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1. Introduction
[bookmark: _GoBack]In RAN1 #86 meeting, it is agreed that the frequency selective and frequency non-selective precoding can be considered for UL MIMO transmission [1][2]. For frequency selective channel, the subband precoding may help to produce some performance gain, which has already been supported in LTE downlink. In RAN1 #86b meeting, the CP-OFDM waveform has been agreed for UL transmission and the DFT-S-OFDM waveform has been agreed to be a complementary targeting or link budget limited case [3]. Then it could be easier to support the subband precoding based on the CP-OFDM waveform. For the non-codebook based transmission, 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 subbands. For the codebook based transmission, the TRP could configure the PMIs for different subbands by some downlink signalling. In this contribution, we will provide some discussion for the uplink subband precoding with and without codebook.
2. Discussion
The analog beamforming may be utilized in both TRP and UE side. Then the frequency domain channel may be flatter after analog beamforming. On the other hand, wider system bandwidth tends to make the channel more frequency selective. As discussed in [4], with analog beamforming, the delay spread can be reduced for most of UEs, but, for some UEs, the delay spread may increase because the selected beam unintentionally increase power of non-dominant channel clusters. The system level results are shown in Figure A-1 and the simulation assumptions are shown in appendix. Hence the frequency selective channel can also be observed between the TRP and some UEs even with analog beamforming. Then the subband precoding can be helpful to get some performance gain from the frequency selective channels. 
For CP-OFDM waveform, which has already been agreed, similar to LTE downlink transmission, the uplink subband precoding can be supported easily. For DFT-S-OFDM waveform, which is similar to LTE uplink, it is not quite easy to support the uplink subband precoding without losing the low PAPR properties. As the frequency selective channel can be observed, in which the uplink subband precoding can be quite helpful to increase the performance, at least for CP-OFDM waveform, it should be supported. 
Proposal 1: As the frequency selective channel can be observed, at least for CP-OFDM waveform, the uplink subband precoding should be supported.
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. 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 to study the uplink reciprocity impact, it could be better to start from the non-codebook based transmission with the assumption of reciprocity. To determine the subband size, the impact of analog beamforming in both TRP and UE side should be taken into account. For different UEs, different subband size can be applied as the beamforming impact can be different.
Proposal 2: RAN1 should study the UL subband precoding starting from the non-codebook based subband precoding in which the signaling overhead is not high with the assumption of reciprocity. 
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.
Proposal 1: As the frequency selective channel can be observed, at least for CP-OFDM waveform, the uplink subband precoding should be supported.
Proposal 2: RAN1 should study the UL subband precoding starting from the non-codebook based subband precoding in which the signaling overhead is not high with the assumption of reciprocity. 
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Appendix – Simulation Assumptions
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Figure A-1: CDF of channel delay spread
Table A-1: Simulation Assumption
	Parameter
	Assumption

	Scenario
	UMi

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Subcarrier spacing
	60kHz

	Number of TRPs
	12

	UE distribution
	10 users per TRP 

	TRP noise figure
	7dB

	TRP beam grid
	48 beams and the pattern is as Figure A-2

	TRP antenna structure
	(4, 8, 2, 2)

	UE antenna structure
	(2, 4, 2, 2)

	Inter-TRP distance
	200m
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Figure A-2: beam grid pattern
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