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1. Introduction
At previous RAN2 meetings, some agreements have been reached on RRM measurement. In [1], it was captured that:

Measurements to be performed by a UE for connected mode mobility are classified in at least three measurement types:

-
Intra-frequency measurements;

-
Inter-frequency measurements;

-
Inter-RAT measurements;

For each measurement type one or several measurement objects can be defined (a measurement object defines e.g. the carrier frequency to be monitored). 

Basically, the measurement framework in LTE could be reused in NR. But according to recent progress on SS block in RAN1#89 [4], measurement gap mechanism in LTE may have problems to work with the 5ms SS block window. In this contribution, measurement gap issues when considering the SS block window in NR are discussed.
2. Discussion
2.1. Measurement gap in LTE
In LTE, RRM measurements are used to support mobility. The UE in RRC_CONNECTED state may need to measure neighbouring cells at different frequencies and/or from different RAT during idle periods that are provided by packet scheduling, i.e. gap-assisted measurements. 
Actually, the UE would do CRS-based measurement directly if the target cell ID is configured in the measurement object (MO). Otherwise, the UE needs to do neighboring cell search first to identify the physical cell ID (PCI) of neighboring cells on the corresponding frequency configured in the MO and then the UE could retrieve the CRS position/sequence for the following measurement. 

Referring to the Table 8.1.2.1-1 in [2], two GAP patterns are defined for RRM measurements. Wherein, two measurement gap repetition periods (MGRP) are given, i.e. 40ms and 80ms. And for each pattern, 6ms is selected as the measurement gap length (MGL). It is mainly decided by the periodicity of synchronization signals. In LTE, primary synchronization signal (PSS) and secondary synchronization signal (SSS) are transmitted in every 5ms. In addition, considering the RF switching period, the 2-symbol distance between PSS and SSS in TD-LTE, and the 2-symbol length of PSS and SSS, a gap length with 6ms is a necessity. Serving cell cannot schedule a UE in a MGL period, which means GAP have impact on the data rate and HARQ processes of the UE. Thus, frequent measurement GAPs are not good for a UE. With this 6ms GAP, it is guaranteed that a UE can observe an intact PSS/SSS pair, no matter the UE is in a synchronous network or in an asynchronous network.

According to the abovementioned gap pattern, measurement gap configuration is specified in [3], as below.
MeasGapConfig information element

MeasGapConfig ::=




CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {





gp0








INTEGER (0..39),





gp1








INTEGER (0..79),





...,

Based on the received gapOffset, a UE can tune its RF to the target frequency and complete its inter-frequency or inter-RAT measurement.

2.2. Measurement gap in NR
In NR, for both NSA scenario and SA scenario, inter-frequency and inter-RAT mobility will be supported so that the corresponding RRM measurement can be assumed. 
For NSA scenarios, dual radio UE might be the first choice at beginning stage 5G commercial. One radio is used for LTE, at the same time, the other radio is for NR. Inter-RAT measurement is required for LTE RRC in order to activate LTE and NR dual connectivity operation, i.e. to add a gNB as the secondary node. In this case, NR RF chain can be used directly for the measurement of NR signals although inter-RAT measurement is configured from LTE. But if the single radio type of UE is used later, there is still a need for an inter-RAT gap in order to do measure on NR bands. Although it might be an issue for LTE measurement gap, it is still discussed in this contribution for being as a common problem. For SA scenario, inter-frequency measurement is the main concern. In addition, from a TDD NR to a FDD NR or vice versa, measurement GAP is also needed.

Generally, the procedures that a UE tunes its RF and to detect synchronization signals of NR and tunes its RF back to align with its serving cell would be similar with that of LTE, although beam sweeping is used in synchronization signal block (SSB). Therefore, the LTE measurement gap mechanism can be considered as the baseline for NR and the parameters, i.e. MGL, MGRP and gap Offset can be reused.
Proposal 1: Measurement gap design in LTE can be considered as the baseline for NR.
However, different from LTE, the patterns of synchronization signals are becoming very complicated according to RAN1 discussions. It was agreed in RAN1#88b:

•Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases

•Values for configuration set for CONNECTED/IDLE & non-standalone case {5, 10, 20, 40, 80, 160} ms
Obviously, MGL and MGRP have to add new candidate values. For example, 80ms MGRP is not suitable for 160ms SS periodicity. As well, 6ms MGL cannot secure a UE to observe at least one NR SS block.
Proposal 2: Parameters of measurement gap should be modified in order to adapt to SS periodicities.

At RAN1#89 meeting, it was agreed that [4]:
The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
Within this 5 ms window, number of possible candidate SS block locations is L

The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

For frequency range up to 3 GHz, L is 4

For frequency range from 3 GHz to 6 GHz, L is 8

For frequency range from 6 GHz to 52.6 GHz, L is 64
Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements

Based on the agreements reached in RAN1, the 5ms SS block window is illustrated in Figure 1.
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Figure 1. Example of SS block window in a SS burst set with default period (20ms)
In the illustrated example, the periodicity of the SS burst set is assumed as the default value, i.e. 20ms. The SS blocks (in blue) is needed to be transmitted within a 5ms window. The number of SS burst within one SS burst set is 4, and the number of SS block within one SS burst is 8. 
All of the 32 SS blocks are located within a 5ms window, and there is no SS block in other part of SS burst set. It is quite different from LTE-like SS patterns, where one SS pair in one 5ms window is guaranteed.

Because SS blocks are not evenly distributed in the SS burst set, it will bring big problem to measurement GAP for LTE as following analysis.
For synchronous cells, which means timing difference among cells are negligible, the major problem is coming from different SS periodicities. As shown in Figure 2A, where the SS burst set periodicity of the serving cell @f1 is 20ms, while the neighbouring cells @f2 to be measured have 40ms and 80ms SS burst set periodicity, respectively. 
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Figure 2. Neighbour cells with different SS burst set periodicity, and different SSB windows
There are some cases where the network informs UE to do the measurement for one or several given cells. In these cases, it is possible that the serving cell can schedule a UE to the SSB window of a given targeting cell. But there are still many neighbouring cells and it is impossible that the network can optimally configures measurement gap(s) considering the SSB windows of individual neighbour cells. For example, it is possible that the SS burst set periodicities are changed in the neighbouring cells, but which are unknown to the serving cell, as shown in Figure 2A. If the GAP offset is scheduled to UE according to the serving cell’s SS periodicity, assuming 20ms, SSBs of 40ms-cell and 80ms-cell cannot be observed. In a 80ms window, all of the 4 GAP positions shown in Figure 2B cannot help to capture SSBs from neighbouring cells. This phenomenon is the same for inter-RAT measurements, such as from LTE to NR.
On the other hand, for inter-frequency measurement and inter-RAT measurement, a synchronous network might not be always a practical assumption even for NR. When an asynchronous network is taken into account, it is impossible for the serving cell to schedule a UE using one or more measurement GAPs just around 5ms SS block windows of its neighbour cells. If so, only a GAP with about 160ms duration could be used as MGL in order to cover all potential SS block window. However, it is unacceptable for a UE in RRC connected mode.
For both NR UE and NR network, a relatively shorter MGL is expected in the GAP design to have smaller impact on data rates, scheduling and HARQ processes. For RAN2, besides further optimization on the values of MGL and MGRP, additional GAP IE might be required to support the newly agreed SS block window and SS periodicities. In addition, it needs RAN1 work and RAN4 work to narrow down possible solutions for RAN2. Therefore, measurement gap design should take SSB window and SS burst set periodicity into consideration for both synchronous and asynchronous networks, which requires efforts from RAN1, RAN2 and RAN4. 
Proposal 3: Measurement gap design should take SSB window and SS burst set periodicity into consideration for both synchronous and asynchronous networks, which requires efforts from RAN1, RAN2 and RAN4. 

3. Summary
In this contribution, some considerations on measurement gaps are provided and the following proposals are made:
Proposal 1: Measurement gap design in LTE can be considered as the baseline for NR.
Proposal 2: Parameters of measurement gap should be modified in order to adapt to SS periodicities.

Proposal 3: Measurement gap design should take SSB window and SS burst set periodicity into consideration for both synchronous and asynchronous networks, which requires efforts from RAN1, RAN2 and RAN4. 
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