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1 Introduction
In RAN#71 meeting a new study item on New Radio (NR) Access Technology was approved [1]. The main objective of the study item is to develop and evaluate the technologies for the NR system to support a broad range of the use cases including enhanced mobile broadband (eMBB), massive MTC, and URLLC. In RAN1# 84b meeting, common evaluation assumptions for NR has been summarized [2]. In this contribution we provide our views on the detailed simulation assumptions that should be used for the comparison of the uplink MIMO related technologies and for the future work on the NR uplink MIMO.
2 Discussion on the deployment scenarios
In [2], five scenarios are considered for the NR access technology. Those five scenarios include indoor hotspot, dense urban, urban macro, rural macro and high speed scenarios. Each scenario is associated with attributes such as carrier frequency, inter-site distance, user density, maximum mobility speed. Although only four scenarios are currently listed in the agreed common simulation assumption [3], All five deployment scenarios are expected to be relevant for the evaluation and comparison of the uplink MIMO related technologies in NR air interface with respect to the KPI metrics defined in the [2] 
. Table 1 lists the NR deployment scenarios with the related channel model scenarios discussed in [5]. The potential uplink MIMO related candidate techniques for NR is discussed in our companion contribution [4]. 
Table 1: The deployment and related channel model scenarios for NR evaluations
	TR scenario in [3]
	Related channel model scenarios [5]
	Channel model for <6GHz

	Indoor Hotspot
	Indoor open office
	Extend 5GCM indoor office to <6GHz

	Dense Urban
	Urban macro for the macro layer; urban micro for the micro layer if exists
	3D UMa for the macro layer and 3D UMi for the micro layer

	Urban Macro
	Urban macro
	3D UMa

	Rural Macro
	Rural macro
	Extend 5GCM Rural to <6GHz

	High speed case
	Urban macro or Rural macro
	3D UMa + ITU Rural or ITU Rural or ITU high speed train model or RAN4 high speed train model


Since each scenario has its distinct features, it may be better to consider prioritization of scenarios for evaluating different UL MIMO technologies. For example, indoor office can be prioritized for high throughput simulations as no coverage issue is expected at middle/high frequency bands. Uplink multi-point spatial multiplexing techniques can be evaluated in such scenario. For the high frequency band, it is also relevant to study the impact of human blockage, especially the temporal consistency of channel blockage as it may cause beam switching.
For dense urban scenario with both macro and pico layers, it may be more suitable to study independent downlink/uplink management to cope with asymmetric downlink/uplink cell association strategies. In addition to the 4GHz macro layer, we think deployment of macro layer at middle band 30GHz should also be studied as 30GHz macro TRP is already considered for Urban Marco scenario [3] which has larger ISD than Dense Urban. Figure 2 illustrates one of such two layers deployment in dense urban scenario considering possible co-channel deployment of Micro/Pico layer at middle band 30GHz or non-co-channel deployment of macro/pico layer at middle band 30GHz and high band 70GHz.
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Figure 2: Dense urban scenario with Macro TRP deployed at middle band 30GHz
Since 5GCM UMa is used to evaluate both dense urban and urban macro scenarios. The major difference between urban macro and single layer dense urban is ISD. Urban macro scenario can be used to evaluate more coverage limited case. For middle/high band, more antenna elements can be used at both ends of the link to extend the coverage. For low band when UE has omni transmission antennas, other non-MIMO based coverage extension techniques, such as narrower band transmission or time domain repetition, can be considered. However, those techniques may fall out of the scope of UL MIMO. 
In rural macro scenario, much larger ISD may apply. For such a larger ISD, below 6GHz TRP maybe the only feasible choice. And the percentage of high speed UEs are expected to be higher than dense urban and urban macro scenarios. And those high speed UEs are expected to be in vehicle and data connection is kept with TRP without extra help from e.g. relays. For such scenario, single point/multi-point uplink diversity transmission schemes maybe more relevant. Also upper layer techniques to mitigate the negative impact of frequent TRP change can also be considered. 
Different UE types may also be considered for different scenarios. For example, we may have mobile terminal with small form factor at middle/high band. Such UE may have relatively small number of antenna elements without optimized antenna orientation for a given location. And the antenna orientation of CPE can be optimized to maximize the antenna gain to the closest TRP.
Table 2: The prioritized scenario for specific UL MIMO techniques

	Specific UL MIMO techniques
	Prioritized evaluation scenario in [3]

	High capacity UL MIMO schemes such as single/multi-point spatial multiplexing
	Indoor hotspot

	Asymmetric UL/DL MIMO schemes towards/from different TRP for two layers deployment
	Dense urban

	Coverage enhancement techniques by larger antenna arrays at both TRP/UE
	Urban Macro

	Uplink transmission diversity schemes
	Rural Macro

	UL MIMO with relay
	High speed case


Proposal 1: 
· Prioritize scenarios to be used to evaluate specific UL MIMO techniques such as in Table 2.
Proposal 2: 
· For dense urban deployment, middle band macro layer deployment at 30GHz should be considered.

3 Traffic models

The traffic models should be defined for the evaluations of the UL MIMO related NR technology. For comparison of different UL MIMO related NR technologies the existing non full buffer FTP-based traffic models [6] should be used with high priority. Three FTP traffic models have been defined and used so far to evaluate LTE technology. FTP traffic model 1 randomly generates one fixed size packet in time and location. FTP traffic model 2 generates packets randomly over time for pre-dropped users. And exponential reading time is modelled between the time when one packet is finished and the time when a new packet starts. Although NR at middle/high bands is more likely to be deployed in unpaired TDD spectrum, it is preferable to study the uplink MIMO performance independently from the downlink performance. Smaller packet size can be considered to evaluate the UL MIMO performance compared to the downlink MIMO evaluations. For FTP model 2, the average file reading time can also be reduced proportional to packet size. .
The full buffer evaluation may be also considered for the evaluation of NR. However, the performance results obtained from the full buffer evaluations should have low priority for the comparison of different NR technologies compared to non-full buffer traffic model. The full buffer result should be primarily considered for the comparison of NR performance with IMT-Advanced evaluation results and evaluation of some KPI requirement metrics (e.g. spectral efficiency).
Proposal 3:

· The comparison of the UL MIMO NR technology should be based on the non-full buffer traffic models

· FTP traffic models 1/2/3 can be used in evaluation
· Even for evaluating TDD, uplink MIMO evaluation is performed independently from downlink MIMO evaluation
· Smaller FTP packet size can be considered to evaluate uplink MIMO compared to downlink evaluation

· E.g. FTP packet size 100k bytes

· For FTP model 2, the file reading time should be scaled proportional to file size
· E.g. Mean 1sec
· Full buffer evaluation is used primarily for the comparison with IMT-Advanced results and evaluations of some KPI requirement metrics (e.g. spectral efficiency) and has low priority than non-full buffer traffic model for comparing different NR technologies
4 Detailed simulation parameters

As a good starting point, the detailed system level simulation parameters for uplink MIMO NR access technologies can be extended from the uplink simulation parameters defined in the FD-MIMO TR [7]. Although accurate configuration of some simulation parameters are subject to the conclusion from other NR decisions, it is still possible to configure a UL MIMO systems which can be simulated for studying UL MIMO related algorithms. Some of the unrealistic configurations can be revisited/polished as the whole NR work progress.
Proposal 4: 
· For NR UL MIMO technology system level simulations, adopt the simulation parameters in Table 3 in the Appendix
5 Other simulation cases

Since mostly likely hybrid beamforming is employed at both TRP and UE at middle/high band, it can be expected that hybrid beamforming has large impact on the link SINR. As a response to UE movement, channel blockage and UE rotation, TRP/UE may apply different beams. In conventional system level simulations, usually UE movement/rotation is not modelled in order to have stable cell association while evaluating network capacity. Because if real mobility is modelled, handover has to be modelled to have reasonable geometry. In order to study beam based algorithm, such as beam tracking/switching, a simplified system level simulation or extended link level simulation can be considered. In such simulations, most of the simulation parameters are following the full system level simulations. Additionally UE trajectory and rotation pattern needs to be defined. The TRP scheduler can be disabled and each UE can be evaluated as an independent link. Link throughput can be collected for each UE along its trajectory with different beam management algorithm. Different beam management strategy may lead to different link throughput.
Proposal 5: 
· For evaluating beam based algorithm for middle/high band, simplified system level or extended link level simulations can be considered. 
· UE trajectory/rotation pattern needs to be additionally defined
· TRP level mobility needs to be modelled

· TRP scheduler can be disabled and each UE link is evaluated independently
6 Summary

In this contribution we have provided our views on the additional evaluation assumptions and methodology that should be used for development and specification of UL MIMO related technology for NR. Based on the discussion the following proposals were made:

Proposal 1: 

· Prioritize scenarios to be used to evaluate specific UL MIMO techniques such as in Table 2.

Proposal 2: 

· For dense urban deployment, middle band macro layer deployment at 30GHz should be considered.

Proposal 3:

· The comparison of the UL MIMO NR technology should be based on the non-full buffer traffic models

· FTP traffic models 1/2/3 can be used in evaluation

· Even for evaluating TDD, uplink MIMO evaluation is performed independently from downlink MIMO evaluation

· Smaller FTP packet size can be considered to evaluate uplink MIMO compared to downlink evaluation

· E.g. FTP packet size 100k bytes

· For FTP model 2, the file reading time should be scaled proportional to file size
· E.g. Mean 1sec

· Full buffer evaluation is used primarily for the comparison with IMT-Advanced results and evaluations of some KPI requirement metrics (e.g. spectral efficiency) and has low priority than non-full buffer traffic model for comparing different NR technologies

Proposal 4: 

· For NR UL MIMO technology system level simulations, adopt the simulation parameters in Table 3 in the Appendix
Proposal 5: 

· For evaluating beam based algorithm for middle/high band, simplified system level or extended link level simulations can be considered. 
· UE trajectory/rotation pattern needs to be additionally defined
· TRP level mobility needs to be modelled

· TRP scheduler can be disabled and each UE link is evaluated independently
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Appendix
Table 3: System level simulation parameters for UL MIMO evaluation in NR

	Parameter 
	Values 

	Channel model
	5GCM for above 6GHz

Extend 5GCM indoor office to below 6GHz

3D-UMi for UMi below 6GHz

3D-UMa for UMa below 6GHz

5GCM for RMa

	BS antenna element configurations
	Below 6GHz: Mg = Ng = 1; (M,N,P) = (8,4,2); dV=0.8lamda ; dH=0.5lamda

30GHz/70GHz: Mg=2; Ng=2; (M,N,P) = (8,4,2); dV=0.8lamda; dH=0.5lamda; dV,g= 6.4lambda; dH,g= 2lambda

	BS antenna element vertical radiation pattern
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	Antenna element horizontal radiation pattern (dB)
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	Maximum directional gain of an antenna element 
	8 dBi

	BS receiver noise figure
	Below 6GHz: 5 dB

Above 6GHz: 7 dB

	UE attachment
	RSRP based; Detailed RS virtualization to be specified at both TRP/UE
Coupling loss based;

	Carrier Frequency 
	700MHz, 4GHz, 30GHz, 70GHz

	Network sync 
	Synchronized 

	System bandwidth 
	700MHz/4GHz carrier frequency: 10MHz FDD downlink

30GHz/70GHz: 80MHz TDD band

	UE distribution/speed/array orientation/antenna pattern 
	UE distribution/speed aligned with [3]
UE array orientation: zenith 90; azimuth uniformly random for handset; azimuth angle can be optimized for CPE

UE antenna pattern: omni for below 6GHz; up to four antennas with cross polarization at 700MHz and up to 8 antennas at 4GHz
30GHz/70GHz: Mg=1; Ng=2; (M, N, P) = (2,4,2); dV=dH=0.5lamda for mobile terminal; Mg=1; Ng=2; (M, N, P) = (8,8,2) for CPE;

Two antennas pointing to opposite directions.

	Antenna element radiation pattern in [image: image5.png]8"



 dim (dB)
	Omni directional for <6GHz; For above 6GHz:
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	Antenna element radiation pattern in [image: image8.png]


 dim (dB)
	Omni directional for <6GHz; For above 6GHz:
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element
	5 dBi for above 6GHz; 0dB for below 6GHz

	Wrapping method 
	Geographical distance based 

	Handover margin 
	3dB 

	Traffic model 
	FTP model 1 with packet size equal to 100kbytes;

FTP model 2 with packet size of 100k bytes and mean reading time of 1s

FTP model 3 with packet size of 100k bytes

	Traffic load (Resource utilization)
	50% (other value is not precluded)

	Scheduler 
	PF scheduler (subject to waveform restriction) 

	Receiver 
	Ideal/non-ideal channel estimation, both demodulation and sounding 

	
	Explicit inter-cell interference modelling    

	
	MMSE-IRC 

	Hybrid ARQ 
	Maximum 4 transmissions, CC 

	Transmission scheme 
	MIMO with rank adaptation

	Maximum UE TX power 
	Below 6GHz: 23dBm

30GHz: 23dBm
70GHz: [22dBm]

	Target BLER 
	10% 

	Overhead 
	Fixed percentage overhead; FFS

	UE distribution
	80% Indoor, 3km/h; 100% outdoor 30km/h can be used for RMa
10 users per BS for full buffer traffic

	SRS configurations 
	5ms of channel sounding RS period (infinite SRS capacity) 

	
	4ms of channel sounding delay 

	Power control 
	P0=-80dBm, alpha=0.8, based on the same RSRP for cell association 

	Metrics 
	Mean, 5%, 50% UPT
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