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Introduction
The impacts of positioning measurement on existing RRM requirements are discussed in RAN4#95-e, and the outcomes are captured in WF [1]. 
The remaining open issues are 
1) MG related issues including relation to UE processing capability, new MG patterns and gap sharing
2) Active BWP switch during gaps used for PRS measurements
3) Concurrent RRM/PRS processing/measurement
Based on the discussions in RAN#88, discussion on issue 1 should be continued based on principles in [1], while RAN4 will define no requirement for issue 2 and 3 [2], and they are removed from the exception sheet of the WI [3].
In this paper we will provide our views on the remaining MG related issues in PRS measurement.
Discussion
0. UE buffering and processing capability 
	· 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.


UE PRS measurement is subject to its reported capability on buffering and processing, which is defined by RAN1 in [4]:
	Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a) T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms


Therefore, in case the processing time T is larger than MGRP, UE may not be able to measure PRS in consecutive MG occasions, even PRS occasion is available in every MG occasion. This is shown in Figure 1, where MGRP is 40ms while UE PRS processing time is 80ms. It means if UE takes the PRS measurement in the 1st MG occasion, it will not be able to take PRS measurement samples in the 2nd MG occasion. 
Therefore, performing PRS measurement in successive MG occasions is subject to signaled UE capability {N,T}. This should be accounted in the measurement period requirements. In our companion paper [5], we propose the measurement period is defined based on an effective PRS periodicity which taken into account the UE processing capability T. The details can be found in Proposal 1-3 in [5].  
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Figure 1: Example of MGRP and UE processing time T
Proposal 1: Performing PRS measurement in successive MG occasions is subject to signaled UE capability {N,T}.
New MG pattern
	· 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.


In our view, new MG pattern with larger MGL is necessary as there can be PRS configurations with PRS occasion length larger than 6ms, which is the largest MGL of existing MG patterns, and these configurations are not corner case. If new MG pattern is not introduced in Rel-16, the PRS configurations that can be used by Rel-16 UE would be limited.
On the other hand, the MG pattern design cannot be tailored for each possible PRS configuration as it will results in numerous MG patterns, which is infeasible for UE and network implementation. In RAN4#95-e, it is agreed to introduce two new MG patterns. We suggest to define the following two new MG patterns
· MGL = 10ms, MGRP = 80ms
· MGL = 20ms, MGRP = 160ms
The proposal is based on possible PRS configurations. There is some margin in MGL to account for TDD UL/DL allocation and possible RRM measurement resources. Also, the largest MGRP is suggested to be 160ms which is same as existing one so that the impact to CSSF can be minimized. 
Proposal 2: Introduce the following two new MG patterns in Rel-16
· GP#24: MGL = 10ms, MGRP = 80ms
· GP#25: MGL = 20ms, MGRP = 160ms
In our view, the new MG patterns should be applicable for both PRS and RRM measurement. 
· On one hand, if the new MG patterns can be only used for PRS measurement, it means when network configured new MG patterns for PRS measurement, UE cannot perform MG based RRM measurement during the PRS measurement period which can be seconds long, and the mobility performance may be at risk. The use of new MG patterns may be limited in real world. 
· On the other hand, as the new MG patterns have longer MGL compared to existing MG patterns, the RRM measurement would not be more challenging compared to that with existing MG patterns at least for NR RRM measurement, as the possible SMTC window durations are same as in Rel-15. For LTE RRM measurement, it is also possible assuming the effective measurement time is same as 6ms MGL. We suggest that at least MG pattern #24 is applicable for LTE RRM measurement, while for MG pattern #25, as the MGRP is 160ms it is not applicable. For UTRA or GSM measurement, we do not think the new MG patterns are applicable. 
In RAN4#95-e, some concerns were raised in applying the new MG patterns for RRM measurement. 
· Capability for NeedForGap and inter-frequency measurement without gap: We understand NeedForGap and inter-frequency measurement without gap are only about RRM measurement, and it should not be impacted by PRS measurement which is assumed to be based on MG, so UE should report the capability assuming no PRS measurement. In any case, the capability for NeedForGap and inter-frequency measurement without gap should not be dependent on specific MG patterns. 
· MG timing and MGTA: There is no difference between new MG patterns and existing MG patterns. Whether to configure MGTA is network implementation.
· Per UE and per FR gap: We understand the issue is not specific for RRM measurement, and RAN4 needs to discuss if the new MG patterns can be per UE gap only or can also be per FR gap, even they are only applicable for PRS measurement. Also, even the capability of per FR gap may be dependent on what measurement (RRM or PRS+RRM) the MG is used for, it is a common issue for all MG patterns.
· Transition of MGL: It is true that network may reconfigure MG pattern when positioning measurement starts or ends, and it may impact ongoing RRM measurement. However, it is also possible even with Rel-15 MG patterns. For example, PRS measurement may be based on MGL of 6ms while RRM measurement is based on MGL of 3ms. In any case, such transition occurs rarely, and it should not be a blocking reason to apply the new MG patterns for RRM measurement. 
· Gapless measurement: Again we do not think the issue is specific for new MG patterns used for RRM measurement. UE supporting per FR gap without FR2 serving cell may also be configured with Rel-15 MG pattern for PRS measurement in FR2. RAN4 anyway needs to discuss if RRM measurement follows the configured MG patterns or effective MG pattern.
In short, we think applying the new MG patterns for both PRS and RRM measurements are necessary and feasible. Keeping in mind that Rel-15 MG patterns are applicable for both PRS and RRM measurement, we do not see much additional efforts in applying the new MG patterns for RRM measurement. 
Proposal 3: New MG patterns are applicable for PRS measurement as well as RRM measurement for NR/LTE.
Per UE and per FR MG
Among Rel-15 MG patterns, pattern 0-11 can be used as either per UE gap or per FR gap for FR1, while pattern 12-23 can be used only as per FR gap for FR2. We understand the principle also holds when Rel-15 MG patterns are used for PRS measurement or PRS+RRM measurement. In order to retain the benefit of per FR gap with new MG patterns, we suggest that new MG patterns can also be used as per UE gap and per FR gap for both FR1 and FR2. We are open to discuss if separate per FR gap capability needs to be defined for PRS measurement or for new MG patterns, but so far we understand the existing 1-bit capability can be used for all measurement types (RRM, PRS, PRS+RRM) and all MG patterns.
Proposal 4: Per UE gap and per FR gap apply for PRS and PRS+RRM measurement. 
· Applicability of Rel-15 MG patterns as per UE and per FR gap remains unchanged
· New MG patterns can also be used as per UE gap and per FR gap for both FR1 and FR2
For per FR gap capable UE, RRM measurement could be performed without MG:
	For per-FR measurement gap capable UE in NR standalone operation (with single carrier, NR CA and NR-DC configuration), for per-FR gap based measurement, when there is no serving cell in a particular FR, where measurement objects are configured, regardless if explicit per-FR measurement gap is configured in this FR, the effective MGRP in this FR is used to determine requirements;
-	20 ms for FR2 NR measurements
-	40 ms for FR1 NR measurements
-	40 ms for LTE measurements
-	40 ms for FR1+LTE measurements


For example, if UE supports per FR gap and only has serving cells in FR1, when it is configured to measure MOs in both FR1 and FR2, network does not need to configure FR2 gap and the measurement requirements for FR2 MOs will be based on effective MGRP of 20ms regardless of whether FR2 gap is configured or not.
Now with PRS measurement in FR2, as RAN4 has agreed to define PRS measurement requirements only for the case where PRS is measured with configured measurement gap, network must configure MG for the PRS measurement, either per UE gap or per FR gap for FR2. FR2 PRS measurement requirements will be based on configured MG pattern. The question is how to define the requirements for FR2 RRM requirements
In our view, the RRM measurement in FR2 should follow existing rules
· If network configures per UE gap, RRM measurement should follow the configured MGRP
· If network configures per FR gap for FR2, RRM measurement should be based on effective MGRP. As highlighted above, in Rel-15 spec the FR2 RRM measurement should be based on effective MGRP even FR2 MG is configured.
In other words, the configuration of MG for PRS measurement does not impact the existing rule for gapless RRM measurement in case of per FR gap configuration. 
Proposal 5: Configuration of MG for PRS measurement does not impact the existing rule for gapless RRM measurement in case of per FR gap configuration.
MG sharing
	· Re-use the handling of LTE PRS in Rel-15 CSSF for gap sharing between NR PRS and RRM.


RAN4 has agreed to re-use Rel-15 CSSF to define MG sharing between PRS and RRM measurements. However, RAN4 has not discussed the details in how to account for PRS measurements in CSSF.
CSSF is carrier specific scaling factor, which is used to scale the single-carrier measurement period when multiple carriers are concurrently measured. In this sense, CSSF is not suitable for cases with multiple PRS layers. 
As discussed in section 2.1.6 in our companion paper [5], PRS measurement is subject to processing capability T, so CSSF cannot be used to define MG sharing between multiple PRS layers. In [5] we propose that when multiple PRS layers are measured, the overall measurement period is the sum of measurement periods of each individual PRS layer. 
Another issue is the handling of PRS layers with >160ms periodicity. In Rel-15 CSSF, LTE PRS layer with >160ms PRS periodicity takes highest priority such that it takes every MG occasion where it is a candidate for measurement. As a consequence, the CSSF equals to 1 for this carrier. However, in case of multiple NR PRS layers with >160ms effective periodicity, CSSF=1 does not work as it means these PRS layers are processed at the same time. 
Observation 1: CSSF is not suitable for cases with multiple PRS layers.
CSSF calculation is based on the number of measurement candidates per MG occasion. An MO is candidate for a MG occasion if SMTC of the MO is fully covered by the MG occasion. For RRM measurement, each SMTC window is considered, but this is not the case for PRS measurement, which will make the calculation of CSSF complex even in case of single PRS layer.
For PRS measurement, the effective periodicity of PRS occasion is can be larger than network configured periodicity due to MG and UE PRS processing capability (see section 2.1.2 of [5]), and it means if we assume every network configured PRS occasion covered by a MG occasion is a candidate for that MG occasion, the CSSF calculation will be unnecessarily relaxed. For example, as in Figure 1, the network configured PRS periodicity is 40ms which is same as MGRP, but the UE PRS processing capability T is 80ms, so the effective PRS occasion periodicity is 80ms, and CSSF calculation should consider every other PRS occasion instead of every PRS occasion. However, which PRS occasion is actually used by UE is up to UE implementation. 
Another question is whether CSSF calculation should be based on network configured PRS periodicity or the effective PRS periodicity. Still taking the example of Figure 1 but assuming the UE PRS processing capability T is 320ms, RAN4 needs to discuss if the PRS measurement always takes highest priority (if effective PRS periodicity of 320ms is considered), or if it should compete MG as other RRM measurements (if network configured PRS periodicity of 40ms is considered).
Observation 2: In case of single PRS layer, CSSF calculation is complex.
Based on above observations, and considering the fact that this is last meeting for the core part of WI, we suggest to define MG sharing between PRS and RRM measurement in a simple way, where the MG is half-half split between RRM and PRS measurement. As to the requirements, it means the measurement period of both PRS and RRM measurements are scaled by a factor of 2 in case MG sharing applies.
In this way, the PRS measurement period can be defined such that the processing capability is accounted while the exact PRS occasion to be used is left to UE implementation, in cases of both single and multiple PRS layers. For RRM measurement, the CSSF calculation remains unchanged.
Proposal 6: MG is half-half shared between RRM and PRS measurement. The measurement period of both PRS and RRM measurements are scaled by a factor of 2 in case MG sharing applies.
Conclusions
In this paper we provided our views on the remaining MG related issues in PRS measurement.
Proposal 1: Performing PRS measurement in successive MG occasions is subject to signaled UE capability {N,T}.
Proposal 2: Introduce the following two new MG patterns in Rel-16
· MGL = 10ms, MGRP = 80ms
· MGL = 20ms, MGRP = 160ms
Proposal 3: New MG patterns are applicable for PRS measurement as well as RRM measurement for NR/LTE.
Proposal 4: Per UE gap and per FR gap apply for PRS and PRS+RRM measurement. 
· Applicability of Rel-15 MG patterns as per UE and per FR gap remains unchanged
· New MG patterns can also be used as per UE gap and per FR gap for both FR1 and FR2
Proposal 5: Configuration of MG for PRS measurement does not impact the existing rule for gapless RRM measurement in case of per FR gap configuration.
Proposal 6: MG is half-half shared between RRM and PRS measurement. The measurement period of both PRS and RRM measurements are scaled by a factor of 2 in case MG sharing applies.
A draft LS in provided in Annex A to inform RAN2 about the new MG pattern related issues.
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Annex A: Draft LS on further RAN4 agreements on measurement gaps for positioning
	RAN4 would like to provide some updates on measurement gaps for NR positioning, on top of those in R4-2009246.

RAN4 agreed to introduce the following 2 new measurement gap patterns in Rel-16:
· Gap pattern #24: MGL = 10ms, MGRP = 80ms
· Gap pattern #25: MGL = 20ms, MGRP = 160ms
UE can optionally support one or both of the 2 new measurement gap patterns.
The 2 new measurement gap patterns can be used for measurement of 
· NR PRS only, or 
· NR PRS and RRM measurement (for NR and/or E-UTRA measurement objects).
The 2 new measurement gap patterns can also be used as per UE gap and per FR gap for both FR1 and FR2. Existing capability independentGapConfig also applies for the 2 new measurement gap patterns.

RAN4 kindly asks RAN2 to take above information into account in the specification work for NR positioning support and define corresponding signalling support.
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