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Introduction
RAN4#104e and RAN4#104bis-e meeting have discussed PRS/SRS bandwidth aggregation for improved NR positioning in [1]. The agreements are listed as follows.
	# RF architecture
Agreement:
· Prioritize the single RF chain (Tx/Rx) for BS and UE in the study.
# PRS/SRS bandwidth aggregation scenario
Agreements:
· Prioritize intra-band contiguous CA with simultaneous PRS/SRS transmission for the RF and RRM impacts study.
· CA configurations with 2, 3 and 4 CCs should be investigated and the configuration with 2 CCs should be prioritized over 3 and 4 CCs.
· [bookmark: _Hlk116656930]The TAE and group delay need be studied. In addition, phase noise needs be studied for FR2.
# RF impairment model and assessment
Agreement:
· RAN4 to evaluate the impact of group delay on the performance of PRS/SRS aggregation covering PRS/SRS resources with both same PRS bandwidth and different bandwidths
Agreement:
· Studying TAE for single RF chain architecture
· For single RF chain architecture, TAE between PFLs/carriers transmitted from different antennas is FFS
# Baseline assumption for FFT processing
Agreement:
· The FFT assumption should be discussed in RRM part.
# Notifying RAN1 of UE transmit power limitation
Agreement:
Notifying RAN1 on UE transmit power limitation due to prioritization of PCell over SCell is not needed at this point in time.



RF impairments have been discussed a lot in last meeting, this contribution is focusing on FR1, especially for the impairments on group delay and TAE.
[bookmark: OLE_LINK14][bookmark: OLE_LINK20][bookmark: OLE_LINK13][bookmark: OLE_LINK10]Discussion on the impact of group delay and TAE 
As agreed in the last meeting, TAE and group delay need to be studied. 
The BS TAE requirements for type 1-C and 1-H are cited as below:
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_LINK264][bookmark: OLE_LINK265]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.
According to RAN1 evaluation, it is understandable that larger time alignment error between two contiguous CCs would result in worse positioning accuracy. In last RAN4 meeting, it was discussed whether group delay is the main contributor to TAE. However, in our view, group delay is not identical to TAE, and the impact on the positioning are not identical as well. 
TAE is rooted from both analog part and digital part. For analog circuit, even the typical implementation is one single chain to support the contiguous CA, the linear distortion of RF components, e.g. filter, PA, could be different across the frequency range of the large aggregated channel BW. While for the digital part, timing alignment is dependent on the digital channel calibration. 
Group delay is one of the key characteristics of the filter. It is known that sharper out-of-band rejection of the band filter would cause larger group delay. The phase status could change dramatically at the band edge of a filter, especially if there are zeros close to the pass band. Figure 1 shows the frequency response of a C-band filter which can support 100MHz+100MHz aggregated channel BW. It is noticed that the zero is far from the pass band.
[image: ]
Figure 1: S21 parameter of a C-band filter
The corresponding group delay characteristic of the C-band filter is illustrated in Figure 2.
[image: ]
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 2: Group delay of a C-band filter
We know that group delay is the derivative of the phase response with respect to frequency. Though the group delay for the filter in Figure 2 at the band edge is higher than the center of the supported frequency range, the normalized phase response is almost linear. 
In Figure 3, the phase response of a 2.6GHz filter is provided, in which the fierce phase change could be observed at the band edge, consequently we see the larger group delay at band edge as well. 
[image: ]
Figure 3: phase response of a 2.6GHz band filter
[image: ]
Figure 4: Group delay of a 2.6GHz band filter
Observation 1: Group delay is larger for a filter with very narrow transition band.
For the impact of group delay on intra-band contiguous CA, the performance evaluation for the filter characteristic in Figure 1 is illustrated in Figure 5. And its detailed values at different tile of CDF curve are summarized in the following Table 1. The simulation assumption is listed in Appendix. Based on the performance evaluation for the case of intra-band contiguous CA 100MHz+100MHz (InF_SH), as shown in Figure 5, the positioning accuracy would decrease slightly. 
[image: ]

[bookmark: _Ref118383749]Figure 5: performance evaluation for 100MHz+100MHz carrier aggregation with group delay (InF_SH)- 3.5GHz
Positioning accuracy due to impact of group delay in Figure 5 is elaborated in Table 1. 
[bookmark: _Ref118388165]Table 1 The positioning accuracy
	Case
	InF-SH, 200MHz

	
	50%
	67%
	80%
	90%
	95%

	Baseline
	0.017
	0.026
	0.039
	0.066
	0.107

	Add group delay
	0.020
	0.029
	0.043
	0.075
	0.126


Observation 2: The group delay has little impact on intra-band contiguous CA for a filter with wide transition band. 
Though we have not yet evaluated the positioning performance with group delay characteristic in Figure 4, the measurement data shows that the TAE for RF modules supporting C-band and 2.6GHz are similar. We understand positioning enhancements has close relationship to the time difference of contiguous CCs for CA scenario, but TAE requirement itself in the spec is a tradeoff of performance and implementation complexity. For some specific band or scenarios, better TAE is possible if implementation complexity is not considered. 
Proposal 1: Timing difference impact to the positioning accuracy could be further evaluated by RAN1, but no further discussion on TAE requirement is needed in RAN4, since better TAE is not a generic assumption for all operating bands and deployment scenarios.
Since group delay is not identical to the TAE, the performance impact due to group delay should be further studied, especially for the case with dramatic phase change at the band edge as shown in Figure 3. 
Proposal 2: Further study the performance impact due to group delay especially for the case with dramatic phase change at the band edge for the band supporting large aggregated channel BW.
Conclusions
In this contribution, we share some initial consideration on performance impact due to group delay for intra-band contiguous CA based positioning enhancement and proposals are made as following:
Proposal 1: Timing difference impact to the positioning accuracy could be further evaluated by RAN1, but no further discussion on TAE requirement is needed in RAN4, since better TAE is not a generic assumption for all operating bands and deployment scenarios.
Proposal 2: Further study the performance impact due to group delay especially for the case with dramatic phase change at the band edge for the band supporting large aggregated channel BW.
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Appendix
Table 2 Simulation assumption for FR1-1
	Parameter
	Setting

	Scenario
	InF-SH

	Carrier frequency
	3.5GHz

	Bandwidth
	100+100MHz

	SCS
	30kHz

	Description of measurement algorithm
	MUSIC

	Description of positioning technique
	TDOA, Particle Swarm optimization, PSO
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