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Introduction
In RAN#96, the revised SID on Study on expanded and improved NR positioning was approved in RP-221814 [1], which contains the following study objective.
· 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]:

As shown in the evaluation and conclusion of TR 38.857 during Rel-17, positioning with bandwidth aggregation may provide the ToA estimation with higher accuracy.
	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



There was also concern from some companies on the benefit when considering the RF impairment of gNB, especially for the requirements defined by existing RAN4 specification as shown in clause 6.5.3.2 of [2].
	[bookmark: _Toc21127481][bookmark: _Toc90422616][bookmark: _Toc82621769][bookmark: _Toc74663229][bookmark: _Toc67916631][bookmark: _Toc61179335][bookmark: _Toc61178865][bookmark: _Toc53178639][bookmark: _Toc53178188][bookmark: _Toc45893461][bookmark: _Toc44712148][bookmark: _Toc37267546][bookmark: _Toc37260158][bookmark: _Toc36817242][bookmark: _Toc29811690]6.5.3.2	Minimum requirement for BS type 1-C and BS type 1-H
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[bookmark: OLE_LINK265][bookmark: OLE_LINK264]For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
The time alignment error requirements for NB-IoT are specified in TS 36.104 [13] clause 6.5.3.



Due to the lack of TU, RAN4 was unable to be involved in the discussion during Rel-17. In this paper, we provide our view on the RF impacts on positioning bandwidth aggregation.

[bookmark: OLE_LINK5]Intra-band CA scenarios
Intra-band contiguous CA and non-contiguous CA have been defined in the existing spec. According to the evaluation assumption for positioning from [2], it was observed that most companies considered intra-band contiguous case, so that the positioning bandwidth on two CCs can form a wide bandwidth with contiguous RB allocation.
It was also observed that in order to claim the benefit from bandwidth aggregation, at least the two CCs should be calibrated in terms of group delay, which may not be likely for most of implementations of intra-band non-contiguous CA due to additional spectrum emission requirement in the gap between subblocks according to TS 38.101-1 and TS 38.104.
Therefore, we think intra-band contiguous CA scenario should be prioritized in the study.
Proposal 1: Focus on intra-band contiguous CA for positioning bandwidth aggregation.
With intra-band contiguous CA, single PA is typically used for transmitting two CCs simultaneously. The power imbalance may not be a problem, unless UE prioritized PCell transmission over SCell when the transmission power exceeds the maximum value.
Proposal 2: RAN4 will not discuss the issue of power imbalance for intra-band continuous CA, but should notify RAN1 that UE transmission power may be subject to prioritization of PCell over SCell, when the transmission power exceeds the maximum value.

RF impacts
We only consider the following RF architecture at transmitter and receiver.
[bookmark: OLE_LINK149]In transmitter, the input BB signals are already aggregated with multiple CCs. A pair of mixers are used to up-convert the BB signal to the RF.
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Figure 1 Transmitter RF architecture 1 to support intra-band contiguous CA

In receiver RF architecture, the output BB signals are aggregated with multiple CCs. A pair of mixers are used to down-convert the RF signal to the BB.
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Figure 2 Receiver RF architecture to support intra-band contiguous CA
Timing error
Given that a single RF chain is used to transmit or receive multiple CCs, the timing error between two CCs for this case depends on the group delay difference between CCs impacted by the wideband RF filter/amplifier. For example, a practical filter may add different average group delay for the lower part CC and for the upper part CC, due to the non-ideal phase-frequency response, which is also affected by the position of the aggregated CCs within the band.
Phase coherency
Given that a single set of mixers is used to up-convert or down-convert the signals, phase coherency between CCs can be maintained.
Frequency error
Given that a single set of mixers is used to up-convert or down-convert the signals of multiple CCs, the frequency error between two CCs depends on the frequency error between CCs in the IF, which can be well calibrated.
Observation: For transmitter and receiver with the RF architecture to support intra-band contiguous CA, no frequency error can be assumed present between CCs, and the phase coherency can be assumed between CCs.
[bookmark: _GoBack]Proposal 3: RAN4 should further study the timing error between intra-band contiguous CCs introduced by different group delays within the bandwidth of the wideband RF filters and amplifiers.

Conclusion
In this contribution we discussed the RF impacts on positioning frequency aggregation, according to the analysis, we have the following observations and proposals:
Proposal 1: Focus on intra-band contiguous CA for positioning bandwidth aggregation.
Proposal 2: RAN4 will not discuss the issue of power imbalance for intra-band continuous CA, but should notify RAN1 that UE transmission power may be subject to prioritization of PCell over SCell, when the transmission power exceeds the maximum value.
Proposal 3: RAN4 should further study the timing error between intra-band contiguous CCs introduced by different group delays within the bandwidth of the wideband RF filters and amplifiers.
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Appendix
In TS 25.104, the requirement for FDD UTRA BS was defined as 
	[bookmark: _Toc535329844]6.8.4.1	Minimum Requirements
For MIMO or TX diversity transmissions, in each cell, TAE shall not exceed ¼ Tc.
For transmission of multiple cells, with or without MIMO or TX diversity, in the same frequency band, TAE shall not exceed ½ Tc.
For transmission of multiple cells, with or without MIMO or TX diversity, in different frequency bands, TAE shall not exceed 5 Tc.



In TS 25.105, the requirement for TDD UTRA BS was defined as
	[bookmark: _Toc518915783]6.8.5.1	Minimum Requirement
The time alignment error in MIMO for any possible configuration of two transmit antennas shall not exceed 65 ns.



In TS 36.104, the requirement for E-UTRA BS was defined as
	[bookmark: _Toc98574649][bookmark: _Toc89684508][bookmark: _Toc82893977][bookmark: _Toc76497176][bookmark: _Toc75173360][bookmark: _Toc66872203][bookmark: _Toc66869385][bookmark: _Toc52466400][bookmark: _Toc45826234][bookmark: _Toc45825982][bookmark: _Toc45825730][bookmark: _Toc45825478][bookmark: _Toc44754050][bookmark: _Toc37173494][bookmark: _Toc37173242][bookmark: _Toc37162914][bookmark: _Toc35935330][bookmark: _Toc35933042][bookmark: _Toc29478444][bookmark: _Toc20997765]6.5.3.1	Minimum Requirement
For E-UTRA:
-	For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.
-	For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.
-	For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260 ns.
-	For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.
For NB-IoT:
-	For TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.
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