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Introduction
In RAN4#95-e, impact of NR positioning on existing RRM requirements were discussed in several aspects and a WF was agreed [1]. In this paper, we attempt to conclude the following topics:
· Applicability of R15 MG patterns to positioning
· New MG patterns for positioning
· Active BWP switching during MG used for positioning
· Concurrent RRM and PRS processing 
R15 MG patterns for positioning
The following is captured in [1]:
Rel-15 MG patterns for positioning measurements:
· All Rel-15 MG patterns are applicable for positioning measurements.
· FFS: Whether performing PRS measurement in successive MG occasions subject to signaled UE capability {N,T}? N = duration of DL PRS symbols in ms processed every T ms.



In our view, it is obvious that whether UE can perform PRS measurements in successive MG occasions is subject to UE capability {N, T}. For instance, if T = 30ms and MG period is 20ms, UE cannot perform PRS measurements in every MG; the effective MG periodicity from positioning point of view is 40ms in this example. 
However, we have addressed this issue by formulating the measurement period for positioning accordingly (e.g., see [2] for RSTD measurement period) and do not see the need to further discuss it separately in this paper. 
New MG patterns for positioning
The following is captured in [1]:
· Introduce 2 new MG patterns with MGL ≥ 10 ms and MGRP ≥ 80 ms.
· FFS whether the new MG patterns are applicable for RRM measurement or not.
· FFS: details of new MG patterns.
· Candidate MGL and MGRP for new MG patterns:
· MGL = {10, 18, 20, 34, 40 and 50} ms
· MGRP = {80, 160, 320 and 640} ms
· Combination of MGL and MGRP is FFS
· Other options for MGL and MGRP are not precluded
· New MG patterns shall be UE capability.
· In case RRM requirements for new MG are not finalized in RAN4#96-e then no new MG will be introduced in Rel-16.



Despite many concrete arguments that have been presented on the need for longer MGL in previous meetings, some companies still view it as a non-essential optimization. We have a different view and regard longer MGL as an essential component of positioning in R16 as explained below.
Per previous RAN4 agreement, there is only MG pattern supported by UE in R16 (if UE supports per-FR; then one MG pattern per FR is supported). As such, the same MG pattern must cover both SMTC and PRS resources to be measured. On the other hand, per RAN1 agreement, SSB symbols cannot be used for PRS transmissions. Effectively, is PRS periodicity is larger than SMTC periodicity (which is typically the case), then in each MG instance, part of the MGL is unusable for PRS since SSBs are present. As an example, with MGL = 6 ms and 8 SSB per SMTC, 4 slots are unusable due to presence of SSB symbols (± symbols around them to cover expected-RSTD-uncertainty). Two slots are also unusable due to tune-in and tune-out periods. Hence, at best, the effective number of slots for PRS is only 6 (3ms) which is very restrictive given the typical number of TRPs and slot repetitions that are needed to meet positioning accuracy requirements. It is noted that an SMTC length of 5 ms is also a typical length currently deployed which further shortens the available number of slots for PRS. 
Observation 1. The useable portion of MGL for PRS is significantly reduced in typical deployments (TSMTC  < TPRS) given that one MG pattern must cover both SMTC and PRS and the fact that PRS cannot be transmitted in SSB symbols.
Given the compromise of RAN4#95-e, it is proposed to introduce the following new MG patterns for positioning:
Table 1 New measurement gap patterns for NR positioning
	New gap pattern ID
	MG length (ms)
	MG period (ms)

	24
	20
	160

	25
	40
	160



The rationale behind MGL of 20 and 40ms is to maximize differentiation from longest available MGL in R15 (i.e., 6 ms) and provide MGL long enough to enable covering the major part of the set of N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms as agreed by RAN1. Our view is that MGL of 10ms does not provide enough differentiation from MGL of 6ms. The rationale behind MGRP of 160ms is to re-use existing MGRP available in R15 in order to enable both RRM and PRS measurement with the same MG pattern (this will be discussed shortly). Having the same MGRP as existing R15 MGRP sidesteps some of the concerns that companies raised in last meeting in enabling RRM measurement with new MG patterns. Moreover, 160ms is the typical PRS periodicity currently deployed in LTE-OTDOA. It is also noted that N of 45ms or 50ms will be left out since the overhead due to MG approaches or exceeds the 30% limit agreed in RAN1. 
Proposal 1. RAN4 to adopt new measurement gap patterns as in Table 1 for NR positioning.
Moreover, the notion of per-UE and per-FR MG patterns should carry over to the newly defined MG patterns for positioning as well. This is particularly beneficial since, in our view, PRS measurement can occur in one positioning frequency layer (e.g., one FR) and therefore a UE which supports per-FR measurement gap operating can request one of the new MG patterns for the FR in which positioning measurement should occur and a legacy MG pattern for the other FR.
Proposal 2. New MG patterns for positioning shall be defined per-UE and per-FR similar to R15 MG patterns. 
Finally, to address the concerns about complexity burden on some UE implementation, it is proposed that the above new measurement gap patterns have each their own capability signaling. 
Proposal 3. RAN4 to introduce capability signaling for each of the two new measurement gap patterns.
 Applicability of new MG patterns
In RAN4#95-e meeting, several concerns were raised on using the new MG patterns for RRM measurements when UE is in a positioning session. Here, these concerns are listed with our rebuttals:
· NeedforGap signaling: the concern is whether UE needs to include positioning in signaling its capability of NeedforGap introduced in R16. Our view is that positioning should be ignored in signaling of NeedForGap capability. First, the IE NeedForGapsInfoNR indicates whether measurement gap is required for the UE to perform SSB based measurements on an NR target band which already indicates that any other form of measurement should not be considered in this signaling. Second, as RAN4 has already agreed to define positioning requirements only with MG, it is evident to NW that when UE starts a positioning session, MG must be configured regardless of what UE signals in the IE NeedForGapsInfoNR.

· Inter-RAT measurements: the concern is the impact of new MG patterns to inter-RAT measurements. Since our proposed new MG patterns both have 160ms periodicity (which also exists in R15), we do not believe there is anything new impact to inter-RAT measurement. Positioning measurement should be treated the same way as existing measurement object with CSSF sharing (see Section 3.3).


· MGTA: the concern is whether new MGL has any impact on available MGTA values {0, 0.25, 0.50}ms. Our understanding is that MGTA values are designed considering the RF tuning time in FR1 and FR2 and whether the start of the reference signal to be measured is aligned to the start of the MG or not. In other words, MGL has no impact on MGTA and is independent of it.
 
· Capability signaling: the concern is whether per-UE vs per-FR capability signaling defined in R15 should include these new MG patterns. In our understanding, support of per-UE vs per-FR gaps is related to UE architecture and whether FR1 and FR2 modules are independent from each other (per-FR gap) or not (per-UE gap). Consequently, in our view, the same capability signaling can also include the new MG patterns. However, since only two new MG patterns are going to be introduced in R16, we see no issue if a new separate capability signaling for per-UE vs per-FR for each of these new gaps are introduced.


· Impact of MG setup delay on RRM measurement period: we do not believe this is a new issue for positioning. Even in RRM measurement, UE can be commanded to switch its active BWP such that it requires MG to perform SSB-based measurement. The RRC signaling delay to setup MG is not defined or specified in existing requirements. 
 
· Effective MG assumption: the concern is whether the effective MG assumption in existing specification holds given the per-FR or per-UE capability for new MG patterns. As discussed above in “Capability signaling”, our view is that the effective MG assumption should not be impacted by the new MG patterns. The effective MG period specifies the assumed MG periodicity and since the proposed MG patterns is based on 160ms periodicity, which already exists in R15, there is no reason to modify them for positioning. 

· Independent MG operation per FR: A UE that supports per-FR MG can continue to operate measurements based on per-FR MG even in the presence of positioning with new MG pattern. It is noted that the IE NR-PRS-MeasurementInfo-r16 which provides UE with capability to signal to NW what MG pattern it needs to perform PRS measurement has an ARFCN element in it which indicates for which FR (or band) UE is requesting the MG. NW can then continue to provide one of legacy MG patterns for the other FR in which UE is not performing positioning. Hence, RRM measurement on the other FR is not impacted at all.

Based on the explanations above, it is proposed that 
Proposal 4. When UE is in a positioning session and new MG patterns are configured, RRM measurements also share the same MG pattern.
It is further noted that without Proposal 4, the NR positioning with new MG patterns will have very restrictive usage. Without Proposal 4, only in scenarios when there are no MO’s configured for UE, the new MG patterns can be used or, alternatively, NW will have to delete all configured MO’s before a positioning session start, configure the new MG pattern, and reconfigure the MO’s again after the positioning session ends.
Applicability Tables (9.1.2-2 and 9.1.2-3) in TS 38.133 are proposed to be updated to include the new MG patterns as in the following:
Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE or NR-E-UTRA dual connectivity UE
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose
	Applicable Gap Pattern Id

	Per-UE measurement gap
	E-UTRA + FR1, or
E-UTRA + FR2, or
E-UTRA + FR1 + FR2

	non-NR RAT Note1,2 
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11

	
	
	non-NR RATNote1,2 and FR1 and/or FR2, and NR positioning in FR1 and/or FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	
	FR1 and/or FR2, and NR positioning in FR1 and/or FR2
	0-11, 24-25

	Per FR measurement gap
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2
	0,1,2,3


	
	FR2 if configured
	
	No gap 

	
	E-UTRA and, FR1 if configured
	FR1 only 
	0-11 

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 only and NR positioning in FR1 only
	0-11, 24-25

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	FR2 only and NR positioning in FR2 only
	No gap

	
	FR2 if configured
	
	12-25

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1, and NR positioning in FR1 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	0-11 

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	FR1 and FR2, and NR positioning in FR1 and/or FR2
	0-11, 24-25

	
	FR2 if configured
	
	12-25

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1 and FR2, and NR positioning in FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-25

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1 and FR1 and FR2, and NR positioning in FR1 and/or FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-25

	Note:	In E-UTRA-NR dual connectivity mode, if GSM or UTRA TDD or UTRA FDD inter-RAT frequency layer is configured to be monitored, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap. In NR-E-UTRA dual connectivity mode, if UTRA FDD inter-RAT frequency layer is configured to be monitered for SRVCC, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.

NOTE 1:	In E-UTRA-NR dual connectivity mode, non-NR RAT includes E-UTRA, UTRA and/or GSM. In NR-E-UTRA dual connectivity mode, non-NR RAT means E-UTRA, and UTRA for SRVCC.
NOTE 2:	Void
NOTE 3:	When E-UTRA inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.




The NR standalone paper (Table 9.1.2-3) is also updated based on the same principles as shown in [3]. In the above, MG patterns for non-NR RAT measurement is consistent with R15 in which the MGRP of 160ms is not applicable.  
Proposal 5. Tables 9.1.2-2 and 9.1.2-3 are updated to include new MG patterns and their applicability when measurement purpose is NR. 
 Interruption times for new MG patterns
Interruption times for current MG patterns are summarized in Tables 9.1.2-4, 9.1.2-4a, 9.1.2-4b for FR1 and FR2 in synchronous and asynchronous cases. The extension of interruption times (in slots) for new MGL of 20 and 40 ms is straightforward.
Proposal 6a. In synchronous EN-DC, NR standalone operation, and NE-DC, and on all serving cells in MCG for NR standalone operation with per-UE and per-FR measurement gaps for FR1, the total number of interrupted slots on serving cells are:
· 20 slots when MGTA = 0 and 21 slots when MGTA = 0.5ms for 15 kHz SCS if MGL = 20ms
· 40 slots when MGTA = 0 and 41 slots when MGTA = 0.5ms for 15 kHz SCS if MGL = 40ms
· 40 slots for 30 kHz SCS if MGL = 20 ms
· 80 slots for 30 kHz SCS if MGL = 40 ms
· 80 slots for 60 kHz SCS if MGL = 20 ms
· 160 slots for 60 kHz SCS if MGL = 40 ms
· 160 slots for 120 kHz SCS if MGL = 20 ms
· 320 slots for 120 kHz SCS if MGL = 40 ms

Proposal 6b. In asynchronous EN-DC, and on all serving cells in SCG for NR standalone operation with per-UE and per-FR measurement gaps for FR1, the total number of interrupted slots on serving cells are:
· 21 slots for 15 kHz SCS if MGL = 20ms
· 41 slots for 15 kHz SCS if MGL = 40ms
· 41 slots for 30 kHz SCS if MGL = 20ms
· 81 slots for 30 kHz SCS if MGL = 40ms
· 81 slots for 60 kHz SCS if MGL = 20ms
· 161 slots for 60 kHz SCS if MGL = 40ms
· 161 slots for 120 kHz SCS if MGL = 20ms
· 321 slots for 120 kHz SCS if MGL = 40ms

Proposal 6c. Total number of interrupted slots on FR2 serving cells during MGL for EN-DC, NR SA, and NE-DC with per-UE and per-FR measurement gap are:
· 80 slots for 60 kHz SCS if MGL = 20ms
· 160 slots for 60 kHz SCS if MGL = 40ms
· 160 slots for 120 kHz SCS if MGL = 20ms
· 320 slots for 120 kHz SCS if MGL = 40ms

 MG sharing with RRM 
Gap sharing between RRM and positioning measurements
· Re-use the handling of LTE PRS in Rel-15 CSSF for gap sharing between NR PRS and RRM.


This agreement from WF [1] is a bit unclear. There are some major differences between NR positioning and LTE-OTDOA in terms of range of PRS period and muting pattern length that requires more consideration for handling of CSSF. The current EUTRA-RSTD requirements cannot simply be copied for NR positioning.
It is noted that the following discussion applies regardless of whether new MG patterns are adopted for NR positioning or not.
The set of possible PRS periodicities in NR, in ascending order, is {4, 5, 8, 10, 16, 20, 32, 40, 64,  80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480}.  slots, where 𝜇=0,1,2,3 for DL-PRS-SubcarrierSpacing = 15, 30, 60 and 120kHz respectively. PRS periodicity of ⋅20480 is not supported for 𝜇=0. Given the available MGRP values of {20, 40, 80, 160}ms, the following observations can be made:
Observation 2. For NR positioning measurements with MG, maximum PRS periodicity can be 10.24s. Moreover, 
· For TPRS   10ms, excluding TPRS = 8ms, the effective MGRP is 20ms
· For TPRS = 8ms, the effective MGRP is 40ms
· For TPRS = 16ms, the effective MGRP is 80ms
· For TPRS = 32ms, the effective MGRP is 160ms

In LTE, the minimum periodicity of PRS is 160ms. In R15, RSTD measurements in LTE with MG required CSSF to be equal to 1 when LTE PRS periodicity was greater than 160ms, or 160ms but with muting enabled:
 If measurement object i refers to an RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-MutingInfo-r9 is configured, CSSFwithin_gap,i=1. Otherwise, the CSSFwithin_gap,i for other measurement objects (including RSTD measurement with periodicity Tprs=160ms) participate in the gap competition are derived as below.


Following the same logic, NR positioning measurement should have CSSFwithin_gap,i=1 if the effective measurement opportunity, after considering the effect of muting pattern and PRS periodicity, becomes sparse (i.e., the number of opporunities for measurement during any period of 160ms – corresponding to longest possible MGRP – can be zero). Table 2 below summarizes the scenarios where CSSFwithin_gap,i=1 for NR positioning measurements.  
Table 2 Scenarios with CSSFwithin_gap,i=1 for NR positioning measurements
	Max DL-PRS-Periodicity in positioning frequency layer i (TPRS) (ms)
	Max bitmap size of DL-PRS-MutingPattern in positioning frequency layer i

	64, 320, 640, … ,10240
	With or without muting

	32, 160
	With muting of any bitmap size

	16, 80
	With muting of bitmap size ≥ 4 bits

	8, 40
	With muting of bitmap size 8 bits



In the above table, TPRS in the first column refers to maximum PRS periodicity among all configured PRS resource sets of a positioning frequency layer. It is noted that DL-PRS-MutingPattern of larger than 8 bits do not apply to inter-instance muting option per TS 38.211. Effectively, for PRS periodicity of TPRS ≤ 10ms (excluding 8ms), measurement opportunities exist at least once per any 160ms period so they do not need to be associated with CSSFwithin_gap,i=1.
Proposal 7. Use CSSFwithin_gap,i=1 for NR positioning configurations outlined in Table 2. 
Another consideration is how to specify that an NR positioning frequency layer is a candidate to be measured in a gap instance. Our view is that if there is at least one umuted DL PRS resource that is fully contained by the gap (including the time duration by its unmuted slot repetitions and expected RSTD uncertainty), then it is a candidate for measurement. 
[bookmark: _Hlk45701413]Proposal 8. An NR positioning frequency layer is a candidate to be measured in a gap if there is at least one DL PRS resource from that frequency layer that is fully contained (including the time duration spanned by its unmuted slots as configured by DL-PRS-ResourceRepetitionFactor ± its corresponding DL-PRS-expectedRSTD-uncertainty) by the gap. 
With these proposals, a CR has been prepared in [4] for Section 9.1.5 of TS 38.133 to cover NR positioning measurement.
Conclusions
Observation 1. The useable portion of MGL for PRS is significantly reduced in typical deployments (TSMTC  < TPRS) given that one MG pattern must cover both SMTC and PRS and the fact that PRS cannot be transmitted in SSB symbols.
Proposal 1. RAN4 to adopt new measurement gap patterns as in Table 1 for NR positioning.
Proposal 2. New MG patterns for positioning shall be defined per-UE and per-FR similar to R15 MG patterns. 
Proposal 3. RAN4 to introduce capability signaling for each of the two new measurement gap patterns.
Proposal 4. When UE is in a positioning session and new MG patterns are configured, RRM measurements also share the same MG pattern.
Proposal 5. Tables 9.1.2-2 and 9.1.2-3 in TS 38.133 are updated to include new MG patterns and their applicability when measurement purpose is NR. 
Proposal 6a. In synchronous EN-DC, NR standalone operation, and NE-DC, and on all serving cells in MCG for NR standalone operation with per-UE and per-FR measurement gaps for FR1, the total number of interrupted slots on serving cells are:
· 20 slots when MGTA = 0 and 21 slots when MGTA = 0.5ms for 15 kHz SCS if MGL = 20ms
· 40 slots when MGTA = 0 and 41 slots when MGTA = 0.5ms for 15 kHz SCS if MGL = 40ms
· 40 slots for 30 kHz SCS if MGL = 20 ms
· 80 slots for 30 kHz SCS if MGL = 40 ms
· 80 slots for 60 kHz SCS if MGL = 20 ms
· 160 slots for 60 kHz SCS if MGL = 40 ms
· 160 slots for 120 kHz SCS if MGL = 20 ms
· 320 slots for 120 kHz SCS if MGL = 40 ms

Proposal 6b. In asynchronous EN-DC, and on all serving cells in SCG for NR standalone operation with per-UE and per-FR measurement gaps for FR1, the total number of interrupted slots on serving cells are:
· 21 slots for 15 kHz SCS if MGL = 20ms
· 41 slots for 15 kHz SCS if MGL = 40ms
· 41 slots for 30 kHz SCS if MGL = 20ms
· 81 slots for 30 kHz SCS if MGL = 40ms
· 81 slots for 60 kHz SCS if MGL = 20ms
· 161 slots for 60 kHz SCS if MGL = 40ms
· 161 slots for 120 kHz SCS if MGL = 20ms
· 321 slots for 120 kHz SCS if MGL = 40ms

Proposal 6c. Total number of interrupted slots on FR2 serving cells during MGL for EN-DC, NR SA, and NE-DC with per-UE and per-FR measurement gap are:
· 80 slots for 60 kHz SCS if MGL = 20ms
· 160 slots for 60 kHz SCS if MGL = 40ms
· 160 slots for 120 kHz SCS if MGL = 20ms
· 320 slots for 120 kHz SCS if MGL = 40ms

Observation 2. For NR positioning measurements with MG, maximum PRS periodicity can be 10.24s. Moreover, 
· For TPRS   10ms, excluding TPRS = 8ms, the effective MGRP is 20ms
· For TPRS = 8ms, the effective MGRP is 40ms
· For TPRS = 16ms, the effective MGRP is 80ms
· For TPRS = 32ms, the effective MGRP is 160ms

Table 2 Scenarios with CSSFwithin_gap,i=1 for NR positioning measurements
	Max DL-PRS-Periodicity in positioning frequency layer i (TPRS) (ms)
	Max bitmap size of DL-PRS-MutingPattern in positioning frequency layer i

	64, 320, 640, … ,10240
	With or without muting

	32, 160
	With muting of any bitmap size

	16, 80
	With muting of bitmap size ≥ 4 bits

	8, 40
	With muting of bitmap size 8 bits



Proposal 7. Use CSSFwithin_gap,i=1 for NR positioning configurations outlined in Table 2. 
Proposal 8. An NR positioning frequency layer is a candidate to be measured in a gap if there is at least one DL PRS resource from that frequency layer that is fully contained (including the time duration spanned by its unmuted slots as configured by DL-PRS-ResourceRepetitionFactor ± its corresponding DL-PRS-expectedRSTD-uncertainty) by the gap. 
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