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1 Introduction

In the RAN1#86 meeting the following agreements are achieved
	Agreements:
· NR should support at least following design targets: 

· It should allow FDD operation on a paired spectrum 

· It should allow different transmission directions in either part of a paired spectrum
· It should allow TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changing
· It should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing

· FFS: It should allow support of full duplex in a forward compatible way

· Note: transmission directions include all of downlink, uplink, sidelink, and backhaul link 
· Note that additional discussion is needed about the timing to support above targets, particulally the second sub-bullet

· Note that some design targets may or may not be transparent to UE


Flexible duplex allows flexible resource allocation among different transmission directions, for both paired and unpaired spectrum. And in NR massive MIMO is one of the key features to achieve super high data rate. But the massive MIMO technology relies on the accurate knowledge of the channel state information. In a traditional paired spectrum scenario, the channel state information is known by the eNB through UE reporting base on codebooks. However the channel state information through reporting is less accurate than through SRS in the uplink used in unpaired spectrum.

The flexible duplex allows the different transmission directions in either part of the paired spectrum. The UE should be allowed to transmit sounding reference signal on either part of the paired spectrum. In this contribution the SRS transmission on a paired spectrum is discussed [1, 2]. 

2 Discussion
2.1 SRS transmission on the downlink dominant spectrum
FDD is used as the duplex mode on a paired spectrum traditionally in LTE/UMTS system. In LTE, massive MIMO is developed for high peak data rate and higher spectral efficiency. For TDD system on an unpaired spectrum, SRS is transmitted aperiodically or periodically by the UE for channel sensing. Because the downlink and uplink are on the same frequency, the channel symmetric is achieved using the SRS signal. The eNB can use the measured channel through SRS for downlink Beamforming or precoding. However, for the FDD on a paired spectrum, the downlink and uplink are on different frequencies. Channel symmetry cannot be achieved, codebook based CSI feedback is employed for the downlink precoding. However, the codebook based feedback cannot be as accurate as the SRS measurement. Furthermore for larger number antennas and frequent subband feedback, the feedback consumes a lot of time-frequency resources in the uplink. 
It was agreed NR should allow different transmission directions in either part of a paired spectrum. In this case SRS transmission in a downlink dominant frequency/carrier is a promising choice to improve the performance of the MIMO. The SRS transmission can be illustrated in the following figure 1. 
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Figure 1. Illustration of SRS transmission

One of the issues of the SRS transmission is the interference if the SRS resources configurations are different. However, for the MIMO performance improvement, all the cells can have the same SRS time domain configurations, and then the interference issues can be avoided. 
2.2 Simulation results 
In this section, the traditional FDD using codebook based for MIMO is compared with the SRS based scheme of flexible duplex. Full buffer simulation results for the urban macro scenario with 4/8 TXRU are provided in table 1. The simulation assumptions are provided in the appendix. 
For full buffer, 35~40% cell average throughput gain can be achieved. And the cell edge throughput is as high as ~16%. It can be seen from the simulation result, the SRS transmission on the paired spectrum can achieve significant spectrum gain compared with codebook based MIMO schemes. 
Table 1 DL Performance of full buffer
	Antenna configure
	Feature
	Cell Average Throughput (Mbps)
	Cell Average Throughput Gain
	Cell edge Throughput (Mbps)
	Cell edge Throughput Gain

	4TXRU
	Baseline (DL only)
	23.54
	-
	0.57 
	-

	
	SRS@ DL part carrier
	32.17
	+36.66%
	0.66
	+15.79%

	8TXRU
	Baseline (DL only)
	34.65
	-
	0.92
	-

	
	SRS@ DL part carrier
	48.55
	+40.11%
	1.07
	+16.30%


Observation: SRS on the downlink dominant frequency carrier can significantly improve the performance of the MIMO of the paired spectrum in flexible duplex. 
Proposal: SRS transmission on a downlink dominant frequency carrier is supported on a paired spectrum in flexible duplex.
3 Conclusions
In the contribution we have the following observation and proposal
Observation: SRS in the downlink dominant frequency carrier can significantly improve the performance of the MIMO of the paired spectrum in flexible duplex. 

Proposal: SRS transmission on a downlink dominant frequency carrier is supported on a paired spectrum in flexible duplex.
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Appendix

	Parameters
	Urban Macro

	Layout
	Single layer:

 -Macro layer: Hex. Grid 

19 site, 3sector per site

	Inter-BS distance
	500m

	Minimum BS-UE (2D) distance 
	35m

	Minimum UE-UE (2D) distance 
	3m

	Carrier frequency 
	2GHz

	Aggregated system 
bandwidth 
	2GHz: Up to 40 MHz (DL+UL)

	Simulation bandwidth 
	2GHz : 10MHz (DL)+ 10MHz(UL)  (FDD)

	Channel model 
	Below 6GHz:

 Macro-to-UE: 3D UMa ，Follow the modeling of TR36.873

	BS Tx power 
	Below 6GHz: 49 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 49 dBm 

	UE Tx power 
	Maximum 23 dBm 

	BS antenna configuration 
	Below 6GHz: 

 Baseline:

 (M,N,P,Mg,Ng)=(8,8,2,1,1)

 (dH,dV)=(0.5,0.8)λ  

	BS antenna configuration
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	BS antenna height 
	25m

	BS antenna element gain + connector loss
	8dBi

	BS antenna tilt
	102deg

	BS receiver noise figure 
	Below 6GHz: 5 dB

	UE antenna configuration 
	
[image: image3.wmf]{

}

2

,3

3

2

,3

3

,,

90

()min12,,90,25

()min12,,90,25

(,)min[()()],

o

o

EVVdBV

dB

o

EHmdBm

dB

EVEHm

ASLASLAdB

AAAdB

AAAA

q

qq

q

q

qq

q

qjqj

éù

æö

-

êú

=-==

ç÷

êú

èø

ëû

éù

æö

êú

=-==

ç÷

êú

èø

ëû

=--+



	UE antenna elements
	Below 6GHz: 2Rx

	UE antenna
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  for outdoor UEs: 1
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	UE antenna gain
	For below 6GHz: Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9 dB

	Traffic model
	Full buffer 

	UE distribution
	10 users per macro TRP 

80% indoor (3km/h) and 20% outdoor (30km/h)

	UE association
	based on RSRP measurement

	Transmission mode
	MU-MIMO
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