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Introduction
In RAN1#85, following agreements were made on antenna modeling at UE: 
Agreements on UE antenna modelling:
· For UE with (Mg, Ng) directional antenna panels.
· Introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].
· For NR MIMO evaluation: 
· Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0)
· Config 2: (Mg, Ng ) = (1, 4); Θmg,ng=90; Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270; (dgH, dgV)=(0,0)
· Other configurations can have panel specific position offset (dgH, mg, ng, dgV, mg, ng). Note in this case the notation of (Mg, Ng) does not leads to rectangular shape.
· UE orientation for mobile device (Ω0,0, Θ0,0)=(U(0,360), 90); UE orientation for customer premise equipment (CPE) can be optimized 
· Each antenna array has shape dH=dV=0.5λ
· Config 1 can be used with config a/b; Config 2 can be used with config c/d/e
· Config a: (M, N, P) = (2, 4, 2), the polarization angles are 0 and 90
· Config b: (M, N, P) = (4, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
· Config c: (M, N, P) = (2, 2, 2), the polarization angles are 0 and 90
· Config d: (M, N, P) = (2, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
· Config e: (M, N, P) = (1, 4, 2), the polarization angles are 0 and 90
· FFS: Other configurations, e.g. (M, N, P) = (4, 4, 2) or (M, N, P) = (4, 8, 1) can be considered for 70GHz band, without exceeding the limit on the maximum number of UE antenna elements
· The antenna elements of the same polarization of the same panel is virtualized into one TXRU
· FFS: one TXRU can connect to different subarrays dynamically
· Note: The channel coefficients for each UE panel can be generated using spatial channel model
· Companies should describe the method used for TRP association with UE-side beamforming
It can be seen that there are 2 or 4 directional panels at UE.
In RAN1#87, some agreements on UL transmission were made and one conclusion as follows:
Conclusion:
· RAN1 can still continue discussion in the next meeting regarding how to refine the terminology related “closed-loop/precoding” and “open-loop/precoder cycling (including transmit diversity)”
Agreements:
· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.
· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on
· Should consider different inter-panel phase calibration cases
Agreements:
· Define at least two sets of transmission parameters, where
· Transmission parameter set 1: parameters configured (FFS: L1 or L2 or L3)
· For default transmission scheme, specify default values of parameters in the Transmission parameter set 1
· FFS: Whether default value can be derived implicitly
· Note that depending on parameter settings in transmission parameter set 1, the size of transmission parameter set 2, i.e. DCI size, may vary. 
· Transmission parameter set 2: parameters indicated by physical layer (e.g. NR PDCCH channel)
· FFS whether multiple subsets is supported and how to simplify DCI format
· Note: some transmission parameter may belong to both set-1 and set-2
· Detail parameters and usage condition are TBD
· In this contribution we discuss different aspects of UL transmission in NR.  
In this contribution we discuss few aspects of UL transmission in NR.
Discussion
2.1   UE Antenna model
According to the agreements on antenna panels at UE, figure 1 shows two examples of antenna configurations. If antenna elements of the same polarization of the same panel are virtualized into one TXRU, then there are 2 TXRUs per panel in both figures 1 a) and b), however the total number of TXRUs are 4 and 8 respectively. Assuming antenna ports are one to one mapped to TXRUs, there are 4 ports in figure 1 a) and 8 in figure 1 b).

a) config 1, a – antenna elements on 2 sides             b) config 2, c – antenna elements on 4 sides
Figure 1, examples of antenna model
Different assumptions on operation will impact the system design and transmission schemes in UL. For example, assuming figure 1 a) above, if only one antenna panel is used for transmission at a time, meaning UE selects one antenna panel out of two, then maximum number of layers is 2. However, if both antenna panels are simultaneously used for transmission then maximum number of layers can be 4. There could be different UE capabilities, e.g., 2 antenna ports or 4 antenna ports capabilities; network should be able to configure 2 antenna ports even though UE capability is 4 ports for UL transmission, or although network configures 4 ports UE should be able to select 2 ports. 
Proposal1: NR UL MIMO design should support different antenna configurations at UE and supports dynamic port selection.
2.2   Transmission schemes
There was intensive discussion on nomenclature of transmission schemes as “closed-loop/precoding” and “open-loop/precoder cycling” in last meeting. Both camps arguing for either of naming had some valid points that the name of transmission scheme itself should not give wrong information. The term “closed-loop” in UL doesn’t exactly translate its meaning as in DL where UE reports CSI and gNB uses the reported CSI for DL data transmission. On the other hand the term “precoder cycling” is too specific which seems to exclude other schemes such as transmit diversity. It was agreed to support at least 2 DMRS based schemes for DL MIMO transmission. Similarly, in order to avoid unnecessary discussion we propose to use neutral terms such as “scheme 1” and “scheme 2” in UL. Below we discuss UL transmission schemes as “scheme 1” and “scheme 2”. 
Scheme 1: the transmission scheme where data and DMRS are transmitted with same precoding matrix, that is, demodulation of data at the gNB does not require knowledge of precoding matrix used at the transmitter which includes spatial multiplexing and rank-1 transmission. UE centric/BS centric code book based, non code book based precoding including coherent and non-coherent schemes fall into this category. 
Scheme 2: the transmission scheme where data and DMRS may or may not be precoded with same precoding matrix, that is, demodulation of at the gNB may or may not require knowledge of relation between DMSR ports and data layers. The transmission schemes such as open-loop or precoder cycling, semi open-loop, transmit diversity etc are categorized under this scheme. The schemes under this category can be further elaborated specifically including their variants such as RE level precoder cycling or PRB level precoder cycling etc.
It has been agreed to define at least two transmission parameters sets and the parameters in set 2 are indicated by physical layer control signaling, e.g. NR PDCCH channel. Transmission scheme 1 and scheme 2 can be dynamically indicated to UE by one of the parameters in transmission parameters set 2.
Proposal2: at least two UL MIMO schemes “scheme 1” and “scheme 2” are supported which can be dynamically indicated to UE by gNB.
2.3  Number of codeword(s)
In RAN1#87, there was intensive discussion whether the number of codeword(s) is 1 or 2 for DL MIMO layers 1-2 and for 3-8 MIMO layers there are 3 alternatives. In UL, the number of codeword(s) for multi layer MIMO transmission can simply follow the principles/decisions for DL.
Proposal3: number of supported codeword(s) in UL MIMO follows the principle/decision in DL MIMO.
Conclusions
In this contribution we discussed few aspects of UL MIMO. We have following proposals:
Proposal1: NR UL MIMO design should support different antenna configurations at UE and supports dynamic port selection.
Proposal2: at least two UL MIMO schemes “scheme 1” and “scheme 2” are supported which can be dynamically indicated to UE by gNB.
 Proposal3: number of supported codeword(s) in UL MIMO follows the principle/decision in DL MIMO.
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