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Introduction
RAN4#104e discussed RF issues related to bandwidth aggregation for positioning and made the agreements listed below [1]. The open issues are addressed in the chapter to follow.
# Intra-band CA scenario
Agreement:
· Intra-band contiguous CA scenario will be prioritized in study.
# Scope of study based on PRS/SRS bandwidth aggregation
Agreement:
· Deprioritize power imbalance discussion
Way forward: Further discuss the following in the next RAN4 meeting:
· RF architecture – can we focus on a single RF architecture (i.e., single Tx/Rx chain), align on target architectures
· Studying RF impairment model (timing/group delay/frequency/phase) first to assess performance and accuracy gain with realistic impairments
· Studying achievable accuracy gain when TAE is within specified requirement for intra-band contiguous CA
· Notifying RAN1 of the UE transmit power limitation due to potential prioritization.
# Baseline assumptions
Candidate option:
· Proposal: RAN4 assumes that the legacy FFT processing strategy of legacy RXs, that is one FFT processing per CC with standard FFT size, must be baseline. Processing with extended FFT-size specifically for high accuracy positioning measurement is not assumed as baseline.
Way forward:
· Continue discussion in RAN4 #104is-e
# Initial conclusion on feasibility
Agreement:
· PRS/SRS bandwidth aggregation for intra-band contiguous carrier is feasible for single chain Tx/Rx architectures
Discussion
For high accuracy timing/ranging measurement higher bandwidth is preferred to support use cases that demand more stringent requirement on positioning accuracy. To support positioning use cases, NR PRS can be configured to occupy up to 100MHz of bandwidth in FR1 and 400MHz of bandwidth in FR2. Similar bandwidth configuration is also supported for transmission of SRS for positioning in UL. Since the bandwidth that can be allocated to PRS/SRS is limited, to further increase the accuracy of timing/ranging measurements bandwidth aggregation for positioning has been identified/discussed as one of the potential solutions. 
To benefit from bandwidth aggregation, two PRS resources to be combined for positioning measurements must share same numerology and should be transmitted from the TRPs that are co-located in order to enhance the accuracy of DL positioning measurements, and UE is required to transmit SRS for positioning in different carriers/PFLs to support bandwidth aggregation for positioning measurements in UL. In this regard, RAN4#104e agreed to prioritize intra-band contiguous carrier aggregation over other CA scenarios.
RAN4#104e also discussed aspects related to Rx/Tx architecture to be studied for bandwidth aggregation for positioning measurements. During the meeting, discussions took around single chain and multi-chain architectures that shall be studied to support bandwidth aggregation for positioning measurements which was complemented by impairment and its modeling discussion. In our view the architecture for intra-band CA is not limited to a specific architecture type such that single RF chain assumption for intra-band contiguous CA is not always true. There can be multiple Tx RF chains to transmit intra-band contiguous carriers where two contiguous carriers are mapped to different Tx RF chains. In this sense, the impairments and their modeling cannot be generalized to fit in to different types of architectures that depend on the choice of implementation and therefore shall be deprioritized from the study. 
Observation 1: Type of Rx/Tx RF chain architecture is implementation specific.
Observation 2: For intra-band contiguous CA single RF chain assumption is not always true. There can be multiple Tx RF chains to transmit intra-band contiguous carriers where two contiguous carriers are mapped to different Tx RF chains. 
Observation 3: Impairments and their modeling cannot be generalized to fit in to different types of architectures that depend on the choice of implementation.
Proposal 1: Deprioritize RF impairment modeling discussion and no new requirement shall be defined.
To avoid inter-symbol interference when receiving node receives signals from two different carriers, timing alignment error (TAE) requirement has been defined in TS38.104. In DL it is defined as maximum receive time difference (MRTD) and in UL it is defined as maximum transmission time difference (MTTD). Avoiding inter symbol interference between PRS resources that are received from two different carriers/PFLs is equally important for positioning purposes and therefore TAE requirement for intra-band contiguous CA shall also be reused for bandwidth aggregation for positioning.
Proposal 2: Re-use intra-band contiguous CA TAE requirement for bandwidth aggregation for positioning.
In the last meeting companies expressed their view on the requirement on phase coherency between the PRS resources transmitted in different carriers/PFLs. Some companies suggested single Tx/Rx RF chain as one of the potential solutions to overcome this problem. Since, single Tx RF chain is not the only implementation considered for intra-band contiguous CA a generalized solution therefore needs to be investigated. Moreover, even if the coherency between the PRS resources from different carriers/PFLs cannot be maintained, this does not mean any gain in positioning measurement accuracy cannot be achieved. By virtue of non-coherent aggregation of the PRS resources from different carriers/PFLs shall also provide some gain in terms of measurement accuracy. It shall be worth mentioning here that the objective of the SI is to enhance positioning measurement accuracy which may be achieved with gain coming from non-coherent aggregation of PRS resources from different carriers/PFLs. Therefore, in our view accuracy improvement due to non-coherent aggregation shall be studied further.
Proposal 3: Accuracy improvement due to non-coherent aggregation of PRS resources from different carriers/PFLs shall be studied further.
One of the other open issues from the last meeting is related to UE transmit power limitation in UL when UE prioritizes PCell over SCell. In our understanding the issue is similar to Rel. 17 UL-RToA positioning, where serving cell together with neighbor cells should be able to listen to SRS transmitted by UE for positioning. Therefore, we do not see a need to send an LS already to RAN1 on this issue. 
Proposal 4: Notification to RAN1 on UE transmit power limitation due to prioritization of PCell over SCell may not be needed at this point of time.
Some discussions around baseline evaluation assumptions also took place in RAN4#104e. The proposal was to consider one FFT processing per CC as a baseline. In our understanding the issue is more related to implementation and do not share a strong view on what shall be considered as a baseline.
Summary
In this paper we presented our view on RF aspects related to bandwidth aggregation for positioning measurements and proposed the following:
Observation 1: Type of Rx/Tx RF chain architecture is implementation specific.
Observation 2: For intra-band contiguous CA single RF chain assumption is not always true. There can be multiple Tx RF chains to transmit intra-band contiguous carriers where two contiguous carriers are mapped to different Tx RF chains. 
Observation 3: Impairments and their modeling cannot be generalized to fit in to different types of architectures that depend on the choice of implementation.
Proposal 1: Deprioritize RF impairment modeling discussion and no new requirement shall be defined
Proposal 2: Re-use intra-band contiguous CA TAE requirement for bandwidth aggregation for positioning.
Proposal 3: Accuracy improvement due to non-coherent aggregation of PRS resources from different carriers/PFLs shall be studied further.
Proposal 4: Notification to RAN1 on UE transmit power limitation due to prioritization of PCell over SCell may not be needed at this point of time.
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