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1 Introduction
It is relatively well understood that for positioning methods that rely on timing-based measurements (e.g. TDOA, Multi-RTT), positioning accuracy can be improved by increasing measurement/signal bandwidth, provided that signal-to-noise ratio can be maintained.
In NR Rel-16/17, PRS bandwidth allocations are limited to a maximum of 272 PRBs within a frequency layer. Up to 4 frequency layers can be configured for measurements at a time, spanning one or more frequency bands. However, there is no signaling or specification support for aggregating multiple layers so that they may be processed jointly/coherently to increase the effective signal bandwidth.
Considering the abundance of available 5G spectrum in licensed and unlicensed bands, it would be beneficial to enable larger measurement bandwidths via carrier/layer aggregation to enhance positioning accuracy.
[image: ]

RAN1 conducted an initial study in Rel-17 to evaluate potential accuracy enhancements via PRS/SRS bandwidth aggregation in Rel-17, with the following conclusions
Aggregation of NR positioning frequency layers for improving positioning accuracy were investigated. Evaluation results show that aggregation of NR positioning frequency layers improves positioning accuracy under certain scenarios, configurations, and assumptions on modelled impairments as outlined in Clause 8.4.
[bookmark: _Toc56686552][bookmark: _Toc57112133][bookmark: _Toc57112252][bookmark: _Toc57112351][bookmark: _Toc57112477][bookmark: _Toc57112576][bookmark: _Toc57117072][bookmark: _Toc65687415][bookmark: _Toc65702297]10.3	Aggregation of DL PRS resources
Simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs can be studied further and if needed, specified during normative work
-	From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, bands and RF architectures, can be further studied 
[bookmark: _Toc56686553][bookmark: _Toc57112134][bookmark: _Toc57112253][bookmark: _Toc57112352][bookmark: _Toc57112478][bookmark: _Toc57112577][bookmark: _Toc57117073][bookmark: _Toc65687416][bookmark: _Toc65702298]10.4	Aggregation of SRS for positioning resources
Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers can be studied further and if needed, specified during normative work.
-	From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, particular bands and RF architectures, can be further studied.


In Rel-18, a follow-up Study on expanded and improved positioning has been approved, including an objective to study solutions for improved positioning accuracy by aggregating UL/DL RS bandwidth over multiple carriers/layers [1]. A key motivation behind this approach is the availability of large amounts of licensed and unlicensed 5G spectrum. Currently PRS/SRS allocations in 3gpp are limited to 100 MHz and 400 MHz per layer in FR1 and FR2, respectively. By aggregating multiple layers of PRS/SRS, larger bandwidths can be exploited to enable higher-accuracy positioning use-cases and applications. In addition, PRS/SRS aggregation techniques for TDM-ed carriers/layers could be beneficial to NR RedCap devices, which have more limited carrier bandwidth capabilities.
Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]

The main contribution from RAN4 to the Rel-18 study will be to address the question of feasibility of aggregating PRS/SRS bandwidth across multiple carriers/layers, focusing on the applicability of Tx/Rx architectures and the impact of various impairments on positioning accuracy.


2 Observations on Rel-17 study of PRS/SRS aggregation
TR 38.857 summarized the results of a preliminary evaluation of the potential benefits of PRS/SRS bandwidth aggregation based on contributions submitted by several companies [1]. In this section, we provide our view on the findings of the Rel-17 RAN1 evaluation.
For the issues related to aggregation of DL positioning frequency layers: 
-	Evaluation results for aggregation of DL positioning frequency layers were provided by 5 sources ([10], [17], [4], [22], [20]) out of 17.
-	Aggregation of NR positioning frequency layers improves positioning accuracy under certain scenarios, configurations, and assumptions on modelled impairments such as: bandwidth and spacing of aggregated layers, timing offset and frequency offset over frequency layers, phase discontinuity and possible amplitude imbalance.
-	One source ([4]) observes that aggregation with phase continuity can help to improve the positioning accuracy, and discontinuous aggregation can approach the performance of contiguous aggregation with the same frequency span
-	One source ([10]) has shown that aggregation of frequency layers (without modeling impairments) improves the positioning accuracy for intra-band contiguous configuration and that further study is needed for other cases including impairments
-	One source ([20]) has observed that PRS aggregation shows potential gains without modeling phase error, but these gains are lost when the phase error between CCs becomes too large
-	One source ([17]) has analyzed aggregation of 2 and 4 frequency layers for different channel spacings, time and phase offset across frequency layers
-	One source ([22] has analyzed aggregation of 2 frequency layers for different time offset values and observed that:
-	For the case without impairments modeling, aggregation of multiple DL positioning frequency layers 50MHz+50MHz, performance target [0.2m @ 90%] cannot be achieved in both InF-SH and InF-DH.
-	For the case without impairments modeling, aggregation of multiple DL positioning frequency layers 50MHz+50MHz, the performance is worse than 100MHz but better than 50MHz.
-	The performance of aggregation of frequency layers degrades if timing offset is increased

Source [6] (Ericsson), showed a set of simulation results for InF-SH scenarios, obtained with coherent aggregation of two contiguous carriers (PRS) with 100 MHz bandwidth. It was observed that positioning accuracy degraded significantly when a non-zero relative phase error was introduced between carriers. For sufficiently large phase error (e.g. phase error = pi), the performance with two aggregated carriers was worse than with a single carrier.
The authors of source [6] point out that commercial gNB designs are typically modular, with different baseband/RF hardware allocated for each carrier. Therefore, in practice it would be hard to achieve accurate phase coherence between carriers with such modular architecture. Based on their results, which show high sensitivity to phase error, they question the feasibility of coherent PRS aggregation across carriers.
Unfortunately, it is not clear whether the authors of [6] attempted to estimate the phase error between carriers prior to coherent processing or if they merely attempted to combine the carriers coherently assuming no phase error. If the latter, then significant impact to performance would be expected, as shown in their results.
Performance requirements in RAN4 are applicable for PRS Es/Iot ≥ -13 dB in Rel-16. For sufficiently large PRS BW allocations, e.g. 100 MHz in FR1 (272 RBs), we expect coherent SNR (for one carrier) in excess of 20 dB for LOS channels. Such high SNR level should enable the UE to estimate the phase error between carriers at its receiver with reasonable accuracy. At least for the case of contiguous carriers, with some assumptions about phase continuity in the channel response, it may be possible to (approximately) compensate for the phase offset between carriers prior to coherent combining.
Source [3] (Huawei) performed UL-TDOA positioning simulations with aggregated SRS. Their simulations assumed “phase continuity,” which we understand means no phase error between carriers. Under this assumption, it was observed that SRS bandwidth aggregation yields improved accuracy.
Source [7] (vivo) showed simulation results for DL-TDOA positioning by aggregating two 50-MHz PRS signals (carriers) with a 50-MHz gap between them. The scenario was FR1 InF-SH. The authors ran simulations both with time synchronous and asynchronous carriers. No other impairments, such as carrier phase offset or frequency offset were modeled in their simulations.
For the synchronous case, they found that 50 MHz + 50 MHz aggregated carriers yielded better performance than a single 50 MHz carrier but performed worse than a single 100 MHz carrier. It is not clear why the 50 MHz + 50 MHz aggregated carriers did not perform as well as a single 100 MHz under such ideal conditions.
For the asynchronous case, it was observed that performance degraded significantly as the time offset between carriers was increased from 1 ns to 20 ns. Even a small time offset of 1 ns was sufficient to erase any gains in performance vs a single 50 MHz carrier (at 90% accuracy).
3 Feasibility assessment
[bookmark: _Ref109826809]Impact of impairments
In this subsection we briefly describe the anticipated impact of different types of impairments.
[bookmark: _Ref109810647]Timing errors
Fundamentally, timing errors between signals limit the amount of bandwidth that can be combined coherently. A timing (delay) error introduces a linear phase term in the frequency domain, with the phase slope equal to the timing error. In consequence, resource elements (REs) that are farther apart in frequency would be subject to larger relative phase errors, resulting in a progressively larger loss of combining gain across larger bandwidths. In positioning applications, these losses would manifest themselves as smearing/attenuation of peaks in the channel response, leading to degraded time resolution. If the timing error is large, multiple peaks would appear in the channel response and there would be no gain from coherent combining.
Figure 1 shows a simplified example, where two contiguous PRS signals of varying bandwidths are combined, with a fixed timing error of 20 ns. For PRS BW = 100 MHz, two distinct peaks are observed in the channel response, where each peak corresponds to one of the individual PRS signals. In that case there is no gain from coherent combining. However, there would still be a benefit from combining the TOAs measured for each PRS.
[image: ]
[bookmark: _Ref109052576]Figure 1: Channel amplitude response obtained by aggregating two contiguous carriers of 10/20/50/100 MHz bandwidth, with a relative timing error of 20 nsec and ideal one-tap channel. 
In the example above (Figure 1), it was assumed that the timing error between carriers did not introduce a relative phase error between them. For some Tx/Rx architectures it may not be possible to avoid such phase errors. E.g. if each layer/carrier is modulated/demodulated with a separate mixer and there is timing misalignment between the carriers at the inputs of the mixers. In that case, there will be a corresponding phase offset proportional to the carrier frequency. Coherent gain may be degraded further compared to Figure 1, depending on the magnitude of the phase error.
Timing errors between carriers can be avoided if all the carriers are generated/transmitted with a single transmitter chain and processed/received with a single receiver chain.
For Tx/Rx architectures where timing errors between carriers are unavoidable, coherent aggregation across carriers would be feasible if the maximum timing error is on the order of , where  is the carrier bandwidth. Note that this does not 
Observation 1: Timing error between PRS/SRS layers/carriers must be on the order of  or smaller, where  is the carrier bandwidth, to obtain coherent combining gain, assuming zero phase error between layers/carriers. Non-coherent gain may still be possible for larger time offsets.
Observation 2: Timing errors between carriers can be avoided if all the carriers are generated/transmitted with a single transmitter chain and processed/received with a single receiver chain.
[bookmark: _Ref111029331]

Phase errors
Phase errors between carriers may also impact the coherent gain obtained by PRS/SRS aggregation. In contrast to timing errors, the loss caused by a static phase error between carriers does not depend on the aggregated bandwidth (frequency span) but rather on the number of carriers being combined and the magnitude of the phase errors between them. Another key difference is that the loss can be arbitrarily large. E.g. for two carriers the loss for a phase error  would be . For , perfect cancellation would occur.

[image: ]
Figure 2: Combining loss due to static phase error between two carriers.
If the phase error between carriers drifts with time, the time-varying phase component can be treated as a frequency error.
Phase errors between carriers may be introduced when each carriers is transmitted and/or received using different physical transceiver paths/components, for example,
· the signals are modulated/demodulated by separate oscillators with independent phase states
· the signals are transmitted/received using different antennas
· the signals are amplified by separate PAs/LNAs
Additionally, as mentioned in Section 3.1.1, timing errors between carriers may also introduce phase errors between them.
Phase errors between carriers may be avoided if all the carriers are generated/transmitted with a single transmitter chain and processed/received with a single receiver chain.
Observation 3: Phase error between PRS/SRS layers/carriers is a critical factor for determining the feasibility of PRS/SRS bandwidth aggregation. The combining loss due to phase error between carriers can be arbitrarily large.
Observation 4: Phase errors between carriers may be avoided if all the carriers are generated/transmitted with a single transmitter chain and processed/received with a single receiver chain.
Frequency errors
Fundamentally, frequency error in a demodulated signal limits the time span over which coherent combining gains can be obtained. A fixed frequency offset/error introduces a linear phase term in the time domain, with a phase slope equal to the frequency offset. As a result, RS resources that are farther apart in time would be subject to larger relative phase errors, resulting in progressively larger losses in combining gain across larger time intervals. That would be true even in the case of a single carrier; it is not an issue specific to carrier/layer aggregation. In both cases, frequency error will limit the time span (separation/offset) between resources that can be combined effectively.
Of course, frequency error between carriers over time may introduce a large phase offset between them but in that case the phase offset (error) itself would become the dominant impairment. (See section 3.1.2.)
Frequency errors between carriers may be avoided if all the carriers are generated with a single transmitter chain and processed with a single receiver chain.
In addition to the impact of frequency error, time separation/offset between PRS/SRS resources across different layers/carriers to be aggregated may be limited by other factors such as UE mobility and coherence time of the propagation channel.
Observation 5: Frequency error between carriers is not a critical factor to determine the feasibility of PRS/SRS bandwidth aggregation. 
Power imbalance
Power imbalance between carriers can be expected when the corresponding signals are processed by different transmitter/receiver chains, with different RF analog components. In positioning applications, carriers to be aggregated should be transmitted from a common antenna reference point (ARP), i.e. co-located, or from ARPs that are sufficiently close together (depending on the target accuracy of the application). In such scenarios, the expectation would be that carriers are transmitted with equal (nominal) power, at least in the case of intra-band carriers. However, whether received power is the same across carriers would depend on the transmitter and receiver architectures.
If each carrier is generated/processed using different RF components (power amplifiers, LNAs, etc.), then differences in carrier power would be expected. For example, UE transmitter output power tolerance can be up to ±9 dB in FR1 [9] and ±14 dB in FR2-1 [10]. A portion of the UE Tx power tolerance requirement is due to path loss estimation error which should be common in the case of intra-band carriers, so it would not translate into power imbalance between the carriers.
Power imbalance between carriers should be taken into account at the receiver so that combining gain is maximized. For instance, combining gain may be optimized by applying different combining weights as a function of received carrier power and/or signal-to-noise ratio. If power imbalance were not accounted for by the combiner it could lead to performance loss in cases of extreme imbalance. This should be avoidable at the cost of additional implementation complexity.
In conclusion, the anticipated effect of power imbalance would be increased complexity of the coherent combiner. In our view, it is not a critical factor to determine the feasibility of PRS/SRS bandwidth aggregation.
Observation 6: Power imbalance between carriers is not a critical factor to determine the feasibility of PRS/SRS bandwidth aggregation.

Group delay errors
The transmitter and receiver reference points for NR positioning measurements are specified to be either at the antenna or antenna connector [8]. Therefore, to report timing-based positioning measurements (DL-RSTD, UL-RTOA, UE/gNB Rx-Tx) a UE/TRP may need to calibrate transmitter/receiver group delay between baseband and the ARPs. Imperfect calibration of group delay introduces associated timing errors that impact measurement accuracy.
In Rel-16 NR positioning, group delay calibration margin is the dominant error source in the measurement accuracy requirements for DL-RSTD and UE Rx-Tx in AWGN. When defining the requirements in Rel-16, RAN4 concluded that the group delay margins depend on the bandwidth of the reference signals (PRS for DL-RSTD and both SRS and PRS for UE Rx-Tx). For SRS/PRS bandwidth aggregation, RAN4 would need to address the question of how to derive corresponding group delay margins, depending on the transmitter/receiver architecture.
For an architecture based on a ‘super-chain’ approach, where multiple intra-band carriers are transmitted/received using a single chain, our view is that RAN4 could generalize the approach used in Rel-16, with the group delay margin being dependent on the total aggregated bandwidth. That would mean that measurements based on PRS/SRS aggregation with single Tx/Rx chain (super-chain) would enjoy improved accuracy not only from improved baseband performance but also from more accurate group delay calibration.
Observation 7: For SRS/PRS bandwidth aggregation, RAN4 would need to address the question of how to derive corresponding group delay margins, dependent on the transmitter/receiver architecture.
Tx/Rx architectures for carrier aggregation
In this section we discuss the suitability of different transceiver architectures for coherent aggregation across multiple carriers, focusing on the robustness of the transceiver to the impairments discussed in Section 3.1.
[bookmark: _Ref109894160]Single Tx chain
First, we consider a Tx architecture with a single chain (Figure 4) where, essentially, the aggregated carriers are processed together as a single super-carrier. We make the following observations for the Single Tx chain architecture:
· Timing alignment between carriers is ensured throughout baseband and RF by using single-IFFT, DAC, PA and analog filters.
· Single IFFT is one implementation option for a single Tx chain architecture, but it is not required. Alternate implementations with multiple IFFTs are also possible for a single Tx architecture.
· Frequency error between carriers is avoided with single LO.
· Phase offset between carriers is avoided with single LO, DA/PA and analog filters.
· Power imbalance is avoided with single DA/PA.
· Group delay calibration can be done using the full bandwidth of the chain.



[bookmark: _Ref109826996]Figure 4: Single Tx chain (baseband + RF)



Observation 8: For a single Tx chain architecture,
· PRS/SRS aggregation is feasible
· Single Tx chain is not limited to implementations with a single IFFT
· Improved group delay calibration accuracy may be achieved vs other architectures that feature separate Tx chains for each layer/carrier.
Split baseband Tx with dual LOs (common PA, filter)
A Tx architecture with split baseband chains is shown in Figure 5. With this architecture, baseband processing is performed separately for each carrier. After digital-to-analog (D/A) conversion, each carrier is modulated by a separate mixer/LO. The signals are combined at RF and the rest of the Tx chain (PA, filter, antenna) operates on the combined RF signal. We make the following observations for this architecture:
· Timing alignment between carriers can be achieved post-IFFT but it may not be completely preserved at RF due to the dual DAC and mixer architecture. i.e. timing errors may be introduced.
· Frequency error and phase error between carriers may be introduced by dual LOs.
· Power imbalance may be introduced by dual DAC/DAs
· Group delay calibration may not be possible at the full aggregated RF bandwidth.

Observation 9: For a Tx architecture with split baseband chains and dual LOs,
· PRS/SRS aggregation may be feasible subject to constraints on the maximum timing alignment error and phase error.
· The time span of RS allocations across layers/carriers should be coordinated to avoid excessive impact from frequency error.
· No improvement in group delay calibration may be achieved vs single layer/carrier.



[bookmark: _Ref109829909]Figure 5: Split baseband Tx with dual LOs

Separate Tx chains
In this section, we consider a modular transmitter architecture with separate Tx chains for each carrier/layer (Figure 6). For this type of architecture, we observe the following:
· Timing errors between carriers may be introduced due to delay uncertainty of analog components or timing uncertainty of mixed-signal components, e.g. DACs, DAs, mixers, PAs, etc.
· Frequency error and phase error between carriers may be introduced by dual LOs.
· Power imbalance may be introduced by dual DAC/DA/PAs.
· Group delay calibration may not be possible at the full aggregated RF bandwidth.

Observation 10: For a Tx architecture with separate chains,
· PRS/SRS aggregation may be feasible subject to constraints on the maximum timing alignment error and phase error.
· The time span of RS allocations across layers/carriers should be coordinated to avoid excessive impact from frequency error.
· No improvement in group delay calibration may be expected vs single layer/carrier.






[bookmark: _Ref109827960]Figure 6: Separate Tx chains (baseband + RF)



Single Rx chain
Here we consider a receiver architecture with a single Rx chain. This is the counterpart of the single Tx chain treated in Section 3.2.1. We have similar observations as in the case of a single Tx chain architecture:
· Timing alignment between carriers is ensured throughout baseband and RF.
· Single FFT is one implementation option, but it is not required. Alternate implementations with multiple FFTs are also possible.
· Frequency error between carriers is avoided with single LO.
· Phase offset between carriers is avoided with single LO, LNA and analog filters.
· Power imbalance is avoided with single LNA.
· Group delay calibration can be done using the full bandwidth of the chain.



Figure 7: Single Rx chain (baseband + RF)


Observation 11: For a single Rx chain architecture,
· PRS/SRS aggregation is feasible
· Single Rx chain is not limited to implementations with a single FFT
· Improved group delay calibration accuracy may be achieved vs other architectures that feature separate Rx chains for each layer/carrier.
Separate Rx chains
In this section, we consider a modular receiver architecture with separate Rx chains for each carrier/layer (Figure 8). For this type of architecture, we observe the following:
· Timing errors between carriers may be introduced due to delay uncertainty of analog components or timing uncertainty of mixed-signal components, e.g. LNAs, mixers, ADCs, etc.
· Frequency error and phase error between carriers may be introduced by dual LOs.
· Power imbalance may be introduced by dual ADC/LNAs.
· Group delay calibration may not be possible at the full aggregated RF bandwidth.





[bookmark: _Ref109896750][bookmark: _Ref109896725]Figure 8: Separate Rx chains (baseband + RF)

Observation 12: For a Rx architecture with separate chains,
· PRS/SRS aggregation may be feasible subject to constraints on the maximum timing alignment error and phase error.
· The time span of RS allocations across layers/carriers should be coordinated to avoid excessive impact from frequency error.
· No improvement in group delay calibration may be achieved vs single layer/carrier.


Additional considerations
Quasi co-location
Some additional considerations for PRS/SRS bandwidth aggregation relate to the topic of quasi-colocation relationships.
PRS and SRS resources in layers/carriers to be aggregated should be associated with the same Tx antenna reference point (ARP) or with ARPs that are sufficiently close together. In the latter case, the maximum tolerable physical separation between ARPs should take into account timing errors and phase errors that would arise as a result. In addition, the target accuracy of the positioning application should be considered to determine if it would be beneficial to aggregate RSs across multiple ARPs.
In the DL, the association of PRS to TRP ARPs is specified per PRS resource [11]. Then, for PRS aggregation across multiple PFLs, if the PRS resources from a TRP are mapped to different ARPs, proximity between ARPs should be considered when deciding whether to aggregate the resources.
In the UL, positioning SRS resources transmitted by a UE are not explicitly associated with physical antenna ports. If multiple SRS resources are configured, the UE could choose to transmit the resources using different antennas. To enable SRS coherent aggregation across carriers, there should be conditions that specify proximity between antennas used to transmit SRS in each carrier.
In addition to reference point commonality or proximity, proximity conditions/assumptions on the Tx beams used to transmit the PRS/SRS resources would also need to be specified. 
Observation 13a: For aggregation of PRS resources from the same TRP across PFLs, if the PRS resources are associated with different ARPs, physical proximity between the ARPs should be considered as a pre-condition for aggregation.
Observation 13b: For aggregation of SRS resources across carriers, physical proximity between the UE Tx antennas used to transmit all the SRS resources should be considered as a pre-condition for aggregation.
Observation 14: For bandwidth aggregation of PRS/SRS resources, proximity assumptions/conditions on the Tx beams/ports should be considered as a pre-condition for aggregation.
Time-frequency structure
Aggregation of PRS/SRS across layers/carriers would be facilitated by a common time-frequency signal structure across layers/carriers, including at least SCS and CP.
Observation 15: Assuming a common time-frequency signal structure across layers/carriers, including at least SCS and CP, would facilitate bandwidth aggregation of PRS/SRS resources.


4 Conclusions
Observation 1: Timing error between PRS/SRS layers/carriers must be on the order of  or smaller, where  is the carrier bandwidth, to obtain coherent combining gain, assuming zero phase error between layers/carriers. Non-coherent gain may still be possible for larger time offsets.
Observation 2: Timing errors between carriers can be avoided if all the carriers are generated/transmitted with a single transmitter chain and processed/received with a single receiver chain.
Observation 3: Phase error between PRS/SRS layers/carriers is a critical factor for determining the feasibility of PRS/SRS bandwidth aggregation. The combining loss due to phase error between carriers can be arbitrarily large.
Observation 4: Phase errors between carriers may be avoided if all the carriers are generated/transmitted with a single transmitter chain and processed/received with a single receiver chain.
Observation 5: Frequency error between carriers is not a critical factor to determine the feasibility of PRS/SRS bandwidth aggregation. 
Observation 6: Power imbalance between carriers is not a critical factor to determine the feasibility of PRS/SRS bandwidth aggregation.
Observation 7: For SRS/PRS bandwidth aggregation, RAN4 would need to address the question of how to derive corresponding group delay margins, dependent on the transmitter/receiver architecture.
Observation 8: For a single Tx chain architecture,
· PRS/SRS aggregation is feasible
· Single Tx chain is not limited to implementations with a single IFFT
· Improved group delay calibration accuracy may be achieved vs other architectures that feature separate Tx chains for each layer/carrier.
Observation 9: For a Tx architecture with split baseband chains and dual LOs,
· PRS/SRS aggregation may be feasible subject to constraints on the maximum timing alignment error and phase error.
· The time span of RS allocations across layers/carriers should be coordinated to avoid excessive impact from frequency error.
· No improvement in group delay calibration may be achieved vs single layer/carrier.
Observation 10: For a Tx architecture with separate chains,
· PRS/SRS aggregation may be feasible subject to constraints on the maximum timing alignment error and phase error.
· The time span of RS allocations across layers/carriers should be coordinated to avoid excessive impact from frequency error.
· No improvement in group delay calibration may be expected vs single layer/carrier.
Observation 11: For a single Rx chain architecture,
· PRS/SRS aggregation is feasible
· Single Rx chain is not limited to implementations with a single FFT
· Improved group delay calibration accuracy may be achieved vs other architectures that feature separate Rx chains for each layer/carrier.
Observation 12: For a Rx architecture with separate chains,
· PRS/SRS aggregation may be feasible subject to constraints on the maximum timing alignment error and phase error.
· The time span of RS allocations across layers/carriers should be coordinated to avoid excessive impact from frequency error.
· No improvement in group delay calibration may be achieved vs single layer/carrier.
Observation 13a: For aggregation of PRS resources from the same TRP across PFLs, if the PRS resources are associated with different ARPs, physical proximity between the ARPs should be considered as a pre-condition for aggregation.
Observation 13b: For aggregation of SRS resources across carriers, physical proximity between the UE Tx antennas used to transmit all the SRS resources should be considered as a pre-condition for aggregation.
Observation 14: For bandwidth aggregation of PRS/SRS resources, proximity assumptions/conditions on the Tx beams/ports should be considered as a pre-condition for aggregation.
Observation 15: Assuming a common time-frequency signal structure across layers/carriers, including at least SCS and CP, would facilitate bandwidth aggregation of PRS/SRS resources.
Based on the above observations, we have the following proposals.
Proposal 1: PRS/SRS bandwidth aggregation over intra-band layers/carriers is feasible for single chain Tx/Rx architectures (not limited to single IFFT/FFT).
· At least contiguous carriers can be supported with single Tx chain
· FFS: Support of non-contiguous carriers with single Tx chain
· Additional requirements on the frequency response across the full aggregated bandwidth (e.g. phase response characterization accuracy) may be discussed during the WI phase.
Proposal 2: For Tx/Rx architectures that cannot avoid timing errors, further study and discuss the maximum timing error that can be tolerated between aggregated PRS/SRS layers/carriers. 
Proposal 3: For Tx/Rx architectures that cannot avoid phase errors, further study and discuss the maximum phase error that can be tolerated between aggregated PRS/SRS layers/carriers. 
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