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1 Introduction
In RAN4 AH#2 good progress was made on measurement gaps for NR, with the following agreements and discussion
	It is agreed

· MGL:
· For SS block based cell identification and measurement, 6ms MGL is used as baseline 
· The requirement shall apply provided that at least the subset of measurement gap contains the 5ms window of SS blocks;
· MGRP

40ms, 80ms could be a starting point for defining MGRP in NR


For NSA, MGRP for NR measurement shall not be smaller than 40ms.
Further analysis is welcome on

· Whether other MGRP value is beneficial (should not be smaller than 40ms for NSA)

· Need for CSI RS based measurement in measurement gaps

· Multiple layer monitoring in gaps eg

· SS burst periodicity is different on different layers

· SS burst offset is different on different layers

· Other aspects



2 Discussion

During their June adhoc, RAN1 had discussions and agreed an SMTC concept for SS block based RRM measurement as follows:
	Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,

· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured

· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier

· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier

· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers



The concept of SMTC is somewhat like the DMTC concept in LTE; it provides information to the UE on a window in which RRM measurements may be performed. SMTC is clearly related to measurement gaps in that a gap needs to be provided at the time of the SMTC (if the UE needs gaps) to successfully perform a measurement,

 In addition, some agreements were reached for CSI-RS for RRM measurement, especially for the periodicity which is relevant to measurement gaps.
	· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR

· Configurable periodicity (as already agreed)

· {5, 10, 20, 40, [80, 160]} ms are supported

· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)

· FFS candidate values

· Configurable measurement bandwidth (as already agreed) and frequency location

· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported

· FFS other candidate values for wider bandwidth for each SCS

· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported

· Configurable parameters for sequence generation 

· Configurable numerology

· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported

· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused

· Configurable CSI-RS time/frequency resource (as already agreed)

· CSI-RS design including RE mapping and density for beam management is assumed as baseline

· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties




We now analyse the suitable gap patterns and resulting performance requirements in different scenarios.

2.1 Single measurement object

To decide on the basic gap patterns, we begin the analysis by considering a single measurement object to be measured in gaps. For SS block measurements, the SS burst set periodicity is configurable between {5, 10, 20, 40, 80, 160} ms  and similarly for CSI RS, RAN1 recently decided {5, 10, 20, 40, [80, 160]} ms periodicities are supported. In the last RAN4 meeting it was agreed that MGL=6ms would be used as a baseline and MGRP=40ms and 80ms could be used as a starting point. Considering other possible periodicities, MGRP=10ms is not practically feasible due to the very high gap density. The gap interruption is already >50% and with practical HARQ round trip time and UL grant timing, nearly every transmission on uplink and downlink would be affected by gaps. Similarly, MGRP=20ms is also likely to result in very significant impact to the NR connection due to gaps, although it may be possible to maintain a connection with MGRP=20ms. There is already an agreement that MRGP should not be less than 40ms for NSA, and given that 20ms gap periodicity would be difficult also for SA operation, we propose that it is not used.

The remaining value is MGRP=160ms. This was not introduced in LTE although there is a 160ms DRS periodicity configuration. However, in LTE when DRS was introduced there was already a legacy from previous releases and it was straightforward to introduce DRS without introducing new gap patterns. Given that NR is a new RAT with no legacy, it does seem useful to introduce a 160ms MGRP configuration. We also discuss use of 320ms MGRP in a later section
Proposal 1: MGRP= {40ms, 80ms, 160ms and 320ms} is adopted in NR

 If the gaps do not overlap with the SMTC and the UE needs gaps to make measurements of the object under consideration, then the UE will be unable to make measurements. This can be regarded as a misconfiguration and does not need further discussion in RAN4.
Observation 1: If the gaps do not overlap with the SMTC and the UE needs gaps to make measurements of the object under consideration the UE measurement will fail.

If the gaps overlap, the resulting performance depends on both the SMTC periodicity and the gap periodicity. In general, for a single measurement object and single SMTC pattern, the performance will be determined by 

Proposal 2: For a single measurement object, the gap based measurement performance will be determined by max (MGRP, SMTC periodicity)

2.2 Intrafrequency measurements 
We now turn our attention to various measurement scenarios. We begin with the most straightforward scenario, intrafrequency measurements with a single SMTC for all cells on the intrafrequency layer. Depending on UE capability and configuration the UE may or may not need gaps to make the SS burst measurements of serving and neighbour cells eg to retune RF or analogue beamform in a different direction gaps may be needed.

A basic scenario is shown in figure 1. For the purposes of illustration, there is a gap pattern configured with 40ms periodicity and the SMTC intra1 period is 10ms. There is no offset between the SMTC pattern and the gap pattern.
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Figure 1: Intrafrequency measurement scenario, SMTC period = 10ms and gap period = 40ms, no offset
For UE that require gaps for measurements it is obvious that they need to use the provided gap pattern to make measurements, and hence have a resulting performance which depends on the gap periodicity (see also proposal 2). 

For UE that do not require gaps, our assumption is that measurements would be performed during the 3 SMTC occasions when gaps are not present. This would leave the gaps free for other usage such as interfrequency measurements. In the example, there are 3 SMTC occasions in every 40ms which do not overlap with gaps and the measurement concept is very like LTE intrafrequency measurements; the time which is assumed to be not available due to gaps (one gap every 40ms) means that the intra measurement performance must be somewhat relaxed compared with the case where there are no gaps.

Proposal 3: If UE does not require gaps for intrafrequency measurements, then SMTC which do not overlap with gaps should be considered first for the measurements

Proposal 4:  If UE requires gaps for intrafrequency measurement, an appropriately timed gap pattern should be assumed to be provided
The next scenario we consider is in figure 2, which is very like the scenario in figure 1 with the SMTC period reduced to 40ms
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Figure 2: Intrafrequency measurement scenario, SMTC period = 40ms and gap period = 40ms, no offset

For this scenario, it is obvious that UE that require measurement gaps can measure on every gap, so in this case the performance is not affected by the reduction in SS burst density. If the UE does not require gaps for intra measurements then gaps should not be configured, and the UE can still measure every 40ms. However, the UE which does not require gaps may also be configured with interfrequency measurements – see figure 3.
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Figure 3: Intrafrequency+interfrequency measurement scenario, SMTC period = 40ms and gap period = 40ms, no offset

In this scenario, the UE not requiring intra gaps could measure both intra and interfrequency layers for example, if it uses every other gap for intra measurements and every other gap for inter measurements. However, this would be inefficient considering that the same effect can be achieved under network control as shown in figure 4 if an 80ms gap period is configured. Hence this approach is preferred to minimise gap usage.
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Figure 4: Intrafrequency+interfrequency measurement scenario, SMTC period = 40ms and gap period = 80ms, no offset
Proposal 5: Network can configure gap pattern with longer MGRP if the UE can measure intrafrequency without gaps, and all intrafrequency SMTC are overlapping with gaps with a shorter MGRP

One implication of proposal 5 is that a longer MGRP than 160ms is needed to handle the scenario that SMTC period=160ms for both intra and interfrequency layers.

Proposal 6: MGRP=320ms is used to allow proposal 5 to be used with 160ms SMTC periodicity
Next, we consider some scenarios for intrafrequency measurement with two SMTC configurations, since this was also agreed by RAN1. Since there are separate SMTC configurations for different cells, either the periodicity or offset of the configurations must be different. In practice, there seems to be more motivation for using different periodicity eg if some cells should support higher speed UEs than others.
This is illustrated in figure 5, where some intra cells have a 40ms SMTC periodicity and others have 20ms.
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Figure 5: Intrafrequency measurements with two SMTC periodicities, 20ms and 40ms.

One important difference in this scenario from figure 4 is that on the overlapping SMTC periods, cells from both SMTC groups can be searched for and measured.

Proposal 7: When SMTC overlap occurs with intrafrequency measurements the UE is assumed to be able to measure cells in both SMTC groups.
2.3 Interfrequency single layer measurements

The interactions between intrafrequency and interfrequency measurements are covered by the proposals in the previous section; in summary
For UE that require gaps for intrafrequency measurements
· The SMTC(s) for the intrafrequency and interfrequency layers and the gap pattern should be configured so that at least some of the SMTC of each layer occur during a measurement gap

· From a UE perspective, the intrafrequency layer is “just another frequency layer” which needs to be measured during the gaps along with interfrequency layers
For UE that do not require gaps for intrafrequency measurements

· The SMTC(s) for the intrafrequency and gap pattern should be configured so that there are at least some SMTC measurement opportunities outside of the gap pattern. For interfrequency layers the gap pattern should be configured so that at least some of the SMTC of interfrequency layers occur during a measurement gap

· From a UE perspective, the intrafrequency layer is measured when gaps are not occurring and the interfrequency layer is measured in gaps (like LTE)

2.4 Interfrequency multiple layer measurements

Conceptually the most straightforward scenario for measuring multiple interfrequency layers is when the SMTC between the layers are aligned eg as shown in figure 6.
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Figure 6 : SMTC on all frequency layers has 20ms periodicity, gap periodicity = 40ms

In ths case show in figure 6, UE can measure interfrequency layers in the gaps. UEs that require gaps for inttrafrequency measurements would use the SMTC between the gaps for intra measurements and UEs that require gaps for intrafrequency would additionally measure the intrafrequency layer in the gaps. When the SMTC of all interfrequency layers are fully overlapping, the performance would be relatively easy to specify eg using an Nfreq scaling factor similarly to LTE.
It would also be possible to use offsets, such that the SMTC from different frequency layers do not overlap. This is illustrated in figure 7
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Figure 7 : Use of an offset to avoid overlapping SMTC

In this case, it is assumed that the intra layer is measured without gaps, and the interfrequency layers use 80ms SMTC periodicity with 40ms offset for one of the layers such that an interfrequency measurement can be performed every 40ms.From a UE point of view the minimum requirement for performance in the scenarios in figures 6 and 7 is the same since a measurement is performed every 40ms and there are 2 layers to monitor. However, from a NW point of view, the NW may transmit SS burst less frequently in the scenario in figure 7. Since the measuement opportunities do not overlap, there is no need for scaling by Nfreq but on the other hand the SS burst set periodicity is now 80ms which will extend the measurement delays (eg by a factor of 2),
Proposal 8: For fully overlapping SMTC, Nfreq scaling should be used to specify the reauirements

Proposal 9: For non overlapping SMTC Nfreq scaling should not be applied between the measurement objects.

The final case which needs to be considered is partially overlapping SMTC patterns as shown, for example, in figure 8.
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Figure 8: Partially overlapping SMTC
In figure 8, the SMTC period on F2 is 80ms and the SMTC period on F3 is 40ms. The gap periodicity is 40ms. This means that the UE could measure either of F2 and F3 on every 2nd gap, and only F3 on the other gaps. For this more complicated scenario, one way from a minimum requirements perspective would be to use Nfreq=2 (because the SMTC patterns are partially overlapping) and use SMTC period =40ms for the F3 layer and SMTC period =80ms for the F2 layer. This is somewhat pessimistic but could be suitable considering minimum requirements.
Proposal 10: For partially overlapping SMTC, Nfreq scaling can be used in the same way as for fully overlapping SMTC
3 Conclusions

Proposal 1: MGRP= {40ms, 80ms, 160ms and 320ms} is adopted in NR

Observation 1: If the gaps do not overlap with the SMTC and the UE needs gaps to make measurements of the object under consideration the UE measurement will fail.

Proposal 2: For a single measurement object and SMTC periodicity, the gap based measurement performance will be determined by max (MGRP,SMTC periodicity)

Proposal 3: If UE does not require gaps for intrafrequency measurements, then SMTC which do not overlap with gaps should be considered first for the measurements

Proposal 4:  If UE requires gaps for intrafrequency measurement, an appropriately timed gap pattern should be assumed to be provided
Proposal 5: Network can configure gap pattern with longer MGRP if the UE can measure intrafrequency without gaps, and all intrafrequency SMTC are overlapping with gaps with a shorter MGRP

Proposal 6: MGRP=320ms is used to allow proposal 5 to be used with 160ms SMTC periodicity
Proposal 7: When SMTC overlap occurs with intrafrequency measurements the UE is assumed to be able to measure cells in both SMTC groups.
Proposal 8: For fully overlapping SMTC, Nfreq scaling should be used to specify the reauirements

Proposal 9: For non overlapping SMTC Nfreq scaling should not be applied between the measurement objects.

Proposal 10: For partially overlapping SMTC, Nfreq scaling can be used in the same way as for fully overlapping 
