


3GPP TSG-RAN WG4 Meeting #95-e	R4-2006173
Online, May 25 – June 5, 2020


Agenda item:	6.8.2.2
Source: 	Qualcomm Incorporated
Title: 	On impact of NR positioning on existing RRM requirements 
Document for:	Discussion
Introduction
In RAN4#94-e-Bis meeting, a few topics related to impact of NR positioning on existing RRM requirements were discussed and the WF was captured in [1]. In this paper, the following topics are further discussed:
· Need for longer measurement gap length (MGL > 6 ms)
· Scheduling restrictions and measurement gaps for PRS processing in FR1 and FR2
· BWP change in positioning measurements
· Concurrent PRS processing and RRM measurement
New MG patterns for PRS processing
The need for longer MGL was further discussed in email discussion # 116 and the following appears in the WF:
New MG Patterns:
· FFS: Introduction of new measurement gap pattern with MGL > 6 ms.
· Candidate MGL and MGRP if new MG patterns are specified:
· MGL = {10, 20, 40 and 50} ms
· MGRP = {80, 160, 320 and 640} ms
· Combination of MGL and MGRP is FFS
· Independent MG patterns for positioning and RRM measurements is deferred to future release.
Gap sharing between RRM and positioning measurements:
· Gap sharing between RRM and positioning measurements is based on CSSF defined in Rel-15 of TS 38.133. 
· Details of CSSF for gap sharing between RRM and positioning measurements are FFS.
· Details on extending measurement periods of RRM and positioning measurements due to gap sharing are FFS.


Some companies expressed their reservation on introducing new measurement gap patterns for NR positioning in R16 mainly citing two concerns: 1) lack of time left to complete the WI, 2) no strong justification on new for MGL > 6ms. 
To address the first concern, we believe even extending the WI by a quarter to be able to address this issue and avoid limiting the usage of NR positioning is better than completing the WI with limitations and restrictions on the deployment scenario. Moreover, given the general trend of WIs being extended due to conversion of meetings to online meetings, extension of WI completion data is inevitable anyway. 
To address the second concern, we note that the developments on UE capability signaling in RAN1 is actually moving towards capability signaling with measurement gaps only with no capability signaling for measurements without gaps. 
 Agreement:
UE capability for DL PRS processing is defined assuming the case with configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than X%
· FFS: X

Agreement:
· For UE DL PRS processing capability, 
· UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
· Additionally, UE reports new parameter, number of DL PRS resources that UE can process in a slot, which is reported per SCS per band. 
· Values: {1, 2, 4, 8, 12, 16, 32, 64}
· The following sets of values for N, T and B are supported
· Values for N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for maximum BW reported by UE = {5, 10, 20, 40, 50, 80, 100, 200, 400} MHz



This means using measurement gap for PRS measurement is the primary concern and use case in NR positioning and as such, RAN4 should give higher priority in defining the requirements for this case. If RAN4 does not define any new MGL, then UE capabilities provisioned in RAN1 agreement above will never be used for the set of N = {8, 12, 16, 20, 25, 30, 35, 40, 45, 50}. Moreover, some company argued that the number of Tx beams in FR2 is currently not high enough to warrant a longer measurement gap, particularly in FR2. We disagree with this logic. The current deployment models are related to R15 features and should not be used as a model for R16 enhanced features such as NR positioning. 
Observation 1. RAN1 capability signaling is currently only focused on PRS measurement during gaps with no capability signaling defined for PRS measurement without gap.
Observation 2. If RAN4 does not define any new MGL, then UE capabilities provisioned in RAN1 agreement can never be used for the set of N = {8, 12, 16, 20, 25, 30, 35, 40, 45, 50}.
Observation 3. Current R15 deployment models may not be used for R16 enhanced features such as NR positioning. 
Proposal 1. RAN4 to introduce new measurement gap patterns with MGL > 6ms for NR positioning. 
In RAN4#94-e-Bis meeting, a list of MG periods and lengths were selected for NR positioning and we agree that the selected set gives sufficient flexibility for the foreseen deployments of NR positioning in both FR1 and FR2. One open issue is how the MGL and MGP should be coupled to form new MG patterns. 
Table 1 below summarizes our proposal introducing 10 new measurement gap patterns. Our guideline has been to limit the impact of overhead to communications link to ~30% or lower (new gap pattern ID # 7 has 31.25% overhead). We also limit the MG period to 160ms and below for shorter MGL of 10/20ms since RAN4 agreed to have one MG pattern for the purpose of RRM and positioning. Prolonging the MG period for shorter MGL can have an adverse impact on existing RRM requirements. 
Table 1 New measurement gap patterns for NR positioning
	New gap pattern ID
	MG length (ms)
	MG period (ms)

	0
	10
	80

	1
	10
	160

	2
	20
	80

	3
	20
	160

	4
	40
	160

	5
	40
	320

	6
	40
	640

	7
	50
	160

	8
	50
	320

	9
	50
	640



Proposal 2. 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.
Proposal 3. 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 either each have their own capability signaling or every few of them bundled with one capability signaling (e.g., gap pattern IDs with the same MGL to have one capability signaling). 
Proposal 4. RAN4 to discuss capability signaling for new measurement gap patterns:
· Option 1. Each new MG pattern has its own capability signaling
· Option 2. New MG patterns with same MGL to have their own capability signaling.
Scheduling restrictions and MG for PRS processing
In RAN4#94-e-Bis, there were further discussions on scheduling restrictions and the need for MG for PRS processing during email discussion # 115 with the following captured in [2]:
Scheduling restriction in FR1:
· Further discuss scheduling restrictions for PRS symbols in FR1



The necessity for scheduling restriction in FR2 is quite obvious due to gNB Tx beamforming and UE Rx beamforming. There were concerns in the email discussion that the same restriction should not be applicable to FR1 and as long as SCS of PRS resource is the same as SCS of active BWP and PRS BW is within active BWP, then UE should be able to process PRS and other DL signals in the same symbol with no scheduling restriction. 
In our view, requiring UE to process WB PRS and PDCCH/PDSCH in the same symbol imposes heavy complexity on UE. Some companies have argued that even concurrent DL PRS processing and RRM measurement may be problematic and yet, same companies are also advocating not having any scheduling restrictions in FR1 for DL PRS symbols. 
An argument that was raised in last meetings was that serving gNB is not aware of PRS configuration of neighbor cells and hence cannot enforce scheduling restrictions. In our view, proper NW configuration of PRS should align PRS instances from all TRPs in time, i.e., PRS resources of different TRPs should occur in the same time instances. This is similar to “low interference subframe” deployment in LTE. Reducing interference on PRS symbols through FDM using comb patterns, or through TDM using muting patterns, is more manageable compared to misalignment of PRS instances which could lead to high-interference slots due to data traffic from other TRPs. In case serving gNB is not transmitting PRS at all, then PRS requirements will most likely not be applicable anyways since interference from serving gNB traffic will violate side conditions for PRS measurements. 
Since this topic has been discussed for a few meetings without agreement, our proposal is to introduce a capability bit for UE regarding scheduling restriction on PRS symbols in FR1, i.e., if enabled, UE can process PRS and other DL signals/channels (e.g., PDCCH/PDSCH) in the same symbol in FR1. Otherwise, it expects scheduling restrictions in PRS symbols in FR1.
Proposal 5. RAN4 to introduce a UE capability signalling for scheduling restrictions on PRS symbols in FR1: if enabled, UE does not expect any scheduling restrictions in PRS symbols in FR1. 
With respect to need for MG for DL PRS processing, the following appears in the WF [2]:
Measurement gap for PRS measurement:
· Further discuss when measurement gap is needed for PRS measurement in FR1 and FR2
· Further discuss applicability of R15 measurement gap patterns to NR positioning
· Option 1: at least Rel-15 NR measurement gaps apply for positioning measurements
· Other options are not excluded


We reiterate our proposal from last time:
Proposal 6a: For FR1 and when PRS is within serving cell active BWP and also the SCS/CP of the positioning frequency layer is same as those of serving cell active BWP, UE shall be able to measure PRS without measurement gap. 
Proposal 6b: Otherwise, UE shall request measurement gaps for PRS measurement and is required to meet the PRS measurement requirements only when it is provided with measurement gaps for PRS measurement.
With respect to R15 measurement gap patterns and their applicability to NR positioning, some consideration is due in terms of UE’s advertised processing capability. Although R15 measurement gap patterns defined in clause 9.1.2 of TS 38.133 can be used for NR positioning, it is important to clarify that UE may not be able to perform PRS measurement in every MG occasion due to its limitation in PRS processing. For instance, if UE signals N = 4 ms and T = 40 ms, then MG with 20 ms periodicity can provide PRS measurement opportunity to UE at most every other MG occasion.  
Proposal 7. R15 measurement gap patterns are applicable to NR positioning. Performing PRS measurement in successive MG occasions is subject to signaled UE capability {N,T}.
BWP change during positioning measurements
From [1], the following was captured on BWP change during positioning measurements:
Impact of interrupted PRS due to BWP switch on positioning measurement performed within the active BWP:
· FFS: Impact on positioning measurement being performed within the active BWP if the active BWP switching interrupts any PRS and/or SRS configured for that positioning measurement.
· Candidate options:
· Option 1: Even if active BWP switching interrupts any PRS/SRS, the UE continues performing positioning measurement over an extended measurement period; details of extension are FFS.
· Option 2: If active BWP switching interrupts any PRS/SRS then the UE is not required to meet positioning measurement requirements. 
· Other options are not precluded.


It was argued in the last meeting that existing RRM measurement requirements are applicable when active BWP switch occurs, and positioning requirements should not be an exception. It is noted, however, that positioning requirements require strict maintenance of the DL timing reference to handle drift, group-delay change due to RF filter change, and other sources of error. Hence, positioning requirements cannot be treated in the same way as NB RRM measurement.
R15 requirements on BWP switching clearly specify that UE is not expected to transmit or receive during BWP switch delay:
8.6.2 DCI and timer based BWP switch delay
The UE is not required to transmit UL signals or receive DL signals during time duration TBWPswitchDelay on the cell where DCI-based BWP switch occurs.
8.6.3 RRC based BWP switch delay
The UE is not required to transmit UL signals or receive DL signals during the time defined by 𝑇𝑅𝑅𝐶𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔𝐷𝑒𝑙𝑎𝑦+𝑇𝐵𝑊𝑃𝑠𝑤𝑖𝑡𝑐ℎ𝐷𝑒𝑙𝑎𝑦𝑅𝑅𝐶 on the cell where RRC-based BWP switch occurs.

It is important to note that the above requirements apply regardless of what parameter (i.e., BW, center frequency, or even ID) in the new BWP has changed compared to previous BWP. 
Depending on the UE capability (Type 1 or Type 2) or method of BWP switch (RRC-based vs. DCI/timer-based), BWP switching delay can be several slots during which UE is not expected to receive any DL signal. 
Observation 4. UE is not required to process DL PRS or send UL PRS during BWP switching delay. 
In our view, option 1 listed in the WF is a similar approach to handling HO during a positioning session. However, unlike HO which is triggered by mobility conditions and cannot be avoided or controlled much by the NW, BWP switch is completely under the serving gNB control. Serving gNB has the knowledge of PRS occasion timing and can manage BWP switch via RRC, DCI, or timer expiry such that the BWP switch delay does not overlap with PRS symbols. 
Observation 5.  Serving gNB has the knowledge of PRS occasion timing and can manage BWP switch via RRC, DCI, or timer expiry such that the BWP switch delay does not overlap with PRS symbols. 
Moreover, if the positioning measurement period is extended beyond the responseTime parameter which is part of the QoS IE as configured by the LPP, the positioning server discards the current session and initiates a new positioning session anyway. So simply extending or relaxing the measurement period is not going to be of use in practice.
Observation 6. Extending the measurement period beyond the responseTime parameter (part of QoS IE) causes discarding of the positioning session.
Consequently, it is proposed that positioning measurement requirements are not applicable if BWP switching delay overlaps in time with any DL PRS resource in the assistance data. 
Proposal 8a. PRS-RSTD and PRS-RSRP measurement requirements are not applicable if BWP switching delay overlaps in time with any DL PRS resource in the assistance data, when MG is not configured. 
Proposal 8b. UE Rx-Tx time difference measurement requirements are not applicable if BWP switching delay overlaps in time with any DL PRS resource or UL SRS resource in the assistance data, when MG is not configured.
RAN4 also briefly discussed the active BWP switch during gaps with the following captured in WF:
Active BWP switch during gaps used for PRS measurements
· FFS: priority between active BWP switching in gap and PRS measurement in gap
· Candidate options:
· Option 1: 
· Active BWP switching is prioritized over PRS measurement in a gap where active BWP switching is triggered.
· Option 2: 
· PRS measurement is performed in a gap even if active BWP switching is triggered in that gap.
· Option 3: 
· Triggering of active BWP switching in gap can always be avoided by gNB.


We continue to support option 3. In our view, the BWP switch and MG are under serving gNB control and they can be avoided to collide or overlap. Furthermore, this issue is not specific to R16 NR positioning. Even in R15 with RRM measurements during gaps, it can happen and, in our understanding, RAN4 did not specify any rule or requirement for these corner cases. 
Observation 7. The issue of active BWP switch during gaps is not specific to R16 positioning and can also occur in R15 with RRM measurements during gaps. RAN4 did not specify any rule or requirements for such corner cases.
Proposal 9. Triggering of active BWP switching in gaps, or close to gaps, can always be avoided by gNB.
Concurrency of PRS processing and RRM measurements
Concurrency of PRS processing and RRM measurements was further discussed in the last meeting with the following from WF:
· FFS: whether concurrent RRM/PRS processing/measurement impacts RRM and/or PRS measurements i.e.
· Whether concurrent RRM processing and PRS measurement, impacts RRM and/or PRS measurements.
· Whether concurrent PRS processing and RRM measurement, impacts RRM and/or PRS measurements.
· Candidate options:
· Option 1: No impact on both intra- and inter-frequency measurements.
· Option 2: No impact on intra-frequency but impact on inter-frequency measurements.
· Option 3: impact on intra-frequency and inter-frequency measurements RRM and/or PRS measurement requirements need to be relaxed for both intra- and inter-frequency measurements. 
· Other options are not precluded.
· Candidate solutions if it is identified that the concurrent RRM/PRS processing/measurement impacts RRM and/or PRS measurements are FFS


We hold our views from last meeting that SSB-based RRM measurement are narrowband in nature and performed by searcher engine. Positioning measurements, on the other hand, are wideband and performed by the WB which is the same engine that processes control and/or data traffic. In our view, SSB-based RRM measurements and PRS processing can be done concurrently and there does not need to be any restriction on their concurrency. CSI-RS based measurements, on the other hand, are considered WB and some concurrency limitations can arise when the DL PRS and CSI-RS are placed close together. Some companies expressed that our view is specific to a particular implementation and is not general. In order to progress further, we can agree that RAN4 defines a UE capability for this case. When enabled, UE does not have any limitation on concurrent PRS and RRM measurement. 
Proposal 10. RAN4 to discuss UE capability signaling for concurrent processing of PRS and RRM measurements. 
Concurrency with HO
Proposals regarding extending the positioning measurement (RSTD, UE Rx-TX,…) period in the presence of HO were discussed in the last meeting and the following was captured in the WF:
· The RSTD measurement period under handover depends on the number of serving cell changes and on the handover interruption time 


This approach is similar to LTE OTDOA concurrency with HO. However, our view is that another important factor should also be considered (which was not in LTE) and that is the responseTime parameter which is part of the QoS IE as configured by the LPP:
-	responseTime
-	time indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. If the periodicalReporting IE is included in CommonIEsRequestLocationInformation, this field should not be included by the location server and shall be ignored by the target device (if included).
-	responseTimeEarlyFix indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation containing early location measurements or an early location estimate. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. When this IE is included, a target should send a ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing early location information according to the responseTimeEarlyFix IE and a subsequent ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing final location information according to the time IE. A target shall omit sending a ProvideLocationInformation if the early location information is not available at the expiration of the time value in the responseTimeEarlyFix IE. A server should set the responseTimeEarlyFix IE to a value less than that for the time IE. A target shall ignore the responseTimeEarlyFix IE if its value is not less than that for the time IE.
-	unit indicates the unit of the time and responseTimeEarlyFix fields. Enumerated value 'ten-seconds' corresponds to a resolution of 10 seconds. If this field is absent, the unit/resolution is 1 second.


LPP server expects the measurement results to be reported by UE within a specified time as set by responseTime parameter. If extension of measurement period due to HO exceeds responseTime, LPP server does not even consider the measurement report. 
Proposal 11. Extension of positioning measurement period due to HO shall not exceed responseTime. UE behavior in such case is FFS. 
Conclusions
Observation 1. RAN1 capability signaling is currently only focused on PRS measurement during gaps with no capability signaling defined for PRS measurement without gap.
Observation 2. If RAN4 does not define any new MGL, then UE capabilities provisioned in RAN1 agreement can never be used for the set of N = {8, 12, 16, 20, 25, 30, 35, 40, 45, 50}.
Observation 3. Current R15 deployment models may not be used for R16 enhanced features such as NR positioning. 
Proposal 1. RAN4 to introduce new measurement gap patterns with MGL > 6ms for NR positioning. 
Table 1 New measurement gap patterns for NR positioning
	New gap pattern ID
	MG length (ms)
	MG period (ms)

	0
	10
	80

	1
	10
	160

	2
	20
	80

	3
	20
	160

	4
	40
	160

	5
	40
	320

	6
	40
	640

	7
	50
	160

	8
	50
	320

	9
	50
	640



Proposal 2. RAN4 to adopt new measurement gap patterns as in Table 1 for NR positioning.
Proposal 3. New MG patterns for positioning shall be defined per-UE and per-FR similar to R15 MG patterns. 
Proposal 4. RAN4 to discuss capability signaling for new measurement gap patterns:
· Option 1. Each new MG pattern has its own capability signaling
· Option 2. New MG patterns with same MGL to have their own capability signaling.

Proposal 5. RAN4 to introduce a UE capability signalling for scheduling restrictions on PRS symbols in FR1: if enabled, UE does not expect any scheduling restrictions in PRS symbols in FR1. 
Proposal 6a: For FR1 and when PRS is within serving cell active BWP and also the SCS/CP of the positioning frequency layer is same as those of serving cell active BWP, UE shall be able to measure PRS without measurement gap. 
Proposal 6b: Otherwise, UE shall request measurement gaps for PRS measurement and is required to meet the PRS measurement requirements only when it is provided with measurement gaps for PRS measurement.
Proposal 7. R15 measurement gap patterns are applicable to NR positioning. Performing PRS measurement in successive MG occasions is subject to signaled UE capability {N,T}.
Observation 4. UE is not required to process DL PRS or send UL PRS during BWP switching delay. 

Observation 5.  Serving gNB has the knowledge of PRS occasion timing and can manage BWP switch via RRC, DCI, or timer expiry such that the BWP switch delay does not overlap with PRS symbols. 
Observation 6. Extending the measurement period beyond the responseTime parameter (part of QoS IE) causes discarding of the positioning session.
Proposal 8a. PRS-RSTD and PRS-RSRP measurement requirements are not applicable if BWP switching delay overlaps in time with any DL PRS resource in the assistance data, when MG is not configured. 
Proposal 8b. UE Rx-Tx time difference measurement requirements are not applicable if BWP switching delay overlaps in time with any DL PRS resource or UL SRS resource in the assistance data, when MG is not configured.
Observation 7. The issue of active BWP switch during gaps is not specific to R16 positioning and can also occur in R15 with RRM measurements during gaps. RAN4 did not specify any rule or requirements for such corner cases.
Proposal 9. Triggering of active BWP switching in gaps, or close to gaps, can always be avoided by gNB.
Proposal 10. RAN4 to discuss UE capability signaling for concurrent processing of PRS and RRM measurements. 
Proposal 11. Extension of positioning measurement period due to HO shall not exceed responseTime. UE behavior in such case is FFS. 
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