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1 Introduction
At RAN1 #108-e e-meeting several agreements were made with regards to the agendas beyond accuracy enhancements: Latency Enhancements, On-demand PRS, RRC Inactive Positioning.
In this paper, we present our views on additional maintenance issues related to these 3 items.
2 Maintenance of Latency Enhancements
2.1 MG-less PRS processing
2.1.1 UE capability details related to the MG-less PRS processing 
The following proposal was discussed in a previous meeting with regards to the MG-less PRS processing UE capabilities:

	Proposal 5.2.2-2
· For PRS measurement inside the PRS processing window, consider one of the following processing optimization for latency reduction:
· Alt. 1
· During the first part of the window with duration of at least L-T msec, up to N msec of PRS symbols are expected to be buffered, where L is the duration of the PRS processing window.
· The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T msec from the end of first part of the PRS processing window.
· Alt. 2
· During the first part of the window with duration of at least N msec, up to N msec of PRS symbols are expected to be buffered.
· The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T-N msec from the end of first part of the PRS processing window.
· FFS: whether it is allowed N+T >= Processing window
· Alt. 3 UE has to report its capability of PRS computation time (Tcompute) 
· A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute) .



From the above alternatives we make the following observations:
· Alt. 1 and Alt. 2 are very similar, but Alt.1 is closer to the rel-16 understanding of the meaning of (N,T), as shown in the figure below
[image: ]

· On the other hand, Alt. 3 assumes that UE can do buffering and processing simultaneously, so there is no specific buffering window. The UE needs to reserve enough time (i.e. Tcompute) to process the latest PRS resource. The problem with such an approach is that it is always possible that the assistance data include a large set of PRS resources just in the end, which may make the worst-time Tcompute larger than what it is really needed. It also assumes a different type of UE implementation than the one considered in Rel-16. 
· Alt.3 assumes UE can do buffering and processing simultaneously, so there is no specific buffering window. UE only needs to reserve enough time (i.e. Tcompute) to process the latest PRS resource.

The following proposal was made during the previous meeting: 

	Proposal 3.5.4-2 (GTW)
· NR supports two modes of PRS processing outside MG inside the PRS processing window, according to the reported UE PRS resource capabilities.
· Mode 1: A UE is expected to measure all the PRS within the PRS processing window
· No relationship between the PRS processing window and UE reported (N, T) will be defined.
· Mode 1 at least applies to PRS processing window type 2.
· FFS type 1A/1B
· FFS Mode 2: 
· Alt. 1: A UE is expected to measure only up to the first N ms PRS within the first part of a PRS processing window, and is expected to complete the PRS processing if the time duration from the last symbol of the last PRS resource of the up to N ms PRS, to the end of the PRS processing window is not smaller than T-N ms.
· Alt. 2: A UE is expected to measure only up to the first N ms PRS within the first part of a PRS processing window according to the reported PRS resource capabilities, and is expected to complete the PRS processing if the time duration from the last symbol of the last PRS resource of the up to N ms PRS symbol inside the window, to the end of the PRS processing window is not smaller than T-N ms.
· Alt. 3: A UE is expected to measure and process PRS only within a PPW length.
· Mode 2 applies to PRS processing window type 1A and 1B.
· FFS type 2
· Note: The concept of mode is used to differentiate two UE behaviors, and may not be part of the signaling
· Discuss in the UE feature session the values {N, T} for all types.



The above proposal was going in the right direction of trying to acknowledge the principles that led to the 2 types of MG-less Operation (Type 1A/1B and Type 2). 
· Main Principle that led to the 2 types: For a UE to finish as soon as possible the processing of PRS, it needs to be able to stop/deprioritize the processing of any other DL channel and signals. 

Observation 1: Main principle that led to having 2 types (Type 1A/1B and Type 2) for MG-less PRS processing is the fact that Type 1A/1B are targeted to satisfy the WI objective of PRS processing as low as 10 msec. 
· To achieve that, in Type 1A/1B, it was already agreed that the UE will prioritize the high-priority PRS processing over the remaining DL signals and channels within ALL symbols of the PPW (and NOT only the PRS symbols). This was done so that the UE can finish up the PRS processing. 

Observation 2: Assuming that we agree with Observation 1, it is natural to define the capabilities with regards to the time needed to finish the PRS processing from the last PRS symbol within the PPW to the time that it has completed the PRS processing and it is ready to report. 

Some comments from the previous summary on Latency Enhancements (R1-2202515) and answers from our side:
	“Another thing we do not understand is why the PPW length must contain the time length that the UE uses to post-procesiing the buffered PRS samples. Since the UE already buffer the PRS samples, the UE does not need to apply an priority rule of PRS vs DL channels/RSs, there is no need for PPW any more.”

	It is already part of the initial WA and corresponding agreements after that for Type 1A/1B. The PPW applies to ALL the symbols within the PPW and the reason was to let the UE dedicate all the memory and processing for finishing up the PRS processing as soon as possible without distracting the UE from other DL signals/channel processing. 

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.)

	“If PPW is long enough, the contained PRS is more than Nms, UE is able to process them. Why UE is not allowed to do that?  Why UE is only need to measure up to N ms.”
“we are also waiting for the confirm on understanding the “is expected to measure” ”
	If a UE can measure more than N msec, then it should report higher capability.

Maybe a different way to write it would be: “A UE is capable of measuring” with regards to the reported (N,T) capabilities for Type 1A/1B, instead of “A UE is expected to measure”. For example, as shown in the example below:
· A UE is capable of measuring up to N ms PRS within a PRS processing window and is capable of completing the PRS processing within the PPW, if the time duration from the last symbol of the last measured PRS resource inside the PPW, to the end of PPW is not smaller than T-N ms.


	“So, if mode 2 aims to process PRS only within PPW. Could we modify mode 2 as:
 Mode 2: A UE is expected to measure and process PRS only within a PPW length.
  So that, if the network can know UE only process PRS within PPW,  we believe when the network is configuring PPW, it will consider those information to configure the appropriate PPW to the UE.”
	Only saying that the UE is expected to measure and process PRS within a PPW length, does NOT say how much time is required by the UE to finish the processing within the PPW length. The network would not know how much should be the length of PPW. 

	“Mode 2 wants to specifiy that the UE would finish the PRS processing and measurement before the end of one PPW. But in our understanding, we are not sure that we shall specify that.  The only motivation for defining PPW is to support the UE to process PRS outside MG. Since it is outside MG, the UE would have to deal with all other DL channel and signals. So, we introduced the PPW so that the priority of PRS vs all other DL channels and signals can be applied.”
	There should be a clarity on the measurement period. We had clarity in NR Rel-16 about that. So, the reason that, for Type 1A/1B, that the UE is doing PRS prioritization over all other DL signals/channels in all symbols inside the window, was that the UE can do as fast as possible the processing, in which case, it is directly related to the time needed to finish the processing: Time needed to finish the processing equals to the time needed after the last PRS within the PPW.
This is the main way that Type 1A/1B can do lower latency than Type-2 processing. In Type-2 processing, the UE would have to do simultaneously the processing between PRS and data, so it will take longer to finish. 

The “end of the PPW” corresponds to the “end of dedicated time for PRS processing”, that’s what “PRS higher priority than other DL channel” means. How else is “PRS is higher priority than other DL channel” can be interpereted? 
In other words, the UE does NOT have to deal with the other DL channels and signals within the PPW for Type-1A/1B. Again, this is part of the initial WA of this feature:  

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. 




Based on the above, we make the following proposal:
Proposal 1: For Type 1A/1B PRS processing, a UE is capable to measure and process PRS only
within a PPW length with the following interpretation of the (N,T) UE capabilities: 
· A UE is capable of measuring up to N ms PRS within a PPW and is capable of completing the PRS processing within the PPW, if the time duration from the last symbol of the measured PRS resource(s) inside the PPW, to the end of PPW is not smaller than T-N ms.

2.1.2 UE/LMF request of PRS processing window
With regards to PRS processing, for MG-based Positioning, in NR Rel-16, a UE is the only entity that can request a specific MG. This is particularly useful because a UE may be aware of the Positioning QoS requirements and any other concurrent processes that need to run in order to satisfy all the communication and positioning tasks. In NR Rel-17, for MG-based Positioning, a new feature was introduced, which enables an LMF to suggest MG or PRS processing window parameters to a serving gNB. 
We think that for the feature of PRS processing window, enabling a UE to request/suggest PRS processing window would enable the gNB to have a full picture of what the UE requires, and provide more information to the gNB to make a good decision. 
Also, since we are introducing in NR Rel-17 a feature of pre-configuring MGs and the UE suggesting with UL MAC-CE, a specific MG, the additional work needed to generalize this feature to PRS processing request is minimal.
	Agreement
For PRS processing window configuration and indication, at least the following mechanism is supported
· RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window, respectively.

Agreement
Preconfiguration of MG(s) in RRC is supported from RAN1 perspective.
· Each MG in the preconfiguration is associated with an ID
· The information in the UL MAC CE for MG activation request by the UE can be one ID associated with the preconfiguration of the MG
· Send an LS to RAN2 and RAN3

Agreement
For PRS processing window configuration and indication, at least the following mechanism is supported
1. RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window, respectively.
Include it in the LS to RAN2 and request RAN2 to decide whether DL MAC CE is feasible for this indication.



Proposal 2: For PRS processing window (PPW) activation request, support using 
· an UL MAC CE for the UE to request one or more of the RRC (pre-)configured PPWs. 
· The information in the UL MAC CE for PPW activation request by the UE can be one or more ID(s) associated with the preconfiguration of the PPW(s)
· LMF to request one or more of the (pre-)configured PPW(s) from the serving gNB

2.1.3 Action Times for the PRS Prioritization over other DL channels
Whenever prioritization between dynamic channels are considered, action times for applying such prioritization rules should be clarified. Having as the basis the recent CRs for Rel-16 on action time for SRS carrier switching prioritizations shown below, it make sense to clarify the corresponding action times for prioritizing PRS over other DCI-triggered or MAC-CE activated DL channels (e.g., CSIRS, PDSCH). 

	Section 6.2.1.3 from 38.214:
For an SRS transmission starting in symbol  of carrier  and a conflicting transmission in carrier  starting in symbol,  the UE shall apply the prioritization / dropping rules in the remainder of this clause taking into account:
-	DCI(s) for which the time interval between the last symbol of PDCCH and  is at leastsymbols and an additional time duration ,  and the time interval between the last symbol of PDCCH and  is at least   symbols; and
-	semi-persistent CSI reports or SRS considered active at least  symbols and an additional time duration  before , and considered active at least  symbols before .
where , and the time interval unit of OFDM symbol is counted based on the smaller subcarrier spacing across  and their corresponding scheduling cells.



Based on the above principles, we can consider the correspond action time figures for the following 2 collisions:
· PRS processing window and grant-based DL channels 

[image: ]

Proposal 3: For an activated PRS processing window starting in symbol  of carrier  and a conflicting transmission in carrier  starting in symbol,  the UE shall apply the prioritization / dropping between the PRS and the conflict transmission taking into account:
· DCI(s) for which the time interval between the last symbol of PDCCH and  is at leastsymbols,  and the time interval between the last symbol of PDCCH and  is at least   symbols,
wherein the time interval unit of OFDM symbol is counted based on the smaller subcarrier spacing across  and the corresponding scheduling cell of 

· PRS processing window and DL-MAC-CE-based activated DL channels

[image: ]

Proposal 4: For an activated PRS processing window starting in symbol  of carrier  and a conflicting transmission in carrier  starting in symbol,  the UE shall apply the prioritization / dropping between the PRS and the conflict transmission taking into account:
· DL channels & signals considered active at least  before  and at least  symbols before ,
wherein the time interval unit of OFDM symbol is counted based on the smaller subcarrier spacing across  and the corresponding scheduling cell of .

2.1.4 Number of PFLs for gapless PRS measurement
An LS was sent from RAN4 with the following description and question:

	RAN4 is working on defining requirements for gapless PRS measurement. Since number of PFL during gapless PRS measurement within an active BWP is one of the key factors that affects measurement period requirement, RAN4 would like to seek input from RAN1 on applicable number of PFL for the gapless PRS measurement.
 Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly requests RAN1 to provide their input on applicable number of PFL for the gapless PRS measurement.



We make the following proposal with regards to the above action item to RAN1:

Proposal 5: For gapless PRS measurement within a PPW instance, only a single PFL is expected to be measured. 
2.2 Rx Beam Sweeping in FR2
An LS was sent by RAN4, R4-2200041(R1-2112767) “LS on lower Rx beam sweeping factor for latency improvement”, with the following content: 
	Agreements:
· FFS on whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor?
· Option 1: 
· Yes
· Option 2: 
· No
· A  LS can be send to RAN1 to check whether LMF needs to reqeuest UE to perform PRS measurements with a reduced Rx beams sweeping factor in FR2 

ACTION: 	RAN4 kindly asks RAN1 to take the above information into account in the following work on NR positioning enhancements and anaswer the question bellow.
Q1: Whether does UE need to be configured by LMF to perform PRS measurements in FR2 with a reduced Rx beam sweeping factor?



From RAN1 perspective, it is considered beneficial for the LMF to include in the Location Request to the UE what is the assumed value of Rx Beam Sweeping so that both UEs and LMF have the same understanding on what is the expected measurement period. Support the LMF to be able to indicate in the Location request an indication that can take one of 2 possible values:
· Value 1: Equal to the UE’s reported Rx Beam Sweeping value in the corresponding capability 
· Value 2: Equal to 8 (default assumption)

Observation 1: From RAN1 perspective, it is considered beneficial for the LMF to include in the Location Request to the UE what is the assumed value of Rx Beam Sweeping so that both UEs and LMF have the same understanding on what is the expected measurement period. 

Proposal 6: Support the LMF to be able to indicate in the Location request an Rx Beam Sweeping factor that can take one of 2 possible values:
· Value 1: Equal to the UE’s reported Rx Beam Sweeping value in the corresponding capability 
· Value 2: Equal to 8 (default assumption)
Send an LS to RAN2 to finalize the signaling. 
2.3 Single MAC-CE command for multiple PPW activation/deactivation
In RAN1 #108-e, the following agreement was reached:
	Agreement
The maximum number of PRS processing windows that can be activated/deactivated by a DL MAC CE is 1.



At the same time, in RAN2, it ws agreed, that a single MAC-CE can be used to activate multiple  PPWs. This agreement appeared in 38.321, and it has now been endorsed in the first version of Rel-17 specification. We believe that there was no clear objection, or UE complexity increase by having the option of a single MAC-CE to activate/deactivate multiple PPWs, and it will also help with overhead reduction. Therefore, we prefer to keep the current specification as is.


	[bookmark: _Toc100872145]6.1.3.42          PPW Activation/Deactivation Command MAC CE
The PPW Activation/Deactivation Command MAC CE is identified by MAC subheader with eLCID as specified in Table 6.2.1-1b.
It has variable size and consists of a single octet defined as follows (Figure 6.1.3.42-1):
-     numEntry: This field indicates the number of entries N-1 in the MAC CE. 00 indicates that N equals to 1; 01 indicates that N equals to 2 and so on. The length of the field is 2 bits;
-     Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
-     PPW ID: This field indicates the PPW configured on active DL BWP of the Serving Cell identified by the above Serving Cell ID. The length of the field is 2 bits;
-     A/D: This field indicates the activation or deactivation of the PPW. The field is set to 1 to indicate activation, otherwise it indicates deactivation. The length of the field is 1 bit.
-     R: Reserved bit, set to 0.
[image: ]
Figure 6.1.3.42-1: PPW Activation/Deactivation Command MAC CE




Proposal 7: Update previous RAN1 agreement on the maximum number of PPWs that can be activated/deactivated by a single DL MAC-CE to follow the RAN2 agreement and current 38.321 specification. 
3 Questions concerning the implementation of RAN1 agreements in NRPPa
There was an LS from RAN3 with a few questions and actions items for RAN1 (R1-2203040) related to the implementation of RAN1 agreements in NRPPa. We provide our replies and understanding below: 
	· Q1: RAN1 to feedback if information on the Rx Diversity options needs to be signalled to LMF and to comment on the UL-SRS-RSRPP value range, if needed?
· A1 (Qualcomm): Support gNB signaling to the LMF which Rx diversity option is being used. Support the same UL-SRS-RSRPP value range as that of the UL-SRS-RSRP range.  

· Q2: RAN1 to feedback if information on the SRS port index needs to be signalled to LMF when SRS resource for MIMO is used.
· A2 (Qualcomm):  Do not support this feature. It was discussed in RAN1, but no progress was made.  

· Q3: RAN1 to take into account and update their agreed parameter lists for On-demand PRS.
· A3 (Qualcomm): The “per-UE” notion in the agreement was corresponding to a feature where all the PRS resources across all sets of a TRP an be turned ON/OFF. 


· Q4: RAN3 respectfully asks RAN1/RAN2 to provide feedback, if any, on the issue of signalling load for DL-AoD information.
· A4 (Qualcomm): From RAN1 perspective, no issue of signaling load for DL-AoD assistance data is identified. Overhead reduction was one of the considerations when the RAN1 agreements were maded and no further enhancements are needed in NR Rel-17. 



4 Conclusions
Overall, we make the following proposals on beneficial enhancements to be specified during NR Rel-17 WI phase:
Observation 1: Main principle that led to having 2 types (Type 1A/1B and Type 2) for MG-less PRS processing is the fact that Type 1A/1B are targeted to satisfy the WI objective of PRS processing as low as 10 msec. 
· To achieve that, in Type 1A/1B, it was already agreed that the UE will prioritize the high-priority PRS processing over the remaining DL signals and channels within ALL symbols of the PPW (and NOT only the PRS symbols). This was done so that the UE can finish up the PRS processing. 

Observation 2: Assuming that we agree with Observation 1, it is natural to define the capabilities with regards to the time needed to finish the PRS processing from the last PRS symbol within the PPW to the time that it has completed the PRS processing and it is ready to report. 

Proposal 1: For Type 1A/1B PRS processing, a UE is capable to measure and process PRS only
within a PPW length with the following interpretation of the (N,T) UE capabilities: 
· A UE is capable of measuring up to N ms PRS within a PPW and is capable of completing the PRS processing within the PPW, if the time duration from the last symbol of the measured PRS resource(s) inside the PPW, to the end of PPW is not smaller than T-N ms.

Proposal 2: For PRS processing window (PPW) activation request, support using 
· an UL MAC CE for the UE to request one or more of the RRC (pre-)configured PPWs. 
· The information in the UL MAC CE for PPW activation request by the UE can be one or more ID(s) associated with the preconfiguration of the PPW(s)
· LMF to request one or more of the (pre-)configured PPW(s) from the serving gNB

Proposal 3: For an activated PRS processing window starting in symbol  of carrier  and a conflicting transmission in carrier  starting in symbol,  the UE shall apply the prioritization / dropping between the PRS and the conflict transmission taking into account:
· DCI(s) for which the time interval between the last symbol of PDCCH and  is at leastsymbols,  and the time interval between the last symbol of PDCCH and  is at least   symbols,
wherein the time interval unit of OFDM symbol is counted based on the smaller subcarrier spacing across  and the corresponding scheduling cell of 

Proposal 4: For an activated PRS processing window starting in symbol  of carrier  and a conflicting transmission in carrier  starting in symbol,  the UE shall apply the prioritization / dropping between the PRS and the conflict transmission taking into account:
· DL channels & signals considered active at least  before  and at least  symbols before ,
wherein the time interval unit of OFDM symbol is counted based on the smaller subcarrier spacing across  and the corresponding scheduling cell of .

Proposal 5: For gapless PRS measurement within a PPW instance, only a single PFL is expected to be measured. 

Observation 3: From RAN1 perspective, it is considered beneficial for the LMF to include in the Location Request to the UE what is the assumed value of Rx Beam Sweeping so that both UEs and LMF have the same understanding on what is the expected measurement period. 

Proposal 6: Support the LMF to be able to indicate in the Location request an Rx Beam Sweeping factor that can take one of 2 possible values:
· Value 1: Equal to the UE’s reported Rx Beam Sweeping value in the corresponding capability 
· Value 2: Equal to 8 (default assumption)
Send an LS to RAN2 to finalize the signaling. 

Proposal 7: Update previous RAN1 agreement on the maximum number of PPWs that can be activated/deactivated by a single DL MAC-CE to follow the RAN2 agreement and current 38.321 specification. 

Proposal 8: With regards to the LS from RAN3 (R1-2203040), we propose the following answers:  

· Q1: RAN1 to feedback if information on the Rx Diversity options needs to be signalled to LMF and to comment on the UL-SRS-RSRPP value range, if needed?
· A1 (Qualcomm): Support gNB signaling to the LMF which Rx diversity option is being used. Support the same UL-SRS-RSRPP value range as that of the UL-SRS-RSRP range.  

· Q2: RAN1 to feedback if information on the SRS port index needs to be signalled to LMF when SRS resource for MIMO is used.
· A2 (Qualcomm):  Do not support this feature. It was discussed in RAN1, but no progress was made. 
· Q3: RAN1 to take into account and update their agreed parameter lists for On-demand PRS.
· A3 (Qualcomm): The “per-UE” notion in the agreement was corresponding to a feature where all the PRS resources across all sets of a TRP an be turned ON/OFF. 

· Q4: RAN3 respectfully asks RAN1/RAN2 to provide feedback, if any, on the issue of signalling load for DL-AoD information.
· A4 (Qualcomm): From RAN1 perspective, no issue of signaling load for DL-AoD assistance data is identified. Overhead reduction was one of the considerations when the RAN1 agreements were maded and no further enhancements are needed in NR Rel-17. 
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