suitable gap pattern/gap patterns
4 References

[1] R1-1706708, “LS on set of configuration values for SS burst set periodicity”, RAN WG1
