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1.	Introduction
The revised SID on NR BS RF requirement evolution was approved at TSG RAN#97-e [1]. The objective of this study item is to study certain aspects for FR2 multi-band BS, including the following aspects relating to FR1 multi-band BS:
· Investigate the feasibility and performance of wideband RF and antenna architectures covering multiple FR2 bands

This topic was discussed at TSG RAN4#104-e, RAN4#104bis-e and RAN4#105 and the latest WF on the feasibility and performance of wideband RF and antenna architectures of FR2-1 multi-band BS was agreed [2]. This contribution provides a text proposal into TR 38.877 [3] to capture on the aspect regarding to the DPD in FR2-1 multi-band BS according to the agreements in [2]. 

2.	Text proposal
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[bookmark: _Toc112318687]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc112318688]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc112318689][bookmark: _Hlk122121954]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
<ABBREVIATION>	<Expansion>
[bookmark: _Hlk494631454]AA	Antenna Array
ACLR	Adjacent Channel Leakage Ratio
ACS	Adjacent Channel Selectivity
ADC	Analog-Digital Converter
BB	Base Band
BS	Base Station
BW	Bandwidth
DPD	Digital Pre-Distortion
EIRP	Effective Isotropic Radiated Power
EVM	Error Vector Magnitude
FBW	Fractional Bandwidth
FR	Frequency Range
IM	Inter-Modulation
LNA	Low Noise Amplifier
MCS	Modulation and Coding Scheme
NR	New Radio
OBUE	Operating Band Unwanted Emissions
OOB	Out-of-band
OTA	Over-The-Air
PA	Power amplifier
[bookmark: OLE_LINK17]RB	Resource Block
RDN	Radio Distribution Network
RF	Radio Frequency
RIB	Radiated Interface Boundary
RMS	Root Mean Square (value)
RX	Receiver
SCS	Sub-Carrier Spacing
TX	Transmitter
TRP	Total Radiated Power
ZF	Zero Forcing
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[bookmark: _Toc112318694]5.1	General

[bookmark: _Toc112318695]5.2	Wideband RF architectures
5.2.2	Digital Pre-distortion
[bookmark: _Hlk127176343]For single-band FR2 radios, the application of DPD may not be critical compared to that of the FR1 counterpart. On one hand, the contribution of PAs to the total DC power consumption in a FR2 BS is much reduced. This is due to the fact that more antenna elements are added to increase the directivity of the antenna array to combat against the high path loss occurred at FR2, which in turn requires smaller power to feed each antenna element, and thus small-power PA per Tx is sufficient. On the other hand, the requirement on ACLR for FR2 BSs has been much relaxed, i.e., 24 - 28dBc (by means of OTA measurement), compared to that applied to FR1 BSs, i.e., 45dBc [2]. This somewhat alleviates the essential need of high-linearity PAs on meeting required ACLR. Therefore, the DPD in single-band FR2 BSs is expected to provide a little gain in terms of improving power efficiency and meeting the ACLR requirement. Furthermore, the analog and hybrid beamforming, which are predominantly used in FR2 radios, also pose challenges for DPD implementation. With hundreds to thousands of PAs and higher operating bandwidths for FR2 radio, simply utilizing a similar DPD architecture as in FR1 would cost extra for RF hardware design and power consumption, while it may be infeasible to deploy single DPD for every PA in the analog/hybrid beamforming phased array since several or all analog chains essentially share one digital path. The DPD algorithms would also have more demands on the bandwidth of feedback receiver/ADC and BB signal processing resources, which are scaled with the size of bandwidth to be linearized [3]. These limited-gain and implementation-challenge factors make the DPD implementation less attractive to the FR2 single-band BS.
Nevertheless, DPD may still bring benefit for FR2 BSs in terms boosting the overall system performance (e.g., throughput). It is worth highlighting that common FR2 transmitter architecture requires to have tight integration between RF components to reduce hardware costs, sizes, and power loss in which isolator between an antenna element and a PA is preferably avoided [5], e.g., as illustrated in Figure 5.5.2-1. In such architecture, PAs directly interact with the antenna array due to low path isolation between them. As a result, mutual coupling and antenna mismatch between antenna paths have strong impact to the PAs’ output matching impedance which changes the PA’s efficiency and nonlinearity behaviors [5]. The array steering angle, which also alters the antenna matching impedance, shows strong dependence on the nonlinearity to the PAs too. In addition, input of PAs in different branches may be driven with different power as a result of the beamforming techniques applied (i.e., tapering, ZF, etc.), or gain error of the phase shifters and gain imbalance of power division network [6]. These mentioned factors have the detrimental effect to efficiency and linearity behaviors of PAs which may degrade the ACLR while increasing the OOB emission and beam distortions [5]. For example, several studies have demonstrated the impact of steering angle to ACLR and OOB emission and how DPD can help to improve the beamforming performance [5, 6, 7, 8, 9]. 


Figure 5.2.2-1: A typical single-band FR2 antenna array architecture
Compared to FR2 single band BS, FR2 multi-band BS equipped with multi-band RIBs could have a stronger need for the DPD. As abovementioned, antenna array and TRXs are desired to be tightly integrated in which RF filter is preferably omitted after the PA. Since a multi-band RIB essentially needs to transmit multiple-band signals concurrently, the nonlinearity of PAs will likely cause intermodulation (IM) distortion. It would be highly challenging to manage the PAs in multiband RIB not to operate in the nonlinearity power region. Particularly, the varying nonlinearity behaviors of the PAs, which causes by the nonlinear interaction between antenna array and the PAs as discussed above, also inherit to the FR2 multi-band RIB. Such issues would be expected to be more complicated in the multiband use cases than in single-band ones due to higher requirements on matching load impedance of PAs covering multiband/wideband. Therefore, unwanted emissions due to IM distortions likely exist and may possibly fall into the operating bands or inter-RF bandwidth. Note that the latter case occurs if there is multicarrier transmission in one band. Figures 5.5.2-2 and 5.5.2-3 illustrate some examples. Assume that operation bandwidths of Band A and B are 24.25-26.5GHz (n258) and 27-29.5 GHz (n257), and there is transmission taking place at 26GHz in Band A and 27.5GHz in band B. Then IM3 components occur at 24.5GHz and 29GHz, which obviously fall into operating bandwidth of both bands as seen in Figure 5.5.2-2. Now assume that band A transmits two carrier frequencies at 24.75 and 25.75GHz. Then one IM3 component occurs at 26.75GHz which falls into the inter-RF bandwidth of the multiband BS as seen in Figure 5.5.2-3.



Figure 5.2.2-2: Example for possible unwanted emission due to concurrent multiband transmission
Figure 5.2.2-3: Example for possible unwanted emission due to multi-carrier transmission in one band
The IM distortion is also beamformed [10]. In some case, the IM distortions could be seen strong at the slightly different direction or same direction with the intended UEs, e.g., when UEs are nearby each other. Thus, it needs to be managed to ensure that RF requirements are still be met for the FR2 multiband RIB. One may want to have a RF filter/diplexer after every PAs. However, this solution would be very expensive since beamforming phased array in FR2 could have thousands of antenna paths. Filter per path may also generate significantly phase error between antenna paths and increase power loss. Thus, this may not be feasible in terms of cost, size, and performance of FR2 radios.
Alternatively, DPD may be a cheaper solution for RF hardware architectures to this issue. For FR2 multi-band DPD, it essentially inherits the abovementioned advantages as well as challenges for single-band FR2 BS. Investigating practically feasible DPD solutions for beamforming phased array in FR2 has been an active research topic [11]. To address the concerns on the DPD implementation in FR2, DPD architectures and efficient DPD training model/algorithms have been intensively studies. Note that since one digital path will be shared between some or all analog chains in the analog/hybrid beamforming phased array, an architecture in which DPD linearization is applied for a set of PAs has been proposed and then demonstrated to be able to improve ACLR and EVM, e.g., [12, 13]. For dual-band DPD, one can either deploy a common DPD for all bands or a dedicated DPD for each band [14]. The former may have less demand on DPD architecture but requires much higher bandwidth for feedback receiver/ADC as DPD captured, training and correcting samples are wideband; since the correction is wide-band, band-specific linearization may not be achievable as such. The latter has lower demand on DPD hardware bandwidth and can achieve per-band linearization but may require more complex DPD architectures and algorithms, i.e., to decompose the captured multiband signals to single-band one and vice versa for the corrections, as well as jointly optimize linearized coefficients for all bands. On the other hand, DPD training algorithms which minimize the demand on DPD hardware bandwidth and BB resources have also been proposed [15, 16]. It should be highlighted that the implementation of phase shifters will not significantly impact the DPD solutions as linearization are applied to signals seen at the output of the PA, as mentioned in [17].
<End of change>
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