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1. Introduction

In last RAN4 meeting, the measurement gap discussion was continued and some agreements were made as below.
	MGL:

· MGL=6ms is agreed

· It is FFS to introduce MGL shorter than 6ms for both sub-6GHz and mmWave

MGRP:

· For NSA

· MGRP: 40ms, 80ms, 160ms

· If there is LTE inter-frequency layer to be monitored, 160ms MGRP won’t be used.

· RAN4 will not define LTE inter-frequency requirements based on 160ms MGRP

· It is FFS if shorter MGRP is needed 

· For SA

· Candidates: 40ms, 80ms, 160ms 

· It is FFS if shorter MGRP is needed

Companies are encouraged to provide their opinion on the question” How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?”

· It is noted that when SMTC period is smaller than MGRP, only partial of SMTC can be covered by the measurement gap. 

· It is noted that measurement gap can be used for all RAT including LTE and NR.


In Intel paper [1], the possible aspects for gap study was analysed. For inter-frequency and inter-beam measurement, the target cell will be in different frequency and/or spatial domain from the serving cell, and therefore the gap design shall take into account the SS periodicity, offset, frequency layers, and so on.
Based on the latest progress of SSB/CSI-RS design and some remaining issues from last meeting, in this contribution we further discuss the gap design to make sure the gap can be easily configured to receive the target cell reference signal within an expected period and limited UE complexity. 
2. SS deign from RAN1
RAN1 had some progress on the SS and CSI-RS design, which is duplicated as below,
	Agreements 1: SS block mapping 
· Candidate OFDM symbol position within half radio frame for SS/PBCH block for 120/240kHz SCS is modified as below
· 120 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.

· 240 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.
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Agreements 2: SS block bitmap 
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Agreements 3: SS block periodicity

· UE assumes a single periodicity i.e., SS burst set periodicity, for all SS/PBCH blocks for a cell
· At least for rate matching purpose, the single periodicity value is configured for the serving cell separately from SMTC. Otherwise the default periodicity, 5 ms, is assumed
· Note: UE is not expected to perform rate matching based on SMTC
Agreements 4: QCL parameters for SS block transmissions
· A UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are quasi-collocated with respect to spatial, average gain, delay, and Doppler parameters
· By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indexes are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters
· FFS: Whether the network indication of SS block repetition and the impact on QCL assumption
· Note: In the above agreements, gNB has the flexibility to use different physical beam(s) and its mapping  for the SS/PBCH block transmission

· Note: The case where antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are not quasi-collocated with respect to spatial, average gain, delay, and [Doppler] parameters is not specified
Agreements 5:
· NR supports NW adaptation and indication of SCS used for SS/PBCH block for NSA carrier access

· RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information

· UE can assume a single subcarrier spacing of SS/PBCH block per frequency carrier

· In case that target NSA carrier is in below 6 GHz range, 

· NW can adapt either 15 kHz or 30 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE

· In case that target NSA carrier is in between 6 GHz and 52.6 GHz range, 

· NW can adapt either 120 kHz or 240 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE

· If there is no indication on SCS used for SS/PBCH block transmission on target NSA carrier, UE assumes default SCS for SS/PBCH block transmission


Regarding SS burst and SS burst set period, the agreement in RAN1 can be summarized as below
· Window of SS transmission regardless of SS burst set periodicity is 5ms 

· Within this 5ms window,  the maximum number of SS blocks, L, per SS burst set period
· up to 3 GHz: L = 4
· from 3GHz to 6 GHz: L = 8
· from 6 GHz to 52.6 GHz: L = 64
· SS burst Set Periodicity
· Initial cell selection: 20ms
· if Network assistance information (NAI) is available, configurable {5, 10, 20, 40, 80, 160} msec (for CONNECTED/IDLE)

· If NAI is not available, 5ms
3. Measurement gap for NSA NR
3.1 Applicability of measurement gap

In legacy LTE the measurement gap (network configured gap) is used for inter-frequency and inter-RAT measurement, however in NR the Rx beamforming switching need to be taken into account as well. In RAN4 #84, the measurement categories were agreed as,
	· Intra-frequency measurement without RF retuning

· Intra-frequency measurement with RF retuning

· Inter-frequency measurement with RF retuning


In this meeting Intel has a discussion paper [2] in which the applicability of measurement category is discussed, and the main reasons to use RF retuning are: inter-frequency measurement, UE operation CBW cannot cover reference signal, different SCS for data reception and measurement, and different Rx beamforming patterns for data reception and measurement.   

( Inter-frequency measurement: definition was approved in last RAN4 meeting. 
( UE operation CBW cannot cover reference signal
The SS blocks may be distributed within the system bandwidth of NR system and the RBs where UE is conduct data receiving may be different from the SS block RBs even though the centre frequency of target cell and serving cell are same, so in this case UE may need gaps to perform cell identification and measurement, which is different from LTE intra-frequency measurement.
( Different SCS for data reception and measurement
If the serving cell scheduled data REs to the UE has the different SCS from the target cell SSB/CSI-RS and those data REs and target SSB/CSI-RS are superposition on time and frequency domain, they gap might be needed for measurement.
( Rx beam switching

Even though we would like not to standardize the Rx beamforming implementation detail in the requirement, the implementation margin cause by Rx beamforming switching shall still be considered in the requirement design. If UE implements one or couple specific Rx beams for serving cell and for target cell measurement UE has to use different Rx beams, the measurement gap is necessary in this case for beam switching. It can be defined an inter-beam measurement, but since we cannot know which exact Rx beam is used by the UE, we propose to use the measurement gap for all beamforming based measurement, e.g. the measurement for mmWave. On the other hand, measurement gap is preferred for inter-beam measurement instead of introducing interruption requirement; the reason is measurement behaviours will take place much more often the other behaviours (e.g. cell activation), and it is better to keep network aware where the DL/UL date cannot be scheduled. 
If the reference signals of serving cell and target cells are superposition in time and frequency domain, then UE may don’t need to switch Rx beam (i.e. don’t need gap) for target cell measurement, otherwise UE may need gap for target cell measurement for target cell. So, as discussed in [2], we propose to assume that measurement gap will be used for the case when serving cell data REs to the UE are collided with target cell SSB/CSI-RS. Or alternative might be a more flexible way that UE may indicate Rx beamforming related information to serving cell when data reception is collided with target cell measurement.
In the above cases, if the UE is capable of non-gap measurement, then the non-gap requirement may be applied, but the baseline requirement shall be based on the gap based measurement. 

Even though the gap configuration is network behaviour, it’s still important to clarify on the applicability of measurement gap since both under-configuration and over-configuration of gap may probably cause measurement resource wasting or longer measurement delay at both network and UE side.

Proposal 1: RAN4 needs to discuss the applicability of measurement gap for NR measurement.

3.2 Discussion on measurement gap design
RAN1 has some design on the SMTC which can also be a reference for the gap design.

· 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

Depending on initial cell selection and availability of NAI, the SS burst set length can be configuration {5, 10, 20, 40, 80, 160} msec. Different measurement objects can come up with different SS burst set length on different frequency layer. Per measurement object, it is possible that different frequency layer may have different SS burst set length. Meanwhile, the offset of the SS burst set within period can be another variable to complicate the situation. However, regarding UE implementation complexity, we would like to suggest that at least the 5ms window position in time domain could be aligned for each single frequency layer, which also fit RAN1 conclusion of SMTC (i.e. Single measurement window offset and duration are configured per frequency carrier). In this contribution, based on the current progress in RAN1 and the analysis in [1], the measurement gap design for NR may focus on the following aspects:

(1) Frequency layer group: 

Since SS block position may differ among different frequency layers, such kinds of information may be used for network to configure the most proper gap for UE to identify/measure the target cell. On the same frequency layer, all the SS blocks might be in the same 5ms measurement window, and that will be easy to configure the gap to cover this measurement window; however among different frequency layers these 5ms measurement windows might be different. It is necessary to decide the gap configuration based on different frequency layers, and we may also group some of the frequency layers into one group if the measurement windows of those frequency layers are synchronous. 
Proposal 2: The measurement gap pattern can be configured per frequency layer group. The frequency layers can be grouped into one group as long as measurement windows on those frequency layers are synchronous
For example, in figure 1, if the SSB on F1 and F2 can be covered by an identical 5ms measurement window we may assume those frequencies F1 and F2 are in the same frequency group, but F3 may be grouped into another frequency group since SSBs on F3 cannot covered by the 5ms measurement window of F1 and F2.
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Figure 1. Example for frequency group for measurement gap configuration

(2) MGRP: 
Since various SS burst set period configuration may be used among different frequency layer group, e.g. {5, 10, 20, 40, 80, 160}ms,  the MGRP may be designed as the same order as SS burst set periodicity. However, from RRM perspective, it’s better to limit the gap to a limited density to make sure the UE QoS of data/voice, and therefore we propose to reuse the 40ms MGRP as the smallest value for the MGRP, that is, in time domain the density of gap in statistic cannot be greater than 1 gap per 40ms.
The agreement in last meeting is “MGRP: 40ms, 80ms, 160ms”, but it was still FFS if shorter MGRP is needed. The benefit of shorter MGRP is the measurement delay might be also shortened which may improve the mobility performance. However, it’s better to carefully think of this issue for both non-mmWave and mmWave scenarios:

(For non-mmWave

Actually, this case is quite similar as LTE and the mobility performance from inter-frequency measurement delay based on 40ms/80ms MGRP is acceptable and the throughput loss due to MGRP is also acceptable. The SMTC configured from network might be 5ms/10ms/20ms/40ms/80ms/160ms but the smaller SMTC might be mostly used for intra-frequency measurement which includes serving cell monitoring and needs short measurement delay; for inter-frequency measurement, we can refer to DMTC of LTE SCE, which only have 40ms and 80ms, and therefore the SMTC of 40ms/80ms/160ms is more reasonable for inter-frequency measurement. Moreover, even network configures dense SMTC to the UE, it just provide the available occasion to receive the reference signal but doesn’t mean UE is mandated to measure on each SMTC periodicity. 
(For mmWave

Regarding the Tx beamforming, UE can have opportunity to iterate the measurement on all available SS blocks of different SS block index in one measurement window(5ms) since the SS blocks with different index in a SS burst set is supposed to use for different Tx beamforming patterns.
However, if considering Rx beamforming switching the same index SSB may need more opportunity that the non-mmWave case; for example, if UE is performing measurement on SSB#i of a target cell and UE support 4 analog Rx beamforming patterns, so in order to iterate all 4 Rx beamforming patterns UE may need four occasions to measure the SSB#i with Rx beamforming. In this case smaller MGRP may help to control the measurement delay, and of course it will also cost lots of resource for measurement. However, Rx beamforming is an UE implementation mechanism, and we don’t think it is necessary to specify this capability in standard, that is, we don’t need to shorten the MGRP proportionally according to the Rx beamforming number. We may add some margin of measurement delay for Rx beamforming switching but the MGRP shall not be impacted to maintain the throughput.
Proposal 3: In NR the MGRP shall be only configured as 40ms or 80ms or 160ms.
(3) Gap Offset within each MGRP: 

Similar as LTE gap, the gap offset is used to indicate the beginning position of gap within each MGRP. But since the SS blocks might be different among different frequency layer group, the gap offset may also be different among frequency layer group. If the gap configurations for two frequency layers have same MGRP but have different gap offset, that means the time interval between two gaps may be not exactly equal to MGRP which makes sense to the UE implementation for NR; however, in statistic the gap density shall keep in line with the MGRP.  For example, in figure 2, the gap are configured for both F1 and F2 measurement, but gap offset may be different between F1 and F2 since SS blocks on F1 and F2 are asynchronous. In the figure 1 case, in order to make sure density of gap (no larger than 6ms per 40ms), network may mute some of the gaps and then UE can use first and third gap for F1 and second gap for F2, and the real interval between gap 1 and gap 2 at UE is 50ms and the real interval between gap 2 and gap 3 at UE is 30ms. However, in statistic the gap density is still 6ms per 40ms in figure 1.
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Figure 2. non-uniformly MGRP in measurement period
In last meeting, there was an open issue that,

	Companies are encouraged to provide their opinion on the question” How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?”

· It is noted that when SMTC period is smaller than MGRP, only partial of SMTC can be covered by the measurement gap. 

· It is noted that measurement gap can be used for all RAT including LTE and NR.


The figure 1 is a case to against this assumption of single gap pattern. If the SMTC have different offset among the different frequency layers/groups, the single gap pattern cannot work well to cover all the available SSBs, and as discussed above, the only possible solution might be different gap pattern configured for different frequency groups.

Observation 1: it’s unlikely that NW can configure a single measurement gap pattern to cover the union SMTC of different frequency layer. 
Proposal 4: the interval between gaps may not be equal to MGRP, but in statistic of measurement period the gap density shall be consistent with MGRP.
(4) MGL

For SS block based cell identification and measurement, 6ms MGL is used as baseline. So the 6ms MGL shall be used for all the gap configuration, but the interruption time to SCG might be 7ms if asynchronous dual connectivity is used for LTE+NR; otherwise the interruption time is 6ms. However, in last meeting it was also mentioned that,
	· It is FFS to introduce MGL shorter than 6ms for both sub-6GHz and mmWave


If the short MGL is feasible, it shall be corresponding to the SCS and the number of available SS blocks in the SS burst set periodicity, which may be a flexible value smaller 6ms. So this is actually different from the concept of shortened gap in LTE. In LTE gap enhancement, by the accurate timing information between serving and target cells, it may configured a shortened gap to cover the PSS/SSS of target cell and this PSS/SSS is always on 5ms periodicity and 2 symbols, but in NR the time length SS blocks may be varied a lot according to different SCS and available SSB number on different frequency layers, it will be complicated for network to configure a flexible MGL for a specific frequency layer to cover all available SSBs. So we don’t think it is much beneficial to introduce shorter MGL in NR, at least for this release. 
Proposal 5: with 6ms MGL, the interruption time to SCG might be 7ms if asynchronous dual connectivity is used for LTE+NR; otherwise the interruption time is 6ms.
Proposal 6: Shorter MGL shall not be considered at least in current NR release.
(5) Other

In order to make the gap configuration flexible enough for different frequency layer group, some kinds of indications may be needed to indicate the usability of gap. For example, if the MGRP on two different frequency layers (F1 and F2) are 40ms and the gap offset of these two frequency layers are different (e.g. 0ms on F1 and 10ms on F2), we may need to indicate only one gap can be used within 40ms out of these two gap configurations in order to keep the gap density equal to one gap per 40ms. In this case, we may need some methods to indicate the gap muting for each frequency layer within MGRP. 
Proposal 7: the gap usability indication may be needed for each frequency layer within MGRP.

3.3 Measurement gap example for NR measurement

Even though some of the parameters are still under discussing, we would like to give an example for NR measurement gap based on the analysis in this section, and we are open to further discuss the detailed design in future meetings. 
The example in figure 2 is three frequency layer groups (F1, F2 and F3) for NR and LTE measurements. NR cell 1 is on F1, and NR cell 2 is on F2, and LTE cell 3 is on F3 (for simplicity we assume one cell in each frequency layer group in the example). The SS burst set periodicity on F1 and F2 is 20ms and 40ms respectively.  
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Figure 2. Example for gap configuration in NSA NR
One of the approaches to configure the gap might be as in table 1,
Table 1. Gap configuration for example in figure 2

	Frequency layer
	F1
	F2
	F3

	MGRP
	40ms
	40ms
	40ms

	Gap offset
	0ms; it may depend on the SS block position
	5ms; it may depend on the SS block position
	5ms

	Gap usability indication
	1st gap can be used for F1 measurement Note
	2nd gap can be used for F1 measurement Note
	3rd and 4th gap can be used for F3 measurement Note

	MGL(fixed)
	6ms
	6ms
	6ms


Note: The gap usability indication may be used to indicate which gaps are punctured or muted, and it may be reflected as a bitmap or pattern.

Even though some of the gap configuration may be different among different frequency layer groups, the UE behaviour on conducting the gap shall be still per-UE based, that is, UE may be assume to stop all the DL/UL traffic on all the serving CCs during the measurement gap. So in the above example, from UE perspective, the interval between every two gaps may be not identical, but in statistic the density of gap is 40ms.
4. Conclusion
In this contribution we discuss the gap design to make sure the gap can be easily configured to receive the target cell SS within an expected period and limited UE complexity.
Proposal 1: RAN4 needs to discuss the applicability of measurement gap for NR measurement.

Proposal 2: The measurement gap pattern can be configured per frequency layer group. The frequency layers can be grouped into one group as long as measurement windows on those frequency layers are synchronous
Proposal 3: In NR the MGRP shall be only configured as 40ms or 80ms or 160ms.

Observation 1: it’s unlikely that NW can configure a single measurement gap pattern to cover the union SMTC of different frequency layer. 
Proposal 4: the interval between gaps may not be equal to MGRP, but in statistic of measurement period the gap density shall be consistent with MGRP.
Proposal 5: with 6ms MGL, the interruption time to SCG might be 7ms if asynchronous dual connectivity is used for LTE+NR; otherwise the interruption time is 6ms.
Proposal 6: Shorter MGL shall not be considered at least in current NR release.
Proposal 7: the gap usability indication may be needed for each frequency layer within MGRP.
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