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In this contribution, we present our views on some issues on measurement gap pattern configuration for Rel-16 NR positioning.
Measurement gap for NR positioning
In Rel-16 NR positioning, it was agreed that the UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap. However, based on measurement gap configuration specified in TS38.331[1] and gap pattern configuration specified in TS38.133[2], the maximum gap length is 6ms, which may be only applicable for continuous measurement for 5ms in FR1 and 5.5ms in FR2. 
From our point of views, the length of measurement gap may cause limitation for DL PRS measurement, since the time duration spanned by continuous PRS can easily exceed 5.5ms. The duration of continuous PRS at least depends on the following parameters:
· DL-PRS-ResourceRepetitionFactor. It defines how many times each DL-PRS resource is repeated for a single instance of the DL-PRS resource set and takes values .
· DL-PRS-ResourceTimeGap. It defines the offset in number of slots between two repeated instances of a DL PRS resource with the same DL-PRS-ResourceID within a single instance of the DL PRS resource set and takes values This parameter together with the parameter ‘DL-PRS-ResourceRepetitionFactor’ can determine the time duration spanned by one instance of a DL PRS resource set.
· DL-PRS-NumSymbols. It defines the number of symbols of the DL PRS resource within a slot where the allowable values are {2,4,6,12}.
· Number of PRS resources within a PRS resource set. We may assume that the maximum number of PRS resources configured for measurement is 4 or 8 for FR1 and 64 for FR2 at most. 
· DL-PRS-MutingPattern. It defines a bitmap of the time locations where the DL PRS resource is expected to not be transmitted for a DL PRS resource set. In the second option, each bit in the bitmap corresponds to a single repetition index for each of the DL PRS resources. The length of continuous repeated PRS resources depends on the length of consecutive bits in the bitmap.
Then we illustrate some cases in Table1 where the duration of continuous PRS is larger than measurement gap length.
Table 1 Illustrations of duration of continuous PRS
	FR/SCS
	DL-PRS-NumSymbols
	DL-PRS-ResourceRepetitionFactor
	DL-PRS-ResourceTimeGap
	Number of PRS resources per set
	Total duration (ms)

	FR1/15kHz
	12
	8
	1
	1
	8

	FR1/15kHz
	12
	8
	4
	4
	32

	FR1/15kHz
	6
	4
	2
	4
	8

	FR1/15kHz
	6
	2
	4
	8
	8

	FR1/30kHz
	12
	32
	1
	1
	16

	FR2/60kHz
	6
	4
	32
	64
	24

	FR2/120kHz
	6
	4
	32
	64
	12



In each case, the arrangement of multiple PRS resources with repetition in a set can be assumed as shown in Figure 1.


Figure 1 Time span of a PRS resource set (4 resources within a set, repetition factor=4)
It can be seen that, under different SCS configurations in both FR1 and FR2, there are cases where the time span of continuous PRS resources can be larger than 5.5ms. Therefore, we come to the following observation:
Observation1: 
· For some specific configurations for NR positioning, the time span of continuous PRS resources within a PRS resource set can exceed the maximum length of measurement gap configuration.  
If measurement gap is configured, the UE is able to measure DL PRS with large bandwidth outside the DL active BWP during the time window of gap length. However, if the UE is configured with continuous PRS resources larger than 5.5ms and a measurement gap, the accuracy may be only guaranteed within the time window of gap length. While for PRS resources outside the time window, UE may only perform measurement within the DL active BWP, which may degrade measurement accuracy. Using measurements with different accuracies within/outside the time window of a gap may reduce the overall accuracy for measurement. Therefore, extending measurement gap length for NR positioning measurement should be considered.
In addition to gap length, the applicability of the gap repetition period also needs to be considered. In current specification, PRS period takes values of {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240}slots, where for SCS=15, 30, 60 and 120kHz respectively.  If the unit is converted to ms, the period of PRS can be configured very large such as {320, 640, 1280, 2560, 5120, 10240}ms.  However, based on current configuration of measurement gap, the maximum repetition period is only 160ms. Many values of NR PRS period exceed the range of gap repetition period. For some scenarios where the UE measures different signals such as signals for RRM, signals for positioning, signals with different time offsets or periods, it may make sense to configure gap repetition period to be smaller than PRS. Nevertheless, when the UE is only expected to measure PRS resources with large periodicity such as 10240ms within a measurement gap, the gap repetition period of 160ms may not be suitable and a larger repetition period of gap is required. Besides that, introducing larger values of gap repetition period may not increase overhead, whereas add flexibility. Therefore, extending measurement gap repetition period should also be considered.
Observation2: 
· Many values of NR PRS period exceed the range of gap repetition period.  
Extending measurement gap length and repetition period may have impact on gap pattern configuration. In LTE, additional measurement gap pattern configurations were defined for RSTD measurement as shown in the Appendix. Based on the gap patterns, the UE can perform RSTD measurement in a gap with lengths of {10, 14, 24, 32, 54, 64, 80}ms and periods of {80, 160, 320, 640, 1280}ms. However, the additional gap patterns may not be applicable for NR positioning. There are several reasons:
· The additional gap pattern configurations can only be used by the Cat M1 or Cat M2 UE; while for NR positioning, it doesn’t limit the type of the UE. As an example, the gap length of 80ms may not be used by NR UE, since the interruption of data/control signals is unacceptable.
· The time duration of continuous PRS and the period of PRS in NR are different from LTE. These two points are the determinants of gap pattern design. Then we compare the difference between NR PRS and LTE PRS in Table2. It can be seen that various factors contribute to the flexible length of continuous NR PRS, which enables the typical length of the NR PRS very different from the LTE PRS. Therefore, the corresponding gap length for NR PRS should also be adjusted accordingly and some values of gap length such as {54, 80}ms selected from additional gap patterns for RSTD measurement in LTE may not applicable for NR positioning.  As for PRS period, the UE can be configured with more values and larger values for NR PRS than LTE PRS. For example, NR PRS supports larger values of period such as {2560, 5120, 10240}ms. From our point of views, these larger values of period should be included in the gap pattern for NR positioning measurement.
Table 2 Comparison of NR PRS and LTE PRS
	
	Mainly factors affecting the length of continuous PRS
	Typical length of continuous PRS
	Period

	NR PRS
	DL-PRS-ResourceRepetitionFactor

	{1, 2, 4, 8, 12, 16, 24, 32, 64…}ms
	{4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots,
where for SCS=15, 30, 60 and 120kHz respectively

	
	DL-PRS-ResourceTimeGap

	
	

	
	DL-PRS-NumSymbols
{2,4,6,12}
	
	

	
	Number of PRS resources within a PRS resource set
{1,2,3…8} for FR1
{1,2,3…64} for FR2
	
	

	
	DL-PRS-MutingPattern 
option2
	
	

	LTE PRS
	length of PRS occasion
{1,2,3…160}subframes
	{1,2,3…160}subframes
	{5,10,20,40,80,160,320,640,1280}subframes


Hence we think additional gap patterns in LTE can’t be reused and new gap patterns should be defined for NR positioning by RAN4. As measurement gap may cause the interruption of data/control signals, overhead should also be taken into account when defining new gap patterns.
Observation3: 
· The additional gap pattern configurations in LTE may not be applicable for NR positioning.  
Proposal1: 
· RAN4 needs to define new gap patterns in NR to adapt to the PRS measurement for NR positioning.  
· Extending measurement gap length and repetition period should be considered.
Conclusion
In this contribution, we discuss on issues on gap pattern configuration for NR positioning with the following observations and proposals:
Observation1: 
· For some specific configurations for NR positioning, the time span of continuous PRS resources within a PRS resource set can exceed the maximum length of measurement gap configuration.  
Observation2: 
· Many values of NR PRS period exceed the range of gap repetition period.  
Observation3: 
· The additional gap pattern configurations in LTE may not be applicable for NR positioning.  
Proposal1: 
· RAN4 needs to define new gap patterns in NR to adapt to the PRS measurement for NR positioning.  
· Extending measurement gap length and repetition period should be considered.
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Appendix
This section describes measurement gap patterns for RSTD measurement in LTE specified in TS36.133 [3].


A UE configured via LPP [24] to perform RSTD measurements requiring measurement gaps and provided with the OTDOA assistance data, which is comprising at least one PRS configuration with >6 consecutive downlink positioning subframes defined in TS 36.211 [16] in at least one cell, can be configured for performing the RSTD measurements with the following measurement gap patterns and shall not be used outside the corresponding RSTD measurement period:
-	measurement gap pattern with Id 0 specified in Table 8.1.2.1-1, or
-	an applicable measurement gap pattern specified in Table 8.1.2.1-3, provided the following conditions are met:
-	the UE is Cat M1 or Cat M2 UE, and
-	the applicability conditions are met for the UE.
Table 8.1.2.1-3: Additional Measurement Gap Pattern Configurations supported by the UE
	Gap Pattern Id
	Measurement Gap Length
(MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)
	Applicability

	rstd0
	10
	80
	NOTE 1, 2

	rstd1
	10
	160
	

	rstd2
	10
	320
	

	rstd3
	10
	640
	

	rstd4
	10
	1280
	

	rstd5
	14
	160
	NOTE 1, 2

	rstd6
	14
	320
	

	rstd7
	14
	640
	

	rstd8
	14
	1280
	

	rstd9
	24
	320
	NOTE 1, 2

	rstd10
	24
	640
	

	rstd11
	24
	1280
	

	rstd12
	32
	320
	NOTE 1, 2

	rstd13
	32
	640
	

	rstd14
	32
	1280
	

	rstd15
	54
	640
	NOTE 2

	rstd16
	54
	1280
	

	rstd17
	64
	640
	NOTE 2

	rstd18
	64
	1280
	

	rstd19
	80
	640
	NOTE 3

	rstd20
	80
	1280
	

	NOTE 1:	For FDD, (MGL-2) shall not be larger than the required minimum number of available measurement subframes specified in Section 9 in the corresponding RSTD measurement accuracy requirements.
NOTE 2:	For TDD, the number of DL subframes within the available measurement time of the measurement gap shall not be larger than the required minimum number of available measurement subframes specified in Section 9 in the corresponding RSTD measurement accuracy requirements.
NOTE 3:	At least one cell in the OTDOA assistance data is configured with multiple PRS configurations



If the UE is configured with any of the measurement gap patterns specified in Table 8.1.2.1-3 for performing RSTD measurements, using of any other measurement gap pattern configured to the UE is suspended during the RSTD measurement period.
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