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1 Introduction
UL MIMO is a key feature that has been supported to boost the uplink throughput. In RAN1 AdHoc, it was agreed that [1]:
· Support at least the following UL transmission schemes for data in NR

· Scheme A: Codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).

· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 

· Study the following DL signaling, e.g.,

· One level DCI

· Two level DCI

· MAC CE

· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)

· Scheme B: Non-codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).

· Support the indication of DL measurement RS for UE to calculate candidate precoder

· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based

· Diversity-based transmission schemes

· FFS: Whether the scheme has specification impact or not

· FFS: Merging of the schemes

And in [2], it is agreed that 

Agreements:

· For PUSCH precoder determination in non-codebook-based UL MIMO, support at least one of the followings: 

· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant

· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant

· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant

· Alt. 4: signalling of a single TRI, a single CRI without TPMI indication in the UL grant

· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)

· Note: this may depend UE’s capability in terms of calibration

This contribution first discusses the gain of transmission with multi-subband precoding for UL channels and illustrates that it is beneficial to have rank-adaptive transmission over multiple subbands. It then points out that the correlation of channel characteristics (i.e. rank of the UL channels) between neighboring UL subbands.  It finally proposes to include multi-rank transmission and to use the correlations among ranks to reduce the rank indication overhead.

2 Multi-subband UL MIMO: Performance 

Table I shows the throughput gain of UL subband precoding with respect to wideband precoding (LTE baseline) when the number of antennas at the eNB is 8 and the number of antennas at the UE are two and four. In contrary to the baseline LTE system for which only a fixed number of layers along with a precoding matrix is selected for all scheduled resources for each UE,  with the subband precoding the number of layers with the precoding matrix is updated over each subband. The spectral efficiency gain of the subband precoding is observed to be notable and serves as a motivation for consideration of subband UL precoding with multiple RI for NR. The simulation assumption is shown the Table II in appendix.
Table I: Throughput gain for different SNRs for the Simulation Assumptions in Table II.
	SNR
	Gain for 2Tx at UE
	Gain for 4Tx at UE

	-6 [dB]
	6.40%
	20%

	0 [dB]
	8.57%
	14%


The above result for subband UL precoding serves as a motivation for consideration of the subband precoding for NR. Thus we have the following proposal:

Proposal 1: Consider multiple RI for multi-subband UL MIMO Transmission to enhance the spectral efficiency.    

3 Multi-subband UL MIMO: Rank Characteristics 

In this subsection we will have a closer look at rank of the channel over multiple subbands. Table III shows an example of ranks of the UL channels over 10 subbands for 6 UEs when the total UL bandwidth is 100 MHz, where each subband is set to 10 MHz, for the simulations assumption in Table II. It is observed that the RI (i.e. the maximum number of UL data layers) can vary over different subbands for each UE. But more importantly it is observed that there exists high correlation among the ranks over different subbands.  That is the change in RI is limited and in most cases the rank is increased by one, or decreased by one or there is no change with respect to the rank of the earlier subband.  
Table III: Rank of UL channels in 100MHz system bandwidth for 6 UEs each with 4 antennas under the simulation assumptions in Table II.
	Rank

	Subband
	UE 1
	UE 2
	UE 3
	UE 4
	UE 5
	UE 6

	1
	1
	2
	3
	2
	1
	1

	2
	2
	2
	4
	3
	2
	1

	3
	2
	3
	4
	3
	2
	2

	4
	2
	2
	4
	3
	2
	2

	5
	2
	2
	4
	3
	2
	2

	6
	2
	3
	4
	3
	2
	1

	7
	1
	3
	3
	3
	2
	1

	8
	1
	3
	3
	3
	2
	1

	9
	1
	3
	3
	3
	2
	2

	10
	1
	3
	3
	3
	2
	2


Thus we have the following observation: 
Observation: The ranks of UL channels over neighboring subbands are correlated. 
The correlation can be used to reduce the RI overhead since the changes in the rank are limited and dependent on earlier subbands. 
Proposal 2: Utilize the correlations of RI over multiple subbands to reduce the RI overhead.
4 Conclusions
For multi-subband PUSCH MIMO transmission we have the following observation and the two following proposals: 

Observation: The ranks of UL channels over neighboring subbands are correlated.
Proposal 1: Consider multiple RI for multi-subband UL MIMO Transmission to enhance the spectral efficiency.    

Proposal 2: Utilize the correlations of RI over multiple subbands to reduce the RI overhead.
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Appendix

Table II: Simulation Assumption
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Channel Model
	3D  channel  model ( refer to 36.873)

	Velocity
	3km/h

	eNB Antenna Configuration
	8Tx /8Rx cross polarized array with 0.5λ antenna spacing 

	UE Antenna Configuration
	4Tx/4Rx cross polarized array with 0.5λ antenna spacing

	CP
	Normal

	Signal Bandwidth
	100MHz

	Channel Estimation
	Non-Ideal

	Receiver 
	MMSE receiver


