3GPP RAN WG4 Meeting #109	R4-2318279
Chicago, U.S., November 13 – November 17, 2023

Title: 	Discussion on RRM requirements of PRS SRS bandwidth aggregation
Source: 	CATT
Agenda item:	8.22.2.5
[bookmark: DocumentFor]Document for:	Discussion
Introduction
In RAN4#108bis meeting, RAN4 has discussed RRM impacts of PRS/SRS bandwidth aggregation with conclusions captured in [1]. RAN1#114bis meeting also made some progress in PRS/SRS bandwidth aggregation [2]. In this paper, we will further discuss the potential RRM requirements for PRS/SRS bandwidth aggregation.
Discussion
RAN1 LS on SRS/PRS BW aggregation
Issue 2-1-1: Reply LS to RAN1 on measurement definitions for positioning with bandwidth aggregation
In last meeting, RAN4 agreed to capture the condition of single Tx RF chain (same antenna) in RAN4’s spec with the meaning of single FFS: 
	Agreements:
· Condition of single TX chain (same antenna) shall be captured at least in the core part of TS 38.133 for UE PRS measurements:
· The UE PRS measurement requirements with PRS aggregation applies provided that all the PFLs to be aggregated by the UE are transmitted by the gNB using single Tx chain and the same transmit antenna reference point. Meaning of single Tx chain is FFS.


However, we had some discussions on the meaning of single Tx chain after RAN4#108bis meeting and found that it is difficult to test whether the aggregated PRS resources are transmitted from the same antenna no matter how to define the meaning of single Tx chain. Besides, it is a prerequisite for this feature as specified in the WID that signals over aggregated resources are transmitted and received using a single RF chain (same antenna): 
	· 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].


Hence, we propose that the condition of single Tx chain (same antenna) does not need to be captured in RAN4 specs. 
Observation: It is difficult to verify whether the aggregated PRS resources are transmitted from the same Tx RF chain in the tests.
[bookmark: _GoBack]Proposal 1: RAN4 not to capture the condition of single RF chain (same antenna) in RAN4 specs which should be a prerequisite for BW aggregation. 
Issue 2-1-1: RAN1 new LS R4-2318003
New LS (R1-2310478) is sent by RAN1 to inform RAN4 that configuring two PFL combinations is supported and to specify corresponding requirements. The detailed contents are shown: 
	Agreement – RAN1#114bis
Configuring up to two PFL combinations is supported (e.g. PFL1 aggregated with PFL2 and PFL3 aggregated with PFL4). 
· Send an LS to RAN4 (CC to RAN2 and RAN3) to inform them with the above agreement and specify corresponding requirements.
Note: more than one combinations are measured in TDMed manner


RAN4 achieved the agreement that RAN4 requirements do not need to include the number of groups of PFLs in 108bis meeting. And according to the note above, combinations are measured in TDMed manner. We, therefore, think the measurement requirements for one combination of PFLs also apply to the cases when two PFL combinations are configured. 
Proposal 2: Measurement requirements for one PFL combination also apply to the cases when two PFL combinations are configured. No extra RAN4 work is required.
PRS measurements for PRS/SRS bandwidth aggregation
Issue 2-2-1: Conditions for PRS/SRS bandwidth aggregation requirements
Regarding the conditions for PRS/SRS bandwidth aggregation requirements, some proposals have been made which are copied below. These two proposals are not mutual exclusive since the second option is based on RAN1 agreements.
	· Proposals
· Option 1: ZTE, OPPO
· The conditions for PRS/SRS bandwidth aggregation agreed in RAN1 could be used as baseline for defining RRM requirements in RAN4.
· Option 2: HW
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.


In RAN1#114 meeting, the following condition is also agreed for PRS bandwidth aggregation. Hence, we think the option 2 above and the latest RAN1 agreement shall be applied as conditions for PRS/SRS bandwidth aggregation requirements.
	Agreement
For PRS bandwidth aggregation, RAN1’s agreement is that the linked PRS resource sets from two or three PFLs should be from the same TRP. RAN1 kindly requests RAN2 to capture the condition of the same TRP in RAN2 specifications for PRS bandwidth aggregation.


Proposal 3: Requirements for PRS bandwidth aggregation are applicable provided that the linked PRS resource sets are from the same TRP. Option 2 is also supported:
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
Issue 2-2-2: Measurement period requirements for PRS/SRS bandwidth aggregation
In RAN4#108 meeting, the measurement period requirements for PRS/SRS bandwidth aggregation is define as: 
Txxxx,total = Taggregate + Tnon-aggregate
Where Taggregate is the total measurement period for aggregate measurements across all PFLs and Tnon-aggregate is the total measurement period for non-aggregate measurements across all PFLs. However, an additional margin Tmargin is still FFS. 
	Agreements:
· RAN4 requirements does not need to include the number of groups of PFLs. The number of PFL groups can be larger than 1. This is based on the assistance data received from the LMF.
· Tmargin is needed. The value is FFS.


For non-aggregate measurements across all PFLs, the existing measurement period requirements can be reused, while for aggregated measurements, since the aggregated PFLs are equivalent to one PFL with larger bandwidth, the existing measurement period requirements can be the baseline with some necessary modifications, e.g., new UE processing capabilities which can refer to FG 41-4-1/1a.
Proposal 4: The existing measurement period requirements can be reused for non-aggregated measurements, while it can be baseline for aggregated measurements with some modifications, e.g., new UE processing capabilities in FG 41-4-1/1a. Details can be discussed in draft CR.
Regarding the  that aligns the measurements between non-aggregated and aggregated measurements, the same method in existing period requirements can be reused, i.e., max() is added, where  is the maximum periodicity of measurement in non-aggregated/aggregated PFLs. Since the aggregated PRS/SRS resources are aligned in time domain, the definition of  in legacy period requirements can be reused. 
Proposal 5:  is added to align non-aggregated and aggregated measurements, where  is the maximum periodicity of measurement in non-aggregated/aggregated PFLs and the definition is the same as that in the existing measurement period requirements.
Issue 2-2-4: Impact of PRS/SRS resource dropping on PRS/SRS bandwidth aggregation requirement
In RAN1#114 meeting, RAN1 reached the following agreements on PRS resource dropping. When PRS collides with other high priority signals, how the UE performs positioning measurements depends on UE implementation. Besides, a similar agreement on SRS dropping is also made. 
	Agreement – RAN1#114
For the case when PRS in one of aggregated PFL is dropped because of collision with other signals, for LMF based positioning, it is up to UE implementation to perform positioning measurement based on one or more of the PRS resources in the aggregated PFLs.
· Note: it is up to RAN4 whether or not to define performance requirements for this case of collision with other signals
Agreement – RAN1#114
In RRC_CONNECTED state, for positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, stop SRS transmission in all aggregated carriers in the same symbol


RAN4 further discussed the impacts of PRS/SRS resource dropping on bandwidth aggregation requirements in last meeting and the following agreements are achieved:
	Agreements:
· When the PRS collision with other signals on PRS bandwidth aggregation requirement, the measurement period can be longer, and FFS whether RAN4 to define the UE behaviour in RAN4.


In our opinion, the measurement period requirements are applicable provided that no PRS collisions occur. When collision occurs, the PRS measurement period could be longer and the specific UE behaviour shall depend on priority rules determined by RAN1 or UE implementation. 
Proposal 6: The bandwidth aggregation requirements are applicable provided that no PRS/SRS resources dropped.
Proposal 7: RAN4 not to define UE behaviour which shall depend on priority rules or UE implementation when collisions occur. 
Issue 2-2-5: Interruption due to SRS transmission for BW aggregation
When implementing aggregated SRS transmission for positioning, 2 or 3 intra-band carriers will be configured and scheduled, which may result in an interruption on data transmission. The procedure to schedule multiple carriers is similar to SRS carrier switching. Hence, the interruption for SRS carrier based switching defined in TS 38.133 clause 8.2.2.2.9 [4] can be reused for the interruption caused by SRS bandwidth aggregation. The detailed interruption time can be further determined based on RF session conclusions. 
	8.2.2.2.9	Interruptions at NR SRS carrier based switching
SRS transmission can be configured on a carrier not configured for PUCCH/PUSCH transmission. When a UE needs to transmit periodic, semi-persistent or aperiodic SRS on a carrier of a serving cell not configured for PUCCH/PUSCH transmission, the UE can perform carrier based switching to one or more carriers not configured for PUCCH/PUSCH transmission from a carrier with PUCCH/PUSCH transmission or from a carrier not configured for PUCCH/PUSCH transmission prior to transmitting SRS, provided that:
-	switching is from a configured carrier to another activated carrier;
-	the carrier of SCells not configured for PUCCH/PUSCH transmission to which SRS carrier based switching is performed is indicated by DCI SRS request field for aperiodic SRS transmission, or indicated by MAC-CE for semi-persistent SRS transmission, or configured via RRC for periodic SRS transmission;
-	the serving cell, from which SRS carrier based switching is performed and whose UL transmission may therefore be interrupted, is indicated by srs-SwitchFromServCellIndex and srs-SwitchFromCarrier in TS38.331 [2];
-	the SRS switching is not colliding with any other transmission with higher priority defined in TS 38.214 [26].
-	the SRS switching is not colliding with any SSB/CSI-RS based L3 measurements and the measurements for RLM/BFD.
-	for UE, which does not support simultaneous reception and transmission for inter-band TDD CA specified in TS 38.331 [2], and is compliant to the requirements for inter-band CA with uplink in one NR band and without simultaneous Rx/Tx specified in TS 38.101-1 [18] for frequency range 1 and TS 38.101-2 [19] for frequency range 2, the SRS transmission are not simultaneously scheduled with DL SSB/CSI-RS for L3 or L1 measurements transmission on other carriers.
The UE shall not perform SRS carrier based switching if the above conditions cannot be met.


Proposal 8: Interruptions at NR SRS carrier based switching defined in TS 38.133 clause 8.2.2.2.9 can be reused for the interruption due to SRS bandwidth aggregation. Detailed interruption time can be further determined based on RF session conclusion. 
UE feature list
Regarding the UE feature list, all UE processing capability-related features are already covered in RAN1 feature list discussion [4], e.g., {N, T} and N’. RAN4 does not need to discuss UE feature list parallel. 
Proposal 9: All UE features are discussed in RAN1. RAN4 does not need to discuss it parallel. 
Conclusions
This paper discussed the general issues for RedCap UE positioning, and the following proposals are provided:
Observation: It is difficult to verify whether the aggregated PRS resources are transmitted from the same Tx RF chain in the tests.
Proposal 1: RAN4 not to capture the condition of single RF chain (same antenna) in RAN4 specs which should be a prerequisite for BW aggregation.
Proposal 2: Measurement requirements for one PFL combination also apply to the cases when two PFL combinations are configured. No extra RAN4 work is required.
Proposal 3: Requirements for PRS bandwidth aggregation are applicable provided that the linked PRS resource sets are from the same TRP. Option 2 is also supported:
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
Proposal 4: The existing measurement period requirements can be reused for non-aggregated measurements, while it can be baseline for aggregated measurements with some modifications, e.g., new UE processing capabilities in FG 41-4-1/1a. Details can be discussed in draft CR.
Proposal 5:  is added to align non-aggregated and aggregated measurements, where  is the maximum periodicity of measurement in non-aggregated/aggregated PFLs and the definition is the same as that in the existing measurement period requirements.
Proposal 6: The bandwidth aggregation requirements are applicable provided that no PRS/SRS resources dropped.
Proposal 7: RAN4 not to define UE behaviour which shall depend on priority rules or UE implementation when collisions occur. 
Proposal 8: Interruptions at NR SRS carrier based switching defined in TS 38.133 clause 8.2.2.2.9 can be reused for the interruption due to SRS bandwidth aggregation. Detailed interruption time can be further determined based on RF session conclusion. 
Proposal 9: All UE features are discussed in RAN1. RAN4 does not need to discuss it parallel. 
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