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Introduction
In RAN4#93 meeting, the following agreements were reached regarding impact of NR positioning on existing RRM requirements [1]:
Need for gaps for RSTD measurements:
· Condition under which no gaps are needed for PRS measurements:
· If SCSs of reference and neighbor cells’ PRS are the same and the PRS are within the active BWP, and this SCS is same as active BWP SCS, then the UE can measure without gaps and without any scheduling restriction; 
· otherwise whether the UE needs gaps/scheduling restriction or not to measure PRS is FFS
Scheduling restriction under PRS based measurement:
· FR1: 
· UE behavior on scheduling restriction in FR1 shall be the same as agreed for FR2.
· FR2:
· UE behavior on scheduling restriction in FR2 is according to the following RAN1 agreements:
· “In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE.”
· Impact of the above rule on the scheduling restriction on PRS based measurement requirements and the priority between data and measurement in RAN4 spec are FFS.
· If any problem is identified by RAN4 then how to resolve it is FFS.
Impact of PRS based measurements on HO:
· Existing handover requirements shall apply while the UE performs PRS based measurements.
Impact of PRS based measurements on UE timing:
· Existing requirements on UE transmit timing in section 7.1 and TA in section 7.3 in TS 38.133 shall apply during the PRS based positioning measurements.


In this paper, we discuss some open issues regarding collision of PRS with other NR signals/channels, gap for PRS measurement, and BWP switching impact on PRS measurements.  
Collision with other NR signals
In RAN1#99 meeting, the following agreement was made regarding the scheduling restriction of PRS and other NR signals/channels:
Agreement:
In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, at least in FR2, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE. Behaviour in FR1 is up to RAN4 to decide.
· Include this agreement in an LS to RAN4.


This LS is reflected in [2]. RAN4 also reached a tentative agreement as reflected in Section 1 to use the same scheduling restriction and UE behavior for FR1 and FR2. However, some companies expressed concern on the impact of this agreement on SSB measurements. 
It is noted that per further agreements in RAN1, DL PRS mapping rules in SS/PBCH are as in the following: 
Agreement:
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH
· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols
· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)


The above implies that with the SSB assistance data for neighbor TRPs provided, UE can assume that the PRS symbols are not mapped to SS/PBCH symbols. The SSB assistance data provides full knowledge of time and frequency allocation of SSB for neighbor TRPs per the agreement below. It is noted that no feasibility concern has been raised by RAN2/3 so far. 
Agreement:
· For DL-PRS processing, the following SSB assistance data can be provided for an indicated SSB:
· PCI of the cell 
· ssbFrequency with values: ARFCN-ValueNR
· halfFrameIndex with values: 0 or 1
· SSB-periodicity with the values: ServingCellConfigCommon IE.
· SSB-positionInBurst with values: of ServingCellConfigCommon IE.
· ssbSubcarrierSpacing with values: SubcarrierSpacing IE
· SFN-SSBoffset with values {0,1,2,…15}
· Working assumption: Smtc per SSB frequency layer with values: SSB-MTC IE 
· SSB Index
· The SSB index indicated for QCL Type D and QCL Type C for a DL-PRS resource should be the same
· Note: SSB frequency layer is determined by ssbFrequency and ssbSubcarrierSpacing
· Note: The SSB assistance data can be provided at least when DL-PRS-QCL-Info for a DL-PRS Resource of a TRP indicates ‘QCL Type-D’ or ‘QCL Type C’, or when DL-PRS is punctured by SSB.
· Note: The SSB-positionInBurst parameter is needed only for SSB puncturing.
· Note: The feasibility of the working assumption above can be assessed by RAN2 and RAN3.



Hence, there is no impact on UE’s legacy measurement operation. Moreover, UE does not need to rely on detection of SSB or be concerned with different side conditions for SSB and PRS as the necessary information is furnished to it. 
Proposal 1. RAN4 to adhere to the RAN1 agreement regarding scheduling restriction of PRS symbols with other DL signals and channels in FR2 and apply the same rule and UE behavior to FR1.
Measurement gap for PRS processing
We have reviewed a few PRS configuration and possible deployment scenarios and realized that the time span needed to enclose the PRS symbols of a PRS burst in some cases goes beyond the existing maximum measurement gap length of 6ms. 
The factors that impact the time span needed to capture the PRS symbols of all TRPs are, at least, PRS configurations such as comb pattern, repetition factor, and number of Tx beams per TRP.
Let’s consider a case where each TRP has 64 Tx beams in FR2 (i.e., a PRS resource set has 64 PRS resources), and each PRS resource spans 2 or 6 OFDM symbols with comb pattern 2 or 6, respectively. Since UE is required to perform UE Rx beam sweeping (by implementation) for PRS resources, the TRP configures a repetition factor of 4. Each TRP will sweep its beam in time-multiplexed fashion. Also, each repetition instance of a PRS resource can only occur in one slot (i.e, a slot cannot carry the repetition instances of the same PRS resource). 
For the case of comb-2 with 2 symbols, each full DL slot in TDD structure can accommodate 6 resources (12/2 = 6). Here, it is assumed that 12 OFDM symbols in every D/S slot is available for PRS leaving 2 symbols for PDCCH. Assuming a DDDSU frame structure, a total time of (64/6)*(5*0.125) = 6.67 ms is required to go through all 64 beams of the TRP. It is noted that assuming 50% muting pattern, 4 TRPs can be made fully orthogonal in this scenario with 2 TRP’s multiplexed in frequency domain (comb-2) and another 2 in the time domain through muting.
For the case of comb-6 with 6 symbols, each full DL slot in TDD structure can accommodate 2 resources (12/6 = 2). Assuming a DDDSU frame structure, a total time of (64/2)*(5*0.125) = 20 ms is required to go through all 64 beams of the TRP. It is noted that assuming 50% muting pattern, 12 TRPs can be made fully orthogonal in this scenario with 6 TRP’s multiplexed in frequency domain (comb-6) and another 6 in the time domain through muting.
Similar scenarios can also happen in FR1. With each TRP having 8 Tx beams and SCS of 30 kHz, the comb-6 example above will need (8/2)*(5*0.5) = 10 ms assuming the same DDDSU structure. 
With different TDD frame structures (more UL centric) and assuming shorter DL symbols in “special (S)” slots, the length of PRS bursts become even larger. 
Observation 1. Some practical PRS configuration scenarios in both FR1 and FR2 can lead to PRS bursts that last much longer than 6ms.
It is noted that the specification allows for repetition factor of up to 32. According to the above analysis, the length of PRS bursts can go up to 1024 slots (128 ms) with DDDSU structure. However, such configurations do not make much sense from overhead perspective. RSTD link-level simulation results do not show a strong justification for it either [3].
RAN4 should define new measurement gap lengths to allow PRS measurements during gap in situations described earlier. Maximum length of the new gap patterns should further be discussed with considerations to factors such as overhead, UE’s ability to maintain radio link, or other requirements such as UL time tracking.
Proposal 2. RAN4 to define new measurement gap lengths to enable PRS measurements with gaps. Maximum length of new measurement gap patterns to be further discussed with [40] ms as an option.    
BWP change in PRS measurements
Measuring of all DL PRS resources in the assistance data can last several PRS periods depending on the number of DL PRS resources in the assistance data and UE’s processing capability. An analysis of the measurement reporting delay can be found in [4] for PRS-RSTD, for example.
A change in UE’s active DL BWP during the measurement period can create problems and should be avoided. Figure 1 illustrates changes in UE’s active DL BWP during the PRS measurement period. In the first DL BWP near the start of the measurement period, PRS BW is fully contained within the active DL BWP and hence no measurement gap is required and PRS measurements can be done with high accuracy. In the middle of the measurement period, active DL BWP is changed to a narrower one. A UE may choose not to ask for a measurement gap so long as it can meet the accuracy requirements. Near the end of the measurement period, the last BWP change will force UE to rely on measurement gap. 



Figure 1 BWP change during PRS measurement period
Such BWP changes create a few problems including, but not limited to, the following:
· Using measurements with different accuracies from different time stamps to estimate the timing degrades the overall precision of positioning fix.
· UE will not know in advance when measurement gaps will be needed. Setting up the proper measurement gap during the measurement period elongates the measurement reporting.

Similar arguments can be made for change of UE’s active UL BWP in positioning techniques that rely on SRS. It is thus proposed to specify in RAN4 that the UE requirements (e.g, accuracy and measurement period) applies when UE’s active BWP is not changed during the measurement period. 
Proposal 3. PRS-RSTD and PRS-RSRP measurement requirements apply when UE’s active DL BWP is not changed during the measurement period. UE Rx-Tx time difference measurement requirements apply when UE’s active DL and UL BWP is not changed during the measurement period. 
· Exact definitions of start and end of measurement period are FFS.

Finally, we discuss the need for UE’s request for a BWP change prior to PRS measurements, maintaining it during the measurement period, and changing it back after all measurements are done. A UE capable of supporting a certain PRS BW may not initially be configured by the NW to have its active DL BWP contain the PRS BW. If UE’s active DL BWP does not change to contain PRS BW, UE will have to rely on measurement gap to measure PRS. Performing measurements with gaps can create inefficiencies, impact legacy RRM requirements, increase overhead, and risk maintaining the radio link (particularly for longer measurement gaps as discussed in Section 3). Alternatively, UE can request gNB to change its active DL BWP to become wider and encompass PRS BW before the start of the PRS measurements and then request gNB to change it back to its previous narrower BWP once the measurements are completed. Figure 2 illustrates this concept.


Figure 2 Request for DL BWP change before the start of PRS measurement period

The signalling handshake for this procedure can look as in the following:
1. UE receives assistance data 
2. UE sends gNB request for active DL BWP change along with the desired BW
3. gNB changes active DL BWP as requested
4. UE performs (intra-frequency) PRS measurements and reports them
5. gNB changes back active DL BWP to the previous BWP 

In inter-frequency LTE OTDOA measurements, and similarly in NR DL-TDOA, there already exists a mechanism for UE to request a certain measurement gap pattern (offset, periodicity) once UE receives the assistance information. It is proposed to incorporate a similar signalling support for active BWP change.
Proposal 4. RAN4 to consider UE’s active DL BWP change before the start of PRS measurement period such that it contains PRS BW and reverting it back once measurements are completed. 
It is understood that providing the signalling support for the above is under the purview of RAN2. It is proposed to send an LS to RAN2 to provide the necessary signalling for the Proposal 4. 
Proposal 5. Send an LS to RAN2 to provide the necessary signalling for Proposal 4. 
Conclusions
Proposal 1. RAN4 to adhere to the RAN1 agreement regarding scheduling restriction of PRS symbols with other DL signals and channels in FR2 and apply the same rule and UE behavior to FR1.
Observation 1. Some practical PRS configuration scenarios in both FR1 and FR2 can lead to PRS bursts that last much longer than 6ms.
Proposal 2. RAN4 to define new measurement gap lengths to enable PRS measurements with gaps. Maximum length of new measurement gap patterns to be further discussed with [40] ms as an option.    
Proposal 3. PRS-RSTD and PRS-RSRP measurement requirements apply when UE’s active DL BWP is not changed during the measurement period. UE Rx-Tx time difference measurement requirements apply when UE’s active DL and UL BWP is not changed during the measurement period. 
· Exact definitions of start and end of measurement period are FFS.

Proposal 4. RAN4 to consider UE’s active DL BWP change before the start of PRS measurement period such that it contains PRS BW and reverting it back once measurements are completed. 
[bookmark: _GoBack]Proposal 5. Send an LS to RAN2 to provide the necessary signalling for Proposal 4. 
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