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Introduction
In RAN1#86bis, few agreements were made on UL MIMO for NR:
Agreements:
· If UE capabilities are known, FFS UL SU-MIMO schemes should be designed agnostic to UE antenna configuration or not
· Support at least a maximum of 4 layers uplink SU-MIMO transmission
· FFS whether or not to support 5-8 layers

This contribution further discusses UL MIMO related issues. 
Discussion
In RAN1#85, agreements on UE antenna modeling were made such that there are (Mg, Ng) directional antenna panels, where (Mg, Ng) = (1, 2) or (1, 4). An UE is equipped with multiple antenna panels and they could be placed on any locations of the UE. In high frequencies, it is well known that the signal could be easily blocked by relatively smaller objects such as human hand or head. That means one or more panels (or antennas) could be blocked during the transmission (also during reception) from the UE, thus it is important to discuss TXRU mapping at UE side. On top of that UE TX and RX capabilities can be different. 
For example, there are 2 antenna panels and the panel configuration is (M, N, P) = (4, 4, 1), as shown in figure below where there are 2 TXRUs mapped in one panel.


Figure 1, Example of TXRU mapping and panel structure at UE
The antenna panels may dynamically be blocked or unblocked, it means in above example the UE may transmit with 2 or 4 antenna ports (if capable) dynamically. 
In LTE, precoding for DL transmission is designed keeping certain antenna structure (e.g. X-pole planar array) in mind. And, different from base station antenna structure, there would be many different ways of antenna implementation, placement in the UE. In UL, the codebook in LTE basically consisted of antenna selection vectors. However, in NR, an UE maybe be equipped with single or multiple antenna panels, co-pole or cross-pole, and many different TXRU mapping schemes owing to different hardware designs. Optimizing UL transmission scheme/s design for certain UE antenna implementations would limit the flexibility of UE firmware design. Thus, NR UL transmission scheme/s should efficiently support flexible antenna design at UE.
Proposal:  NR UL transmission scheme/s should efficiently support flexible antenna design at UE.

Channel reciprocity
If channel reciprocity holds at UE side, the UE measures channel on the DL RS which can be used for UL transmission. The precoder for UL transmission can be obtained through channel reciprocity no matter if antenna panel is blocked or not. However RI and MCS (or interference related information) still need to be indicated by network (TRP) since the UE doesn’t have information on interference at the network. Since antenna blockage could occur dynamically at the UE so the RI and MCS (or interference) related information obtained at the network should also be dynamically updated. Of course, most challenging part of utilizing channel reciprocity is antenna calibration at UE side.
Observation: in case of channel reciprocity holds the impact of antenna blockage on UL transmission is of less concern.  

Codebook based transmission
In codebook based transmission scheme for UL MIMO a set of codebooks are predefined as in LTE. Network indicates the RI, PMI and MCS to the UE in DL control channel for UL transmission. The codebook design for UL transmission should take into account the potential blockage of antenna panel. Channel information at the network side should also be dynamically updated so that it is not expired at the time of UL scheduling. Different ways of operations were discussed in RAN1#86, BS-centric mechanism, UE–aided BS-centric mechanism and UE–centric BS-aided mechanism. Different mechanisms will have different spec impacts and probably different level of influence from antenna blockage. 
BS-centric mechanism which is analogous to LTE is a straight forward mechanism; as far as the channel information at the network is not outdated codebook design with “antenna selection” precoding vectors will solve the antenna blockage issue. The network will measures UL channel and derive RI, PMI and MCS then indicate to the UE using control channel. Basically there is no impact of antenna blockage on this type of operation.
For UE-aided BS-centric mechanism, where UE recommends candidate UL precoders from a predefined codebook to BS based on DL RS measurement, and BS determines the final precoder. Before the UE recommends candidate precoders, BS has to indicate RI to the UE or the candidate precoders include all possible ranks. If the receive and transmit antennas are same, then the recommended candidate UL precoders already takes antenna blockage into account. However, if the UE receive and transmit antennas are different then antenna blockage may not be reflected on the recommended candidate precoders. Thus potential antenna blockage should be taken into account while considering this type of operation.
For UE–centric BS-aided mechanism, where BS provides CSI, e.g. channel response or interference related information, to the UE then the UE determines the final precoder. Similar to UE-aided BS-centric mechanism, if the UE receive and transmit antennas are different then antenna blockage may not be reflected on the recommended candidate precoders.
Observation: BS-centric mechanism is a straight forward operation which is not prone to potential antenna blockage at the UE side.

Non-codebook based transmission
In non-codebook based transmission schemes there is no predefined set of codebooks. Channel reciprocity based mechanism has been discussed above. Other mechanisms discussed in RAN1#86 are UE–aided BS-centric mechanism and UE–centric BS-aided mechanism. 
For UE–aided BS-centric mechanism, UE recommends candidate UL precoders to BS based on DL RS measurement, and BS determines the final precoder. Since there is no predefined set of codebooks, recommended precoders are sent e.g. through precoded SRS. For example, the UE derives precoder from DL RS measurement and applies it on SRS for UL transmission, if the UE receive and transmit antennas are different then the precoders may not be optimal for SRS transmission and may not reflect the antenna blockage. 
For UE–centric BS-aided mechanism, similar to its counterpart in codebook based mechanism if the UE receive and transmit antennas are different then antenna blockage may not be reflected on the recommended candidate precoders.
Observation: UE-aided BS-centric and UE-centric BS-aided mechanisms are prone to potential antenna blockage at the UE side.

Open-Loop spatial multiplexing
Open-loop spatial multiplexing should also be considered for transmission in UL for its robustness against high Doppler and fading. Open-loop transmission scheme in UL can be similar to DL; the exact scheme is for further study. However, if precoder cycling type of scheme is used for open-loop spatial multiplexing the precoder design should take potential antenna blockage into account. For example, the precoder set is designed for 4 TX however if 2 antenna ports are blocked at the time of transmission then the precoders will not be optimal. In case receive and transmit antennas are same the UE can obtain antenna blockage information through DL measurement and select a suitable set of precoders. Otherwise network has to signal antenna blockage information based on UL measurement. 
Observation: potential antenna blockage has impact on open-loop spatial multiplexing system design.

Transmit diversity
For robustness, transmit diversity schemes in UL transmission should be considered in NR. Diversity schemes like SFBC, SFTD can be considered which may be less susceptible to antenna blockage, however impact of potential antenna blockage on performance need to be evaluated also.
Observation: transmit diversity schemes in UL maybe less susceptible to antenna blockage at the UE side.
Conclusions
In this contribution we discussed several schemes for UL transmission and their potential issues especially in high frequencies, we have following proposals and observations:
Observations:
· In case of channel reciprocity holds the impact of antenna blockage on UL transmission is of less concern.  
· BS-centric mechanism is a straight forward operation which is not prone to potential antenna blockage at the UE side.
· UE-aided BS-centric and UE-centric BS-aided mechanisms are prone to potential antenna blockage at the UE side.
· Potential antenna blockage has impact on open-loop spatial multiplexing system design.
· Transmit diversity schemes in UL maybe less susceptible to antenna blockage at the UE side.
Proposal: NR UL transmission scheme/s should efficiently support flexible antenna design at UE.
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