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Introduction
In RAN1 #AH1_NR, a WF on UL MIMO transmission [1] has been discussed.  Some agreements are as follows [2]. 
· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· 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: 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 discuss open issues of non-codebook based UL transmission scheme.
Discussion
Frequency selective precoding
Frequency selective UL precoding may not always provide substantial gain over wideband UL precoding.  First, the gain may only be observed when the resource allocation in frequency domain is wide enough.  In case of narrow band resource allocation, e.g., for cell-edge UEs which have limited transmit power, frequency selective UL precoding cannot bring any performance benefit at all.  Second, even for the cell-center UEs which can support a wider band UL transmission may still not be benefit from frequency selective precoding.  This is because the precoding granularity is getting less significant as the number of receive antennas is increasing, which is true that much more antennas can be used for UL receiving at the NR gNB than those at an LTE eNB.  Third, there is a trade-off between the gain brought by finer precoding and the overhead required to indicate subband precoding information in UL grant.  This may even limit the usefulness of frequency selective precoding.  At last but not least, the increased UE implementation complexity is another important aspect which needs to be taken into account.  
In Figure 1, we show simulation results of the beamforming gain with reciprocity based 2-TX beamforming in TDL-C channel with 300ns r.m.s. delay spread.  We assume the MSE of channel estimation is 10dB, 20dB, or 50dB.  We compare the beamforming gain of per-RB beamforming and wideband beamforming with a resource allocation of 10 RBs.  The beamforming gain is normalized by that of open-loop beamforming.  We observe that the maximum beamforming difference between the two precoding designs is always smaller than 0.32 dB even in the most optimistic scenarios, as shown in Figure 2(a).  Note also that the low channel estimation quality, which is likely the case when the UE is in the cell-edge, the difference between the two precoding designs is even smaller or even zero, as shown in Figure 2(c).  Note that if the allocation is smaller, for example 6 RBs (1.08 MHz), then the difference is generally even smaller, for example smaller than 0.2 dB even for the case of relatively high channel estimation quality (MSE of 20 dB), as shown in Figure 2(d).
	[image: C:\Users\amanolak\Desktop\PentNew\OLLA\pentariLink\wilt_infra\run\test\ULMIMO\PresentTDLC300nsec_10RBs_50dB.jpg]            [image: C:\Users\amanolak\Desktop\PentNew\OLLA\pentariLink\wilt_infra\run\test\ULMIMO\PresentTDLC300nsec_10RBs_20dB.jpg]
(a) 10 RBs, MSE of 50dB                                                          (b) 10 RBs, MSE of 20dB
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(c) 10 RBs, MSE of 10dB                                                       (d) 6 RBs, MSE of 20dB


Figure 1.  Beamforming gain w.r.t. OL beamforming of per-RB beamforming and wideband beamforming with different channel estimation quality in TDL-C (300ns).
In Figures 2 and 3, we show simulation results for multi-layer transmission with a large RB allocation (80 RBs).  For the subband precoding, we perform SVD based precoding for each RB.  For the wideband precoding, a single precoding matrix is applied to all 80RBs.  We study the performance benefit of subband precoding under different channel estimation qualities.  In Figure 2, the results are obtained when the MSE of DL channel estimation is 0dB.  It shows that with poor channel estimation, increasing UL precoding granularity doesn’t provide any gain over wideband UL precoding.  In Figure 3, the MSE of DL channel estimation is 15dB.  When the UE is configured with 2 transmission ports, subband precoding is not needed even for rank-2 transmission.  When the UE is configured with 4 ports, marginal gain can be observed for rank-1 and rank-2 transmissions with subband precoding.  When the UE is configured with 8 ports, subband precoding can bring some gain for rank-4 transmission.
[image: ] [image: ] [image: ]
Figure 2.  Subband versus wideband UL precoding in TDL-C (300ns) with MSE of 0dB.
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Figure 3.  Subband versus wideband UL precoding in TDL-C (300ns) with MSE of 15dB.
Observation 1: There’s no performance benefit to support frequency selective precoding when the UL transmission ports is 2. 
Observation 2: Non-codebook based UL frequency selective precoding can provide some gain when the number of transmission ports is larger than or equal to 4 with high DL channel estimation quality.
Determining UL precoder
When the UL/DL channel reciprocity is available, the uplink precoding may be determined by UE based on downlink channel measurement.  For a UE with  TX chains, one possible procedure is as follows:
1) The UE estimates the downlink channel, , based on the CSI-RS.  
2) The uplink precoding matrix, , , is derived based on the downlink channel estimation by exploiting uplink/downlink channel reciprocity.
3) The UE sends -port precoded SRS to the gNB, where the th port is precoded by , .
4) The gNB estimates the precoded uplink channel, , based on the precoded SRS.
5) The gNB performs uplink link adaptation and choose  ports for uplink data transmission, where . 
Proposal 1: For non-codebook based UL transmission, the UL precoder is recommended by UE in form of precoded SRS and is selected by gNB in form of antenna port selection.
One way to indicate antenna port selection is to include port selection TPMI in the UL codebook and indicate the corresponding TPMI in the UL grant.  With this approach, the non-codebook based UL transmission and codebook-based UL transmission may have similar UL grant signaling.  Both schemes may be further merged into a single scheme.
Observation 3: Codebook-based UL transmission and non-codebook based UL transmission may be merged into a single scheme.
It’s worth noting that even under TDD operation, the reciprocity is guaranteed only for the physical propagation channel between the transmit and receive antennas at both ends, but not for the effective baseband channel due to asymmetric RF circuits in the transmitting/receiving paths.  So, the channel estimates from the DL reference signals cannot be directly utilized for deriving the UL precoding matrix.  To resolve this issue, the UE-side TX/RX calibration is needed, as pointed out in [3].  This is similar to the RF calibration at the TRP side when performing DL precoding based on UL channel estimation.  TRP side calibration has been thoroughly discussed in LTE.  Essentially, there are two types of calibration schemes – self-calibration methods and over-the-air calibration methods. Self-calibration does not need any additional air-interface signalling, but does require an additional reference antenna port and some additional analogue switches and attenuators to be implemented for wiring all the antennas together.  OTA calibration which doesn’t require any additional hardware support, on the other hand, requires some additional signaling support.  Although the self-calibration has been widely adopted in TDD eNB implementation, its applicability for UE-side calibration is unclear.  Unlike at the TRP-side, it may be difficult to control the attenuation during the calibration phase at the UE-side due to the handholding.  
Proposal 2: Consider network assisted OTA calibration for below 6GHz.
[bookmark: _GoBack]Conclusions 
To summarize, we discussed several uplink MIMO transmission schemes.  We have following observations.
Observation 1: There’s no performance benefit to support frequency selective precoding when the UL transmission ports is 2. 
Observation 2: Non-codebook based UL frequency selective precoding can provide some gain when the number of transmission ports is larger than or equal to 4 with high DL channel estimation quality.
Observation 3: Codebook-based UL transmission and non-codebook based UL transmission may be merged into a single scheme.
The proposals are as follows.
Proposal 1: For non-codebook based UL transmission, the UL precoder is recommended by UE in form of precoded SRS and is selected by gNB in form of antenna port selection.
Proposal 2: Consider network assisted OTA calibration for below 6GHz.
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