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1. Introduction
In last RAN4 meeting, there was some discussion on new MG pattern for positioning and some agreements have been captured in the WF R4-2009266, as duplicated below,
	New MG Patterns
· 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.

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.




In last meeting, we shared some concerns on the case when the new positioning MG applies for legacy RRM. In this contribution, we further analyze the possible issues to apply the new positioning MG for legacy RRM.
2. Discussion
2.1 Scenario limitation to have new positioning MG
For the PRS based positioning, UE may request MG for PRS measurement since serving cell is not aware of the positioning MO from LMF. In RAN2 the signaling has been introduced as,
– LocationMeasurementIndication
The LocationMeasurementIndication message is used to indicate that the UE is going to either start or stop location related measurement which requires measurement gaps. 
Thus, that means, when UE has no PRS based measurement objects, UE is not allowed to request those new positioning MG to network and network is not allowed to configure those new positioning MG to UE.
Proposal 1: the new positioning MGs can only be requested by UE or configured by network when UE has PRS measurement.
2.2 Potential issues for new positioning MG to legacy RRM
Followings are our analysis on the potential issues for new position MG to legacy RRM
(1) non-NR measurement
In the current MG applicability definition, it was defined that,
	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 monitored 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.
In NR single carrier, NR CA, and NR-DC mode, non-NR RAT means E-UTRA, and UTRA for SRVCC. In NR single carrier, NR CA, and NR-DC mode, if UTRA FDD inter-RAT frequency layer is configured to be monitored 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.



That means when 2G/3G has been configured as one of the MOs, UE cannot use any MG except MG pattern #0 and #1 for per-FR1 MG or for per-UE MG. Thus, the new positioning MG cannot be used when any 2G/3G MO is configured.
On the other hand, we also have limitation on the MG pattern for RSTD measurement in LTE, which is captured as below,
	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.


 Thus, the new positioning MG cannot be used when any LTE RSTD measurement is configured. 
Proposal 2: the new NR positioning MG cannot be used when any 2G/3G MO is configured or when LTE RSTD measurement is configured.
(2) NeedForGapsInfoNR
The IE NeedForGapsInfoNR indicates whether measurement gap is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured. That means the NR positioning MG is not in the scope of this capability indication, and we agree that it would not cause ambiguity on the existing NeedForGapsInfoNR.
(3) Per-FR or Per-UE MG type for new positioning MG
The UE capability of independent MG is defined as,
independentGapConfig 
This field indicates whether the UE supports two independent measurement gap configurations for FR1 and FR2 specified in clause 9.1.2 of TS 38.133 [5]. The field also indicates whether the UE supports the FR2 inter-RAT measurement without gaps when (NG)EN-DC is not configured. 
This capability of independentGapConfig means UE can support two RF chains for FR1 and FR2 reception and the UE activity on one FR would not impact any UE activity on the other FR. However, for the new positioning MG, how to use this capability shall be carefully handled, since in last RANP #88e meeting, we preclude the concurrent PRS/SSB measurement from the Rel-16 scope,
· Do not define requirements for Issue 3 “Concurrent PRS processing and RRM measurements” in Rel-16 and remove open issue from the exception sheet
Since PRS can only be measured in MG, if UE can support per-FR MG and RAN4 assumes same mechanism applying for new positioning MG in both RRM and positioning measurement, UE may use two independent MGs for PRS measurement on FR1 CCs and FR2 CCs. By using this independent gap capability for new positioning MG, it means UE can perform PRS measurement on one FR but perform concurrent PRS/SSB/CSI-RS measurement or RLM/BM or data reception on the other FR. This case is even worse than the concurrent PRS processing and RRM measurement. So far, the UE capability for concurrent RRM/PRS processing/measurement is still open and therefore how to use the legacy independent MG capability for new positioning MG is unclear to us. One example is shown in figure 1. We agree that this issue is also appliable for positioning measurement with legacy MG, but legacy MG has to have such independent MG capability indication because this capability signaling is designed for legacy MG patterns from RRM measurement perspective in R15.
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Figure 1. Example of independent MG capable UE to perform PRS measurement one FR but perform SSB measurement on the other FR
Observation1: the UE capability for concurrent RRM/PRS processing/measurement is still open and therefore how to use the legacy independent MG capability for new positioning MG is unclear.
In legacy NR MG patterns, one difference between per-UE/per-FR1 and per-FR2 MG is the RF tuning time, and 500us is for one-way RF tuning/retuning for per-UE/per-FR1 MG while 250us is for one-way RF tuning/retuning for per-FR2 MG. Thus, if the new positioning MG is used for RRM measurement, paired MG patterns might be used for FR1 and FR2 and their difference is that FR2 MGL is 0.5ms smaller than FR1 MGL, e.g. MGRP=80ms with MGL=10ms for per-UE/per-FR1 MG and MGRP=80ms with MGL=9.5ms for per-FR2 MG. 
Anyway, based on the above observation and analysis, we think RAN4 needs more discussion on the applicability of legacy independent MG capability indication to the new positioning MG patterns.
Proposal 3: RAN4 needs more discussion on the applicability of legacy independent MG capability indication to the new positioning MG patterns.
(4) MGTA for new positioning MG
After offline consideration on the MGTA mechanism, we agree that this MGTA would not impact or be impacted by new positioning MGs and UE just follow the MGTA from network to apply the MG duration shifting
(5) Transition on MGL
The transition may also happen when MGL change between legacy MG patterns for positioning measurement, so we can agree that transition on MGL would not impact using new positioning MG for RRM.
(6)  Effective MG
Similar issue as in bullet (3), if effective MG is assumed for new positioning MG, that means UE has concurrent PRS measurement and other measurement (SSB or CSI-RS) on different FRs, but the UE capability for those concurrent measurement between PRS and SSB/CSI-RS is not clear so far.
Observation2: the UE capability for concurrent RRM/PRS processing/measurement is still open and therefore how to use the legacy effective MG assumption for new positioning MG is unclear.
Proposal 4: RAN4 needs more discussion on the applicability of legacy effective MG when the new positioning MG patterns is used for legacy RRM measurement.
(7) Potential issues in CSSF design
In legacy CSSF design for MG, it has been specified that,
	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.
For each measurement gap j not used for an RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-MutingInfo-r9 is configured within an arbitrary 160ms period, count the total number of intra-frequency measurement objects and inter-frequency/inter-RAT measurement objects which are candidates to be measured within the gap j.



Let us use 80ms NR PRS periodicity as an example, if new positioning MG (e.g. MGRP=80ms with MGL=10ms) is used for RRM as well as positioning and both SMTC and PRS occasion is contained in one single MGL, it’s unclear so far whether we need to reduce CSSF factor for those delay requirements or not.
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Figure 2. example for the SMTC and PRS in same long MGL
In figure 2, PRS and SMTC are in the same long MGL, then the CSSF design need to consider if both PRS and SSB can be measured in one single MGL. However, it also depends on the time order of SMTC and PRS as shown in figure 2, that is, if SMTC is ahead of PRS occasion it might be possible to measure SMTC and PRS in the same MGL due to the short SSB processing time, but it might be impossible to measure SMTC after PRS occasion in the same MGL due to the longer PRS processing time.
On the other hand, the legacy CSSF with MG only assumes that one carrier could be measured in one MGL, but in this new positioning MGs, the situation might be completely different. If all the positioning MOs are on the different carriers from the existing inter-frequency RRM MOs as shown in figure 3, then two CCs might be measured within one MGL, and therefore the CSSF with MG shall be redesigned for this case. 
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Figure 3. example of long MGL for positioning and RRM measurements
Other engineers may argue that we can still reuse same CSSF from legacy assumption that one CC measured in one MGL, but if legacy CSSF design is reused in figure 3 example, then we are wondering what the benefit is to have a new MGL for both RRM and positioning measurement? Because instead of using new positioning MGs for both RRM and positioning measurement, we can use legacy MG for RRM measurement first and then reconfigure a new positioning MG positioning measurement only, the total delay to complete the RRM measurements and positioning measurements shall be same as using the new positioning MG for both RRM and positioning measurement (using new positioning MG for both RRM and positioning may cause unnecessary interruption for the MGLs where UE is only performing RRM measurements). 
Proposal 5: RAN4 needs more discussion on whether the legacy CSSF design could be reused when new positioning MG is used for both RRM measurement and positioning measurement. 
Based on all the analysis above, we think it’s too early to conclude if the new positioning MG could be also applied for legacy RRM measurement or not. But we also understand the comments from other companies that it would be big restriction to use new positioning MG if it’s only allowed when UE has no concurrent MG based RRM MOs. To compromise, we propose that,
Proposal 6: In Rel-16, the legacy RRM requirements shall not applied during the period when UE is configured with new positioning MG patterns for PRS measurement. 
3. Conclusion
In last meeting, we shared some concerns on the case when the new positioning MG applies for legacy RRM. In this contribution, we further analyze the possible issues to apply the new positioning MG for legacy RRM.

Proposal 1: the new positioning MGs can only be requested by UE or configured by network when UE has PRS measurement.
Proposal 2: the new NR positioning MG cannot be used when any 2G/3G MO is configured or when LTE RSTD measurement is configured.
Observation1: the UE capability for concurrent RRM/PRS processing/measurement is still open and therefore how to use the legacy independent MG capability for new positioning MG is unclear.
Proposal 3: RAN4 needs more discussion on the applicability of legacy independent MG capability indication to the new positioning MG patterns.
Observation2: the UE capability for concurrent RRM/PRS processing/measurement is still open and therefore how to use the legacy effective MG assumption for new positioning MG is unclear.
Proposal 4: RAN4 needs more discussion on the applicability of legacy effective MG when the new positioning MG patterns is used for legacy RRM measurement.
Proposal 5: RAN4 needs more discussion on whether the legacy CSSF design could be reused when new positioning MG is used for both RRM measurement and positioning measurement. 
Proposal 6: In Rel-16, the legacy RRM requirements shall not applied during the period when UE is configured with new positioning MG patterns for PRS measurement. 
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