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1 Introduction
In RAN1 #86bis, the following agreement has been achieved with regard to multi-panel structures at both TRP and UE sides [1].
Agreements:
· Study at least the following different multi-panel structures at both TRP and UE
· Uniform array: antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a) in R1-1610893 as an example)
· Non-uniform array: antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b) in R1-1610893 as an example)
· Study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE
· E.g., Codebook design, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis
In this contribution, with respect to UE with multiple low correlation panels, the non-coherent UL MIMO transmission is discussed along with some UL related design for multi-panel system such as timing advance, power control and beam management.
2 Discussion
As the antenna size can be significantly reduced in high frequency domain, it is possible to integrate multiple antennas within a chip and such a technique is referred to as AIP/AIT. Based on the AIP/AIT structure, MIMO arrays can be formed in an antenna panel, and multiple antenna panels with low correlation can work jointly on the UE side. 
As it can be seen from Figure 1, antenna panels could be placed along the upper and bottom edges of a mobile phone, where the distance between antenna panels is designed to achieve low correlation. 
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Figure 1. Illustration of non-coherent transmission at UE side
As the different antenna panels have independent RF chains and panels are of low correlation, each antenna panel can formulate its own beam with a preferred direction, which is connected to a desired TRP. If independent precoding is applied among antenna panels, this type of transmission is known as non-coherent MIMO transmission. Given different requirements, same or different data information can be transmitted by these different beams, thus improving the reliability or capacity of the UL transmission. Meanwhile, the multiple panels on UE could also naturally be used for multi-beam reception and the interference over streams can be partially reduced via spatially separation. 
Proposal 1: Non-coherent transmission for uplink should be supported in order to improve both reliability and capacity.
For the multi-panel based UL MIMO transmission, some specific problems should be considered. In the following sections, we will give some brief discussions. 
· Timing Advance
Different TRPs have different time clock and require different receiving time. If the UE uses a common timing advance (TA) for different beams connecting to different TRPs, there would be receiving interference at least for one of the TRPs. Moreover, even the TRPs are ideally synchronized and have same receiver timing, the path distances from different TRPs to the UE may be different, which still results in the receiving difference. Thus the TA for the UE with multi-panel should be studied. Specifically, TRP should indicate the UE with multiple TAs where each TA associates with beams  pointing to the corresponding TRP. In addition, proper TA index of the Timing Advance Command (TAC) associated with each specific antenna port (set)/beam should be designed accordingly.
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Figure 2. Timing advance for multi-panel based UL-MIMO transmission
· Power Control
Besides, given the total power of the UE, each panel may have the same or different power allocations. If the UE needs to transmit beams to different TRPs, the beams naturally would get different power requirement. It results in power allocation under the constraint of total power. Secondly, since the UE may receive different TAs, the UE would transmit beams with timing difference. Thus at one time slot, there would be different signals or channels of the beams, e.g. SRS, PUCCH, PRACH and PUSCH. Depending on whether the type of signals or channels at one time slot are the same or not, there would be different power allocation considerations. In order to meet the total power constraint, compromise may have to be made for the power allocation while priority among different transmission channels or signal needs be taken into account. 
· Beam Management
With larger spacing of panels, UE would be able to form multiple receiving/transmitting beams simultaneously from multiple antenna panels respectively, which brings several benefits. For instance, if UE could form multiple beams pointing to different directions simultaneously, when one of the beams occurs blockage, UE would still possibly receive beams from other angles.  In this case, different beams of the UE need to access different TRPs and the corresponding beam refinement procedure can be carried out respectively. One well paired beam can bear some useful information to help the beam access/refinement procedure of other beams. Another way to combat blockage effect could be decoupling DL and UL link of the UE by using different UE panels respectively.  In this way, if one of the links fails by blockage, the TRP or the UE will be notified through the other link while fast link recovery can be done to guarantee the reliability. For multi-panel based uplink transmission, beam access/recovery procedure with the help of existing beam pair need to be studied.
Proposal 2: For multi-panel based UL-MIMO transmission, some issues should be studied, such as multiple timing advances, power control, beam procedure with the help of existing well paired beams and so on.
3 Conclusion
From the above discussion, we have the following proposals:
Proposal 1: Non-coherent transmission for uplink should be supported in order to improve both reliability and capacity.
Proposal 2: For multi-panel based UL MIMO transmission, some issues should be studied, such as multiple timing advances, power control, beam procedure with the help of existing well paired beams and so on.
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