Page 1

3GPP TSG RAN WG1 #114                                                                      R1- 2307687
Toulouse, France, August 21st – 25th, 2023
Agenda Item:		9.5.4
Source:				Samsung
Title:					On Bandwidth Aggregation for Positioning Measurements 
Document for:	    Discussion and Decision
Introduction
In the approved new WI for expanded and improved NR positioning [1], one important direction is to study solutions for PRS/SRS bandwidth aggregation techniques.· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].


This contribution discusses aspects related to PRS/SRS bandwidth aggregation techniques.
Conditions for PRS/SRS bandwidth aggregation 
In RAN1#112b-e meeting, the following agreements were agreed as:
	Agreement
Study whether single TRP Tx TEG ID or UE Rx TEG ID is applied across PRSs in aggregated PFLs for TEG information reporting, i.e. single TEG ID is reported across the aggregated PRS resources for TRP Tx TEG association reporting, or for UE Rx TEG ID reporting in the measurement reporting.
Agreement
[bookmark: _Hlk141870565]Study whether single UE Tx TEG ID or TRP Rx TEG ID is applied across SRSs in aggregated carriers for TEG information reporting, i.e. single UE Tx TEG ID is reported across the aggregated SRS resources for UE Tx TEG association reporting, or for TRP Rx TEG ID reporting in measurement reporting.


According to the definition from TS 38.215, RSTD measurement is the time difference between the starting time of one subframe from one transmission point and the starting time of one subframe from another transmission point. Besides, the UL RTOA is defined as the time difference between the beginning of subframe containing SRS and the nominal beginning time of SFN 0 provided by SFN Initialization Time and a pre-configured parameter. When different Tx/Rx TEG are supported in different PFLs/carriers, the measurement results will be different in each aggregated PFLs/CCs. As a result, single Tx TEG ID or Rx TEG ID should be applied across PRSs/SRSs in aggregated PFLs/carriers for TEG information reporting
Proposal 1: Single Tx TEG ID or Rx TEG ID is applied across PRSs/SRSs in aggregated PFLs/carriers for TEG information reporting.
SRS power control enhancement
In RAN1#112b-e meeting, the following agreements for SRS power control enhancement with bandwidth aggregation were achieved, and the power scaling between aggregated carriers should be further discussed in this meeting:
	[bookmark: _Hlk134092038]Agreement
Support the same power prioritization between the aggregated carriers in the case when total UE transmit power in a transmission occasion i exceeds  
· [bookmark: _Hlk134290844]The UE allocates power to the multiple SRS resources in the transmission occasion i of the aggregated carriers such that the UE’s transmit power in each transmitted resource element is equal.
· FFS further details, e.g. power scaling between aggregated carriers


[bookmark: _Hlk142038717]When the total uplink transmission power across multiple carriers exceeds P_c,max, SRS power control enhancement can be studied to reduce the interference at the gNB side. In RAN1#112b-e meeting, we have agreed that the UE should allocates power to the aggregated SRS resources such that the transmit power in each transmitted resource element is equal. Since the power priority of the aggregated CC is the same, a power scaling factor should be configured for the aggregated carriers to gradually reduce power until the power limit is satisfied. And the transmit power in each transmitted resource element can be the adjusted transmission power divided by the entire aggregated bandwidth.
Propose 2: Since the power priority of the aggregated CC is the same, a common power scaling factor should be configured for entire aggregated carriers to reduce power until the power limit is satisfied.
In addition, although same PSD can be ensured by the above operation, when the transmitter power of the SRS is too low, the measurement accuracy cannot be improved by SRS bandwidth aggregation and the unnecessary power consumption will be caused since the aggregated SRS cannot be accurately measured. To solve this issue, UE may drop one or more aggregated carriers to improve the transmit power in each transmitted resource element with equal value in the aggregated CCs. And the dropping criteria can be to discard edge carriers and/or small bandwidth carriers in order to send SRS resources that can be accurately measured over a larger bandwidth.
Propose 3: Considering that SRS bandwidth aggregation cannot improve measurement accuracy and may result in unnecessary power consumption when the transmitter power of the SRS is too low, UE may drop one or more aggregated carriers to improve the transmit power in each transmitted resource element with equal value in the aggregated CCs. 
UE behavior when PRS/SRS collide with other signals
RAN1 has discussed the UE behavior when PRS/SRS collide with other signals in RAN1#112bis, and the following agreements for UE behavior were achieved:
	Agreement
For the case when PRS in one of aggregated PFL is dropped, e.g. because of collision with SSB, select one of the following solutions for LMF based positioning
· Alt. 1: Drop positioning measurement in all aggregated PFLs in the same symbol(s)
· [bookmark: _Hlk134273352]Alt. 2: Still perform positioning measurement based on the remaining PRSs in other PFL(s)
· FFS the details and the difference between MG and PPW if PPW is supported
· Note: Up to RAN4 to discuss impact on requirements, if any, for such cases
Agreement
For positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, select one of the following two options:
· Alt. 1: Stop SRS transmission in all aggregated carriers in the same symbol
· Alt. 2: SRS is still transmitted in other carriers in the same symbol
· FFS: The UE may not be expected to maintain phase continuity across the remaining carriers
· FFS the applicable scenario, e.g. the positioning SRS collides with another higher priority SRS or others


Based on the above, the following agreements for SRS bandwidth aggregation were achieved in the last meeting:
	Agreement
[bookmark: _Hlk141805760][bookmark: _Hlk141806013][bookmark: _Hlk142040941]For positioning SRS aggregation transmission in RRC_INACTIVE state, reuse Rel-17 prioritization rule of SRS outside initial BWP, i.e. SRS is dropped in the symbol(s) of all aggregated carriers where collision occurs.
Agreement
When an SRS resource configured within a CC without PUSCH/PUCCH is linked for aggregation with an SRS resource configured within an UL active BWP of a UL communication CC, a guard period is needed before and after the aggregated SRS transmissions. 
•	Send an LS to RAN4 with the above information and a request to provide the retuning time values needed.


Based on the previous agreement for positioning SRS aggregation across CCs, if the UE determines the presence of another higher priority SRS and/or other DL signals/channels later than the guard period before the start of the aggregated SRS transmission in RRC_INACTIVE state, SRS is dropped in the symbol(s) of all aggregated carriers where collision occurs. However, due to higher requirements for positioning latency and lower requirements for power saving gains in RRC_CONNECTED states, if the UE determines the presence of another higher priority SRS and/or other DL signals/channels later than the guard period before the start of the aggregated SRS transmission in RRC_CONNECTED state, we think that the SRS should be still transmitted in other non-collide carriers in the same symbol. And if the remaining CCs are contiguous, the positioning measurement should be performed in a bandwidth aggregation way when the ratio between the remaining CCs and all aggregated carriers is larger enough. That is because only the SRS positioning measurements based on the sufficiently large CCs can provide a satisfied positioning accuracy. If the remaining CCs are non-contiguous, the SRS should be transmitted in a CC with larger bandwidth when the ratio between the selected CCs and all aggregated carriers is larger enough.
 Proposal 4: If the UE determines the presence of another higher priority SRS and/or other DL signals/channels later than the guard period before the start of the aggregated SRS transmission in RRC_CONNECTED state, the SRS should be still transmitted in other non-collide carriers in the same symbol.
Proposal 5: When SRS in one of aggregated carriers is dropped if the SRS resource instance collides with other DL signals/channels and and/or another higher priority SRS, if the remaining CCs are contiguous, the positioning measurement should be performed in a bandwidth aggregation way when the ratio between the remaining CCs and all aggregated carriers larger enough. If the remaining CCs are non-contiguous, the SRS should be transmitted in a CC with larger bandwidth when the ratio between the selected CC and all aggregated carriers is larger enough.
[bookmark: _Hlk142043586][bookmark: _Hlk142043654][bookmark: _Hlk134465903]When the PRS collision with other DL signals/channels including SSB across multiple PFLs, if a PRS resource instance collides with other DL signals/channels and/or SSB if any portion of the other DL signal/channel overlaps with the time interval starting X symbols before the PRS instance and ending X symbols after the PRS instance in one of the aggregated PFLs, the collision occurs between PRS and other DL signals/channels including SSB when PRS bandwidth aggregation is enabled, and taking into account nr-DL-PRS-ExpectedRSTD-Uncertainty and nr-DL-PRS-ExpectedRSTD. Follow the same logic in SRS transmission, when the collision occurs in one of the aggregated PFLs in RRC_INACTIVE state, PRS should be dropped in the symbol(s) of all aggregated PFLs. To obtain more PRS resources for positioning measurement, we think that the UE should still perform positioning measurement based on the remaining PRSs in the symbol(s) in the remaining PFLs in RRC_CONNECTED state. Moreover, if the remaining PFLs are contiguous, the positioning measurement should be performed in a bandwidth aggregation way when the ratio between the remaining PFLs and all aggregated PFLs is larger enough. If the remaining PFLs are non-contiguous, the positioning measurement should be performed in a PFL with larger bandwidth when the ratio between the selected PFL and all aggregated PFLs is larger enough.
[bookmark: _Hlk142043633]Proposal 6: When the PRS collision with other DL signals/channels including SSB across multiple PFLs in RRC_INACTIVE state, PRS should be dropped in the symbol(s) of all aggregated PFLs.
Proposal 7: When the PRS collision with other DL signals/channels including SSB across multiple PFLs in RRC_CONNECTED state, the UE should still perform positioning measurement based on the remaining PRSs in the symbol(s) in the remaining PFLs.
Proposal 8: When PRS in one of aggregated PFLs is dropped if the PRS resource instance collides with other DL signals/channels including SSB, if the remaining PFLs are contiguous, the positioning measurement should be performed in a bandwidth aggregation way when the ratio between the remaining PFLs and all aggregated PFLs is larger enough. If the remaining PFLs are non-contiguous, the positioning measurement should be performed in a PFL with larger bandwidth when the ratio between the selected PFL and all aggregated PFLs is larger enough.
Conclusion
This contribution discusses the solutions for PRS/SRS bandwidth aggregation techniques. Observations and proposals are summarized as follows: 
Proposal 1: Single Tx TEG ID or Rx TEG ID is applied across PRSs/SRSs in aggregated PFLs/carriers for TEG information reporting.
Propose 2: Since the power priority of the aggregated CC is the same, a common power scaling factor should be configured for entire aggregated carriers to reduce power until the power limit is satisfied.
Propose 3: Considering that SRS bandwidth aggregation cannot improve measurement accuracy and may result in unnecessary power consumption when the transmitter power of the SRS is too low, UE may drop one or more aggregated carriers to improve the transmit power in each transmitted resource element with equal value in the aggregated CCs.
Proposal 4: If the UE determines the presence of another higher priority SRS and/or other DL signals/channels later than the guard period before the start of the aggregated SRS transmission in RRC_CONNECTED state, the SRS should be still transmitted in other non-collide carriers in the same symbol.
Proposal 5: When SRS in one of aggregated carriers is dropped if the SRS resource instance collides with other DL signals/channels and and/or another higher priority SRS, if the remaining CCs are contiguous, the positioning measurement should be performed in a bandwidth aggregation way when the ratio between the remaining CCs and all aggregated carriers larger enough. If the remaining CCs are non-contiguous, the SRS should be transmitted in a CC with larger bandwidth when the ratio between the selected CCs and all aggregated carriers is larger enough.
Proposal 6: When the PRS collision with other DL signals/channels including SSB across multiple PFLs in RRC_INACTIVE state, PRS should be dropped in the symbol(s) of all aggregated PFLs.
Proposal 7: When the PRS collision with other DL signals/channels including SSB across multiple PFLs in RRC_CONNECTED state, the UE should still perform positioning measurement based on the remaining PRSs in the symbol(s) in the remaining PFLs.
Proposal 8: When PRS in one of aggregated PFLs is dropped if the PRS resource instance collides with other DL signals/channels including SSB, if the remaining PFLs are contiguous, the positioning measurement should be performed in a bandwidth aggregation way when the ratio between the remaining PFLs and all aggregated PFLs is larger enough. If the remaining PFLs are non-contiguous, the positioning measurement should be performed in a PFL with larger bandwidth when the ratio between the selected PFL and all aggregated PFLs is larger enough.
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