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Introduction
In RAN1 #88, the following agreements were made regarding UL MIMO transmission [1]:
· 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)
In this contribution, we provide system-level simulation results for different granularity of the sub-band used for frequency selective precoding, for different number of transmission ports at the UE.
Discussion
Definition of transmission ports
In RAN1#88, there was some discussion regarding the definition of UL “transmission ports.”  In general, it is important for a gNB to be able to determine the channel state information for scheduling and link-adaptation purpose.  Similar to DL, the gNB can assume that UL transmission is carried out from a set of UL transmission ports.  From the gNB’s perspective, the UL transmission ports is identified by corresponding reference signals, i.e., the SRS.  The gNB can assume that the PUSCH signal transmitted from an UL transmission port has experienced the same radio channel as the SRS transmitted from the same UL transmission port.  The gNB can determine the channel state information of the channel between the gNB and the UE transmission ports for scheduling and link-adaptation.  It should be noted that an UL transmission port is an abstract concept that does not necessarily correspond to a specific physical UE antenna.  The mapping from physical UE antenna to a transmission port is transparent to the gNB.  One UL transmission port may be virtualized by multiple physical antennas.  Also, one UL transmission port may be mapped to different physical UE antennas in different period of time.  Such transparency allows flexibility in UE implementation.  For example, in handheld UEs some physical antennas may be blocked by hand.  By introducing the concept of transmission ports, a UE can choose the “best” physical antennas to transmit SRS and PUSCH.  
Proposal 1: An UL transmission port is an antenna port associated with a SRS.
Frequency selective precoding
In [2], we present link-level simulation results which show that, compare to wideband precoding, frequency selective precoding provides
· No gain when the number of UL transmission ports is 2.  
· No gain when the number of UL transmission ports is 4 and the MSE of UL channel estimation is not high enough.
To further study the potential benefit of subband precoding, extensive system-level evaluation is conducted.  The simulation assumes that the 20 MHz simulation bandwidth is divided into 52 RBs, after excluding the guard band. The following granularities for sub-band precoding were considered: 4 RB (13 subbands) and 52 RB (wideband).  Detailed simulation assumptions are summarized in the Table 1.
[bookmark: _Ref477961136]Table 1: System simulation assumptions.
	Parameters
	Dense urban

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m

	Carrier frequency 
	Macro layer: 4 GHz 

	Aggregated system bandwidth
	80MHz (DL+UL) 

	Simulation bandwidth
	20MHz per CC

	Channel model
	3D UMa

	Tx power 
	BS: 44 dBm PA scaled with simulation BW
UE: 23dBm

	UE power control
	Open loop, P0 = 20 dB above thermal, α = 0.8

	BS antenna configuration
	{64, 128} Tx /Rx antenna elements (X-pol)
{(8, 4, 2), (8, 8, 2)}

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height 
	25 m 

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5 dB

	UE antenna elements
	{2, 4, 8} Tx /Rx antenna elements 

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Full buffer

	Traffic load (Resource utilization)
	100%

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h)
Uniform/macro TRP (10 users per TRP for full buffer traffic)

	UE receiver
	MMSE-IRC as the baseline receiver

	Channel estimation
	Ideal for scheduling, beam selection; 
{Ideal, Realistic} at demodulation


The procedure used for determining the UL precoder is as described in [2] – the UE estimates the downlink channel, selects uplink precoding along the singular vectors and signals them using precoded SRS. The gNB estimates the proposed precoders and performs scheduling to down-select the ports and compute MCS. The scheduling is performed in a wideband manner based on the proportional fair metric. 
The plots below show the mean cell-spectral efficiency and 5th percentile UE-spectral efficiency for two cases. The first case assumes ideal channel estimation for demodulation, while the second case incorporates the impact of channel estimation error for demodulation. In all the plots, the X-axis shows the number of ports at the base station and the UE respectively. For each case, two bars are shown – one corresponding to subband precoding with 4 RB granularity (marked as “SB”) and the other corresponding to 52 RB granularity, i.e., wideband precoding (marked as “WB”). The percentage change in the performance metric for subband precoding relative to wideband precoding is also shown.
Figure 1 and Figure 2 show the results for SU-MIMO and MU-MIMO respectively, with ideal channel estimation.  As compared to wideband precoding, sub-band precoding is seen to provide some gains for the case with 8 antennas at the UE. However, for the case with 4 antennas, the gain is lower, and for the case with 2 antennas, there is no gain. 
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[bookmark: _Ref477966388][bookmark: _GoBack]Figure 1: SU-MIMO (ideal channel estimation)
Mean cell spectral efficiency and 5th percentile UE spectral efficiency
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[bookmark: _Ref477967085]Figure 2: MU-MIMO (ideal channel estimation)
Mean cell spectral efficiency and 5th percentile UE spectral efficiency
Observation 1: With ideal channel estimation, subband precoding provides no gain for 2 TX ports, negligible gain for 4 TX ports, and some gain for 8 TX.
Figure 3 shows results for SU-MIMO with realistic demodulation channel estimation error. It can be seen that both for the mean and the tail spectral efficiency, 4-RB subband precoding does not provide much benefit over wideband precoding when the number of ports at the UE is 2 or 4 once the channel estimation error is incorporated. In fact, the performance is worse than wideband precoding in many cases. Subband precoding provides some benefit only with 8 ports at the UE. 
Figure 4 shows results for MU-MIMO with realistic demodulation channel estimation error. In all the cases, the performance of subband precoding is worse than that of wideband precoding.
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[bookmark: _Ref478113015]Figure 3: SU-MIMO (realistic channel estimation for demodulation)
Mean cell spectral efficiency and 5th percentile UE spectral efficiency
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[bookmark: _Ref478113022] Figure 4: MU-MIMO (realistic channel estimation for demodulation)
Mean cell spectral efficiency and 5th percentile UE spectral efficiency
Observation 2: Based on the system evaluation results for dense urban scenario, UL frequency selective precoding does not provide any performance improvement when the number of transmission ports at the UE is 4 or lower. 
Proposal 2: Frequency selective precoding for CP-OFDM is not supported when the number of transmission port(s) is less than or equal to 4.
Conclusions 
To summarize, we discussed several uplink MIMO transmission schemes.  We have following observations.
Observation 1: 	With ideal channel estimation, subband precoding provides no gain for 2 TX ports, negligible gain for 4 TX ports, and some gain for 8 TX.
Observation 2: 	Based on the system evaluation results for dense urban scenario, UL frequency selective precoding does not provide any performance improvement when the number of transmission ports at the UE is 4 or lower. 
The proposals are as follows.
Proposal 1:	An UL transmission port is an antenna port associated with a SRS.
Proposal 2:	Frequency selective precoding for CP-OFDM is not supported when the number of transmission port(s) is less than or equal to 4.
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