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1. Introduction
In RAN1 #87 meeting, it is agreed that the frequency selective and frequency non-selective precoding can be supported for UL MIMO transmission [1]. The detail agreements are as follows:
· Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is greater than X
· Following examples can be studied
· Example 1: Precoding information for a given partial BW is explicitly indicated by gNB
· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2
· W1 and W2 can be signaled in one DCI or two separate DCIs
· Example 2: A single beam group in UL codebook is indicated by BS for UL transmission in perspective of the system bandwidth
· Example 2a: Precoder cycling  is adopted within the beam group 
· Example 2b: The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.
· Example 3: Reciprocity based precoding
· Other examples are not precluded
· FFS: X value
For frequency selective channel, the subband precoding may help to produce some performance gain, which has already been supported in LTE downlink. However for downlink, the precoder can be transparent to the UE. But for uplink, some control signalling could be necessary. There can be two kinds of transmission schemes: one is codebook based; the other is non-codebook based. For the codebook based transmission, the TRP could configure the PMIs for different subbands by some downlink signalling. For the non-codebook based transmission scheme, the UE could estimate the precoder if the channel is known based on reciprocity or downlink signalling. Then for frequency selective channel, the UE could use different precoders for different resources. In this contribution, we will provide some discussion for the uplink subband precoding for both codebook based and non-codebook based scheme.
2. Discussion
Value of X
When the channel is frequency selective, it can be different in different RB or PRGs. For uniform linear array antenna structure, the transmission direction could change if different precoders are applied when X>1. Thus when X=2, different transmission direction could be observed from different RBs as a result of frequency selective channel. For cross-polarized antenna structure, when X≥4, for the antennas in the same polarization, it could be viewed the same as ULA X=2. For X=2 case, the precoder could only reflect the co-phasing between both polarization. Figure 1-4 illustrates some link level simulation results for ULA and cross-polarized antenna structure, which are collected from 2x2 or 4x2 CDL-A model with 100ns delay spread. The subband in Figure 3 and Figure 4 is randomly selected.. The precoding gain is calculated as follows:

Where  indicates the number of subcarriers for measured channel;  denotes the channel of subcarrier k;  best rank 1 precoder for current subband where subcarrier k is included. The detailed simulation assumptions are illustrated in Appendix. 
From Figure 1 and Figure 2, it can be observed that about 1dB precoding gain can be achieved from subband precoding compared to wideband precoding when X=2 or 4 with full bandwidth allocation. From Figure 3 and Figure 4, 3dB precoding gain can be observed for a particular subband when X=2 or 4. Therefore the number of transmission antenna port can be at least 2 for uplink subband precoding.
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Figure 1: C.D.F. of precoding gain for ULA antenna structure with full band allocation
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Figure 2: C.D.F. of precoding gain for cross-polarized antenna structure for full band allocation
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Figure 3: C.D.F. of precoding gain for ULA antenna structure with 1 subband allocation
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Figure 4: C.D.F. of precoding gain for cross-polarized antenna structure with 1 subband allocation

Observation 1: about 1dB precoding gain can be achieved for 2Tx and 4Tx antenna with full band allocation and about 3dB precoding gain can be observed for 2Tx and 4Tx antenna in one subband.
Proposal 1: Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is equal or greater than 2.
Transmission schemes
For the subband precoding, there can be two options:
· Option 1: non-codebook based transmission
· Option 2: codebook based transmission
For option 1, if reciprocity can be confirmed, the UE can get the downlink channel from downlink reference signals, e.g. CSI-RS, and estimate the uplink precoder based on the downlink channels. For the downlink reference signals, the same TRP and UE beams as that applied to PUSCH should be used. If the reciprocity cannot be confirmed, the TRP can send the uplink channel estimated by itself to UE by some downlink signaling. However the overhead of control signaling could be large with this method. Alternatively the UE could estimate some channel characters such as AoA and ZoA based on DL RS. Then no additional signaling on the channel status is needed. Further, in one option, the rank can be determined by the TRP as it can rely on the interference level. Then the UE could prepare the precoders for different ranks and use the corresponding precoder according to the number of layers indicated by the uplink grant when transmitting PUSCH. In another option, the TRP could inform the UE the interference level by some downlink signaling and let the UE decide the rank. But this may need additional downlink control signaling overhead for the interference information transmission.
For option 2, the digital precoder can be selected from the codebook. Then the TRP could indicate to the UE the PMI for each subband, and the UE could apply different digital precoders to different subbands. These subband PMIs can be configured by uplink grant, then the UE may always be able to use the best precoder from codebook. However this method would increase the overhead of uplink grant a lot, so that more DL resource may be needed for PDCCH. Alternatively, the subband PMIs can be transmitted by an independent DCI or PDSCH, which can be transmitted only when the TRP finds that the subband PMIs should change a lot. 
As for option 1, if the reciprocity can be confirmed, it could be easy to support the uplink subband precoding with low control signaling overhead. Hence the reciprocity based UL subband should be supported. As a complementary, for non-reciprocity case, the codebook based scheme can be used. 
Proposal 2: the reciprocity based uplink subband precoding should be supported as it requires low control signaling overhead; the codebook based uplink subband precoding should also be supported as a complementary to non-reciprocity case. 
Control Signaling Support
For reciprocity based approach, the DL RS should be used to measure the channel for the UE to determine the precoder. To calculate the precoder of each subband, it is better to use the wideband CSI-RS and the gNodeB Tx beam for the CSI-RS should be the gNodeB Rx beam to receive the uplink signal. So if the beam sweeping is applied to the CSI-RS, the CRI of the CSI-RS should be indicated. Further if the UE could calculate the precoder RB by RB, the precoder may be phase continuous. However this would increase the UE complexity. Meanwhile if the rank is above 1, some rank reversal may result in discontinuous phase of precoders. Hence it is better for the gNodeB to determine the size of PRG.
Proposal 3: for reciprocity based scheme, the indication of CRI as well as the size of PRG should be supported, and it can be studied whether it should be indicated via higher layer signaling or DCI.
For codebook based approach, the size of PRG should be configured and the subband PMIs should be indicated by the gNodeB. However such information does not need to be indicated whenever the uplink transmission is required. Instead, the subband PMIs can be updated when the gNodeB finds out better precoders. There can be the following options to transmit the subband PMIs:
· Option 1: to transmit subband PMIs via an independent DCI.
· Option 2: to transmit subband PMIs associated with uplink grant.
· Option 3: to transmit subband PMIs by MAC CE.
· Option 4: to transmit subband PMIs associated with PDSCH, which is similar to the UCI feedback associated with PUSCH in LTE.
For option 1, the payload size of the DCI could be large if the PRG size is small and the number of transmission port is large. For example, if the UE has 2 antenna ports, and one PRG contains 4 RB, for a 100 RB system, the payload for the DCI could be about 66bits with 16bits CRC. If the number of antenna ports get higher, more payload is required. For option 2, the payload of uplink grant could get increased, so that the performance of the uplink grant detection could be one issue. For option 3, there could be some feedback from UE whether the subband PMIs are correctly decoded. For option 4 the latency of the subband PMIs transmission could be slower as no feedback is needed. So if the subband PMIs are transmitted in subframe n, the gNodeB could assume they could be valid in subframe n+k, where k is the downlink decoding latency. 
Proposal 4: for codebook based scheme, the indication of the size of PRG should be supported, and it can be studied how to transmit the subband PMIs, e.g. by MAC CE or associated with PDSCH.
3. Conclusions
In this contribution we have provided our views on UL subband precoding for NR. From the discussion, we have achieved the following observations and proposals.
Observation 1: about 1dB precoding gain can be achieved for 2Tx and 4Tx antenna with full band allocation and about 3dB precoding gain can be observed for 2Tx and 4Tx antenna in one subband.
Proposal 1: Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is equal or greater than 2.
Proposal 2: the reciprocity based uplink subband precoding should be supported as it requires low control signaling overhead; the codebook based uplink subband precoding should also be supported as a complementary to non-reciprocity case. 
Proposal 3: for reciprocity based scheme, the indication of CRI as well as the size of PRG should be supported, and it can be studied whether it should be indicated via higher layer signaling or DCI.
Proposal 4: for codebook based scheme, the indication of the size of PRG should be supported, and it can be studied how to transmit the subband PMIs, e.g. by MAC CE or associated with PDSCH.
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Appendix – Simulation Assumptions
Table A-1: Simulation Assumption
	Parameter
	Assumption

	Channel Model
	CDL-A

	Codebook
	LTE downlink codebook

	Simulation bandwidth
	80MHz

	Subcarrier spacing
	60kHz

	Delay Spread
	100ns

	TRP antenna virtualization scheme
	Fully connected

	UE antenna virtualization scheme
	Fully connected

	Channel Estimation
	Perfect

	TRP antenna structure
	(1, 2, 1), (1, 1, 2), (1, 4, 1), (1, 2, 2)

	UE antenna structure
	(1, 2, 1), (1, 1, 2)

	Inter-TRP distance
	200m
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