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< Start of changes >
6.2.1.2.2
UE Reference architecture

The RF Frontend consists of all components between the antenna and the digital baseband system of a transceiver, which is divided mainly in mixers, RF Phase shifter and power amplifier. The demand of high data rate increases the research on conflicting requirements. Furthermore, high bandwidth requires operation in high frequency RF band and this creates big challenges to achieve high efficiency and good performance. The balance that must be found in size, capacity and cost should be taken into account in NR.  
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Figure 6.2.1.2.2-1: UE reference architecture

Besides the RF front end, it must be considered that mixers, oscillators, quadrature modulators are also sources of impairments, due to low port isolation, generating imperfections in the output signal.

Mixing the RF signal with the LO realizes frequency conversion within the RF transceivers. The phase of the LO can be non-stationary as a free running oscillator or time varying modelled as a stationary process of a PLL synthesizer. Ideally, the outcome of an LO is a single tone in the frequency domain. However, in reality, the outcome is a modulated tone with a phase shift. Phase noise – which increases with LO frequency - causes significant degradation in the performance and reduces the effective SNR at the receiver, limiting the BER and data rate. The phase noise gives several constraints on the design of oscillators. These are further constraints besides the limitations at the RF frond end – explained in the next subsections - that make the choice of a UE transceiver architecture important. 

6.2.1.2.2.1
TX Chain

This subsection discusses the most relevant components in the RF front of end in the transmitter chain, which should be considered as key building blocks for further study in NR. The transmitter is less complex than the receiver, thus a less variety of implementations can be studied.
Power Amplifier

For transmitting large amount of data modulated in complex waveforms, a high linear amplification stage is required to minimize distortion. The drawback of high linear PA is the lack of efficiency. At higher frequency the efficiency and output power decreases. This means that for transmitting a certain amount of signal power, more power is required by the PA compared to the systems operating at carrier frequency under 6 GHz. The major imperfection of the PA is its nonlinear response and memory effects. The nonlinearity problem of the PA becomes evident as requirement of larger bandwidth and higher order modulation schemes are needed to achieve high data rate. 

Phase Shifter

Phase shifters are source of imbalance and they can be implemented by power divisor and all – pass filters producing 90 degree phase shift. The accuracy depends on the components so that the 90 degree phase shift is not really exact. There are different phased-array architectures (i.e., RF phase shifters, LO phase shifters) which differ in functionality of phase shifting and signal combining and have as critical factors power consumption, losses and bandwidth. Possible examples of phase shifters (i.e., RF and LO phase shifters) can be seen in Figure 6.2.1.2.2.1-1.
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Figure 6.2.1.2.2.1-1: RF and LO Phase Shifters

LO phase shifters - compared to RF phase shifter - has a LO path, which is less sensitive to bandwidth because single tone LO is usually delivered. Bandwidth only translates to conversion gain difference in the mixer while using different LO frequencies and can be compensated pushing up the gain in the LO driver. The penalty for this is the higher power consumption, LO phase shifter has as drawback the high number of mixers. Every element needs a mixer to down convert before phase shifting. 
In the case of the RF phase shifter, it needs an RF gain stage prior signal combining for noise reasons due to signal insertion loss. Additionally, it should meet tougher linearity specifications, which increases the losses of RF phase shifter. A way to cancel out the losses is to use an amplifier stage. The bandwidth of RF phase shifter is also challenging and demand more power consumption. The advantage is that requires one single mixer. 

6.2.1.2.2.2
RX Chain

In Figure 6.2.1.2.2.2-1, the candidate NR UE reference architectures are decribed for identified receiver options. 
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Option.1.Single polarization antennas with single BB receiver (1x1)
(Same as LTE Cat1Bis)
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Option2. Diversity antennas  with single BB receiver output (2x1) but not all antenna arrangements in one UE support diversity reception
(Same as LTE baseline)
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Option3. Diversity antennas with single BB receiver output (2x1) and all antenna arrangements support diversity reception
(Same as LTE baseline)
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Option4. Diversity antennas with two BB receiver outputs (2x2) but not all antenna arrangements support diversity reception
(Same as LTE DL 2x2 MIMO)
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Option5. Diversity antennas with two BB receiver outputs (2x2) and all antenna arrangements support diversity reception
(Same as LTE DL 2x2 MIMO)
	


Figure 6.2.1.2.2.2-1. Candidate NR UE Receiver Architectures
For each options, each single array antenna can be configured with multiple antenna elements with 2D patch or ULA. Also, both 2D patch and ULA configuration can be further mixed in single UE to strive for advanced performance in terms of both T-put and coverage.

RAN4 need to consider the followings to decide on mmWave NR UE receiver architecture.

· Maximum number of supported ranks

· UE antenna coverage

· Number of antenna elements for each Rx port.
For maximum number of supported ranks, we need to consider that mmWave in 3GPP should also fulfil ITU-R IMT-2020 requirements, especially its supported peak data rate which is up to 10 Gbps as a cost of wide frequency BW. In that sense, rank 2 can support up to 10 Gbps peak data rate based on existing LTE numerology if 1 GHz BW can be allocated. For the support of rank higher than 2, we cannot expect the effective rank higher than 2 in mmWave under beam forming environment whereas UE requires higher complexity on both BB and RF. Thus, RAN4 can consider to support rank 2 as baseline for mmWave UE. Thus, option 1 to 3 in Figure 6.2.1.2.2.2-1 should be excluded. So RAN4 agreed the baseline architecture for demodulation performance requirements as below
· UE architecture shall support minimum dual layer (same as LTE rank 2) for demodulation performance requirement. 
· FFS whether this apply to all directions.
· RF architecture support for higher order DL layers is optional.
For the REFSENS requirements in mmWave, RAN4 had consensus as below, 
· REFSENS requirement shall be based on DL MRC diversity (rank 1 with two receivers).
· FFS whether this apply to all directions.
Based on the agreements, RAN4 consider as baseline UE architecture is option 4 or option 5 in mmWave. 
The Rx chain is composed by switch, LNA and phase shifter. This subsection includes the most relevant components in the receiver chain, which should be considered as key building blocks for further study in NR. 

Low Noise Amplifier

One of the most important blocks in the receiver is the LNA. It is needed at the input of the receiver to amplify the received signal and suppress the noise contribution of the downconverter. The first stage is the RF block, which begins with the antenna, followed by the switch, the LNA and ends with the phase shifter as explained in the NF will be mainly determined by the LNA. Therefore, the design for the LNA should be optimize for high gain and low NF.

Phase Shifter
In receiver element the phase shifted signal are combined before arriving at the downconverter. The RF phase shifter kind can phase out the interference and then relax power consumption on the blocks down the chain. The advantage of RF phase shifter over the LO phase shifting is that the output signal after RF combiner has a high pattern directivity and can reject an interference before receiving units, maximizing the value of the phased array as a spatial filter. Another advantage is the elimination of LO distribution network resulting in a simple system architecture. 
Filter 
With the increasing complexity of the transceiver at mmWave, the filter has to satisfy more constraints at the same time, which puts a number of requirements on the filter such as resonance frequency, coupling factor, quality factor, temperature sensitivity, etc. Besides the technical limitation of filter at high frequencies, filters at the RF front end have the disadvantage of including a considerable insertion loss to both the TX and RX paths of the transceiver. At mm-wave frequencies, it is much more difficult than at frequencies below 6 GHz to get a high output power and adding a filter will implies extra loss, which is not easy to compensate. In particular, if the filter is not impedance matched to the PA, the mismatch will cause power losses. Moreover, difference in loading of the PA’s across different branches of an array will cause mismatches in gain and phase of the PA. Another issue is the increased die size or PCB area of the transceiver. For these reasons FDD will probably remain a main duplex method for lower frequencies and TDD for mmWave range. 
6.2.1.2.2.3
Beamforming

Due to high path loss encounter at mmWave, beamforming (BF) assumes an important role to stablish and maintain a robust communication link. There are several discussions about digital and analogue BF implementation. Digital beamforming provides a high flexibility in shaping beams at cost of increasing complexity. The high cost, power consumption and complexity of mmWave mixed signal components constrains the use of fully-digital BF architectures at the UE unlike simpler, lower antenna count more conventionally used in sub-6 GHz systems.  On the other hand, analogue BF has fewer RF chain than antenna elements, which is more cost effective with lower power consumption and therefore, more suitable for the UE at mmWave. The disadvantage of this approach is having less flexibility compared to digital BF, since it can only handle one beam at a time.

The hybrid BF architecture is another approach that consists of reducing the hardware complexity with limited number of RF chains but using digital precoding in order to have similar performance to the digital BF, which enables multi-stream communication and maximizes the sum rate with minimum interference.
< End of changes >
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