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1 Introduction
At previous meetings, UL multi-panel/TRP was discussed. In RAN1 #87, the following agreement was achieved [1]:
· 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 paper, we discuss related issues in UL multi-panel/TRP operation, such as UL joint reception over multiple TRPs and UL multi-panel transmission.
2 Discussion
2.1 Joint reception via multiple panels/ TRPs for UL transmission
In last meetings [2], multiple PDCCH was agreed and the maximum supported number of NR-PDSCH is 2 for a UE to simultaneously receive on a per component carrier basis. Consequently, the UL CoMP can be studied to increase the UL throughput and improve UL reliability.  One of the most valuable CoMP scheme is JR (joint reception) where network level IRC receiver is used to reject interference among UL links belonging to different panels/TRPs and soft LLR (log-likelihood ration) combination among the coordinated panels/TRPs is to obtain the HARQ gains. 
For ideal backhaul, although new transmission schemes and scenarios for UL are introduced in NR, e.g., non-codebook based transmission, multiple panel transmission etc., JR is easy to implement with the help of central scheduler by allocating all resources among TRPs. For this case, JR is similar with MIMO reception within single TRP. However, for non-ideal backhaul with delay constraint, X2 interface delay may influence the UL performance gains since the joint interference rejection reception is difficult due to its chip-level synchronization requirements. What’s more, for JR, decoded bits from cooperative panels/TRPs should be transmitted to the serving panel/TRP to reap the benefit of soft LLR combination which will lengthen the HARQ RTT timing. If the total number of HARQ process is limited, the performance will be deteriorated due to the suspension of HARQ processes. As the non-ideal backhaul case is a more practical one compared to ideal-backhaul case, we have the following proposal  
Proposal 1: UL joint reception via multi-panel/TRP should be supported in ideal backhaul case at least. 

To provide the performance of JR for both ideal backhaul and non-ideal backhaul, some factors need to be considered in the specification design, such as UL DMRS configuration, HARQ process design.
2.1.1 DMRS configuration
To guarantee the promising UL multi-panel/TRP gains, UL DMRS configuration should pursue to mitigate the UL inter-TRP interference. For example, for a UE which transmits data layers to multiple coordinated panels/TRPs, the DMRS sequence and pattern for it should be orthogonal to the other UEs, so that the interference of RS between the UEs would be mitigated. For example in Figure 1, UE1 transmits data layers to both TRP1 and TRP2. UE2 also transmits data to TRP1. UE3 also transmits data to TRP2.  UL DMRS of UE1 should be orthogonal to both of the UL DMRS of UE2 and the UL DMRS of UE3 to achieve minimum impact among UEs with regards to their UL DMRS.  
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Figure 1. Possible inter-TRP interference in UL CoMP

In NR MIMO discussion, UL DMRS may have two different sequences for CP-OFDM and DFT-s-OFDM. For DFT-s-OFDM, the DMRS base sequence generation, sequence shift pattern, group hopping pattern should all rely on UE-specific configuration to achieve a high degree of orthogonality among TRPs. For CP-OFDM, the DMRS sequence generation should also relay on UE-specific configuration, such as a virtual ID. For both DFT-s-OFDM and CP-OFDM, other methods for orthogonality should also be considered, such as time-frequency resource can be non-overlapped among UEs, or OCC can be used. In the case of non-ideal backhaul, the mentioned UE-specific configuration would be semi-statically configured to be adapted to the time delay among TRPs. In LTE R11, to support UL CoMP, DMRS configurations including sequence generation, sequence shift pattern, group hopping pattern are all UE-specific. NR can inherit the similar design as LTE.
Proposal 2: DMRS configurations of sequence generation, sequence shift pattern, group hopping pattern should be UE-specific as in LTE to mitigate UL interference among UEs belonging to different TRPs. 

2.1.2 Number of HARQ process
For JR in non-ideal backhaul scenario, as shown in Figure 2, coordinated panels/TRPs would exchange soft estimated bits back to serving TRP. The serving TRP would then feedback HARQ-ACK to the UE. This is quite different with DL CoMP where each TRP can schedule the UE independently without inter-TRP data exchanging.
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Figure 2. UL multi-panel/TRP with non-ideal backhaul  

For JR, the total delay for one scheduling is larger than twice of backhaul delay due to pre-scheduling and LLR exchanging from cooperative TRP. In RAN1#89 meeting, the maximal number of HARQ process is to down-select from 8 and 16[3]. This can only support the backhaul with 4 or 8 TTI delay. For backhaul with more than 4ms delay, there would be HARQ suspension problem even using 16 HARQ processes and UL scheduling should terminate until there are available HARQ resources. To avoid the UL throughput degradation, the number of HARQ processes can be extended for more room to receive A/N before the HARQ processes run out.
As the practical UL transmission for one UE is less than 4 MIMO layers, which means only one codeword can be scheduled at one TTI, single codeword DCI for UL grant is preferred as it can bring the benefits of overhead reduction and reliability improvement for control channel. For UL, if only one CW is scheduled within a TTI, the HARQ resources of two CWs can be shared if the UL grant carries the information of which CW is scheduled through the CW identifier. For example, as shown in Figure 3 the TRP schedules different CWs alternatively in a TDM manner. With the help of CW identifier information within the DCI,  the HARQ resource can be fully used without any extra complexity and the total number of UL HARQ processes can be doubled compared with scheduling a fixed CW or a default CW.  

Proposal 3: The UL grant should indicate the CW identifier to make full use of HARQ resource and equivalently increase HARQ process number for UL CoMP in NR.
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Figure 3. Dual HARQ processes with enabling one of CWs
2.2 UL transmission via multi-panel at UE side
In LF, the omni-directional transmitter at UE side enables simultaneous data reception in both coordinated TRPs. However, in HF, to improve the reliability and revisit the blockage, UE is likely to equip with multiple panels. In this subsection, we will discuss the transmission scheme design, power control and timing advance design for multi-panel transmission.
2.2.1 Transmission scheme design 
For UEs with low capability, it’s difficult to transmit from multi-panels simultaneously. For this case, UE can transmit SRS through different antenna panels and TRP helps the UE choose the best antenna panels for UL transmission through the SRI within the UL grant to provide the UL link condition. To support this, UE needs to report antenna grouping information where antennas can transmit simultaneously within one antenna port group.
For a UE with high capability, one possibility is that the multiple panels can transmit to the coordinated TRPs simultaneously. In this case, if these multiple panels are with the same orientation, then coherent MIMO transmission with inter-panel co-phasing across panels is preferred to improve the gain of both beamforming and multiplexing. The related design for the inter-panel co-phasing can refer to our companion contribution [4] . 
For UEs with multi-panel and different panels have different orientations, joint precoding among all antenna panels is not suitable. For this type of UEs, different beams toward to different TRPs with independent link parameter configuration are preferred. For example, different beams have different timing advance and power control loops. For the PUSCH within all simultaneous transmission beams, similar to DL NCJT, each beam can carry independent PUSCH corresponding to independent UL grant. Thus, both robustness improvement and capacity enhancement can be provided by transmitting same or different data within different PUSCHs or different beams. Besides the flexibility of multiple UL grants, the standard effort is little as well. The UE only needs to monitor NR-PDCCH and transmit the corresponding PUSCH within each beam pair link. Detailed design on multiple beam training and indication can be found in our companion contribution [5]. 
Proposal 4: NR should support UL multi-panel transmission with
· Antenna panel selection, where only one antenna panel is selected.
· Inter-panel co-phasing among panels where these panels have same orientation.
· Different PUSCH transmissions within different beams where different beams toward to different TRPs and different panels have different orientations.
2.2.2 Timing advance and Power control
For UE with multiple antenna panels with either high capability or low capability, it is possible that beam directions can be changed as shown in Figure 4. For UL antenna panel selection transmission, it is like the UL dynamic point selection (DPS), where the beam direction is changed toward to different TRPs with different transmission intervals. As discussed in previous section, for UEs with high capability, it can support multiple beams transmission at same time. As different beams towards to different TRPs will experience different propagation delays and pathloss and different TRPs have independent receive timing, multiple timing advance loops and power control loops should be supported. Especially, in CoMP Hetnet scenario, the timing of the UL reception may be different between macro cell and small cell. It might be possible that even though the UE is connected to the macro cell, the UE may be closer to the small cell, as shown in Figure 5. If the UE adjusts the uplink transmission by TA1, the UL reception in the small cell would strongly influence other UEs which are also inside the small cell. To solve the misalignment between the TA for macro cell and the TA for small cell, the UE could maintain multiple timing advance loops and power control loops. Each timing advance and power control targets to one cell.
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Figure 4. UL DPS transmission
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Figure 5. Hetnet scenario
For DL multiple PDCCH case, UE would transmit multiple PUCCHs and each corresponds to one PDCCH. For UE, there is correspondence between one PDCCH and one PUCCH. For example, PDCCH1 is configured by CORESET1  and PDCCH2 is configured by CORESET2 . UE should transmit PUCCH1 corresponding to PDCCH1 and the correspondence can be reflected in CORESET1 configuration or by  pre-definition. For this case, transmission parameters for these two different PUCCHs (correspond to different beams) should be configured individually, e.g., independent timing advances and power control loops. It should be noted that, these two PUCCHs can appear simultaneously within one TTI.
Proposal 5: NR should support multiple timing advance loops and multiple power control loops for UL within one TTI.

One alternative to obtain multiple TA at UE side is to let UE measure the difference of transmission delays for the multiple coordinated TRPs. The network can determine the TA(s) after making the decision of which TRP(s) is involved in the JR on the basis of the UE feedback. For example, if the UL timing needs to align with the small cell, the UL transmission should be delayed compared to the macro TRP reception. In this case, it is necessary that the UE can maintain multiple TAs at UE side.
3 Conclusion
In this contribution, we present our views on the support of UL multi-panel and multi-TRP operations. The following proposals are made:
Proposal 1: UL joint reception via multi-panel/TRP should be supported in ideal backhaul case at least.
Proposal 2: DMRS configurations of sequence generation, sequence shift pattern, group hopping pattern should be UE-specific as in LTE to mitigate UL interference among UEs belonging to different TRPs. 

Proposal 3: The UL grant should indicate the CW identifier to make full use of HARQ resource and equivalently increase HARQ process number for UL CoMP in NR.

Proposal 4: NR should support UL multi-panel transmission with
· Antenna panel selection, where only one antenna panel is selected through the DCI.
· Inter-panel co-phasing among panels where these panels have same orientation.
· Different PUSCH transmissions within different beams where different beams toward to different TRPs and different panels have different orientations.
Proposal 5: NR should support multiple timing advance loops and multiple power control loops for UL within one TTI.
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