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1 Introduction
In this contribution we discuss changes to 36.133 needed for the introduction of NR. Clearly, it would be desirable to minimise the impact to 36.133 and focus in NR work on the NR RRM specification, however dual connectivity with LTE is needed for NSA operation of NR and interRAT measurement and handover to NR is required for SA operation. In this contribution we discuss NSA operation, although it is likely that the same measurements of NR which are used to trigger the configuration of an NR PSCell can also be used to trigger a handover to SA NR.
2 Discussion

The first discussion on interRAT measurement of NR is expected to be on the necessary gap pattern. In [1], RAN1 informs RAN4 that in the context of NSA SS burst set periodicity, Candidate periodicity values to be evaluated are [20, 40, 80 and 160 ms]  . This is illustrated in figure 1.
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Figure 1 : Illustration of synchronisation burst set periodicity
All candidate periodicities are considerably longer than the 5ms SS periodicity in the LTE system. Even for the shortest candidate periodicity, it does not seem practical to specify a 20+ms gap in LTE to allow the UE to search for NR signals with arbitrary timing with respect to the LTE serving cell(s). Hence the NR measurement gaps will need to be configured under eNB control to approximately the time when the NR system is transmitting xSS signals that are needed for NR cell detection and measurement.

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

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.

Observation 2 : The gap duration depends on UE RF switching time, assumed NR measurement snapshot duration, the accuracy to which the NR measurement gap pattern timing can be set by the eNB and worst case propagation delay

The measurement gap periodicity depends on the SS burst set periodicity. Since the gaps will be approximately aligned to the correct timing, it does not help NR measurement performance to have a periodicity which is shorter than the NR burst set periodicity since in practice not all gaps are usable for making measurements in this case. So, for example, if the NR burst set periodicity is 80ms, the UE cannot beneficially use a gap every 40ms for NR measurements. However, it may be beneficial to define a measurement gap which has a longer periodicity than the NR SS burst set periodicity. For example, if the NR burst set periodicity is 40ms, then an 80ms gap pattern can be useful since it means that not all UEs measuring NR must have their gaps occurring at the same time, which improves the performance of scheduling at the system level.
Once the NR measurement gap pattern(s) are agreed RAN4 needs to discuss
1. The resulting NR measurement performance. This can be characterised in terms of NR cell identification delay  measurement period and measurement accuracy. Measurement accuracy requirements are likely to be the same as for NR interfrequency measurements in gaps, so it is likely that 36.133 could refer to 38.133 accuracy requirements.

2. The impact to LTE performance.

It is the second aspect which we focus on for the remainder of the contribution.

Clearly, when NR measurements are added in LTE, it is desirable that LTE mobility continues to work as much as possible in the same way as before. This means that as much as possible it is desirable that LTE measurements are not impacted by performing NR measurements so that LTE mobility and SCell management is largely unaffected.
Observation 3 : It is desirable that LTE measurements are as much as possible unaffected by NR measurements

The implication is that reuse of existing LTE requirements when NR measurements are configured is a desirable principle. However, there may be some impact to LTE such as

1. Whether LTE interfrequency measurements are possible in the NR measurement gap pattern, or whether separate gap patterns are used for LTE and NR. In general, if measurements gaps for NR are ≥6ms then it would be possible to use the same gaps for making LTE interfrequency measurements (or 3ms considering reduced MGL LTE measurement gaps being introduced in release 14). In this case, it needs to be discussed whether LTE and NR measurements are performed in parallel in one gap or whether they are performed eg by the same RF chains in different gas.

2. Whether LTE intrafrequency measurements are impacted by the NR measurement gap pattern. If the gap density is larger for NR, then it may leave less time available for LTE measurements. In the end, this has to be a limited effect, because long NR gaps would also be undesirable from the perspective of the LTE scheduler, especially since there can be many UEs measuring NR which may all need to have gaps at the same time (when the NR SS burst set is being transmitted).

Proposal 1 : Existing LTE requirements are reused as much as possible when NR measurements are configured in LTE 

Proposal 2 : The possibility to make LTE and NR measurements with the same measurement gap pattern may be discussed once the NR measurement gap pattern is better understood

Proposal 3 : The impact to LTE measurements, if any, may be discussed once the NR measurement gap pattern is better understood.
3 Conclusions

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

Observation 2 : The gap duration depends on UE RF switching time, assumed NR measurement snapshot duration, the accuracy to which the NR measurement gap pattern timing can be set by the eNB and worst case propagation delay

Observation 3 : It is desirable that LTE measurements are as much as possible unaffected by NR measurements

Proposal 1 : Existing LTE requirements are reused as much as possible when NR measurements are configured in LTE 

Proposal 2 : The possibility to make LTE and NR measurements with the same measurement gap pattern may be discussed once the NR measurement gap pattern is better understood

Proposal 3 : The impact to LTE measurements, if any, may be discussed once the NR measurement gap pattern is better understood.
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