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1. Introduction

The contribution discusses several aspects which need to be considered for designing NR measurement gap.
2. Discussion

In LTE (up to Rel-13), the measurement gap which requires for inter-frequency measurements has fixed measurement gap length (i.e. 6 ms) and two measurement gap repetition period (40 or 80 ms) as defined in the following table [1]:
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


The measurement gap length is slightly greater than the periodicity of PSS/SSS (i.e. 5 ms) by considering frequency switching time. Note that the sequence of CRS in LTE is based on the PCID which can only be derived from PSS/SSS. That is, even if the network does not coordinate the PSS/SSS timing across different frequencies, UE can measure/ detect PSS/SSS using the (fixed) measurement gap length.
In NR, however, we may need to have more flexible measurement gaps.
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Figure 1 Example of beam-based system
NR would be a beam-based system if it operates in high frequencies as shown in Figure 1. UE may be served with one or a few beams among all the beams from the serving beams. Then UE should be able to measure the best beam(s) from serving and neighbour cells or TRPs for the RRM measurements. It should be noted that we should not exclude the case that each cell or TRP has different number of beams, which requires different measurement gap length for beam-sweeping. For instance, Cell #1 and Cell #2 in the figure have 12 beams while Cell #3 has 8 beams. Consequently UE would require 50% more time to measure Cell #1 and Cell #2 compared to Cell#3. In addition, UE may need to sweep its RX beam in order to measure the beams from other cells. This may require multiple measurement gaps to measure a cell, but it would be desirable if UE can complete the measurement using the minimum number of measurement gaps. Also, it would be good if we can assume that network ensures for all the cells in the same frequency to transmit synchronization/ reference signals (SS/RSs) in a certain period of time as in LTE for DMTC configuration.
By the way, RAN2 may not have any specification work based on design from RAN1/4. That is, even though there might be quite many beams per each carrier as shown in Figure 1, the single measurement gap length may cover all the beams if the beams are swept within very short period of time by having e.g. quite short TTI compared to LTE. However, we do not know the physical layer design yet, and there might be a case to support huge number of beams in the future, so it is important to take the beam aspects into account when RAN2 designs/ signals the measurement gap for NR.
Observation 1: UE may require different measurement gap length to identify the best beam(s) depending on the number of beams.

Proposal 1: The number of beams of Cell/TRP should be taken into account to determine measurement gap length.
Even though it is unclear how the final frame structure would look like, it is most likely that each cell/TRP does not perform beam-sweeping of RSs all the times for RRM measurements, but does with a certain periodicity to reduce overhead. For instance, if cells are completely asynchronous on a carrier and an RS periodicity of 100 ms is used, we would need measurement gaps of 100ms in principle. Then the network should consider and configure the timing offset for the measurement gap for each frequency so that UE can perform measurements only when synchronization/ reference signals are present in the frequency.
We should also consider the case that cells/TRPs with different number of beams are deployed across different frequencies. If we can assume that there is a relationship between certain frequency and the number of beams, it would be beneficial to have different measurement gap measurement gap length for different frequency. It is desirable to minimize the measurement gap length as the measurement gap requires service interruption in the serving cell. That is also inline with DMTC configuration in LTE.
Proposal 2: The network should be able to configure different measurement gap length and period for different frequency.
From the table above, the current measurement gap in LTE is applicable to Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD and CDMA2000 1x. Considering above aspects, the existing measurement gap may not be applicable to NR, and thus RAN2 should discuss whether to introduce another measurement gap for LTE-NR tight interworking.
Proposal 3: For LTE-NR tight interworking, RAN2 to discuss whether to introduce another measurement gap for NR.
3. Conclusion
Observation 1: UE may require different measurement gap length to identify the best beam(s) depending on the number of beams.

Proposal 1: The number of beams of Cell/TRP should be taken into account to determine measurement gap length.

Proposal 2: The network should be able to configure different measurement gap length and period for different frequency.

Proposal 3: For LTE-NR tight interworking, RAN2 to discuss whether to introduce another measurement gap for NR.
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