Page 1
[bookmark: _Hlk83541445][bookmark: _GoBack]3GPP TSG RAN WG1 #106bis-e			R1-2109285
e-Meeting, October 11th – 19th, 2021

Agenda item:	8.5.4
Source: 	CMCC
Title: 	Discussion on latency improvement for positioning
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN1#106-e meeting, the latency improvements for both DL and DL+UL positioning methods were discussed, solutions including M-sample PRS processing, DL PRS measurement within MG and without MGs, etc., were agreed for further down selection and further study [1]. 
	Agreement:
Subject to UE capability, support LMF to explicitly request UE to report the measurement with either M-sample or 4-sample, if RAN4 has supported M-sample measurement.
· FFS signalling details.
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)
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
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.


In this contribution, we continually discuss on the remaining issues on enhancements for improving positioning latency.
Discussion
2.1 PRS measurement within MG
In the last RAN1 meeting, enhancements on MG request and activation/deactivation were intensively discussed, and for the sake of making progress, several options were left for further study.
During the discussion, with potential support of a new mechanism of MG request, two options were agreed for further consideration:
· Option 1: by LMG (via a NRPPa message);
· Option 2: by UE (via UCI or UL MAC-CE);
In our views, we think that both options can be supported with respect to different cases.
For option 1, it is applicable to the LMF-initiated on-demand DL PRS, where the LMF can request the gNB via a NRPPa message to configure a proper MG pattern based on the configuration of the on-demand DL PRS.
For option 2, it is applicable to both the UE-initiated and LMF-initiated on-demand DL PRS, especially to that associated with pre-configured set of on-demand DL PRS configurations. For option 2 to work, pre-configuration of multiple MGs may be supported in advance, and then using the lower layer signalling to request and to activate/deactivate the MG patterns can help reduce the positioning latency. During the discussion in the last RAN1 meeting, some companies argued that no pre-configuration of MG is required, and also the feasibility of the pre-configuration. To our understanding, having a pre-configuration of on-demand DL PRS has already supported in RAN2, and in such a case, the LMF may inform the DL PRS pre-configuration related information, or recommend MG patterns that matches the pre-configured DL PRS, to the gNB to facilitate the pre-configuration of MGs. Additionally, the time domain characteristics of the MG can be enhanced, e.g., by defining on-demand, semi-persistent and/or aperiodic MG, to better fit the DL PRS configurations, and the details can be up to RAN4. With the pre-configuration of MGs, the request and triggering/activation of the MG by lower layer signalling (e.g., MAC-CE, DCI, UCI) can be further enhanced. To be specific, when the DL PRS to be measured is outside of the active DL BWP or with a different numerology, the UE can request the serving gNB of one or more pre-configured MGs by UL MAC-CE and UCI, and the serving gNB can further trigger/activate the MGs via DL MAC-CE or DCI.
Based on the above analysis, we propose that:
Proposal 1: For the purpose of positioning latency reduction, support pre-configuration of multiple MGs by the gNB.
Proposal 2: For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, support the following options:
· Option. 1: by LMF (via a NRPPa message)
· Option. 2: by UE (via UCI or UL MAC CE)
Proposal 3: For the purpose of positioning latency reduction, with potential support a new MG activation and deactivation procedure, support one of the following options:
· Option. 1: DCI
· Option. 2: DL MAC CE

2.2 DL PRS measurements without MG
In the early stage of the Rel-16 positioning WI, the physical layer procedure of DL PRS measurement was discussed. It was agreed that the UE can measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP, when no measurement gap is configured. On the other hand, when measurement gap is configured, the UE can measure DL PRS that is outside of the active DL BWP. 
During the previous RAN1 meetings, whether and how to support PRS measurements without the MG was intensively discussed. Most companies were supportive of the enhancement under certain conditions (e.g., the PRS is from serving cell or not, is within the active DL BWP or not, etc.); while some companies, on the other hand, expressed strong concerns on this enhancement and argued the benefit on improving the latency. For the sake of making progress, a concept of PRS processing window was introduced to support a UE measure the DL PRS outside the MG as a working assumption.
Determination of the PRS processing window
One of the intentions to allow the DL PRS measurement without MG is to reduce the physical layer latency introduced by request and configuration of the MG. For the PRS processing window, to maximize the reduced latency, a feasible solution is to indicate/apply the window implicitly, which is a similar framework as the autonomous MG proposed in the DL PRS measurements within MG. In our views, compared to the autonomous MG, within the PRS processing window, subject to UE capability, the data transmission is not always interrupted based on some newly defined prioritization rules between the DL PRS and other DL signals/channels. In addition, to align the understanding of the PRS processing window between the serving gNB and the UE, additional information such as the DL PRS configurations/patterns should be exchanged among the LMF and gNBs. 
Proposal 4: The PRS processing window can be determined implicitly by the UE.
· FFS: Additional signalling among the UE, LMF and gNB for the determination of the window.
Condition to apply the PRS processing window
Regarding the conditions on enabling this window, it was agreed that the DL PRS measurement should be inside the UE’s active DL BWP and the DL PRS should have the same numerology as the active DL BWP as well. For the issues on whether the DL PRS from the non-serving cell can be supported in this feature, two alternatives were left for further down-selection:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
In our views, limiting the DL PRS from the serving cell only is too restrictive. Even during the discussion on MG-less PRS measurement at early WI stage in Rel-16, it is not restricted to the PRS from serving cell only. For the DL PRS from the non-serving cell, as long as the non-serving cell is synchronized to the serving cell, the UE should be able to measure the non-serving cell PRS within the window. Note that in Rel-17, the positioning enhancement is mainly towards the indoor factory scenario, and the condition that the timing of the DL PRS from a neighbouring cell is aligned to the serving cell would be easily met. 
Proposal 5: The PRS measurement within the PRS processing window is applicable to all PRS of a non-serving cell that is aligned to the serving cell.
DL reception prioritization
With the assumption that the PRS processing will be prioritized over other DL signals/channels over all symbols or PRS symbols within the PRS processing window subject to UE capability, we still think that there are some special cases and under which prioritization rules should be further defined:
· PDSCH carrying LPP signalling: For a UE which has stringent positioning accuracy and latency requirement, or with the QoS class as “assured”, it should be ensured that the UE (e.g., using UE-A positioning) can successfully receive/decode the PDSCH that carrying the assistance data and location information request in the first place, and then to measure the corresponding DL PRS. 
· PDSCH carrying URLLC traffic: In the IIoT scenarios, a UE would have high requirement of both positioning and communication.
To support the UE determines the prioritization rules of DL reception within the window, one straightforward solution is to introduce the physical layer priority of DL PRS and other DL signals/channels (at least that carrying LPP signalling). To be specific, the priority index of DL PRS can be configured in the assistance data, and the priority of DL signals/channels can be indicated by the corresponding DCI. In addition, the priority of the DL signals/channels carrying LPP signalling can be additionally informed by the LMF to the gNB. The prioritization rule within the window can be defined as follows:
· If a PDSCH transmission with high priority overlaps in time with a DL PRS, the UE does not measure the DL PRS in the overlapping symbols.
· If a PDSCH transmission with low priority overlaps in time with a DL PRS with low priority, the UE does not measure the DL PRS in the overlapping symbols.
· If a PDSCH transmission with low priority overlaps in time with a DL PRS with high priority, the UE does not receive the PDSCH in the overlapping symbols.
Proposal 6: Support introducing physical layer priority for DL PRS and DL signals/channels at least carrying the LPP signalling.

2.3 SRS for positioning priority enhancement
In Rel-16 positioning, the PUSCH always has higher priority than SRS for positioning no matter what time domain resource type is. When collision happens, the symbols of the SRS for positioning will be dropped. In the Rel-16 maintenance phase, the issue on priority rule of SRS for positioning was raised by several companies; however, it was down-prioritized in the maintenance stage and postponed to be further discussed in Rel-17. 
In the last RAN1 meeting, support of SRS priority enhancement for the purpose of latency reduction was proposed by several companies; however, since its benefits on latency reduction is lack of clarification, no consensus was reached. To our understanding, this enhancement may not be within the scope of latency reduction. Since the SRS for positioning will always be dropped when collision happens, it will cause transmission holes of the SRS, and further lead to degradation of accuracy. However, note that in the SI phase, this issue was raised by many companies, and was concluded that it can directly start working in the WI phase. Therefore, we believe that the SRS priority enhancement is within the WI scope, and should be discussed.
Proposal 7: The SRS for positioning priority enhancements is within the WI scope, and should be further studied. 
When the SRS for positioning collides with the PUSCH indicated as high priority, the current rule of dropping the SRS for positioning should be followed. The issue to be discussed is the case when the SRS for positioning collides with the PUSCH indicated as low priority, and in our view, the collision rule should be defined according to the time domain resource types of the SRS for positioning:
· If a PUSCH transmission with low priority overlaps in time with the periodic/semi-persistent SRS for positioning, the UE does not transmit the periodic/semi-persistent SRS for positioning in the overlapping symbols. 
· If a PUSCH transmission with low priority overlaps in time with the aperiodic SRS for positioning with low priority, the UE does not transmit the aperiodic SRS for positioning in the overlapping symbols.
· If a PUSCH transmission with low priority overlaps in time with the aperiodic SRS for positioning with high priority, the UE does not transmit the PUSCH in the overlapping symbols.
Proposal 8: Support introducing physical layer priority indication for SRS for positioning.
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss the physical layer latency improvements for NR positioning, and the following observations and proposals are provided:
Proposal 1: For the purpose of positioning latency reduction, support pre-configuration of multiple MGs by the gNB.
Proposal 2: For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, support the following options:
· Option. 1: by LMF (via a NRPPa message)
· Option. 2: by UE (via UCI or UL MAC CE)
Proposal 3: For the purpose of positioning latency reduction, with potential support a new MG activation and deactivation procedure, support one of the following options:
· Option. 1: DCI
· Option. 2: DL MAC CE
Proposal 4: The PRS processing window can be determined implicitly by the UE.
· FFS: Additional signalling among the UE, LMF and gNB for the determination of the window.
Proposal 5: The PRS measurement within the PRS processing window is applicable to all PRS of a non-serving cell that is aligned to the serving cell.
Proposal 6: Support introducing physical layer priority for DL PRS and DL signals/channels at least carrying the LPP signalling.
Proposal 7: The SRS for positioning priority enhancements is within the WI scope, and should be further studied. 
Proposal 8: Support introducing physical layer priority indication for SRS for positioning.
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