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1. Introduction

Channel reciprocity based MIMO transmission has shown its promising gain, where the downlink channel can be obtained by uplink channel sounding with corresponding sounding reference signals (SRS). During the last RAN1 meeting, the following agreements have been reached about SRS design [1]. 
	Agreements:
· At least the following RSs are supported for NR uplink

· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: beam management

· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not

· FFS whether new RS or RS for other functionalities can be used

· FFS: Reference signal for RRM measurement

· FFS whether new RS or RS for other functionalities can be used

Agreements:
· NR supports configurable SRS bandwidth
· Partial-band size can be configured
· Partial-band is smaller than the largest transmission bandwidth supported by the UE
· Within a partial-band the PRBs for SRS transmission can at least be consecutive in the freq. domain

· FFS: Size of partial band
· FFS: Non-consecutive within partial band
· FFS: Multiple partial-bands transmitted simultaneously considering impact with OFDM and DFT-S-OFDM waveforms
· FFS: Simultaneous transmission can be from multiple panels.
· FFS: Frequency hopping of partial bands 
· Full band size can be configured
· Equal to the largest transmission bandwidth supported by the UE 
· NR supports aperiodic SRS transmission triggered by the network
· FFS on other trigger mechanism, e.g. event triggered
· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  
· FFS: NR supports at least one of followings 
· Periodic SRS transmission
· Semi-persistent SRS transmission
· FFS: NR supports multiple numerologies for SRS transmission from one UE


In this contribution, we study the performance of channel reciprocity based MIMO transmissions with practical non-ideal factors. Based on these studies, we discuss the RS design issues for channel reciprocity based MIMO transmission.
2. Discussion on Channel Reciprocity based MIMO Transmissions
The accuracy of the reciprocity based channel state information is very important when they are used for generating beamforming vectors for the data transmission. Especially, when multi-user (MU) MIMO transmission is conducted, the accuracy of the channel state information (CSI) impacts the multi-user interference within a TRP. In practical systems, there are several factors which may cause the reciprocity based channel state information to be inaccurate. Such kind of non-ideal factors should be considered when evaluating channel reciprocity based MIMO transmissions. Following we list several major non-ideal factors which impact the channel reciprocity.
· RF channel mis-calibration. TDD systems usually have RF channel calibration mechanism to eliminate the difference among Tx and Rx channels. The residual calibration error, which is a multiplicative noise, has impacts on the channel reciprocity and should be studied for channel reciprocity based transmissions.

· Channel aging which is caused by the sounding periodicity and latency. The period of uplink channel sounding is limited by the SRS symbol resource and port numbers.
· Sounding error which is caused by the channel estimation based on uplink sounding reference signals.
· Asymmetric design of Tx and Rx antennas at UE side. In some UE design, Tx antenna number is smaller than the Rx antenna number. In this case, it is not possible to obtain a full DL channel information based on reciprocity.
As shown in Appendix, we evaluate the performance of TDD massive MIMO in NR urban macro scenario. Three cases, with different assumptions on the above mentioned non-ideal factors, are considered in the performance evaluation.

· Case 1: Ideal CSIT without any non-ideal factors.
· Case 2: Channel sounding period and latency, RF channel calibration error, and uplink channel sounding error are considered. Different calibration and sounding error levels have been modelled during the evaluations. The amplitude of the RF channel calibration error is log-normally distributed with a zero mean and a variance of 
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. Considering that the NR SRS design is still under discussion now, we model in our evaluation the uplink channel sounding error as an AWGN parameterized by a fixed channel estimation quality, i.e., the MSE of the uplink channel sounding,  
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. In order to observe the effects of these factors, multiple values of each parameter have considered during the evaluation, which are listed in Table 1.
Table 1 Simulation Assumptions on Non-Ideal Parameters
	Simulation Case
	
[image: image4.wmf]2

C

s

 [dB]
	
[image: image5.wmf]q

[deg]
	
[image: image6.wmf]2

S

s

[dB]

	Case 2-1
	0.5
	5
	-20

	Case 2-2
	0.5
	5
	-15

	Case 2-3
	0.5
	5
	-10

	Case 2-4
	1
	10
	-20

	Case 2-5
	1.5
	15
	-20


From the evaluation results of these cases, we have the following observations:
Observation 1: With the non-ideal parameter assumption in Case 2-1, limited performance degradation (about 5%) is observed on reciprocity based downlink massive MIMO transmission compared to those with perfect CSI case. 
Observation 2: The performance degradation caused by the non-ideal factors is enlarged when there are more spatial multiplexing layers during the transmissions. 
Current evaluation results have shown the promising gain of TDD massive MIMO in the NR UMa scenario after even considering several non-ideal factors. In order to obtain comprehensive observations on TDD massive MIMO with reciprocity based CSI acquisition, further study should be conducted in more NR scenarios. The impacts of the non-ideal factors should be further clarified with more evaluation in order to guide NR RS design. Besides, more practical existing factors should be considered as well, such as the partial channel reciprocity caused by asymmetric transmitter and receiver antenna design at the UE side. Therefore, we propose to further study the TDD massive MIMO. 
Proposal 1: RAN1 continues investigating the performance of TDD massive MIMO with following non-ideal factors and clarify the requirements on system design. The non-ideal factors include:

· Antenna calibration error
· Channel aging due to sounding period and latency
· Channel estimation error
· Asymmetric Tx and Rx antenna design at UE side
3. RS Design for Channel Reciprocity based Transmission
Based on the evaluation results, it is observed that there is minor performance degradation with 5 ms sounding periodicity and -20dB channel estimation MSE. When the sounding error is larger, the performance degradation is increased especially for high-order MU-MIMO transmission. More than 10% performance loss is observed in some cases. Therefore, in order to fully utilize the spatial multiplexing ability of the large scale array to serve more UEs simultaneously, the base station should acquire the CSI from more UEs and timely update them for user scheduling and downlink transmissions. It introduces more challenges to the SRS design which should be considered during the study of NR. 
Proposal 2: The SRS capacity in NR should match the requirement of MIMO transmission with higher-order MU-MIMO.

The CSI obtained from channel reciprocity can be used for both user scheduling and downlink transmissions. For user scheduling, it requires the CSI on full band in order to schedule the UEs on frequency domain to achieve the scheduling gain. However, considering the SRS overhead and UE transmission power constraint, it is hard to always conduct full band uplink sounding for all UEs. A mechanism which can be used to obtain full band CSI within limited time should be supported by NR.

Proposal 3: NR should support a SRS design which can be used to obtain a full band channel sounding results with multiple X sounding instances.
4. Conclusion
We discussed issues about channel reciprocity based MIMO transmission in this contribution. Based on these discussions, we have following observations and contributions,
Observation 1: With the non-ideal parameter assumption in Case 2-1, limited performance degradation (about 5%) is observed on reciprocity based downlink massive MIMO transmission compared to those with perfect CSI case. 
Observation 2: The performance degradation caused by the non-ideal factors is enlarged when there are more spatial multiplexing layers during the transmissions. 
Proposal 1: RAN1 continues investigating the performance of TDD massive MIMO with following non-ideal factors and clarify the requirements on system design. The non-ideal factors include:

· Antenna calibration error
· Channel aging due to sounding period and latency
· Channel estimation error
· Asymmetric Tx and Rx antenna design at UE side

Proposal 2: The SRS capacity in NR should match the requirement of MIMO transmission with higher-order MU-MIMO.

Proposal 3: NR should support a SRS design which can be used to obtain a full band channel sounding results with multiple X sounding instances.
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Appendix

Table A shows the simulation assumptions used for the evaluations in this contribution. Table B shows the average cell throughput and 5% UE throughout with 20 UEs per TRP, respectively.

Table A: Evaluation assumptions

	Parameter
	Values

	Scenarios
	NR Urban macro

	Carrier frequency
	4 GHz

	Bandwidth
	10 MHz (DL)

	Channel model
	3GPP 3D-UMa

	BS Tx power
	49 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)[image: image8.png]




	BS antenna pattern
	According to Table A.2.1-3

	BS TXRU mapping
	One-to-one port mapping

	UE antenna configurations
	(M, N, P) = (1, 1, 2)

	UE distribution 
	80% indoor, 20% outdoor

	UE attachment 
	Based on RSRP from CRS BS port 0 (Downtilt of CRS port 0 is 100 deg)

	UE antenna pattern
	Omni-directional

	UE velocity
	3kmph

	Traffic model
	Full buffer

	UE number per TRP
	20

	UE receiver
	MMSE-IRC

	CSI acquisition
	Case 1: Ideal

CDI: Ideal based on channel reciprocity, sounding period 1ms

CQI/RI: UE feedback, feedback period 1ms, latency 1ms

Case 2: 

CDI: Based on channel reciprocity with calibration error model, sounding period 5ms with MSE model on SRS channel estimation.

CQI/RI: UE feedback, feedback period 5ms, latency 5ms

	Scheduler
	Multi-user PF scheduler


Table B: NR Urban Macro Scenario 4GHz, 20 UEs per TRP.

	Evaluation Cases
	Performance Metric
	MU dimension

	
	
	8 layers
	12 layers

	1
	Spectrum efficiency [bps/Hz]
	Average
	15.8
	17.3

	
	
	5% UE
	0.13
	0.12

	2-1
	Spectrum efficiency [bps/Hz]
	Average
	15.0 (-5%)
	16.4 (-5%)

	
	
	5% UE
	0.12
	0.12

	2-2
	Spectrum efficiency [bps/Hz]
	Average
	14.8 (-6%)
	15.9 (-8%)

	
	
	5% UE
	0.12
	0.11

	2-3
	Spectrum efficiency [bps/Hz]
	Average
	14.2 (-10%)
	15.2 (-12%)

	
	
	5% UE
	0.11
	0.11

	2-4
	Spectrum efficiency [bps/Hz]
	Average
	14.7 (-7%)
	16.1 (-7%)

	
	
	5% UE
	0.11
	0.11

	2-5
	Spectrum efficiency [bps/Hz]
	Average
	14.6 (-8%)
	15.7 (-9%)

	
	
	5% UE
	0.12
	0.11
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