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Introduction
In NR SI, it was agreed to support the following features for DL network coordination [1]:
	For coordinated transmission schemes for NR, both the case of co-located TRPs and the case of non-co-located TRPs are considered. For coordinated transmission schemes for NR, different types of coordinated transmission schemes for NR are supported. Both semi-static and dynamic network coordination schemes are considered. In supporting semi-static and dynamic network coordination schemes in NR, different coordination levels should be considered, e.g., centralized and distributed scheduling, the delay assumption used for coordination schemes, etc.
NR supports downlink transmission of the same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul. Note that the case of supporting the same NR-PDSCH data stream(s) may or may not have spec impact.


Having been shown in the various evaluation results during NR SI, the features above can be utilized to increase DL throughput, link robustness, etc. Although similar advantages from multi-TRP and multi-panel are expected for UL as well, the detailed specification supports for UL multi-TRP and multi-panel could be different from those for DL by considering UE complexity or the inherent properties of UL.
[bookmark: _GoBack]This contribution addresses Samsung’s views on the following issues:
1. Specification supports for PUSCH reception via multi-TRP/-panel of gNB
2. Specification supports for PUSCH transmission through multi-panel of UE
Specification supports for UL multi-TRP and multi-panel in NR
In general, the PUSCH reception performance can be enhanced according to the number of receiving TRPs or panels at the cost of gNB implementation complexity. In this scenarios, if the receiving TRPs or panels are distributed over the coverage of single PUSCH, then multiple UL precodings or multiple UL Tx beams might be required for better performances. However, adopting multiple UL precoding or multiple UL Tx beams for UL multi-TRP/-panel scenarios may induce higher UE implementation burden that that for UL frequency selective precoding, since transmission of multiple precodings or beams can be required at the same time/frequency resources in this case. Therefore, to do not compel UE vendors to implement UL multi-TRP/-panel operations, at least the corresponding UE capability should be provided (separately with those for UL frequency selective precoding, the numbers of UL antenna ports or panels, etc.), if UL multi-TRP/-panel operations are supported.
Proposal 1: Consider individual UE capability signalling for UL multi-TRP/-panel operations, if supported
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Specification supports for PUSCH reception via multi-TRP/-panel of gNB
Power control & timing advance adjustment
Performance gains of multi-TRP reception or CoMP joint reception (JR) have been demonstrated during LTE CoMP (TR 36.819). The CoMP JR schemes assumed various functionalities such as for power control, orthogonal DM RS, frequency domain scheduling through SRS, reliable control feedback, etc. 
Figure 1 illustrates an overview of UL CoMP. UE1, UE3 and UE4 are associated with cell 1, while UE2 is associated with cell 2. For UEs placed in the cell boundary like UE1 and UE2, orthogonal-RS based UL CoMP, UL OL PC with PL derived with cell-specifically transmitted CSI-RS and TA adjustment could be beneficial to achieve the throughput gains. On the other hand, for UEs close to small-cell TRPs, e.g., UE3 and UE4, local transmissions with a reduced power to corresponding TRPs should be allowed. To facilitate the low-interference small-range transmissions, pseudo-orthogonal-RS (e.g., via allocation of virtual cell IDs) and TRP-specific UL PC & TA should be allowed. 
Proposal 2: NR specifications should allow the following operations:
· Open-loop UL PC based on PL measurements from either a TRP-specifically configured CSI-RS or a cell-specifically configured CSI-RS
· TA adjustment utilizing either a TRP specifically configured CSI-RS or a cell-specifically configured CSI-RS
· UL RS scrambling configuration (e.g., virtual cell ID), to allow for (1) pseudo-orthogonal transmissions for multi-TRP frequency reuse in a serving cell; and (2) orthogonal DMRS allocated to UEs belonging to different serving cells


Figure 1. UL CoMP overview
Multiple SRS indication
When UE transmits its PUSCH to multi-TRP or multi-panel, optimized beam for each TRP or panel should be different due to different location, blockage and so on. Considering such aspect, PUSCH transmission via multi-beam pair links should be applied to fully realize performance benefits of multi-TRP/-panel reception. Figure 2 shows exemplary operation of multi-beam based PUSCH transmission. In this operation, UE can realize multiple Tx beam via multiple SRS resources which is indicated via SRI by gNB. Based on the information, UE can apply different beam to its data transmission with pre-defined or configured granularity (e.g. slot, mini-slot or REG). Various aspects such as signalling overhead, power control, UE complexity, should be also taken into account.
Proposal 3: Consider multiple SRS indication for UL multi-TRP/-panel taking into account signalling overhead, power control, UE complexity, etc.


 
Figure 2. Multi-beam indication in UL transmission for multi-TRP/-panel reception
Specification supports for PUSCH transmission through multi-panel of UE
For PUSCH transmission, the dual-stage UL codebook proposed in the companion contribution [3] can be extended to multiple antenna panels at the UE. Similar to the DL multi-panel codebook, the antenna port layout can be assumed to be the same for all panels and the spacing between two panels can be non-uniform or arbitrary. The following two alternatives can be considered to extend the dual-stage UL codebook [3]:
· Alt 1 (antenna panel selection/turn-off): The PUSCH transmission is restricted to one panel where antenna panel selection is either configured or reported by the UE. The codebook for the selected panel is the dual-stage single-panel codebook [3].
· Alt 2 (joint transmission): The PUSCH transmission is joint from all antenna panels. The DL multi-panel codebook proposed in [4] can be used.   
Proposal 4: Extend the single-panel dual-stage codebook [3] to multi-panel case considering the following two alternatives:
· Alt 1 (antenna panel selection/turn-off): The PUSCH transmission is restricted to one panel where antenna panel selection is either configured or reported by the UE. The codebook for the selected panel is the dual-stage single-panel codebook [3].
· Alt 2 (joint transmission): The PUSCH transmission is joint from all antenna panels. The DL multi-panel codebook proposed in [4] can be used.
Conclusions
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This contribution presents Samsung’s view on the support of NR UL multi-TRP and multi-panel. The following proposals are made:
Proposal 1: Consider individual UE capability signalling for UL multi-TRP/-panel operations, if supported
Proposal 2: NR specifications should allow the following operations:
· Open-loop UL PC based on PL measurements from either a TRP-specifically configured CSI-RS or a cell-specifically configured CSI-RS
· TA adjustment utilizing either a TRP specifically configured CSI-RS or a cell-specifically configured CSI-RS
· UL RS scrambling configuration (e.g., virtual cell ID), to allow for (1) pseudo-orthogonal transmissions for multi-TRP frequency reuse in a serving cell; and (2) orthogonal DMRS allocated to UEs belonging to different serving cells
Proposal 3: Consider multiple SRS indication for UL multi-TRP/-panel taking into account signalling overhead, power control, UE complexity, etc.
Proposal 4: Extend the single-panel dual-stage codebook [3] to multi-panel case considering the following two alternatives:
· Alt 1 (antenna panel selection/turn-off): The PUSCH transmission is restricted to one panel where antenna panel selection is either configured or reported by the UE. The codebook for the selected panel is the dual-stage single-panel codebook [3].
· Alt 2 (joint transmission): The PUSCH transmission is joint from all antenna panels. The DL multi-panel codebook proposed in [4] can be used.
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