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1	Introduction
In the last two RAN1 meetings, there were several agreed WF on NR UL-MIMO [1][2], covering issues on uplink transmission schemes for reciprocity calibrated/non-calibrated UEs, codebook-based/non-codebook-based transmission schemes, frequency selectivity, frequency selective precoding, and open-loop/closed-loop schemes for UL-MIMO.
This paper addresses serval NR UL-MIMO issues on UE transmission antenna configurations, uplink CSI acquisition and CSI feedback, SU-MIMO/MU-MIMO issue and frequency selectivity.  This paper is an updated from our previous paper [3].
The UL MIMO simulation results on frequency selective are also provided in our companion paper [4].

2	UE Transmission Antenna Configurations
For new radio UE to support uplink MIMO, we need to consider the UE’s capability to support multiple uplink transmission ports at below 6GHz carriers and above 6GHz carriers.  Given the significant difference in frequency characteristics and various UE implementations, the applied techniques, the intended applications, and performance could be distinguishable for below 6GHz carriers and above 6GHz carriers.  We shall consider different UE Tx antenna configurations for these two sets of carriers.
For below 6GHz carriers, as an extension of LTE uplink-MIMO, we shall consider omni-directional cross-polarization UE Tx antenna configurations, with number of TX ports up to 8Tx.  The uplink transmission ports can be 2Tx, 4Tx, or 8Tx.  No Tx ports higher than 8Tx shall be considered for below 6GHz carriers.
For above 6GHz carriers, directional UE antennas shall be considered where uplink beamforming gain can be achieved.  The UE antenna can be based on directional antennas with cross-polarized (XP) hybrid arrays.  The grid-of-beam UL beam selection/management shall be used.
A general framework to support both below 6GHz and above 6GHz shall be applied for NR uplink-MIMO design.  Therefore, the NR uplink MIMO design shall be based on a single MIMO design to support both omni-directional XP UE Tx and directional XP UE transmissions.  It will be up to UE’s capability to support various MIMO features depending on UE’s bands of operation and their corresponding implementation.
However, performance difference at below-6GHz carriers and at above-6GHz carriers may imply different choices of related techniques.  Certain methods, which may provide performance gain at below-6GHz carriers, might not perform as well at above-6GHz carriers, and vice versa.  Therefore, we may choose different techniques/methods for below-6GHz and above-6GHz carriers.
In summary, we propose:
Proposal 1:	For below 6GHz, omni XP UEs with 2Tx, 4Tx, and 8Tx shall be considered for UL-MIMO.
Proposal 2:	For above 6GHz, directional UEs with XP hybrid arrays with beam selection/management shall be considered for UL-MIMO.

3	Uplink CSI acquisition and CSI feedback
3.1	Uplink CSI acquisition and application of reciprocity
For TDD transmission, it is possible to use channel reciprocity property to acquire uplink CSI from downlink RS measurement.  If one UE is reciprocity calibrated with its DL, the estimated DL channel at the UE can be directly used as the desired uplink CSI.  The estimated uplink CSI may be forwarded to the BS through uplink control/data channels, and/or the uplink CSI can be used for precoding selection for uplink MIMO.
The utilization of reciprocity needs the UE to be calibrated, which will depend on the UE’s capability.  It is possible to introduce UE-specific signaling for the UE’s capability of reciprocity calibration.  This UE capability signaling is possible to inform BS so that the CSI acquisition can be operated accordingly based on UE’s capability. 
When the reciprocity non-calibrated UE cannot provide accurate uplink CSI from its downlink measurement, the uplink CSI acquisition shall depend on an SRS-based approach.  Uplink sound channel and/or other uplink channels can be used to estimate uplink CSI at the TRP.
Given that reciprocity-based approach depends on the UE’s capability, the new uplink MIMO design shall support both reciprocity-based and non-reciprocity-based CSI acquisition approaches.  At the TRP side, the CSI acquisition may be obtained with either of the operations: i) signaling from uplink control/data channels; ii) CSI estimation on uplink sounding channel.  The selection of either operations will be UE specific, depending on UE’s capability on reciprocity calibration.
For FDD transmission, it is also possible to acquire long term CSI with DL RS estimation.  The long term CSI can include information such as AoA information.
On uplink CSI acquisition, we propose
Proposal 3:	UE specific capability signaling can be used to indicate UE’s capability on reciprocity calibration.
Proposal 4:	Both reciprocity-based and non-reciprocity-based CSI acquisition schemes shall be supported.

3.2	Uplink CSI feedback
There are multiple approaches to feedback CSI to UE for precoder selection.  At least one of the two candidate schemes is to be supported: codebook based transmission, and non-codebook based transmission.  
The codebook based transmission uses a set of predefined precoding codebooks for UE UL-MIMO.  The selection of UE codebook can be based by BS-centric mechanism (PMI-based), or UE-centric mechanism.  Either of the mechanisms can use some assistant information from other side, such as BS-centric mechanism may need some UE-aided information, or the UE-centric mechanism may need some BS-side CSI feedback.  The choice of the detailed mechanism will depend on performance evaluation.
The other candidate, non-codebook based transmission may include various approaches for UE precoding generation. Unlike to the codebook based approach, the non-codebook based approach might provide extra gain with more accurate precoding matrix to match the uplink transmission channel.  However, the cost of CSI feedback for non-codebook based approaches could be higher than the codebook based approaches.  Simulations are needed to evaluate candidate schemes.
Proposal 5:	BS centric with UE-aided mechanism shall be supported for either codebook-based or non-codebook based transmission.
Proposal 6:	UE centric with BS-aided mechanism can be supported for UE with reciprocity-based CSI acquisition.

4	SU/MU-MIMO and Frequency-selective precoding
Both SU-MIMO and MU-MIMO shall be supported for uplink MIMO for both below-6GHz and above-6GHz carriers.  In our other contribution [5], we have shown uplink SU-MIMO performance from system simulations.
The frequency-selective precoding is possible for uplink MIMO; however, performance gain and design issues shall be carefully evaluated for both below 6GHz carriers and above 6GHz carriers.  The SU-MIMO performance with frequency selective precoding is shown for the 4GHz UMa environment in our companion contribution [4].  The 30GHz UMa performance is shown in [5] under TDD with single/multiple antenna panels.  In general, it is observed that there is little gain for codebook-based precoding at 4GHz, and there is a slight gain in mean UE throughput when using sub-band-based precoding for ideal reciprocity-base precoding.  More detailed proposals on leveraging frequency selectivity and sub-band granularity can be found in [4] for UL-MIMO.

6	Summary
A general framework for UL-MIMO to address various issues is provided in this contribution.  In summary, we have these proposals to be considered for NR UL-MIMO design:
Proposal 1:	For below 6GHz, omni XP UEs with 2Tx, 4Tx, and 8Tx shall be considered for UL-MIMO.
Proposal 2:	For above 6GHz, direction UEs with XP hybrid arrays with beam selection/management shall be considered for UL-MIMO.
Proposal 3:	UE specific capability signaling can be used to indicate UE’s capability on reciprocity calibration.
Proposal 4:	Both reciprocity-based and non-reciprocity-based CSI acquisition schemes shall be supported.
Proposal 5:	BS centric with UE-aided mechanism shall be supported for either codebook-based or non-codebook based transmission.
Proposal 6:	UE centric with BS-aided mechanism can be supported for UE with reciprocity-based CSI acquisition.
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