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Introduction
Rel-18 SID proposes positioning accuracy enhancement with advanced techniques of bandwidth aggregation and carrier phase measurement. RAN4 has been allocated to the two topics, firstly RF study starts from this meeting.
	RP-213588
· Improved accuracy, integrity, and power efficiency:
· 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]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary




In this contribution, we discuss RF characteristics to support the enhancement features.
Discussion

Rel-17 SI has simply commented about the feature of gNB or UE reception of intra-band one or more contiguous carriers in one or more contiguous PFLs in TR38.857. It remains a few further study points such as contiguous or non-contiguous band aggregation and one or more contiguous PFL configuration for band aggregation. 
	3GPP TR 38.857
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.



The bandwidth aggregation can provide high time resolution for ToA estimations, the scope of study needs to identify a scope of bandwidth aggregation and configuration. The SID states ‘bandwidth aggregation for intra-band carriers’, then RAN4 can consider options as below. PRS/SRS bandwidth aggregation transmitting scenario for high accuracy positioning are listed as
i. [bookmark: _Hlk110848031]Intra-band contiguous CA with simultaneous PRS/SRS transmission
ii. Intra-band contiguous CA with separate PRS/SRS transmission 
iii. Intra-band non-contiguous CA with simultaneous PRS/SRS transmission
iv. Intra-band non-contiguous CA with separate PRS/SRS transmission 





A rule of legacy UEs is to process RX signal per CC at least L1 modem level.  L1 modem does not mix multiple CCs signal in any process. From the front-end, L1 RF are optimized RF parameters for the best performance of each CC demodulation in baseband. Legacy UE does not refer to adjacent CCs for a target CC processing. In that sense, the proposed approach of bandwidth aggregation for high accuracy measurement creates new behaviors. Up to RF architecture and baseband signal processing strategy, it may achieve gains or not.
The aggregated PRS/SRS per CC are shown after FFT block in RX architecture, and the most of demodulation processing is executed in frequency domain. For PRS/SRS in aggregated bandwidth, time domain correlator may be possible, it requires additional step to take target signals of aggregated CCs, that can be a new block of RF and BB. Also, the signal characteristic and property of aggregated bandwidth signal should be confirmed, because RF impairments appear differently across multiple CCs and impact high accuracy positioning measurements measured in aggregated bandwidth depending on CA configurations.
Observation 1. signal characteristic and property in aggregated bandwidth should be investigated in gNB/UE TX and RX respectively.  RF impairments appear differently across multiple CCs and impact high accuracy positioning measurements measured in aggregated bandwidth depending on CA configurations.
i. Intra-band contiguous CA with simultaneous PRS/SRS transmission
ii. Intra-band contiguous CA with separate PRS/SRS transmission 
iii. Intra-band non-contiguous CA with simultaneous PRS/SRS transmission
iv. Intra-band non-contiguous CA with separate PRS/SRS transmission 

Therefore, the most feasible case of the study will be ‘intra-band contiguous CA with simultaneous PRS/SRS transmission.’ When PRS/SRS are aggregated as non-contiguous manner or in different time slots, RAN4 needs more study to verify signal characteristic and RX structures. Phase may not be continuous in non-contiguous or different time-slot cases. When signals are received different time slots, time delay may cause failure of high accuracy measurement. We note although the approach may operate for different time slot cases, it is not proper for high accuracy positioning measurement. High positioning measurement argues up to a few tens of nano second accuracy. In simple calculation, 3.3ns (3x10^8 m/s light speed) measurement error causes 1m distance error. For demodulation, such time error does not matter at all thanks to guard interval period, while it appears critical for positioning measurement. Therefore, if PRS/SRS are scheduled in different time slots, timing alignment of two different time slots should be extremely high accurate.
Proposal 1.   The most feasible case of the study will be ‘intra-band contiguous CA with simultaneous PRS/SRS transmission.’ RAN4 prioritizes the case over non-contiguous aggregation manner or scheduling PRS/SRS in different time slots.
Also, in order to achieve high accuracy measurement from aggregated bandwidth, high resolution signal is required. This may mean increasing a UE sampling rate (Ts) over multiple aggregated bandwidth, if a RX wants to process high accuracy signal in time domain. However, it is hard to purposely increase sampling rate (Ts) only at PRS/SRS scheduling slots in time, we assume the legacy FFT processing, that is one FFT processing per CC with standard FFT size is baseline. Any other advanced FFT processing specifically for high accuracy positioning measurement is not assumed as baseline, and we don’t assume significant changes of the front-end to implement this feature. 
Proposal 2 : 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.
The SID specifies to study RF impairment impact (i.e. timing errors, phase coherency, frequency errors, power imbalance) to the high accuracy measurements. At least, if RAN4 studies intra-band contiguous CA with simultaneous PRS/SRS transmission/reception, concerns on timing error, frequency error and power imbalance can be relatively eased. If other scenarios are included, RAN4 needs to investigate them. 
One important point of RF impairment is phase coherency of aggregated bandwidth.


Figure 1 : Time delay impacts on phase of aggregated bandwidth
In order to measure ToA using aggregated bandwidth, the phase coherency across CCs must be sustained and trackable to RX. Figure 1 shows the relation of delay and phase. When channel comes multiple path channel, the RX should know multiple path coefficient and delay to exactly know about phase in frequency, or vice versa. First of all, some CCs are non-contiguous, it is hard to track phase coherency. Therefore, it is hard to use the feature scheme for non-contiguous bandwidth aggregation. Secondly, timing adjustment and RF filtering per CC impacts the phase coherency. Between CCs, there is guard band, the phase coherency can be disrupted by the guard band, however such disruption can be handled by RX. Otherwise, it can be hard to handle a large gap between CCs or other unknown phase distortion from non-linear filtering or different time/frequency adjustment.

Proposal 3 : RAN4 investigates if RF impairment (i.e. timing errors, phase coherency, frequency errors, power imbalance) appears consistently in aggregated bandwidth. Especially, phase coherency in aggregated bandwidth is important to achieve high accuracy of ToA estimation.

For FR2 UE, phase noise is one of RF impairment sources impacting phase coherency. Even phase continuity in OFDM symbol-by symbol is not fully guaranteed. Therefore, its impact needs to be investigated.
Proposal 4 : For FR2 gNB/UE, phase noise is one of RF impairment sources impacting phase coherency, its impact needs to be investigated.
Conclusion
In this contribution, we provide our observations and proposals on positioning with bandwidth aggregation of PRS/SRS.
Observation 1. signal characteristic and property in aggregated bandwidth should be investigated in gNB/UE TX and RX respectively.  RF impairments appear differently across multiple CCs and impact high accuracy positioning measurements measured in aggregated bandwidth depending on CA configurations.
i. Intra-band contiguous CA with simultaneous PRS/SRS transmission
ii. Intra-band contiguous CA with separate PRS/SRS transmission 
iii. Intra-band non-contiguous CA with simultaneous PRS/SRS transmission
iv. Intra-band non-contiguous CA with separate PRS/SRS transmission 

Proposal 1.   The most feasible case of the study will be ‘intra-band contiguous CA with simultaneous PRS/SRS transmission.’ RAN4 prioritizes the case over non-contiguous aggregation manner or scheduling PRS/SRS in different time slots.
Proposal 2 : 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.
Proposal 3 : RAN4 investigates if RF impairment (i.e. timing errors, phase coherency, frequency errors, power imbalance) appears consistently in aggregated bandwidth. Especially, phase coherency in aggregated bandwidth is important to achieve high accuracy of ToA estimation.
Proposal 4 : For FR2 gNB/UE, phase noise is one of RF impairment sources impacting phase coherency, its impact needs to be investigated.
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