


3GPP TSG-RAN WG4 Meeting #106	R4-2302331
Athens, Greece, Feb 27 – Mar 3, 2023


Agenda item:	5.2.8.3
Source: 	Qualcomm Incorporated
Title: 	On RRM maintenance for Rel-17 NR positioning
Document for:	Approval
Introduction
RAN4 continued discussing RRM maintenance for Rel-17 NR positioning enhancements in RAN4#105 [3, 4]. 
In this paper we will address open issues related to the following topics:
· Latency reduction
· Positioning in RRC_INACTIVE
Latency reduction
Scheduling restriction for measurements within PPW
RAN4 reached the below agreement regarding scheduling restrictions associated with PRS measurements without gaps [1].
Issue 1-2-5: Scheduling restriction 
Agreement:

· When PRS is lower priority than the DL signals/channels the following applies for cap1A and 1B UEs:
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW no later than [N symbol/T ms] before the start of the PPW, UE expects to receive the DL signals/channels and drop all DL PRS in the PPW.
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW later than [N symbol/T ms] before the start of the PPW, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the DL PRS in the PPW.

· When PRS is lower priority than the DL signals/channels the following applies for cap 2 UEs:
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol no later than [N symbol/T ms] before the PRS symbol, UE expects to receive the DL signals/channels and drop the PRS symbol.
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol later than [N symbol/T ms] before the PRS symbol, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the PRS symbol.

· For inter-band case for FR2 for the DL signals/channels from a different FR2 band than the FR2 band of the DL PRS, if the same Rx beam is used for both FR2 bands and the DL PRS is determined to be higher priority, capability 1B and 2 UEs are not expected to receive the DL signals/channels.

The remaining issue is the actual value of “N symbols/T ms” in the agreement. For that purpose, we refer to the RAN1 agreements shown below.
Agreement
· With regards to the action time for the PRS prioritization over other DL channels
· Alt.1: support N = N2 (clause 6.4 of TS 38.214) for the subcarrier spacing of the PDCCH.

Agreement
Revise the previous agreement as follows:
· With regards to the action time for the PRS prioritization over other DL channels
· Alt.1: support N = N2 (clause 6.4 of TS 38.214) for the subcarrier spacing of the PRS.

R1-2208218         Draft CR on completing the PPW processing timeline       Moderator (Huawei), Qualcomm, ZTE, Nokia
Agreement
Final CR is agreed in R1-2208239.


RAN4 should update the scheduling restriction according requirements based on the above agreement by RAN1.
Proposal 1: In the RAN4 agreement on scheduling restriction associated with PRS measurements within PPW, set N = N2 based on the subcarrier spacing of DL-PRS, where N2 is given by TS 38.211, Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2, respectively. 


 Priority of measurements with and without gaps
Another open issue concerns how to prioritize measurements with gaps vs. measurements without gaps. The relevant agreements from RAN4#104-e are shown below [1].
The first agreement from RAN4#104-3 (issue 1-2-6) implies that requirements for PRS measurements without MG do not apply when a MG is configured/activated for positioning measurements. The second agreement (issue 1-2-7) states that PRS measurement requirements apply provided PPW occasions and measurement gaps do not overlap. In that case, since both a PPW and a MG are active at the same time, the applicable requirements must be those for measurements within MG, according to the agreement in issue 1-2-6.
Issue 1-2-6: Applicability of PRS measurements without gaps under gap configuration/activation
Agreements:
· For PRS measurement outside MG, the measurement requirements apply provided that no MG is activated during the measurement period. 
· Where MG includes pre-configured gap for positioning and any other measurement gaps used for positioning.
FFS PRS measurement within gap
No agreement: candidate options on measurement within gap:
· Proposal 1: QC
· If the network configures/activates measurement gaps applicable for positioning measurements and activates PPWs simultaneously
· Positioning measurements within measurement gaps are prioritized over measurements within PPW.
· Measurement period requirement for measurements with gaps apply.
· Measurement period for gapless measurements is extended by an unspecified amount of time.
· Proposal 2: HW
· RAN4 to define requirements for the scenario where one group of PFLs are measured outside MG while another group of PFLs are measured with MG: the total measurement delay is defined as the sum of measurement delays of each group
Issue 1-2-7: Collision between PPW and gap
Agreements:
· PRS measurement requirements apply provided that the PPW occasions do not overlap with measurement gaps.



Notwithstanding the previous agreements, in RAN4#105 some companies expressed interest in defining joint requirements for measurements performed both with MG and with PPW. There was no agreement to define requirements but two options were captured at the conclusion of the discussion [4]. Option 3 proposes defining requirements for scenarios where one set of PFLs are measured with MG and a second set of PFLs is measured with PPW. Option 1 prioritizes measurements withing MG when both gap and PPW are configured/activated by the network.
Issue 4-2-3 Applicable PRS measurement requirements when both MG and PPW are configured/activated
Agreement
· Option 1: If the network configures/activates measurement gaps applicable for positioning measurements and activates PPWs simultaneously 
· Measurement requirements within measurement gaps apply, regardless of whether the measurement gaps overlap with PPWs.
· Measurement period requirement for measurements with gaps applies.
· Option 3: RAN4 to define requirements for the scenario where one group of PFLs are measured outside MG while another group of PFLs are measured with MG: the total measurement delay is defined as the sum of measurement delays of each group



Our view is that if joint requirements for measurements with MG and with PPW are considered by RAN4, there should be applicability conditions so that it is clear to the UE how to measure the PRS resources in each PFL, e.g.
· MGs and PPWs should not overlap in time
· Each PFL in the assistance data must be measured completely (all PRS resources) either within MG or within activated PPW.
Also, the joint measurement period requirement should incorporate some common assumptions that were applied to the existing measurement requirements, e.g. 
· The UE would not be required to measure PFLs within MG and within PPW in a time-interleaved fashion, i.e. sequential processing of measurements within MG and measurements within PPW is assumed.
· A guard period between the PFLs measured within MG and the PFLs measured within PPW would be included in the measurement period requirement.
If the above conditions are not met, then we propose that requirements for measurement within gaps should apply.
Proposal 2: RAN4 to consider defining requirements for scenarios where a subset of PFLs are measured with MGs and another subset of PFLs are measured with PPWs. The measurement period requirement would be 
where  is the measurement delay for PFLs measured with measurement gaps,  is the measurement delay for PFLs measured with PPWs and  is a FFS guard period. The above requirement would apply when both measurement gaps applicable to positioning measurements and PPWs are configured/activated, and the following conditions are satisfied:
· MGs and PPWs do not overlap in time
· Each PFL in the assistance data can be measured completely (all PRS resources) either within MG or within activated PPW.
Proposal 3: When both measurement gaps applicable to positioning measurements and PPWs are configured/activated but all the applicability conditions in Proposal 2 are not met, then 
· Measurement requirements within measurement gaps apply, regardless of whether the measurement gaps overlap with PPWs.
· Measurement period requirement for measurements with gaps applies.

Positioning measurements in RRC_INACTIVE
PRS collisions with PDSCH
RAN4 has been discussing the issue of how to resolve collisions between PRS and dynamically-scheduled DL signals/channels in inactive state. The status of the discussion after RAN4#104-e is captured below [2].
Issue 1-2-1 PRS collision with PDSCH in RRC_INACTIVE state
Way forward:
· Option 1: (CMCC, Huawei)
· For PRS collision with PDSCH in RRC inactive state, in order not to miss paging, UE shall wait for receiving the PDSCH symbols other than retuning to PRS resources even the DCI is too close to the PRS symbols, 
· and the PRS measurement period can be extended when there is collision with PDSCH
· Option 2: (Qualcomm)
· When the UE is performing positioning measurements in inactive state, if the UE determines that other higher priority DL signals/channels collide with PRS (as defined previously by RAN4) later than [N symbol/T ms] before the collision starts, the UE is not required to receive the other higher priority DL signals/channels and may receive the PRS resources (RAN1 conclusion)

Option 1 proposes to drop any PRS that is “too close” to a PDCCH monitoring occasion. The definition of “too close” is not provided in Option 1 but presumably it could mean that PDCCH could be as close to PRS as possible without causing a collision (as defined previously by RAN4). If so, when the PDCCH monitoring occasion is very close to PRS, the UE would have to decide very quickly whether there is a collision between PRS and a PDSCH scheduled by DCI received in that PDCCH monitoring occasion.
Although we agree with option1 that paging should be prioritized, we would like to propose an alternate solution. First, option 1 suggests that a PRS that is “too close” to PDCCH should be dropped always even though there is no collision with PDCCH according to the current RAN4 definition of collision. Another issue is that “too close” is not well defined in option 1.
Both issues above can be addressed if collisions between PDCCH and PRS in inactive state are redefined as shown in Figure 1 and Figure 2.  By extending the collision region (shaded red) to the right by N symbols it can be clarified that a PDCCH that is closer than N symbols actually collides with PRS. Therefore, PRS should be dropped regardless of whether there is a DCI. N should be chosen so that the UE has enough time if there would be another collision with PDSCH scheduled via DCI.



[bookmark: _Ref118025626]Figure 1: Collision between PDCCH and PRS within initial BWP in inactive state


[bookmark: _Ref118718553]Figure 2: Collision between PDCCH and PRS outside initial BWP in inactive state
Proposal 4:
· In inactive state, if the UE is configured to receive PDCCH on any symbol that ends closer than N symbols before the start of a collision with a PRS resource (as defined previously by RAN4), the UE is expected to drop the PRS resource.
· Set N = N2 based on the downlink subcarrier spacing  of the initial BWP, where N2 is given by TS 38.211, Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2, respectively. 
Conclusions
Proposal 1: In the RAN4 agreement on scheduling restriction associated with PRS measurements within PPW, set N = N2 based on the subcarrier spacing of DL-PRS, where N2 is given by TS 38.211, Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2, respectively. 
Proposal 2: RAN4 to consider defining requirements for scenarios where a subset of PFLs are measured with MGs and another subset of PFLs are measured with PPWs. The measurement period requirement would be 
where  is the measurement delay for PFLs measured with measurement gaps,  is the measurement delay for PFLs measured with PPWs and  is a FFS guard period. The above requirement would apply when both measurement gaps applicable to positioning measurements and PPWs are configured/activated, and the following conditions are satisfied:
· MGs and PPWs do not overlap in time
· Each PFL in the assistance data can be measured completely (all PRS resources) either within MG or within activated PPW.
Proposal 3: When both measurement gaps applicable to positioning measurements and PPWs are configured/activated but all the applicability conditions in Proposal 2 are not met, then 
· Measurement requirements within measurement gaps apply, regardless of whether the measurement gaps overlap with PPWs.
· Measurement period requirement for measurements with gaps applies.

Proposal 4:
· In inactive state, if the UE is configured to receive PDCCH on any symbol that ends closer than N symbols before the start of a collision with a PRS resource (as defined previously by RAN4), the UE is expected to drop the PRS resource.
· Set N = N2 based on the downlink subcarrier spacing  of the initial BWP, where N2 is given by TS 38.211, Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2, respectively. 
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