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1 Introduction
In LTE, UL MIMO is a key feature that has been supported to boost the uplink throughput. In RAN1#88, it was agreed that [1]

For control signalling for UL-MIMO:
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder
· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.

· Transmit Rank indicator (TRI)

· Possible values are up to the number of SRS ports configured in the indicated SRI

· Wideband transmit PMI (TPMI), with details FFS including dual-stage codebook (if supported)
· FFS: Possible PMs depend on the number of SRS ports configured in the indicated SRI

· FFS: whether to allow the existence of this field for non-codebook-based UL-MIMO transmission

· FFS: Subband TPMI 

· UL MCS indication

· UL HARQ related information

· UL Resource allocation

· FFS on multiple SRI indication and corresponding indications of TRI(s) and TPMI(s)

· FFS: Joint encoding or separate encoding
For frequency selectivity for UL-MIMO:
· Scheme A: Codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than X (FFS: Value of X).”, FFS the value X and the interpretation of transmission port(s)
· Scheme B: Non-codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than Y (FFS: Value of Y).”, FFS the value Y and the interpretation of transmission port(s)
For PRG size in UL-MIMO:
· For DFT-S-OFDM based transmission

· PRB bundling size is the whole scheduled bandwidth if the scheduled bandwidth comprises a single cluster.

· Note: UE shall apply the precoder in a way that the gNB may assume that UE uses the same precoder for all scheduled PRBs.

· Multi cluster case FFS (if supported)

· CP-OFDM based transmission

· For codebook based:

· PRB Bundling should be supported.

· FFS configurability of PRB bundling size, and/or PRB bundling size implicit determination 

· FFS applicability to some non-codebook based cases

· Non-codebook based:

· PRB Bundling should be supported.

· FFS: Configurability by gNB side e.g.

· PRB bundling on or off.

· PRB bundling size

In this contribution, based on those agreements, we will present our views on the UL non-codebook based MIMO design.
2 Frequency selective precoding for non-codebook based transmission 
For non-codebook based case, SRS is used to obtain uplink channel state information so that gNB can schedule uplink precoding by selecting one of the SRS resources/ports. Similar as the discussion in codebook based UL transmission in our companion contribution [2], limitation of ports number is also unnecessary since frequency selective precoding is based on configuration.
Proposal 1: Whether to use frequency-selective is a configuration, and the limitation of Y ports in the specification is unnecessary.
In the last meeting, frequency selective precoding is supported for non-codebook based UL transmission, when the uplink transmission ports is larger than Y. Similar as [2], if the transmission port definition is based on UL DMRS or PUSCH port, the value of Y should be 1, since the PUSCH/UL DMRS port have been precoded. If the transmission port is defined with SRS port, actually in our companion contribution [2], we show the gain is significant with 2 ports. Since the precoding vector in non-codebook based transmission is unconstrained by specified codewords, the finer precoding granularity, i.e. frequency selective precoding should also be suitable for non-codebook case.  

In the following, link level simulation results are provided in Figure 1for 2/4 SRS ports at UE. The related performance gain of frequency selective precoding over frequency non-selective precoding is shown in Table 1.

As shown in Table 1, significant gain also can be obtained by Y=2 ports with finer precoding. 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.
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Figure 1. 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 1.Performance gain of frequency selective precoding for non-codebook based UL transmission
Proposal 2: For non-codebook based UL transmission, if the definition of transmission port is based on SRS, the number of transmission ports for frequency selective precoding should be greater or equal than 2.
2.1 Discussion on the PRB bundling size 
For non-codebook based case, PRB bundling size, or equivalently, PRG size, refers to the frequency granularity of SRI indication, i.e., the number of PRBs that are indicated with the same SRI. A gNB-centric UL precoder mechanism has been proposed [3] for PUSCH transmission for system with full or partial channel reciprocity. In this scheme, UE firstly derives multiple uplink candidate precoders based on measurement on downlink RS and channel reciprocity. Then SRS ports precoded with these candidates are transmitted on configured SRS resources. gNB measures the multiple precoded SRS ports and indicates the selected SRI (SRS resource indicator) to the UE in UL grant. UE will use the indicated precoders as the beamformer for PUSCH. The procedure is shown in Figure 2. 
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Figure 2. Non-codebook-based transmission for PUSCH

For the indication of SRI, since frequency selective precoding is supported for non-codebook based UL transmission, different SRIs can be indicated for different subbands or subband groups. Therefore, we propose that：
Proposal 3: For non-codebook based UL MIMO, subband SRI indication should be supported for frequency selective precoding, and FFS the configuration mechanism for the PRG size.
3 Conclusion
From the above discussion, we have the following observations and proposals:

Proposal 1: Whether to use frequency-selective is a configuration, and the limitation of Y ports in the specification is unnecessary.
Proposal 2: For non-codebook based UL transmission, if the definition of transmission port is based on SRS, the number of transmission ports for frequency selective precoding should be greater or equal than 2.
Proposal 3: For non-codebook based UL MIMO, subband SRI indication should be supported for frequency selective precoding, and FFS the configuration mechanism for the PRG size.
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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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