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Introduction
A LS [1] was sent form RAN1 to RAN4 regarding to the threshold which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG.
	1. Overall Description:
RAN1 discussed the condition of PRS measurement without MG and reached the following agreement in RAN1#106bis-e.

	Agreement:
For PRS measurement outside MG, support the following Alt. 2 in the working assumption made in RAN1#106-e with the following update of the PRS cell condition.
· Alt. 2: Applicable to all PRS (serving and/or non-serving cell) under conditions to PRS of non-serving cell.
· The conditions at least include that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold
· The UE is not expected to determine whether the above condition is satisfied by performing measurements and instead can be determined using assistance data
· FFS: Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty.
· Further discuss the necessity on the following additional conditions
· When the PRS is higher priority than other channels/signals, for capability 1A and 1B, the PRS from the non-serving cell have to be inside the PRS prioritization window.
· When the PRS is higher priority than other channels/signals, for capability 2, the PRS from the non-serving cell have to be in the same symbols as the PRS of the serving cell since the serving cell does not know the symbol position of neighbour cell PRS.



On the above-mentioned condition that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold, RAN1 further reached the following agreement in RAN1#107-e.

	Agreement
For the purpose of determining conditions for measuring the PRS outside of a MG, the expected Rx timing difference between the PRS from the non-serving cell and that from the serving cell is determined by expected RSTD and expected RSTD uncertainty in the assistance data.
Send an LS to request RAN4 study and determine the threshold, which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG.
· Examples for the threshold: CP length, 50% of the OFDM symbol, 1ms
· Other options can also be considered by RAN4
· Note: the requirement on whether UE needs to calculate the expected Rx time difference and/or compare against the threshold is also a part of the study request




2. Actions:
To RAN4
ACTION: 	RAN1 respectfully requests RAN4 to take above agreements into account in their future work, and to study and determine the threshold as well as the requirement on whether UE needs to calculate the expected Rx time difference and/or compare it against the threshold.

3. Date of Next TSG-RAN WG1 Meetings:
TSG-RAN WG1 Meeting #107bis-e	17 – 25 January 2022	E-Meeting
TSG-RAN WG1 Meeting #108-e	21 February – 03 March 2022	E-Meeting


In this paper, we discuss the issue related to the condition of PRS measurement without MG from RAN4 perspective and propose a Reply LS finally.
[bookmark: OLE_LINK5]Discussion
As the LS mentioned, the Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by expected RSRD and expected RSTD uncertainty. The details related to expected RSRD and expected RSTD uncertainty in 37.355 are specified as below:
	nr-DL-PRS-ExpectedRSTD
This field indicates the RSTD value that the target device is expected to measure between this TRP and the assistance data reference TRP. The nr-DL-PRS-ExpectedRSTD field takes into account the expected propagation time difference as well as transmit time difference of PRS positioning occasions between the two TRPs. The resolution is 4Ts, with Ts=1/(15000*2048) seconds.

	nr-DL-PRS-ExpectedRSTD-Uncertainty
This field indicates the uncertainty in nr-DL-PRS-ExpectedRSTD value. The uncertainty is related to the location server′s a‑priori estimate of the target device location. The nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty together define the search window for the target device.
The resolution R is
-	Ts if all PRS resources are in frequency range 2,
-	4Ts otherwise,
with Ts=1/(15000*2048) seconds.
The target device may assume that the beginning of the subframe for the PRS of this TRP is received within the search window of size
-	[-nr-DL-PRS-ExpectedRSTD-UncertaintyR ; nr-DL-PRS-ExpectedRSTD-UncertaintyR] centred at TREF+1 millisecondN+nr-DL-PRS-ExpectedRSTD4Ts,
where TREF is the reception time of the beginning of the subframe for the PRS of the assistance data reference TRP at the target device antenna connector, and N can be calculated based on
-	nr-DL-PRS-SFN0-Offset
-	dl-PRS-Periodicity-and-ResourceSetSlotOffset
-	dl-PRS-ResourceSlotOffset.



Based on the Rel-16 agreement, the value range of the expected RSTD and the expected RSTD uncertainty are specified as below:
	Agreement:
The expected RSTD value is a single value defined as the RSTD the UE is expected to measure (at the UE location).
· The value range of the expected RSTD is +/- 500 us. 
· The value range for the uncertainty of the expected RSTD is
· When any of the resources used for the DL positioning measurement are in FR1: +/- 32 us
· When all of the resources used for the DL positioning measurement are in FR2: +/- 8 us



In our understanding, considering the uncertainty of RSTD, the maximum Rx timing difference can be calculated as the sum of the two. In other words, the maximum Rx timing difference between the measurement TRP and the reference TRP is 532us and 508us for FR1 and FR2 respectively. Since RAN1 is asking about the Rx timing difference between the serving cell and non-serving cell, considering the worst case, when the serving cell and the non-serving cell are in different directions relative to the reference cell, the Rx timing difference would reach 1064us and 1016us for FR1 and FR2 respectively.
[bookmark: _Hlk90565203]Proposal 1: The maximum expected Rx timing difference between the PRS from serving cell and that from non-serving cell would reach 1064us and 1016us for FR1 and FR2 respectively.
In addition, we notice that according to different UE capabilities, the priority of PRS is also different. For capability 1A and 1B, the PRS is prioritized over all other DL signals/channels in all symbols inside the PRS processing window. However, for capability 2, the PRS is prioritized over other DL signals/channels only in the PRS symbols inside the window.
We understand for capability 1A and 1B, as long as the PRS from the non-serving cell is guaranteed within the window, the UE can perform PRS measurement through time-domain sliding correlation. Therefore, we propose the threshold can be the maximum expected Rx timing difference if the PRS from the non-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B. If the threshold is restricted, when the expected RSTD is larger, the positioning measurement for non-serving cell may not be performed. Based on the above calculation, the threshold shall be 1064us and 1016us for FR1 and FR2 respectively.
Proposal 2: The threshold shall be the maximum expected Rx timing difference (e.g., 1064us and 1016us for FR1 and FR2 respectively) if the PRS from the nom-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B.
For capability 2, considering the PRS have to be in the same symbols for the non-serving cell and serving cell since the serving cell does not know the symbol position of neighbour cell PRS, the threshold can be CP length.
Proposal 3: The threshold shall be CP length if the PRS have to be in the same symbols for the non-serving cell and serving cell for capability 2.
Conclusion
Proposal 1: The maximum expected Rx timing difference between the PRS from serving cell and that from non-serving cell would reach 1064us and 1016us for FR1 and FR2 respectively.
Proposal 2: The threshold shall be the maximum expected Rx timing difference (e.g., 1064us and 1016us for FR1 and FR2 respectively) if the PRS from the nom-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B.
Proposal 3: The threshold shall be CP length if the PRS have to be in the same symbols for the non-serving cell and serving cell for capability 2.
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1. Overall Description: 
RAN4 thanks RAN1 for the LS “on the condition of PRS measurement outside the MG” and has reviewed the agreements made in RAN1. RAN4 proposes that
· The threshold shall be the maximum expected Rx timing difference (e.g., 1064us and 1016us for FR1 and FR2 respectively) if the PRS from the nom-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B.
· The threshold shall be CP length if the PRS have to be in the same symbols for the non-serving cell and serving cell for capability 2.
2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly asks RAN1 to take the above information into account in the further specification work.

3. References:
4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #101-e		February 21 – March 3, 2022				Electronic Meeting
3GPP
