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Introduction
RRM requirements for Rel-17 positioning are discussed in RAN4#104-bis-e, and the outcomes are captured in [1] and [2]. Based on [1-2], the following issues need to be further discussed.
· Reduced sample number
· Measurement without MG
· Measurement in RRC_INACTIVE
· High SINR side condition with reduced sample
In this paper we will provide our views on remaining issues for Rel-17 positioning.
Discussion
Reduced sample number
	Issue 1-1-1: Number of samples (Ns) if the condition on the power difference is not satisfied
No agreement: candidate options:
· Option 1: CATT, CMCC, E///, HW, OPPO, vivo, Nokia
· Ns = 2
· Option 2: Qualcomm, MTK
· If the UE that supports M-sample positioning measurements (FG 27-3-1) receives a location request with requestedDL-PRS-ProcessingSamples = 1, the UE assumes that it does not need an extra sample for Rx AGC.
· In that case, if the neighbor cell PRS RSRP is more than [6] dB higher than the serving cell SSB RSRP, the UE is allowed two extra samples (Nsample = 3) to complete the measurement.


We support option 1, i.e. Nsample = 2 if the condition on the power difference is not satisfied.
Procedure wise, option 1 is aligned with the existing agreement. Technically, we agree that when the power difference condition is not met, the first sample cannot be used for measurement, but it can still provide information about the received power and help the measurement on the next sample. We think UE would be able to measure the next sample successfully considering that M-sample measurement is based on Es/Iot condition of -6dB.
On the other hand, we understand that how UE makes the gain setting across measurement samples is an implementation issue, so we are open to option 2 if most companies see one more sample as needed.
Proposal 1: Nsample = 2 if the condition on the power difference is not satisfied.
Measurement without MG
Measurement of multiple PFLs outside MG
	Issue 1-2-3: Measurement period for multiple PFLs
No agreement: candidate options:
· Proposal 1: QC
· When the UE is configured to measure multiple PFLs without measurement gaps,
· If the UE supports DL-PRS processing component 2b (N2, T2) on all the activated PPWs. the measurement period is the maximum measurement period across layers
· The starting point of the measurement period for each PFL would be different depending on the corresponding PPW slot offset (activated PPWs cannot overlap in time)
· The overall measurement period ends when the measurement periods for all the PFLs have ended.
· Otherwise, the measurement period requirement is based on the sum-approach as for measurements within gap.
· Proposal 2: HW
· If there are more than one PFLs within an active BWP, it is up to UE implementation to choose one PFL to measure, and no measurement requirements would apply.
· Define requirements for multiple PFLs as 
· sum(Tmeas,i) + (L-1)*max(Teffect,i), if multiple PFLs are in Case 1 (same as measurement within MG)
· max(Tmeas,i + Tuncertainty,i), if multiple PFLs are in Case 2, where Tuncertainty,i is the time from the start of the first PPW occasion for PFL#i to the start of measurement period.


We support to define requirements for measurement of multiple PFLs without MG, and we understand P1 and P2 are quite similar in how to define the requirements. 
In RAN1#108-e, the following agreement has been reached. As highlighted, up to 4 PPWs can be activated across all active BWPs, and when more than one PPW is activated, they will not overlap in time.
	Agreement
· The PRS processing window is configured per DL BWP.
· Processing type, to be selected from 1A, 1B and 2, will be provided associated with the PRS processing window if and only if multiple processing types per band in the UE capability signaling is supported.
· No need to provide band ID and CC ID associated with the PRS processing window.
· A single priority indicator is provided for a PRS processing window, which applies to all PRS within the PRS processing window for the corresponding DL BWP.
· The maximum number of activated PRS processing windows per DL BWP is 1.
· The maximum number of activated PRS processing windows across all active DL BWPs is 4.
· The maximum number of activated PRS processing windows overlapping in time across all active DL BWPs is 1


In our view, above RAN1 agreements mean multiple PFLs can be measured in multiple PPWs, so RAN4 should define requirements for multi-PFL case. 
As agreed in [1], for single PFL there are two cases for measurement without MG:
· Case 1: UE reports legacy {N, T} for a PFL (component 2a in FG 27-3-3)
· In this case, PRS processing can be outside PPW, and requirements are already defined in the spec and are very similar as measurement with MG
· Case 2: UE reports {N2, T2} for a PFL (component 2b in FG 27-3-3)
· In this case, PRS processing will be within PPW, and RAN4 has agreed in Issue 1-2-1 in [1] how to define the requirements for this case
For multiple PFLs with Case 1, although different PPWs do not overlap in time, the processing time T can be outside PPW, so the multi-PFL requirements should be defined with sum approach, same as existing Rel-16 requirements for measurement within MG.
For multiple PFLs with Case 2, since different PPWs do not overlap in time and the processing time T2 will be within PPW, multi-PFL requirements can be defined with max approach, i.e. the overall delay for multiple PFLs is same as the delay for the PFL with latest PPW. 
One additional issue for deriving the requirements for multiple PFLs is shown in Figure 1. 
[image: ]
Figure 1: Example of multiple PPWs that do not overlap in time
Since all PPWs do not overlap in time, they will have different time offsets to the start point of measurement period. Assuming all 3 PFLs in Figure 1 have identical PRS configuration, the measurement period for all 3 PFLs is same (denoted as Tmeas), and the maximum among them is also Tmeas. However, UE needs to wait for Tuncertainty,3 before it can measure PFL#3 which can then be completed in Tmeas, and the overall measurement period for all 3 PFLs is Tuncertainty,3 + Tmeas. Therefore, the time offset of the first PPW occasion of PFL#i to the start of measurement period needs to be accounted in deriving the multi-PFL requirements. 
P1 and P2 in [1] are both aligned with above discussion. One difference between P1 and P2 is that P1 also addresses the scenario where some of the PFLs are in Case 1 and some in Case 2, while P2 assumes all PFLs are with same Case. We do not have strong view but slightly prefer P2, i.e. to only define requirements for the scenario where all PFLs are with same Case.
Proposal 2: Define requirements for multiple PFLs as 
· sum(Tmeas,i) + (L-1)*max(Teffect,i), if multiple PFLs are in Case 1 (same as measurement within MG)
· max(Tmeas,i + Tuncertainty,i), if multiple PFLs are in Case 2, where Tuncertainty,i is the time from the start of the first PPW occasion for PFL#i to the start of measurement period.
· [bookmark: _GoBack]The requirements apply provided that all PFLs measurement without MG are either in Case 1 or Case 2.
Measurement of multiple PFLs with and without MG
	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


We support to define requirements for the scenario where some PFLs are measured with MG and some without MG, and we prefer P2 on how to define the requirements.
For multiple PFLs, it could happen that applicability conditions for outside MG measurement are met for some PFLs but not for other PFLs, e.g. one PFL is within the active BWP of a serving cell, and another PFL is not within any active BWP. In our view it is meaningful to define measurement requirements for this scenario otherwise it may limit the flexibility of the NW configuration.
To define requirements for the scenario where one group of PFLs are measured outside MG while another group of PFLs are measured with MG, we suggest to adopt the sum approach as in Rel-16 as UE is not required to process more than one PFLs at a time. For example, if the total measurement delay for PFLs measured with MG is Txxx_with_gap,total, and the total measurement delay for PFLs measured outside MG is Txxx_wo_gap,total, the total measurement delay for all PFLs would be Txxx_with_gap,total + Txxx_wo_gap,total.
Proposal 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.
Measurement in RRC_INACTIVE
	1.1.1.1 Issue 1-2-1 PRS collision with PDSCH in RRC_INACTIVE state
Way forward:
· Option 1:
· 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: 
· 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)


We support option 1.
In INACTIVE, the PDSCH scheduling is mainly for paging which is important for UE experience, thus it should be prioritized over positioning in INACTIVE. Also, compared to CONNECTED there will be much less PDSCH scheduling in INACTIVE, so the actual impact to PRS measurement period should be tolerable.
Another reason is that the spec impact with option 2 will be large. For option 2, RAN4 needs to define scheduling restriction due to PRS measurement in INACTIVE for the case where scheduling DCI is close to PRS symbols. Such requirements are not defined for CONNECTED, so extra work is needed.
Proposal 4: Adopt option 1 for PRS collision with PDSCH
· 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.
High SINR side condition with reduced sample
	Issue 3-3-1: PRS-RSRP higher side condition
Agreements:
· Define PRS-RSRP accuracy with reduced number of samples at higher PRS Es/Iot and for PRS BW ≥ 48 PRBs based on the existing Rel-16 PRS-RSRP accuracy at PRS Es/Iot ≥ -3dB. 
· Keep higher PRS Es/Iot as TBD and identify the value in the next meeting as part of maintenance work. 
· For simulation, assumptions in R4-2120330 can be reused with Es/Iot values 3dB, 0dB, and -3dB. The other values of Es/Iot are not precluded.
Issue 3-3-2: UE Rx-Tx time difference higher side condition (with reduced number of samples)
Agreements:
· Define UE Rx-Tx time difference accuracy with reduced number of samples at higher PRS Es/Iot and for PRS BW ≥ 48 PRBs based on the existing Rel-16 UE Rx-Tx time difference accuracy at PRS Es/Iot ≥ -3dB. 
· Keep higher PRS Es/Iot as TBD and identify the value in the next meeting as part of maintenance work. 
· For simulation, assumptions in R4-2120330 can be reused with Es/Iot values 3dB, 0dB, and -3dB. The other values of Es/Iot are not precluded.


We have run some simulation based on [3] to check at which PRS Es/Iot level, we can achieve the existing Rel-16 accuracy at PRS Es/Iot ≥ -3dB (which are defined based on 4-sample), with reduced number of samples and PRS BW ≥ 48 PRBs, for PRS-RSRP and UE Rx-Tx.
Based on our analysis, we find that 
· For UE Rx-Tx, it is feasible to achieve the existing Rel-16 accuracy at PRS Es/Iot ≥ -3dB, with reduced number of samples and PRS BW ≥ 48 PRBs at PRS Es/Iot of -3dB.
· For PRS-RSRP, it is feasible to achieve the existing Rel-16 accuracy at PRS Es/Iot ≥ -3dB, with reduced number of samples and PRS BW ≥ 48 PRBs at PRS Es/Iot of 0dB.
Based on the observations, we have the following proposal.
Proposal 5: Define high SINR side condition with reduced sample number as follows:
· For PRS-RSRP: PRS Es/Iot ≥ 0dB
· For UE Rx-Tx: PRS Es/Iot ≥ -3dB
Conclusions
In this paper we provided our views on remaining issues for Rel-17 positioning.
Proposal 1: Nsample = 2 if the condition on the power difference is not satisfied.
Proposal 2: Define requirements for multiple PFLs as 
· sum(Tmeas,i) + (L-1)*max(Teffect,i), if multiple PFLs are in Case 1 (same as measurement within MG)
· max(Tmeas,i + Tuncertainty,i), if multiple PFLs are in Case 2, where Tuncertainty,i is the time from the start of the first PPW occasion for PFL#i to the start of measurement period.
· The requirements apply provided that all PFLs measurement without MG are either in Case 1 or Case 2.
Proposal 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.
Proposal 4: Adopt option 1 for PRS collision with PDSCH
· 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.
Proposal 5: Define high SINR side condition with reduced sample number as follows:
· For PRS-RSRP: PRS Es/Iot ≥ 0dB
· For UE Rx-Tx: PRS Es/Iot ≥ -3dB
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