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Introduction
At RAN1#106-e meeting, a lot of agreements were achieved related to latency reduction for NR positioning [1]. This contribution further discusses the latency reduction on DL PRS reception without measurement gap (MG), periodic MG enhancement, aperiodic MG enhancement, and reception of aperiodic PRS (AP-PRS) and semi-persistent PRS (SP-PRS). It is revised version of our previous contribution [2].
Latency reduction on DL PRS reception without MG
In RAN1#106-e meeting, the following working assumptions were made [1]:
	
Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.


The above working assumption is mainly about supporting MG-less PRS measurements within a PRS processing window subject to UE capability. First of all, PRS process window for UE capability has been supported in Rel-16 based on the description in TS 38.214 [3]. Secondly, the following differences between PRS processing window and MG [4] illustrate the potential latency improvement with PRS processing window compared to MG: 
1) There is no RF retuning for the window, while MG should consider the RF retuning time. 
2) In the window, UE should be allowed to transmit UL channel/signal, while it is not possible for the MG. 
3) The window may not be configured by explicit signalling, while MG would require configuration. 
4) The window can be per CC/band, but the MG can only be per UE/FR. 
Therefore, the above working assumption can be supported for the sake of latency reduction.
Proposal 1: Support the working assumption made in RAN1#106-e related to PRS measurement outside the MG.
Comparison of Alt. 1 and Alt. 2
In the working assumptions made in RAN1#106-e, there are two PRS-related conditions which are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only. 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
The cons of Alt .1 is that the reception to the PRS is limited to from the serving cell and also inside the active DL BWP. It cannot support MG-less DL PRS measurements when there is a need to receive DL PRS from multiple cells, which may bring significant negative impact on the positioning performance. The pros of Alt .1 is that it has a minimum impact on the UE implementation than Alt .2. The cons of Alt .2 is that UE can receive DL PRS from multiple cells/ TRPs, under the assumption that all TRPs are synchronized to the serving cell (e.g., the DL PRS timing difference from different TRPs to UE are with the CP, and DL PRSs from non-serving cells/TRPs, measured by UE, are overlapped in time domain DL PRS from with the serving cell), all PRSs from multiple cells/ TRPs can be processed with single IFFT. Then, lower latency can be achieved by UE processing the same number of PRS resources compared to Rel-16. Therefore, Alt. 2 is preferred over Alt. 1.
Proposal 2: Support Alt. 2 for PRS-related condition in RAN1#106-e, with the following modification:
Alt. 2: Applicable to all PRS under conditions to PRS of both serving cell and non-serving cells.
Discussion on further study of DL PRS’s priority
We discuss further study of DL PRS’s priority agreed in RAN1#106-e in the following:
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
In our opinion, all DL signals/channels (PDCCH, PDSCH, CSI-RS, PT-RS, and non-cell-defining SSB) except for cell-defining SSB can be de-prioritized, and cell-defining SSB has the highest prioritization by default. The reason is that cell-defining SSB is the most important channel for a UE to achieve DL synchronization and access the network when the DL synchronization is lost or link is failed.
Proposal 3: All DL signals/channels (PDCCH, PDSCH, CSI-RS, PT-RS, and non cell-defining SSB) except for cell-defining SSB can be de-prioritized relative to DL-PRS by default, and cell-defining SSB has the highest prioritization by default.
For some scenarios, the network may want other DL signals/channels to have higher priority than DL PRS with the following two options:
•	Opt. 1: Based on indication/configuration from serving gNB.
•	Opt. 2: Other options (e.g., implicit, signalling from LMF, etc).
The pros of option 1 is that the serving gNB has absolute control over the DL PRS’ s priority, which has the benefit to minimize collision between DL PRS and other DL signals/channels. The cons of option 1 is the potential latency increase. The pros of option 2 is potential latency reduction compared to option 1, and the cons of option 2 is the collision problem between DL PRS and other DL signals/channels. We think both options can be supported. When a UE receives the priority indication/configuration signalling from both serving gNB (option 1) and LMF (option 2), a predefined rule should be defined, e.g, the latest one is valid.
For both option 1 and option 2, the QoS (e.g., priority, latency) requirement of DL signals/channels and DL NR positioning can be used for the prioritization conditions of processing DL PRS over other DL signals/channels or vice versa. For example, UE determines DL PRS’s priority based on indication/configuration from serving gNB (option 1) or signalling from LMF (option 2) as follows:
· CASE 1: The priority requirement of DL signals/channels is high (e.g., low latency for urgent URLLC service), while the low latency requirement of DL NR positioning is low or medium, then UE assumes DL PRS has lower priority than all DL signals/channels except for cell-defining SSB.
· CASE 2: The priority requirement of DL signals/channels is low or medium (e.g., eMBB service), while the low latency requirement of DL NR positioning is high, then UE assumes DL PRS has higher priority than all DL signals/channels except for cell-defining SSB.
· CASE 3: The priority requirement of DL signals/channels is high (e.g., low latency for urgent URLLC service), while the low latency requirement of DL NR positioning is high, then UE assumes DL PRS has higher prioritity than all DL signals/channels except for cell-defining SSB.
· CASE 4: The priority requirement of DL signals/channels is low or medium (e.g., eMBB  service), while the low latency requirement of DL NR positioning is low or medium, then UE assumes DL PRS has lower priority than all DL signals/channels except for cell-defining SSB.
Proposal 4: Support both of the following options for informing UE that other DL signals/channels are prioritized over the DL PRS:
•	Opt. 1: Based on indication/configuration from serving gNB.
•	Opt. 2: Other options (signalling from LMF, etc).
The above working assumption made in RAN1#106-e discusses UE processing behavor of PRS measurement outside the MG subject to UE capabilities, while the network also has control over the prioritization of DL PRS / DL data. In our option, if a UE has enough processing capability, the UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period. When the conditions cannot be satisfied, e.g. when BWP switching happens, UE should do the DL PRS measurement inside the MG only.
Proposal 5: Subject to UE capabilities, support UE to do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period. When the conditions cannot be satisfied, e.g., when BWP switching happens, support UE to do the DL PRS measurement inside the MG only.
Latency reduction on periodic MG enhancement
In RAN#106-e meeting, the following agreement was approved [1]：
	Agreement:
For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, consider the following options with a decision to be made in RAN1#106b.
· Option. 1: by LMF (via a NRPPa message)
· Option. 2: by UE (via UCI or UL MAC CE)


In NR Rel-16 positioning procedure, the UE uses RRC message LocationMeasurementInfo to request MG for positioning measurement purpose and the gNB uses the RRC signaling MeasGapConfig to provide the configuration of MG. Subsequently positioning measurement procedure may typically result in hundreds of msec latency. Physical layer signalling is expected to be faster than RRC signalling. 
Another approach is when the LMF sends the DL PRS configuration to the UE, the LMF also sends the recommended MG configuration to the serving gNB based on the information of the UE’s capability. In comparison the latter may reduce positioning latency and also has less impact on the specification and implementation.
Proposal 6: For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, support both of the following options:
•	Option. 1: by LMF (via a NRPPa message).
•	Option. 2: by UE (via UCI or UL MAC CE).
In RAN#106-e meeting, the following agreement was approved [1]：
	Agreement:
For the purpose of positioning latency reduction, with potential support a new MG activation and deactivation procedure, consider the following options with a decision to be made in RAN1#106b (and RAN4 to be informed about any decision made)
· Option. 1: DCI
· Option. 2: DL MAC CE
· Option. 3: UE autonomously applies the MG
FFS whether deactivation can be implicit via configurable number of the MG occasions


The procedure of MG triggering or activating would contribute a significant part to the latency. DCI signaling is used to trigger the MG. Although it will occupy additional bit resources, DCI signaling has the minimum delay. In addition, using MAC CE to activate the MG can also reduce the time delay. The latency benefit of option 3 is not clear as we are not sure how the UE can autonomously apply the MG when the gNB does not know the information.
Proposal 7: Support a new MG activation and deactivation procedure by either DCI or DL MAC CE  to reduce the latency (either Option 1 or Option 2 in RAN1#106-e’s agreement).
Latency reduction on aperiodic MG enhancements
In RAN1#105-e meeting, the following agreements were made [5]:
	
Agreement:
RAN1 to further study at least the following aspects for MG enhancement with regards to MG requesting and configuration/activation/triggering for the purpose of latency reduction for positioning:
· Preconfiguration of multiple MGs 
· Triggering/activation of MG(s) with lower layer signalings (DCI or DL MAC CE)
· Request of MG(s) with lower layer signaling by the UE to the gNB 
· Request/determination of MG(s) by LMF indication to the gNB/UE
· 
Note: The combination of the above items is possible.


In Rel-16, only periodic PRS and periodic MG is supported. Repetition period of Rel-16 DL PRS is . Rel-16 MG repetition period (MGRP, ms) is from 20ms to 160ms, and MG length (MGL) is from 1.5ms to 6ms. According to Table 1 (Table 9.1.2.1 from [6]), MGL and MGRP is fixed for given MG pattern. Total positioning latency will rely on MGL and MGRP. 
Table 1: Gap Pattern Configurations from Table 9.1.2-1 in TS38.133 [6]
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160


Using aperiodic PRS is an effective method to achieve low positioning latency in Rel-17. For reducing the measurement latency and support aperiodic PRS in Rel-17, an aperiodic MG should be introduced, where MGRP can be set to 0 and MGL can be set to be the total length of DL PRS resource set. The configuration of the aperiodic MG can be informed to UE by explicit signaling or implicit method.
Figure 1 shows an approach for configuring an aperiodic MG for the reception of DL PRS from N TRPs. In the figure, T1(MG) denotes the start time of the aperiodic MG, T2(MG) represents the end time of the aperiodic MG, and L represents the duration of the aperiodic MG. The value of T1, T2, and L can be informed to UE by signaling. The relationship of T1, T2 and L is as follows:
T1(MG) = min{T1 (TRP#1), T1(TRP#2), …, T1(TRP#N)}.
T2(MG) = max{T2(TRP#1), T2(TRP#2), …, T2(TRP#N)}.
L=T2(MG)-T1(MG).
where T1(TRP#k) and T2(TRP#k) represent the start time and end time of AP-MG for TRP#k, respectively.

[bookmark: _Ref53308657][bookmark: _Ref53308643]
Figure 1: Illustration of aperiodic MG
Proposal 8: To reduce latency, the aperiodic MG for NR positioning should be introduced in Rel-17. 
The on-demand DL PRS is going to be supported in Rel-17 [5]. Compared with DL periodic PRS, on-demand DL PRS can be transmitted only when there is a need to support DL PRS measurements. Supporting on-demand DL PRS may increase resource utilization and reduce positioning latency. For supporting on-demand DL PRS, the MG may be configured with different methods for different scenarios. In the following, we discuss four of them: 
Method 1: Based on existing MG configuration
A UE may be already configured with a MG before on-demand DL PRS is initiated. In this case, LMF can request serving gNB/UE to report the information of periodic MG, or the UE/serving gNB can inform LMF about the MG configuration without the request. With the information, LMF may request the serving gNB and neighbor gNBs to configure on-demand DL PRS in the MG when sending the on-demand DL PRS request. Since on-demand DL PRS resources are configured within the configured MG, the UE does not need to request a new MG for the reception of the on-demand PRS.
Method 2: Based on UE’s measurement capability
LMF can recommend the transmission time of on-demand DL PRS based on whether the UE has the capability to support positioning measurement without MG. If a UE supports the measurement without a MG, then when LMF requests the on-demand DL PRS from the gNBs for the UE, there is no need to consider MG configuration. If a UE doesn’t support the measurement without a MG, when LMF requests on-demand DL PRS from the gNBs for the UE, the LMF should take into consideration the time duration required for a UE to request and get the configuration of the MG. So when a UE receives the configuration of on-demand DL PRS, the UE can have enough time to request the MG.
Method 3: UE requests the configuration of MG based on the information of on-demand PRS from LMF to the UE
LMF informs UE of the expected MG based on the transmission time of on-demand PRS before on-demand PRS is configured to UE by LMF. With the information of expected MG, UE sends the MG request to serving gNBs for the configuration of MG. In this way, when UE receives the information of configured on-demand PRS, the proper MG is already configured and there is no extra delay for the MG configuration.
Method 4: LMF recommends the MG configuration based on the information of on-demand PRS from gNB to the LMF
Serving gNB and neighbor gNBs inform LMF about the potential configuration for supporting on-demand DL PRS for a UE. With the information from the gNBs, LMF can estimate the time duration of the MG and recommend the proper MG configuration for the UE to the serving gNB. Then serving gNB may send the MG configuration to the UE for the DL PRS measurement without UE’s request to the serving gNB.
The above four methods are suitable for different scenarios with the latency from high to low as follows: method 1, the mode with MG in method 2, method 3, method 4, and the mode without MG in method 2.
Proposal 9: For on-demand DL PRS, support the following methods related to the MG configuration for reducing the positioning latency: 
a) Either a UE or a serving gNB may inform LMF about the existing MG configuration for the UE.
b) LMF may determine and send the recommended transmission time of on-demand DL PRS for a UE to the gNBs based on the UE’s capability of whether to support positioning measurement without a MG.
c) LMF informs UE of the expected MG before on-demand PRS is configured to UE by LMF.
Latency reduction on reception of AP-PRS and SP-PRS
Rel-16 only supports periodic transmission of DL PRS. The DL PRS can be configured with a short periodicity as minimum as 4ms for supporting location applications of low positioning latency. However, the configuration of the short periodicity may result in inefficient use of the downlink resources and huge overhead, because there is no need to support such low latency for most location applications. Different from the periodic PRS with “always on” mode, aperiodic PRS (AP-PRS) and semi-persistent PRS (SP-PRS) can be transmitted only when there is a need to support DL PRS measurements, which can reduce positioning latency and increase resource utilization.  
In Rel-16, a UE is triggered to measure the DL PRS by LPP message. For Rel-17, there can be at least three ways for supporting reception of the periodic PRS, AP-PRS and SP-PRS receptions as shown in Figure 1: a) Serving gNB sends a DCI to trigger a UE for the reception of AP-PRS; b) Serving gNB sends an MAC CE to trigger a UE for the reception of SP-PRS; and c) LMF sends an LPP message to trigger UE for the reception of AP-PRS. 


(a) DL AP-PRS reception triggered by serving gNB


(b) DL SP-PRS reception triggered by serving gNB


(c) DL AP-PRS reception triggered by LMF
Figure 2: Three ways for triggering a UE for the reception of AP-PRS and SP-PRS
Compared with DL AP-PRS reception triggered by LMF, DL AP-PRS and DL SP-PRS receptions triggered by serving gNB with DCI or MAC layer signaling have smaller latency because of the higher efficiency of physical and MAC layer signaling. 
DL AP-PRS and DL SP-PRS receptions triggered by gNB are particularly useful for single gNB positioning to reduce latency, where a UE is expected to receive the PRSs from one or multiple TRPs of the serving gNB to provide the timing and angle measurements for positioning. For a UE moving in a big factory, an indoor facility, or a supermarket, many TRPs belonging to one gNB can be installed to avoid the frequent handovers between gNBs due to UE movement. With single gNB positioning, the serving gNB can configure AP-PRS and SP-PRS for a UE and inform the UE directly via DCI or MAC CE without message exchange between gNBs and LMF to meet the low latency requirement.  
Proposal 10: AP-PRS and SP-PRS receptions triggered by serving gNB should be supported for single gNB positioning, in which a UE is informed to measure the DL PRS of the TRPs of the same gNB. 
In multiple gNB positioning, UE may receive the DL AP-PRS or SP PRSs from the multiple gNBs. In this case, LMF needs first to send a message to the serving gNB and neighbor gNBs to request DL PRS configurations for supporting AP-PRS and/or SP-PRS. After receiving the response about the DL PRS configurations from gNBs, there are two ways to send the DL PRS configurations to a UE. One of them is to follow Rel-16 approach, i.e., the LMF sends the PRS configurations directly to the UE. The message may include the information of when the UE should begin to receive the DL PRS. The other way is to first send the PRS configurations to serving gNB, and then the serving gNB sends PRS configurations to the UE with RRC signaling. After UE receives the PRS configurations, the serving gNB can use DCI or MAC CE to trigger UE for the reception of DL PRS. 
In comparison, the first approach has less impact on the specification and fewer messages exchanges between LMF and the gNBs. The second approach requires more message exchanges among LMF, the gNBs and the UE, and thus there is no special gain in terms of latency reduction even though DCI or MAC CE are used to trigger the UE for the reception of the DL PRS.
Observation 1: The advantage of supporting DCI-triggered AP-PRS reception and MAC CE triggered SP-PRS reception is unclear for multiple gNB positioning. 
Proposal 11: Reception of AP-PRS or SP-PRS triggered by LMF through LPP message should be supported. 
When DL-PRS signals are transmitted periodically of the serving cell and neighbor cells, the reception of periodic PRS in an aperiodic or semi-persistent manner can be triggered by DCI or MAC CE for reducing the latency of DL PRS reception for PRS measurement outside the MG. 
Proposal 12: UE can be triggered to receive periodic PRS through DCI or MAC CE to reduce the latency for PRS measurement outside the MG.
Conclusion 
In this contribution, we discuss the latency reduction on DL PRS reception without MG, periodic MG enhancement, aperiodic MG enhancement, and reception of AP-PRS and SP-PRS, and give the following observations and proposals:
Proposal 1: Support the working assumption made in RAN1#106-e related to PRS measurement outside the MG.
Proposal 2: Support Alt. 2 for PRS-related condition in RAN1#106-e, with the following modification:
Alt. 2: Applicable to all PRS under conditions to PRS of both serving cell and non-serving cells.
Proposal 3: All DL signals/channels (PDCCH, PDSCH, CSI-RS, PT-RS, and non cell-defining SSB) except for cell-defining SSB can be de-prioritized relative to DL-PRS by default, and cell-defining SSB has the highest prioritization by default.
Proposal 4: Support both of the following options for informing UE that other DL signals/channels are prioritized over the DL PRS:
•	Opt. 1: Based on indication/configuration from serving gNB.
•	Opt. 2: Other options (signalling from LMF, etc).
Proposal 5: Subject to UE capabilities, support UE to do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period. When the conditions cannot be satisfied, e.g., when BWP switching happens, support UE to do the DL PRS measurement inside the MG only.
Proposal 6: For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, support both of the following options:
•	Option. 1: by LMF (via a NRPPa message).
•	Option. 2: by UE (via UCI or UL MAC CE).
Proposal 7: Support a new MG activation and deactivation procedure by either DCI or DL MAC CE  to reduce the latency (either Option 1 or Option 2 in RAN1#106-e’s agreement).
Proposal 8: To reduce latency, the aperiodic MG for NR positioning should be introduced in Rel-17. 
Proposal 9: For on-demand DL PRS, support the following methods related to the MG configuration for reducing the positioning latency: 
a) Either a UE or a serving gNB may inform LMF about the existing MG configuration for the UE.
b) LMF may determine and send the recommended transmission time of on-demand DL PRS for a UE to the gNBs based on the UE’s capability of whether to support positioning measurement without a MG.
c) LMF informs UE of the expected MG before on-demand PRS is configured to UE by LMF.
Proposal 10: AP-PRS and SP-PRS receptions triggered by serving gNB should be supported for single gNB positioning, in which a UE is informed to measure the DL PRS of the TRPs of the same gNB. 
[bookmark: _GoBack]Observation 1: The advantage of supporting DCI-triggered AP-PRS reception and MAC CE triggered SP-PRS reception is unclear for multiple gNB positioning. 
Proposal 11: Reception of AP-PRS or SP-PRS triggered by LMF through LPP message should be supported. 
Proposal 12: UE can be triggered to receive periodic PRS  through DCI or MAC CE  to reduce the latency for PRS measurement outside the MG.
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