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1. Introduction
In RAN1#85, it is agreed that the following techniques are studied for NR UL MIMO

· Uplink transmission/reception schemes for data channels

· Non reciprocity based UL MIMO (e.g. PMI based) 

· Reciprocity based UL MIMO. E.g. UE derives precoder based on downlink RS measurement (including partial reciprocity)
· Support of MU-MIMO

· Open-loop/Close-loop single/Multi point spatial multiplexing

· e.g. for multi point SM, multi layer is received either jointly or independently by different TRPs

· Note: for multi point SM, multiple point may have coordination

· Single/Multi panel spatial diversity

· Uplink antenna/panel switching (UE side)

· UL beamforming management for analog implementation
· Combination of above techniques
In RAN1#86, further agreement are reached, the following aspects for UL MIMO transmission should be supported:

· Transmission schemes/methods for reciprocity calibrated UEs, reciprocity non-calibrated UEs, and non-reciprocity/partial reciprocity cases
· If needed, signalling associated with UL reciprocity based operation is introduced, e.g. UE capability which indicates calibration accuracy
· Whether to differentiate reciprocity non-calibrated UEs from non-reciprocity or not is to be studied

· Note: the number of transmission schemes/methods can be further discussed
· At least one of the following candidate schemes/methods is to be supported

· Candidate 1: Codebook based transmission 

· Frequency selective and frequency non-selective precoding in digital domain can be considered for large system bandwidth

· The support for frequency selective precoding is conditioned on decision on NR waveform(s)
· FFS: The values of the large system bandwidth
· E.g., BS-centric mechanism analogous to LTE

· E.g., UE–aided and BS-centric mechanism: UE recommends candidate UL precoders from a predefined codebook to BS based on DL RS measurement, and BS determines the final precoder taken from the codebook.

· E.g., UE–centric and BS-aided mechanism: BS provides CSI (e.g. channel response, interference-related information) to the UE, and the UE determines the final precoder based on the information from the BS

· Candidate 2: Non-codebook based transmission 

· Frequency selective and frequency non-selective precoding in digital domain can be considered for large system bandwidth
· The support for frequency selective precoding is conditioned on decision on NR waveform(s)
· FFS: The values of the large system bandwidth
· E.g., reciprocity based (based on DL RS) transmission only for calibrated UEs

· E.g., UE–aided and BS-centric mechanism:  UE recommends candidate UL precoders to BS based on DL RS measurement, and BS determines the final precoder.
· E.g., UE–centric and BS-aided mechanism: BS provides CSI (e.g. channel response, interference-related information) to the UE, and the UE determines the final precoder based on the information from the BS

· Note: Other transmission schemes/methods are not precluded.

In this contribution, we show our view on aspects of UL MIMO transmission in NR.  Particularly, we discuss UL transmission schemes, codebook-based transmission with UE centric or BS centric manner, channel reciprocity based UL transmission and power control aspects.
2. Discussion 
2.1 UL Transmission schemes 
Closed-loop MIMO: In NR uplink, UE can support as many as 32 Tx antennas, whereas the BS can support up to 1024 Rx antennas. Hence, fine beamforming can be accomplished in both UE Tx end and BS Rx end. As the number of antenna increase significantly, the theoretical uplink MIMO gain of NR is far larger than LTE, including BF gain and multiplexing gain. However, since the achievable gain also depends on the design of transmission technology, CL-MIMO should be the prioritized in the transmission schemes for further study, especially for UL data channel. The most critical issue is the accuracy of CSI. Thus CSI measurement and precoder indication should be focused in further study. Moreover, as hybrid/analog beamforming is introduced, some other issues require to be solved, which will be discussed in the following sections. 
Open-loop MIMO: If only OL MIMO is used in the UL transmission, the benefit of increasing antenna number is limited. Then we should consider inheriting LTE UL technology such as OL antenna selection. Further, as NR has more complex scenarios and wider frequency range, other OL schemes, such as SFBC/STBC, shouldn’t be precluded. If sufficient benefit can be identified with low spec impact, these OL schemes can also be used in low-frequency scenarios and single-beam operations. 
Semi Open-Loop MIMO: Semi-OL is usually used in the scenarios those accurate CSI is not available to be acquired, such as UE movement, rotation, partial channel reciprocity and so on. One example is shown in Fig. 1(A). UE acquires the information of a wide beam from BS indication or partial reciprocity. Finer beam can be cycled based on the wide beam. Fig 1(B) is another example, in which wide beam is used for the antennas, but selected antennas are dynamically changed or SFBC/STBC is performed. Fig. 1(C) depicts an example that antennas or beams are cycled to combat blocking without the information on blocked paths. 
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Fig.1 Examples of semi-OL in NR UL MIMO
Proposal 1:
· Closed-loop MIMO should be supported in NR as least for uplink data channel

· Consider to reuse Open-loop MIMO in LTE for NR uplink transmission in low frequency
· Further study Semi Open-Loop MIMO for at least uplink control channel

2.2 Codebook based Uplink Transmission 
In LTE, CL-MIMO in uplink is based on port selection indication and precoder indication based on codebook. For NR, as reciprocity may not be available or ideal, codebook based precoder/beam/port indications should also be supported. As the number of UE antennas is much larger, and antenna configurations are also more complex in NR, more challenges exist in the codebook design. Fixed codebook design cannot be sufficiently flexible, whereas flexible codebook configurations should be studied for different UEs and scenarios. Similar as LTE, UE-aided and BS-centric mechanism should be considered. The following options can be the candidates. 
Option-1: BS decides and informs UE the configurations of the UL codebook, including sending the codebook directly and sending the parameters for the codebook.
Option-2: BS configures more than one UL codebooks and informs UE these codebooks. UE selects one or a subset from the codebooks and reports its selection. BS decides the final codebook based on UE report and informs UE the decision.
Option-3: UE reports the antenna configuration parameters. BS decides the final codebook based on UE report and informs UE the decision. 
Notice that these above-mentioned codebooks can be used for basedband precoding for multiple TXRU, analog precoding within one TXRU or final precoding. In addition, these codebooks can be associated with SRS. In order to improve the efficiency of indication signaling, the multi-PMI-like indication approach for these UL precoders can be adopted.

For the above following options, some analysis is made accordingly: 
For Option-1, the approach have simple procedure of determining codebook, but the main issue is that BS is not aware of antenna configuration of UEs, which means that the design of the UL codebook as well as is very difficult.

For Option-2, the codebook configured by BS can contain several codebooks suitable for various antenna configuration, and UE can achieve efficient selection of desirable codebook or codebook set. However, the design of the corresponding codebook is still very hard taking into account numerous possible antenna configurations for UE.
For Option-3. UE can report some antenna configurations, like antenna topology, polarization configuration, the number of vertical/horizontal panel, the number of vertical/horizontal elements within one panel, the number of TXRU and virtualization methods, the maximal resolution of beams and so on. Subsequently, BS generate the UL codebook accordingly. Compared with Option-1&2, BS can achieve more efficient codebook configuration after obtaining the antenna configurations of UE and scenario information. Owing to the requirement of definition of antenna configuration, only portion of classical configuration can be standardized.  
Therefore, it can be observed that Option-3 has better flexibility for the design of UL codebook besides performance advantage. 
Proposal 2: UE reports its antenna configuration related parameters to the BS for codebook configuration for UL transmission 

Note that in all these options, the BS can indicate the UE a beam group under the configured codebook.  It’s up to UE’s decision on which particular beam in the beam group is used for actual transmission.  In this case, it allows certain flexibility but still ensures the UE to transmit in a proper direction which the BS can still receive the UL transmission with the determined receive beam and has the control on the interference generated to neighboring cells.  In such case, it is between BS centric and UE centric approach.  
Proposal 3: Beam group in UL codebook is indicated by BS for UL transmission. The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.
2.3 Reciprocity based UL Transmission 
For UL MIMO, UE can confirm the UL precoding group or beam group according to the DL receive beam, if obtain the partial or all reciprocity information. That means that the reciprocity would improve the flexibility of UL precoding significantly, reduce the complexity of codebook design and meanwhile save the cost of signaling. To be more specific, the following categories can be divided:

Full/Ideal Reciprocity based operation：

With ideal reciprocity, UE decides UL channel property according to DL one. Firstly UE determines the DL-Tx beam of BS and the DL-Rx beam; subsequently, UE identifies the UL-Tx beam accordingly. If one DL-Tx beam connects with several DL-Rx beams or UE reports several DL-Tx beam connecting with different DL-Rx beams, UL also has several UL-Tx beams. BS can select the desirable one from several UL-Rx beams, and subsequently indicates that UE can use one or multiple UL-Tx beams to achieve transmission. For BS, according to this indication and reciprocity, the beam connecting with UL Rx beam can be used for UL receive.  To do such connection between UL and DL, association of DL antenna ports and UL antenna ports can be considered.  This association can be similar to QCL.
Partial/Non-ideal Reciprocity based operation
Non-ideal reciprocity includes the non-calibration for reciprocity, asymmetry between UL and DL antenna configuration and FDD. In such scenario, UL-Tx beams might not be exact directly according to UL Rx beam, but as a priority information improving the UL precoding performance and reducing the signaling cost would be achieved. For instance, according to DL-Tx/Rx beam, one group of beams can be determined to implement the more efficient UL sub-codebook.  Beam group can be decided by the degree of channel reciprocity.
Proposal 4: Association between DL antenna ports (e.g. DL DMRS) and UL antenna ports (e.g. SRS) can be used  to support channel reciprocity.  Association can be done in similar manner of QCL.  
Proposal 5: Beam group can be used to link between UL and DL transmission and still allows the flexibility according to different degree of channel reciprocity.  
2.3 Frequency selective precoding
In LTE, UL uses the non-frequency selective precoding due to the following reasons:

 1) UL use SC-FDMA and frequency precodingwould impact PAPR;

 2) the performance gain within 20MHz is not prominent;

 3) this non-frequency selective precoding can save the overhead of signaling;

In NR, it is possible for UL to adopt OFDMA and consequently we need to re-think of this issue. The frequency and beam width would impact the frequency response significantly, and the channels with different carrier frequency are also different.  In general, more diffractions occurs at low frequency and face more obvious frequency selective fading. Meanwhile, as the number of antennas rises, UE and BS can achieve beamforming with narrow width and filter the multi-path components, which means that the channel after beamforming would be more flat and frequency response with different beam pairs would be different. On the other hand, the bandwidth of NR is considered to be much larger.  So in NR, the frequency selective property under beamforming should be considered via further evaluation.
Proposal 6:RAN1 should study the UL frequency selective property with various frequency and Tx-Rx beam-width.
2.4 Uplink power control

In LTE，the determination on uplink power can be divided into two parts, i.e., open-loop and close-loop. The open loop approach uses part  or all of path loss (PL) compensation, where PL calculation is based on always-on cell-specific CRS. The close-loop approach is to make some adjustment around PL value obtained by open-loop approach and control the interference, and therefore the close-loop approach can be seen as the supplement of the open-loop one.  Therefore in LTE UL use the SC-FDMA and each UE has the single-carrier characteristics, consequently its power is calculated per subframe instead of per RE which is used for DL.
 In NR, high frequency communications become an important candidate to improve the UL throughput. But the high frequency communication aso confronts with one big challenges, i.e., the path loss is more serve over low frequency. Massive MIMO can use the higher antenna array gain to compensate this path loss. For the UL NR, UE can support as many as 32 Tx antenna, so it would be necessary to support analog beamforming or hybrid beamforming. From the simulation results on the CDF. beam energy difference between the best beam and other beams in [1], it can be observed that the energy difference between different beams can reach up to 15dB. Therefore, it would be desirable to consider beam or beam group specific uplink power control for NR.
Based on the discussion of frame structure in NR, PUSCH and PUCCH can be multiplexed by TDM manner for latency reduction. In addition, CP-OFDM based waveform can be supported for uplink without considering additional low-PAPR/CM technique(s), and uplink beam sweeping based on beamforming SRS may be considered in NR. As the uplink power in LTE is defined toward each subframe for different uplink physical channel, so uplink power control should be enhanced for NR, e.g., separate power control scheme for PUSCH,PUCCH and SRS
Proposal 7: Beam or beam group specific uplink power control should be considered for NR. 
3. Conclusion
In this contribution, we discuss the UL MIMO for NR. From the above discussion, we have the following proposals:
Proposal 1:
· Closed-loop MIMO should be supported in NR as least for uplink data channel

· Consider to reuse Open-loop MIMO in LTE for NR uplink transmission in low frequency
· Further study Semi Open-Loop MIMO for at least uplink control channel
Proposal 2: UE reports its antenna configuration related parameters to the BS for codebook configuration for UL transmission
Proposal 3: Beam group in UL codebook is indicated by BS for UL transmission. The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.

Proposal 4: Association between DL antenna ports (e.g. DL DMRS) and UL antenna ports (e.g. SRS) can be used  to support channel reciprocity.  Association can be done in similar manner of QCL.  
Proposal 5: Beam group can be used to link between UL and DL transmission and still allows the flexibility according to different degree of channel reciprocity.  

Proposal 6:RAN1 should study the UL frequency selective property with various frequency and Tx-Rx beam-width.
Proposal 7: Beam or beam group specific uplink power control should be considered for NR. 
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