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1. Introduction
In RAN4 AH#3, measurement gaps were extensively discussed. In this paper, we discuss the need for shorter MGRP and/or shorter MGL gap patterns in NR
2. Discussion

2.1 Need for efficient gap patterns in NR
When LTE release 8 requirements were introduced, all UE were assumed capable of making intrafrequency measurements without gaps. With the introduction of carrier aggregation in release 10 onwards, UE measurement capabilities without gaps were further extended, because all CA UE can make measurements of configured SCC without gaps in addition to the basic PCC measurements.

Since mobility can be performed seamlessly (without the need to configure gaps or interrupt serving cell reception / transmission) on intrafrequency LTE layers, operators typically wish to deploy some carrier frequencies with at least regional, or perhaps national coverage for their macro network. This can also be supplemented with additional carriers for offloading in areas where that is necessary, considering traffic levels.

When LTE Cat-M1 requirements were introduced, narrowband UEs were specified which are not necessarily receiving the intra frequency PSS/SSS. Such UEs need measurement gaps to search for neighbor cells. However, such UE are often used in applications where mobility requirements are less demanding than mobile broadband applications.
Observation 1 : For LTE MBB UEs, measurement gaps are typically only configured when interfrequency mobility is needed, rather than continuously.
With the introduction of at least bandwidth parts and UE receive beamforming in NR, it is clear that NR UEs may need measurement gaps to perform intrafrequency measurement and this has also been discussed at length in RAN4. However, intrafrequency mobility is the more typical operation as the UE moves around the network and hence it can be expected that at least in some cases measurement gaps are needed extensively for NR operations.
Observation 2 : For NR UEs, at least in cases where intrafrequency measurement gaps are needed, there may need to be widespread usage of measurement gaps on a continuous basis

Related to observation 2, we would emphasize that the UE may need measurement gaps not just to measure intrafrequency neighbours but also to measure the SSB of the serving cell, which may be needed for operations such as radio link monitoring and is also needed to trigger any indication that the UE has moved towards the serving cell edge, based on a threshold similar to the LTE Ssearch,intra threshold.

For this reason it is rather clear that much more widespread use of measurement gaps may be needed in NR compared with LTE for serving and neighbor measurements. For this reason, we observe

Observation 3 : Due to the more widespread use of measurement gaps there is an even greater need for efficient gap based measurement operations in NR than LTE

Already in LTE release 14, various means for improving gap efficient were introduced under the measurement gap enhancement work item, such as 3ms MGL for synchronous frequency layers, and per CC measurement gaps. The purpose of such enhancements was to reduce impact to serving cell(s) when gaps are configured for interfrequency measurements.

Considering observation 2, we propose
Proposal 1 : Shorter MGL and MGRP are introduced for NR for both frequency ranges FR1 and FR2.

The shortest possible SS burst contains one SS block which consists of 4 OFDM symbols. The longest possible SS burst contains L SS blocks, where L=4 (below 3GHz), L=8 (above 3GHz and below 6GHz) and L=64 (above 10GHz). There can be at most 2 SS blocks in each NR slot, giving the example SS burst durations shown in table 1 for different SCS.
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15kHz 0.29us 2ms 4ms

30kHz 0.5ms 1ms 2ms

120kHz 0.07us 0.25ms 0.5ms 4ms

240kHz 0.04us 0.125ms 0.25ms 2ms

SCS

Number of SS block in SS burst

 
Table 1 : Example SS burst duration for different SCS and number of SS block in SS burst

In general, the minimum possible SMTC and measurement gap duration is given by 

Tgap=Tburst + Tsync + Tswitch+ Tprop where

Tburst is the duration of the SS burst

Tsync is the worst case uncertainty in the timing of the target SS burst from the node configuring the SS burst. For example, if the target node SS burst start timing is known with an accuracy of ±0.5ms, then Tsync=1ms

Tprop is the worst-case propagation delay difference between the target cell and the serving cell.

Tswitch is the total UE switching time, e.g. Tswitch =1ms if LTE switching time of 2x500us is reused for NR.
Considering that an NR burst can realistically be short, e.g. 1ms or less for both sub 6Ghz and mm-wave, 3ms gaps appear useful assuming 1ms for switching and 1ms for Tsync+Tprop.
One discussion which took place in RAN4 NR AH#3 is whether it is beneficial to introduce 5ms gap pattern. Although we acknowledge that it is somewhat similar to the 6ms gap pattern, we also think it is entirely possible that the network has knowledge of SS burst timing to within a 4ms window excluding UE switching times. From an overhead persepective 6/40=15% and 5/40=12.5%, so we do believe that it is motivated to introduce a 5ms gap pattern and it would be even more motivated with MGRP=20ms.
The additional standardization effort to introduce a 5ms gap pattern would be minimal, since the UE performance is exactly the same as long as the SS burst occurs completely within the expected timing. Variable length measurement gaps have been successfully used in WCDMA compressed mode since release 99, so there seems no technical concern to signaling an explicit MGL. Alternatively, a larger number of measurement gap pattern IDs could be signaled, the two approaches in the end are exactly equivalent in terms of number of bits used.
From table 1, shorter MGL are motivated for both frequency ranges.
Proposal 2 : 3ms, 4ms and 5ms ML is introduced for both sub 6GHz and mm-wave NR.
For NSA, we do not propose to develop LTE requirements for 4ms and 5ms gaps. Hence, if it is desired to concurrently measure NR and LTE interfrequency measurement objects, either 6ms NGL should be used, or 3ms measurement gap may be used if the LTE network is sufficiently well synchronized between frequency layers and the UE supports the measurement gap enhancement feature.

Proposal 3: No new LTE interfrequency requirements are developed for 4ms or 5ms MGL
Shorter MGRP

This discussion is somewhat connected to the discussion on short ML. Since the SMTC periodicity can be shorter than 40ms, it can clearly be beneficial to cell detection and measurement delay to introduce a short MGRP. On the other hand, with MGL=6ms gaps, 6/20ms already represents a considerable overhead and HARQ RTT for both uplink and downlink will further reduce the occasions on which the UE can be scheduled, beyond the theoretical calculation from the measurement gaps themselves.

On the other hand, especially if the UE needs measurement gaps to receive the serving cell SSB, shorter MGRP would be beneficial not just for mobility measurements but also for radio link monitoring. In addition, the overhead becomes less when shorter ML is used, e.g. 3ms / 20ms is the same overhead as 6ms / 40ms. MGRP = 10ms and MGRP = 5ms are still likely to lead to excessive overhead however

For this reason, we propose 

Proposal 4: 20ms MGRP is introduced for both sub 6GHz and mm-wave NR
Another open issue if proposal 3 is adopted is whether 20ms MGRP is needed for NSA and SA, or SA only. Since PSCell radio link monitoring may need to be performed in measurement gaps, it would appear to be useful to specify 20ms MGRP for NSA and SA operation. 

Proposal 5: Shorter MGRP is introduced for both NSA and SA operation of NR

Proposal 4 may need some consideration for LTE, since the UE may need to measure interfrequency LTE cells when 20ms MGRP is configured (since gap configuration is per UE). On the other hand, there seems no strong motivation to introduce “enhanced” performance requirements for LTE based on the use of 20ms MGRP measurement gaps. One way would be to apply gap pattern 0 requirements for LTE, even though a shorter gap pattern is configured (for NR measurement purposes).

Proposal 6: For NSA, the impact of proposal 4 to LTE can be studied further

3. Conclusions

The paper makes some observations related to the motivation for additional measurement gap patterns in NR compared to LTE
Observation 1: For LTE MBB UEs, measurement gaps are typically only configured when interfrequency mobility is needed, rather than continuously.
Observation 2: For NR UEs, at least in cases where intrafrequency measurement gaps are needed, there may need to be widespread usage of measurement gaps on a continuous basis

Observation 3: Due to the more widespread use of measurement gaps there is an even greater need for efficient gap based measurement operations in NR than LTE

Based on this, the following proposals are made for NR work:
Proposal 1: Shorter MGL and MGRP are introduced for NR for both frequency ranges FR1 and FR2.

Proposal 2: 3ms, 4ms and 5ms ML is introduced for both sub 6GHz and mm-wave NR.

Proposal 3: No new LTE interfrequency requirements are developed for 4ms or 5ms MGL
Proposal 4: 20ms MGRP is introduced for both sub 6GHz and mm-wave NR
Proposal 5: Shorter MGRP is introduced for both NSA and SA operation of NR

Proposal 6: For NSA, the impact of proposal 4 to LTE can be studied further
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