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Discussion and Decision
1. Introduction
In RAN1 NR AH#2 and previous meeting, uplink multi-panel operation has been investigated in order to improve the NR uplink performance and facilitate uplink transmission schemes [1]-[2]. There are agreements on the user side antenna configuration and uplink transmission scheme, e.g. non-coherent joint transmission (NC-JT). In this contribution, we consider the performance of uplink NC-JT as the low complexity, low hardware requirements as well as the high performance, especially in NR high band.  
Agreements:(RAN1#86b)

· 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
Agreements:(RAN1#87)
· 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
2. Discussion
In RAN1 NR AH2 and previous meeting, NR has discussed multi-panel multi-TRP operation for uplink transmission, where multiple PUCCHs/PUSCHs are transmitted from different panels at user side and are received at separate TRPs. Exploiting different panels to transmit different data streams per user can avoid some potential challenges. For example, in this scheme each link is independently considered, and it does not need complicated inter-panel array calibration. 

To evaluate the benefits of NC-JT based multi PUSCH transmission, we consider the use of multiple panels at the UE. Each UE panel can be assumed to have a different orientation, which implies that the best TRP may be different for each UE panel. It is therefore assumed that each UE panel determines its best TRP based on measurements and feeds back the information to the network based on which the network determines which TRP(s) are used for PUCCH /PUSCH reception. 
2.1 Enhanced NC-JT scheme
In order to perform the analysis of per-panel link quality, we assume that each panel of the user has identified its best TRP with the strongest link gain, and this panel and its best TRP constitute a link pair. Figure 1
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 illustrates link pair quality for different panels per user. For example, the first panel of user 1 and TRP1 constitutes a link pair, and the second panel of user 1 and TRP2 constitute a link pair. For user 1, the link quality of the first link pair is better than the second link pair. However, for user 2, the second link pair is better than first link pair. Then, we should analyse the per-user ordered link-pair performance, and further investigate the valuable link or link groups for NC-JT transmission.  
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Figure 1 UE transmission with multi panels
Figure 2 shows the distribution of the geometry, assuming UEs with 4 panels, for the four links measured by each UE at each of its panels, sorted by the strengths of the links. Thus, the “Best of 4 panels” curve corresponds to the CDF of the geometry at the panel where the best link is measured, the “Second best of 4 panels” curve corresponds to the CDF of the geometry at the panel where the second-best link is measured, and so on. Also shown in the figure is the CDF of the geometry assuming all UEs have a single randomly oriented panel (“Single panel” curve). It is evident from the figure that the ability to select the best among the 4 panels for the 4-panel UE is beneficial relative to having a single panel. Furthermore, the best panel and second-best panel geometries for 4-panel UEs are better than the geometry for single-panel UEs with random orientation.
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Figure 2 Geometry distribution for the best link on each UE panel with 4 panels

Observation 1: Best panel selection for each user can yield a significant performance gain at low cost and low complexity. It is preferred for low-rank uplink transmission. It can be regarded as a special case of NC-JT.
Observation 2: NC-JT based on selected panel subgroup for each user (called enhanced NC-JT) can yield higher performance gain from the perspective of multi-link spatial multiplexing and transmission robustness. It is preferred for high rank uplink transmission.
Observation 3: For configuration of four panels per user, a transmission scheme using two selected panels is preferred in terms of performance and the power efficiency. It indicates that two separate PUSCH can be transmitted from two selected panels for each TRP.

Proposal 1: The maximum number of PUSCH for multi-panel multi-TRP operation is to 2.

2.2 TA for multiple panel transmission
The properties of different link pairs of one user could be different. If the user takes NC-JT for uplink transmission, each links should be used a unique TA value in order to gain higher performance. For reducing user uplink transmit complexity, one TA for all active panel per user should be considered. This can be realized through the panel and best TRP pairing procedure given the TA constraints. Best panel transmission scheme as a special case of NC-JT can use a single TA for uplink transmission.
Proposal 2: To support uplink multi-panel NC-JT, both single-TA based transmission scheme and multi-TA based transmission scheme should be considered according to the user capability.
3. Conclusion
The contribution is concluded by summarizing observations and proposals for uplink multi panel and multi TRP operations:
Observation 1: Best panel selection for each user can yield a significant performance gain at low cost and low complexity. It is preferred for low-rank uplink transmission. It can be regarded as a special case of NC-JT.
Observation 2: NC-JT based on selected panel subgroup for each user (called enhanced NC-JT) can yield higher performance gain from the perspective of multi-link spatial multiplexing and transmission robustness. It is preferred for high rank uplink transmission.
Observation 3: Observation 3: For configuration of four panels per user, a transmission scheme using two selected panels is preferred in terms of performance and the power efficiency. It indicates that two separate PUSCH can be transmitted from two selected panels for each TRP.

Proposal 1: The maximum number of PUSCH for multi-panel multi-TRP operation is to 2.
Proposal 2: To support uplink multi-panel NC-JT, both single TA based transmission scheme and multi TA based transmission scheme should be considered according to the user capability. 
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