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1 Introduction
In RAN1 #87, the following agreement has been achieved with regard to multi-panel structures at both TRP and UE sides [1].
Agreements:
· For multi-panel based downlink transmission
· Should consider both uniform and non-uniform array 

· Should consider both coherent and non-coherent MIMO transmission for multi-panel antenna array

· Should consider different inter-panel phase calibration cases

· FFS QCL related aspects

· 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
In this contribution, with respect to UE with multiple low correlation panels, the non-coherent UL MIMO transmission is further discussed, where the capacity and reliability can be enhanced by the beams from different antenna panels towards to different TRPs. 
2 Discussion
As the antenna size can be significantly reduced in high frequency domain, it is possible to facilitate integrating a large number of antenna elements in a rather small space and such a technique is referred to as AIP/AIT by compacting the antennas within a chip. 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 both TRP and UE sides. 
From the perspective of UE, antenna panels could be placed along the upper and bottom edges of a mobile phone to reduce the impact of hand-gripping issue [2], which is shown in Fig. 1. More specifically, since the antennas on UE may suffer from the blockage by hand, faces as well as other obstacles, the antenna panels on UE are preferred to be separated from each other as far as possible, thus resulting in a relatively low correlation between them.
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Figure 1. Illustration of non-coherent transmission at UE side
Due to the usage of high frequency, the directional links formed by the narrow beams are quite sensitive to the blockage. In this condition, if coherent MIMO transmission is applied, the beams generated by the joint precoding could suffer from the blockage at the same time, resulting in a failed connection between TRP and UE. To this end, non-coherent MIMO transmission is preferred here, where independent precoding is applied among different antenna panels. Specifically, each antenna panel could individually produce its own beam, thereby connecting to the desired TRP respectively. With respect to the individual beams,  reliability can be guaranteed if the same data information are transmitted while the capacity could be enhanced if different data information are transmitted. Given different requirements, same or different data information can be dynamically transmitted by these beams, which improves the reliability or capacity of the UL transmission. Meanwhile, the multiple panels on UE could also naturally be used for the multi-beam reception and the interference over streams can be partially reduced via spatial separation.
Proposal 1: In the multi-panel based UL transmission, non-coherent transmission scheme should be supported in order to improve the transmission reliability and capacity.
With the application of non-coherent transmission, UE could support multiple beams pointing to TRPs in different directions at the same time, which brings several benefits. On one hand, if one of the beams suffers from the blockage, UE still could receive beams from the other angles to maintain the transmission reliability. Another way to combat blockage effect could be decoupling DL and UL link of UE by using different UE panels respectively.  In this way, if one of the links fails by blockage, the TRP or UE will be notified through the other link while fast link recovery can be done to guarantee the reliability.
On the other hand, as beams from UE need to access different TRPs, the corresponding beam refinement procedures can be carried out respectively and the existing paired beam is able to help the access/refinement procedure of other beams by conveying some useful information. More precisely, in TDD, the pattern of the synchronization signal from TRP can be updated for a better access and the new pattern information can be conveyed by the well paired beam for the indication. Similarly, in FDD, TRP may change the pattern of PRACH resource for a better access and the well paired beam can be applied for the corresponding pattern indication, which is beneficial to the following antenna port/beam alignment for a fast access. 
Proposal 2: In the multi-panel based UL-MIMO transmission, beam access/recovery procedure with the help of existing beam pair should be supported.
To support the non-coherent transmission, some particular techniques such as timing advance and power control should be reconsidered since the usage of multiple antenna panels extends the UL transmission from the UE level to the antenna port/beam level.

· Timing Advance
At the TRP side of the multi-panel based UL transmission, different TRPs may experience different time delay, which lead to different receiving time. In particular, if a common timing advance (TA) is applied by UE for all the transmitted beams, there will be a huge risk of receiving interference at the TRP side. Even these TRPs are ideally synchronized, the path distances from these TRPs and UE may be still different, resulting in the inevitable receiving interference. Additionally, since the antenna panels on UE are far-separated to avoid the hand-gripping issue, the time of their beams arriving at the same TRP may also be different. Therefore, the timing advance with respect to the antenna ports/beams on UE should be considered for multi-panel based UL transmission. 
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Figure 2. Timing advance for multi-panel based UL-MIMO transmission
In the multi-panel based UL transmission, each TA corresponds to an antenna port/beam associated with the TRP and could be indicated by the TA index. Specifically, at the initial random access stage, TA is transmitted by the Timing Advance Command (TAC) RAR while the preserved bits in TAC MAC RAR can be applied as the TA index for the beam Id indication. After the initial access, TA will be updated dynamically through the TAC MAC CE and the TAG identity bits can be utilized as the TA index for the beam Id indication. Besides, new information bits can also be designed along the TAC for the port/beam Id indication. On the other hand, at the UE side, different TAs for the multiple antenna ports/beams should be allowed while the received TAs are allocated to the corresponding antenna ports/beams according to the received TA index.
Proposal 3: In the multi-panel based UL-MIMO transmission, different TAs for the multiple antenna ports/beams on UE should be supported.
· Power Control
In the multi-panel based UL transmission, beams from multiple antenna panels may have different power requirements depending on the signals, channels as well as the path distances towards to the TRPs. Therefore, given the constrained total power of UE, the power allocation over multiple antenna ports/beams should be considered in the case of non-coherent transmission. Meanwhile, since multiple ports/beams on UE may have different TAs, these beams tend to be transmitted under a certain time difference, which should also be taken into account for the power control consideration.
Specifically, the power offsets of different antenna ports/beams can be adjusted through the signaling of transmit power control (TPC) in PDCCH, thereby leading to a dynamic power control. For example, TPC index can be applied to indicate the antenna ports/beams Id. In order to meet the total power constraint of UE, compromise may have to be made for the power allocation over multiple antenna ports/beams, where the priority among different transmission channels can be taken into account. Meanwhile, 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 addition, reporting the antenna capability can also be specified to facilitate the power allocation over multiple antenna ports/beams. 
Proposal 4: In the multi-panel based UL-MIMO transmission, power control over the multiple antenna ports/beams on UE should be supported.
3 Conclusion
From the above discussion, we have the following proposals:
Proposal 1: Non-coherent transmission for the multi-panel based UL transmission should be supported in order to improve both reliability and capacity.
Proposal 2: In the multi-panel based UL-MIMO transmission, beam access/recovery procedure with the help of existing beam pair should be supported.
Proposal 3: In the multi-panel based UL-MIMO transmission, different TAs for the multiple antenna ports/beams on UE should be supported.
Proposal 4: In the multi-panel based UL-MIMO transmission, power control over the multiple antenna ports/beams on UE should be supported.
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