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1. Introduction
RAN4 has been discussing the measurement gap design for NR. So far it is agreed to reuse the LTE baseline gap pattern with gap length of 6ms and the agreed repetition periods are 40, 80 and 160ms. Gap lengths of 3, 4 and 5ms were also proposed and are still discussed. In this paper we provide an analysis on the gap design for NR, for both sub6 and mmWave.
2. Discussion
Measurement time
Based on SS burst design, the number of SS blocks that can be transmitted in different amounts of time for different numerologies is shown in Table 1. The table is simply assuming the required transmit time, hence, from a UE point of view this is the minimum amount of time required to perform measurements under the assumption that the network is synchronous. For the actual measurement time, the maximum propagation delay from the gNB to the UE would have to be considered. This is generally less than 100 us and is absorbed in the allowed RF re-tuning time. 

It should be noted that in order to compute the actual gap length, RF re-tuning time has to be added. This is discussed in Section 2.2. 
	
	1ms
	2ms
	3ms
	4ms

	15kHz
	2
	4
	8
	

	30kHz
	4
	8
	
	

	120kHz
	8
	16
	32
	64

	240kHz
	16
	32
	64
	


Table 1. Transmission time for different burst gap lengths and numerologies
Based on Table 1, for sub6 frequency range, 1ms and 2ms measurement times could be considered as typical cases. For the mmWave frequency range, also, 1ms and 2ms measurement times could be the typical use cases. 

We would like to point out that for mmWave, gaps would be needed for both intra-frequency and inter-frequency measurements because the UE will most likely perform Rx beam sweeping for measurements. A UE will use different Rx beam for measurements than the beam used for data transmission and will cycle through multiple Rx beams at different time instances. This aspect is further discussed in Section 2.2. Also, for mmWave it is important to optimize the gap length to improve the UE power consumption and overall system throughput. Hence, gaps shorter than the already agreed 6ms are very important.
Observation 1. Gaps with actual measurement time of 1ms and 2ms should be introduced for all frequency ranges.
2.2 Retuning time
Besides the actual measurement time, the RF re-tuning time should be considered. In LTE, it was assume that the total 2 way re-tuning time(tune to measurement frequency and back to serving frequency) was less than 1ms so the propagation delay margin discussed in Section 2.1 would also be covered. Furthermore, as the TTI length was 1ms, reducing the gap to a duration between 5ms and 6ms would not have any meaning.

For NR gaps in the sub6 frequency region, the same assumption should be maintained. Even if the re-tuning could be reduced from 1ms, it would be difficult to reduce it below 500us to allow for another TTI with 30kHz numerology. Furthermore, such an optimization would further complicate the design because the gap length(5.5ms or 6ms) would have to depend on the numerology used would not be applicable in all cases. This applies also to the case when the measurements are performed in the mmWave frequency range.
Observation 2. Total re-tuning time for gaps in sub6 should be 1ms.
For the mmWave frequency range, the slot is much smaller compared to sub6 (125ms for 120kHz) so optimizing the gap length with a reduced RF re-tuning time has significant benefits. Also, the propagation delay that has to be supported should be much smaller because of the larger path loss. Considering that the mmWave RF has to support very fast operating time lines, it should be possible to reduce the total re-tuning time to 500us(about 250us for the one way re-tuning time). This applies for the case when the gaps are configured on channels within the mmWave frequency range.
Observation 3. Total re-tuning time for gaps within mmWave should be 500us.

In the future it would also be possible to have gaps configured on carriers in mmWave to measure sub6 frequencies. In this case, the UE needs to turn on/off the sub6 RF during the measurements so keeping a 6ms gap would be desirable. From a power consumption point of view, it would also be highly desirable to be able to turn off the mmWave RF during the gaps to optimize power consumption.  
Observation 4. Total re-tuning time for gaps on mmWave carriers to measure sub6 frequencies should be 1ms.
2.3 Gap length

The gap lengths considered in Section 2.1 assume that the network is synchronous on the frequency where the measurements are performed. In this case it is very likely that the network is also synchronous on the frequency in which the UE is operating(frequency where the gaps are configured) and that they these frequencies are also synchronous. This aspect has to be considered when designing the actual gap length so 2ms of re-tuning time should be used in some cases.

Based on the analysis in the previous sections, and the considerations in the previous paragraphs, the following gap lengths should be further considered for NR:

Gaps on sub6 for measurements on sub6 or mmWave frequencies : 3ms and 4ms

Gaps on mmWave for measurements on mmWave frequencies: 1.5ms and 2.5ms

Gaps on mmWave for measurements on sub6 frequencies: 2ms and 3ms.

The current baseline assumption is to use a 6ms gap as default. This should be reduced to 5.5 for the case of mmWave to mmWave measurements to further optimize the power consumption and system throughput.
For intra-frequency measurements in mmWave, measurement gaps are needed as explained in Section 2.1, however, the UE just needs to switch beams and does not have to switch the LO position or operating bandwidth so there shouldn’t be any explicit RF re-tuning time. Whether some extra time is needed at the end of the measurement to accommodate the propagation difference between cells needs further discussion.   
3. Conclusion
In this paper we analyzed different gap lengths that are FFS for NR. We made the following observation about the needed measurement time and total RF re-tuning time:
Observation 1. Gaps with actual measurement time of 1ms and 2ms should be introduced for all frequency ranges.
Observation 2. Total re-tuning time for gaps in sub6 should be 1ms.
Observation 3. Total re-tuning time for gaps within mmWave should be 500us.

Observation 4. Total re-tuning time for gaps on mmWave carriers to measure sub6 frequencies should be 1ms.

Based on the above observations and considering that these gaps are targeting synchronous deployments, the following gap lengths should be introduced:

Gaps on sub6 for measurements on sub6 or mmWave frequencies : 3ms and 4ms

Gaps on mmWave for measurements on mmWave frequencies: 1.5ms and 2.5ms

Gaps on mmWave for measurements on sub6 frequencies: 2ms and 3ms.

The current baseline assumption is to use a 6ms gap as default. This should be reduced to 5.5 for the case of mmWave to mmWave measurements to further optimize the power consumption and system throughput.

During previous meetings it was proposed gaps in sub6 would not be needed to perform measurements on mmWave channels. Even if this were true from an RF point of view, there might be other limitations(baseband limitations related to total bandwidth supported by a UE or number of RF chains) that would not require gaps for this scenario. As such, the need for measurement gaps between sub6 and mmWave channels should be subject to the same measurement gap capabilities as all other frequencies(there should be no special distinction for sub6-mmWave channels).
For intra-frequency measurements in mmWave, measurement gaps are needed as explained in Section 2.1, however, the UE just needs to switch beams and does not have to switch the LO position or operating bandwidth so there shouldn’t be any explicit RF re-tuning time. Whether some extra time is needed at the end of the measurement to accommodate the propagation difference between cells needs further discussion.
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