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Introduction
In RAN #71, the SID for new radio access technology (RAT) has been approved [1]. The new RAT (NR) would consider frequency ranging up to 100 GHz and support multi-gigabit throughput [2]. In order to achieve these targets, several novel MIMO-related technologies, such as massive MIMO, hybrid beam-forming, are mentioned in RAN1 #84-BIS. These MIMO-related technologies are committed to compensating the huge path loss induced by high frequency and exponentially improving spectral efficiency, and consequently they become the essential topic for NR, like new waveform and multi-user sharing access approaches.    
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The evaluation assumption for NR MIMO, as a basis of the performance analysis, should be specified for the subsequent simulation evaluation. Therefore, this contribution elaborates NR MIMO-related evaluation assumption. 
Discussion
[bookmark: _GoBack][bookmark: OLE_LINK4][bookmark: OLE_LINK5]In this contribution, TX/RX dedicated statements of antenna elements, BS transmission power and non-ideal front-end models are discussed as follows for the NR evaluation assumption for MIMO-related issues: 

TX/RX dedicated statements of antenna elements
In [3], one kind of Uniform 1D/2D rectangular panel array models for NR evaluations have been approved with the purpose of allowing for more freedom in the placement of antennas. To be more specific, this antenna panel array has (Mg,Ng) antenna panels per column and row respectively and uniform (dg,H, dg,V) panel spacing as shown in Figure 1.
[image: ]
[bookmark: _Ref450313479]Figure 1 Uniform 1D/2D rectangular panel array model
These antenna elements are shared by TX and RX radio frequency (RF) chains via RF switches, also called as RF multiplexers, as default, which has been widely used by below 6GHz systems. With the increase of carrier frequency, signal attenuation induced by sharing of TX and RX antenna elements becomes more severe for the following aspects:   
· [bookmark: 1872401-1-19][bookmark: 1872401-1-20][bookmark: 1872401-1-6][bookmark: 1872401-1-22][bookmark: 1872401-1-23]Transmission loss caused by the transmission lines or feeders connecting the antenna and transmitting (or receiving) output (or input) side of RF chain;
· Insertion loss through transmit/receive (T/R) switch; 
which lead to substantial attenuation for signal power. For instance, in industry, the insertion loss of one 6.6 GHz and 8x1 multiplexing RF solid state switch is up to 6.6 dB [4]; even under ideal laboratory conditions, a CMOS differential T/R switch still have the insertion loss of no less than 2 dB at 20GHz [5]. Therefore, in practice, above 6GHz RF chain generally keeps closed to the antenna elements and antenna elements are dedicated to either TX or RX chains. Assuming that the whole antenna elements are split for RX and TX, respectively, the above-mentioned loss from RF switching as well as increase of transmission feeders would be saved. It should be worthwhile to notice that as the frequency increases, the antenna arrays of high frequency transceivers becomes much easier for integration and their corresponding costs reduce significantly over below 6GHz, which means that the increase of antenna elements induced by TX/RX antenna-element dedication is acceptable. 
It is highlighted that, in TP 36.897[6], the TXU/RXU-dependent modelling has been issued as follows:
Note that with respect to other TXRU models (FFS):
-	Remark 1: TXU and RXU can be separately modelled in other models
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Therefore, the case for TX/RX-dedicated antenna arrays should be kept for the further MIMO-related studies, especially for the above 6GHz case, and be considered for the evaluation assumption. The antenna elements should be clarified their statements, including TX-dedicated, RX-dedicated and shared ones, during evaluation assumption. For example, a TX/RX-dedicated 1D/2D rectangular panel array model is proposed as shown in Figure 2, where the equal-sized antenna elements are dedicated to either TX or RX RF chains and dx,H  represents the horizontal distance between centers of the neighboring panels of TX and RX panels. Since the TX and RX elements are placed at the different physical position, the impact of antenna-element dedication on the channel characteristics, e.g., channel reciprocity, is kept for further studies. 


[bookmark: _Ref450898976]Figure 2 TX/RX-dedicated 1D/2D rectangular panel array model
Proposal 1:  The TX/RX-dedicated antenna arrays should be kept for the further MIMO-related studies and be considered for the evaluation assumption. 
Proposal-2: The panel array model should be noticed the statements, including TX-dedicated, RX-dedicated and shared, of each elements.
Proposal-3: The impact of antenna-element dedication on the channel characteristics, e.g., channel reciprocity, is FFS.

BS transmission power for UMa scenario
The assumption for BS transmission power has been kicked off for RAN1 “[84b-13] Evaluation assumptions for NR” email discussion. Regarding possible agreement, it is proposed to align the Tx power of TRP for UMa and Dense urban macro to the same value of 42 dBm.  However, the ISD of dense urban macro (200m) is different from that of UMa (500m).  In the past e.g. FD-MIMO, the Tx power of 3D-UMa with ISD 200m, i.e., 38 dBm, is lower than that of 3D-UMa with ISD 500m, i.e., 43dBm.  
According to the latest TP38.900 [11][12], the performance curves of UMa with the carrier frequency of 30GHz under various ISD and transmission power are shown in Figure 2, where the antenna array Mg = Ng = 1, (M,N,P) = (10,1,1), dV = 0.5 lambda. It is observed that geometry/coupling loss curves of UMa with 500m are different from those of UMa with 200m. To be more specific, at the CDF of 50%, the coupling loss of UMa with 500m is about 200m lower than that of UMa with 200m. Also the dense urban scenario has micro layer. Compared to dense urban scenario, coverage limitation is much more serious in UMa scenario with 500m ISD. So it makes more sense to consider different Tx powers in these two scenarios. From our observations, 3dB difference on the large scale curves is acceptable, and it is proposed that this set of UMa (500m): 43dBm and UMa (200m): 40dBm can be considered as a starting point for further study.  
[image: ][image: ]
Figure 2 Performances comparison under various ISD and transmission power: (a) coupling loss; (b) geometry SINR
Proposal-4: For BS transmission power, this set of UMa (500m): 43dBm and UMa (200m): 40dBm is proposed as a starting point for further study.  

Phase noise and its modelling methodology
Phase noise generated by local oscillators (Los) has been regarded as an inevitable source of RF impairment.  In above 6GHz wireless systems, such RF impairment is more serious since the phase noise of an oscillator increases as oscillation frequency increases. Moreover, silicon-based integration of millimetre transceivers makes it more challenging to design low phase-noise oscillators due to the lack of high quality-factor passive components mainly due to lossy silicon substrate [13]. 
The effect of phase noise is a phase modulation of the signal of the LO. To be more specific, this phase modulation is transferred directly onto the desired signal, which can be written as 

                                                       (1)

where is a time domain description of the phase noise process. It should be noticed that phase noise is a multiplicative process, which means that increasing SNR does not reduce the effect of phase noise but only reduces the impact of other additive noise resource. For the sake of analysis, some examples of phase noise from above 6GHz transceivers are summarized in Table 1.
[bookmark: _Ref450390827]Table 1 Examples of phase noise in the above 6GHz systems. 
	
	[6]
	[7]
	[8]
	[9]
	[10]

	f0(GHz)
	55-58
	46-51
	50-53
	49-55
	46-54

	Phase noise
(dBc/Hz@1MHz)
	-72
	-72
	-81
	-95
	-90



Generally, the phase noise is represented by power spectral density (PSD) function. Taking into account the existence of phase-error correction in practise, the noise contribution at low frequency offset can be reasonably negligible for NR system simulation. Consequently, the PLL output phase noise can be simply modelled as the high-pass low-pass filtered VCO phase noise, and its PSD is expressed as a simple one-pole and one-zero behavioral model given by

                                                     (2)



where  is the low frequency phase noise below the loop-filter bandwidth of the PLL,  is the pole frequency (i.e. the cutoff frequency of the high-pass filter given by the PLL) and  is the zero frequency determined by the noise floor of the VCO[13]. With the phase-noise power spectral density model, time-domain phase noise is generated and used for system simulation.

Proposal-5: The phase noise should be considered for above 6GHz MIMO-related evaluation assumption, and the simple one-pole and one-zero behavioral methodology is proposed as a starting point for further study.   

IQ imbalance/mismatch

I/Q imbalance, also called IQ mismatch, is defined as the imbalances and offsets between the I and Q branches in quadrature modulators/demodulators. I/Q mismatch originates mainly in the limited layout tolerance of active and passive elements in RF transceivers. This problem is particularly serious in a direct-conversion transceiver because its quadrature modulation/demodulation frequency is much higher than that of a super-heterodyne transceiver. In designing above 6GHz system where a direct-conversion transceiver is most likely used, it is important to include I/Q mismatch in any system simulation for precise performance evaluation. As the carrier frequency increase, the  phase difference between I and Q ways become more difficult for transceiver implementation and the corresponding impact of imbalance appears non-negligible [14].  
The I/Q mismatch can be divided into two parameters: gain mismatch (ε) and phase mismatch (ϕ). The complex baseband output signals, y(t), suffering from such I/Q mismatch can be expressed as

                        (2)



where  is input signal and  is the complex conjugate of . Noted that the IQ imbalance is a multiplicative process, which is similar to phase noise, and consequently this impact will not be decline as the reception SNR increase. Differing from the phase noise, the parameters of ε and ϕ represented IQ imbalance is stable but not a random variable for quite a while, which means that only one initial estimation is sufficient for the subsequent compensation approach of IQ imbalance. Subsequently, some examples of IQ imbalance from above 6GHz transceivers are summarized in Table 2.
[bookmark: _Ref450751546]Table 2 Examples of IQ imbalance in the above 6GHz systems. 
	
	[15]
	[16]

	f0(GHz)
	58-64
	49-53

	Technology
	200GHz BiCMOS
	90-ns CMOS

	IQ imbalance
	1dB/4°
	1.6dB/6.5°



Proposal-6: The IQ imbalance should be considered for above 6GHz MIMO-related evaluation assumption.  
Conclusion
This contribution provides our proposals as following for the NR evaluation assumption for MIMO-related issues: 
Proposal 1:  The TX/RX-dedicated antenna arrays should be kept for the further MIMO-related studies and be considered for the evaluation assumption. 
Proposal-2: The panel array model should be noticed the statements, including TX-dedicated, RX-dedicated and shared, of each elements.
Proposal-3: The impact of antenna-element dedication on the channel characteristics, e.g., channel reciprocity, is FFS.
Proposal-4: For BS transmission power, this set of UMa (500m): 43dBm and UMa (200m): 40dBm is proposed as a starting point for further study.  
Proposal-5: The phase noise should be considered for above 6GHz MIMO-related evaluation assumption, and the simple one-pole and one-zero behavioral methodology is proposed as a starting point for further study.   
Proposal-6: The IQ imbalance should be considered for above 6GHz MIMO-related evaluation assumption.  
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