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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In LTE, UL MIMO is a key feature that has been supported to boost the uplink throughput. In the RAN1#NR adhoc meeting, 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
· Support rank determination by gNB
· Support PRB bundling for CP-OFDM
· Study configurability of PRG size for CP-OFDM
· Study the PRG size
· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.
In this contribution, we will present our views on the UL MIMO design.
1. [bookmark: _Ref129681832]Frequency selective precoding for non-codebook based transmission 
1. Discussion on the value of Y
In the last meeting, frequency selective precoding is supported for non-codebook based UL transmission, when the uplink transmission ports is larger Y. To determine the value of Y, link level simulation results are provided in Figure 2 for 2/4 SRS ports at UE. The related performance gain of frequency selective precoding over frequency non-selective precoding is shown in Table 2.
As shown in Table 2, the performance gain of frequency selective precoding over frequency non-selective precoding is 15% at SNR of -6dB for 2 SRS ports. The performance gain continues to increase when the number of SRS ports grows. Therefore, Y=2 should be supported for non-codebook based UL transmission.

[image: image001]
Figure 2. Performance gain of frequency selective precoding for non-codebook based UL transmission
	SNR
	Gain for 2 SRS ports at UE
	Gain for 4 SRS ports at UE

	-6dB
	15%
	20%

	-4dB
	9%
	12%


Table 2.Performance gain of frequency selective precoding for non-codebook based UL transmission
Proposal 1: For non-codebook based UL transmission, support frequency selective precoding for CP-OFDM when the number of transmission port is greater or equal than 2.
1. [bookmark: OLE_LINK94][bookmark: OLE_LINK93][bookmark: OLE_LINK35][bookmark: OLE_LINK34]Discussion on the mechanisms for UL precoder determination
For TDD system, the determination of UL precoder for PUSCH transmission can exploit the channel reciprocity. For example, UE can obtain the UL CSI based on the DL RS measurement, and it seems that the UL precoder can be determined by UE directly. However, it is risky to completely rely on UE’s determination, since the inter-user interference will be random and uncontrollable without the coordination of gNB. Additionally, the obtained precoder cannot be used for PUSCH transmission directly without the knowledge of scheduling information especially the MCS information, and MCS should be determined by gNB based on a specific UL precoder. Thus, gNB-centric UL precoder mechanism should be supported to guarantee PUSCH transmission performance.


Figure 3. Non-codebook-based transmission for PUSCH
The procedure of gNB-centric non-codebook-based transmission for PUSCH is shown in Figure 3. Firstly, UE derives multiple uplink candidate precoders based on measurement on downlink RS and channel reciprocity, where the candidate precoders calculation from UE side based on DL measurement RS have been agreed in last meeting Then SRS ports precoded with these candidates are transmitted on configured SRS resources. gNB measures the multiple precoded SRS ports and indicates the selected ones to the UE in UL grant. UE will use the indicated precoders to implement the beamforming for PUSCH. This mechanism is suitable for the precoded SRS based UL precoder determination, and the application of this mechanism to hybrid precoded and non-precoded SRS based UL precoder determination can be further studied.
[bookmark: OLE_LINK33][bookmark: OLE_LINK28][bookmark: OLE_LINK183][bookmark: OLE_LINK184]Proposal 2: For non-codebook-based transmission, UE-aided and gNB-centric UL precoding should be supported.
Conclusion
From the above discussion, we have the following observations and proposals:
Proposal 1: For non-codebook based UL transmission, support frequency selective precoding for CP-OFDM when the number of transmission port is greater or equal than 2.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: OLE_LINK189][bookmark: OLE_LINK190][bookmark: OLE_LINK191][bookmark: OLE_LINK37]Proposal 2: For non-codebook-based transmission, UE-aided and gNB-centric UL precoding should be supported.
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Appendix
Simulation parameters
	Parameter
	Value

	SNR
	[-12 5]dB

	System bandwidth
	20MHz

	Channel Model
	CDLB-300

	Velocity
	3km/h

	eNB Antenna 
	16Rx 

	UE Antenna 
	2/4Tx

	UE Number
	1

	Layer Number
	1

	AMC
	ON

	Frame Structure
	UL MIMO of prototype

	CP
	Normal

	Channel Estimation
	Non-Ideal

	Receiver
	MMSE
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