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1 Introduction
During RAN #77 plenary meeting, for multiple TRP/panel/beam transmission/reception for PUSCH, the following agreement was achieved [1]:
· Aiming completion beyond December 2017, exact completion target (June/2018 or other) to be re-discussed at RAN#78 on a case-by-case basis:
· RS design for mini-slot beyond what is covered in Dec. ’17 

· Multiple TRP/panel/beam transmission/reception at gNB for PDSCH/PUSCH

· RLF connected to beam management
The contribution is aimed at raising the priority of UL multi-panel/TRP operation in the following RAN1 meetings, including
1) justify the usage scenario and performance benefits from the aspects of capacity and reliability and analyze the forward compatibility issues
2) key issues should be finished in R15.
2 Justification

As the antenna size can be significantly reduced in high frequency domain, it is possible to integrate multiple antennas within a chip MIMO arrays can be formed in an antenna panel, and multiple antenna panels with low correlation can work jointly on the 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, as shown in Figure 1. 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. These are the motivations and benefits of UL multiple TRP/panel/beam transmission.
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Figure 1 Example of UL multiple panel/beam operation
Spec. design for single TRP/panel/beam should be studied carefully to avoid forward compatible issues. Although most of the designs are for single TRP/panel/beam case, within the last several RAN1 meetings, lots of discussions and agreements on UL multiple panel/beam operation were achieved. And most of which are under discussion from the other aspects without clear boundaries between single panel/beam case and multiple panel/beam case. For example, in non-codebook based UL MIMO section, most companies are positive and active in the email discussion on SRS resource grouping principle (refer to R1-1719185) which is most useful for UL multiple beam management and UL multiple panel MIMO transmission. Another example is the non-coherent MIMO transmission discussed in the codebook based UL MIMO section. Although non-coherent MIMO is mainly used for high frequency multi-panel system, several agreements have been achieved since these recent two meetings. To provide the forward compatibility, multiple TRP/pane/beam case should be discussed from all aspects as well.
After the great efforts of previous meetings within the SI stage and WI stage, some progress of the UL multiple panel/beam operation has been made, such as power control, non-coherent MIMO, SRS resource grouping, etc. Take power control as example, till last RAN1 meeting, open-loop and close-loop part design for beam specific power control were discussed and agreed almost in each meeting and companies are supportive for multiple panel/beam case. However, current beam specific PC design has severe problem if multi-beam operation is considered.  Current agreements suppose the PUSCH is transmitted within one beam and the pathloss and TPC is controlled for this beam. When beam switching happens, network will reconfigure the DL reference signal for pathloss calculation for power control. Considering the multi-beam scenario, as these beams have different directions and would experience different pathloss or may have different transmit beamforming gain, using single downlink reference signal for pathloss calculation and single TPC couldn’t compensate the different link attenuation and the receive power among different ports at gNB side would have large fluctuation range. Therefore, for power control of multi-beam, we need some more detailed design compared with the single panel/beam case. If support one UL grant for multi-beam transmission, port-group level power control is needed. If support multiple UL grant where each beam carries one UL grant, the only difference with the single panel/beam case is the power sharing mechanism among panels/beams which is similar with the CA/DC power control design. Thus, based on the single panel/beam case, detailed design for UL multiple panel/beam operation requires few efforts.
3 Remaining issues for multiple TRP/panel/beam operation for PUSCH in R15
In this section, we will list the remaining issues for UL multiple TRP/panel/beam operation with the considerations on the workload of the spec. design. 

3.1 UL multiple panel/beam transmission mechanism

For UE with multiple panel/beam, UL operation mainly includes UL beam management, UL CSI measurement and UL transmission, where BM and CSI acquisition are used for UL analogue precoder and digital precoder determination respectively. These three procedures have experienced full discussion since the R15 SI stage and almost all cases are captured. Till now, the key link among these three stages is SRS resource grouping. As the email discussion on this topic has achieved an agreement since the last meeting, the remaining designs are the detailed grouping principle and configuration mechanism. 
For different stages and different UL transmission schemes, e.g., codebook based transmission and non-codebook based transmission, SRS resource grouping principle is different. For beam management stage, to speed up the BM procedure, gNB can configure multiple SRS resource group and the group number is equal to the panel number. Within each group, the number of SRS resource is determined by the number of beam. For these SRS groups, only one SRS resource in each of multiple SRS resource sets can be transmitted at a given time instant while the SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously. By the configuration, UE can train multiple beams simultaneously. For codebook based transmission, after the BM procedure, gNB usually needs to configure SRS resource for CSI acquisition as well. For this case, if the beams trained in the BM stage are low correlation, the number of SRS resources is equal to the panel number and each resource spatial QCLed with one SRS resource configured within the BM procedure, and the port of each SRS resource is equal to the antenna port number within each panel. These multiple SRS resource can be sent simultaneously. Otherwise, only one SRS resource with port number N is required, where N is the total number of antenna ports among all antenna panels. For non-codebook based transmission, BM procedure can be omitted as the beam correspondence is assumed. For CSI acquisition stage, gNB can configure multiple SRS resource groups wherein each SRS resource group contains N single port SRS resource. These different SRS resource groups are configured with different spatial QCLed relationships to acquire different UL interference conditions and couldn't transmit simultaneously while all SRS resources in one of SRS groups can be transmitted simultaneously.  For non-codebook based transmission, if the analogue beams among different panels are low correlation, multiple SRS resource groups can be configured to UE where the SRS resource number of each group is equal to the antenna port number of each panel. SRS resources among different groups belonging to different panels can transmit simultaneously. gNB can indicate multiple UL grants where antenna ports within the PUSCH corresponds to one SRS resource group. Therefore, for different purposes, SRS grouping principles are different.
To support varies types of UE, multiple UL transmission schemes and mechanisms should be supported. One different scheme with the single panel/beam case is the non-coherent MIMO transmission among multiple beams. In this case, one UL grant vs. multiple UL grants should be studied carefully. For multiple UL grants case, different grants can respectively correspond to each analogue beam with independent link parameter configurations, such as different beams have different timing advance and power control loops as discussed in section 2. For this case, UL grant design is same with the single panel/beam case and one UL grant corresponds to one PUSCH. For single UL grant case, detailed power control and timing advance among antenna port groups need to be taken into account. Also, the detailed configuration and indication design for antenna ports associated with multiple beams within one PUSCH should be considered. For example, for codebook based transmission, after the BM procedure, if configure one SRS resource for CSI acquisition, different SRS ports may need to configure different beams. Otherwise, if configure multiple SRS sources, different PUSCH ports may associate with different SRS resource and the association indication should be studied.
Thus, for UL multiple panel/beam transmission, SRS resource grouping and single/multiple UL grants are the remaining key issues. 
Proposal 1: Support SRS resource grouping based UL BM and UL CSI acquisition for UL multiple panel/beam transmission
3.2 Timing advance and power control for UL multiple panel/beam transmission
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 2. 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.
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Figure 2. UL DPS transmission
Proposal 2: Support beam-specific timing advance and power control for UL multiple panel/beam transmission

3.3 UL multiple TRP operation
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, 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, UL multiple TRP reception for non-ideal backhaul should be supported. To provide the performance of JR for non-ideal backhaul, HARQ is the most important factor. How to enlarge the number of HARQ processes is the main issue for the UL multiple TRP operation. One simple method is to schedule the two CWs in an alternative manner. For UL, as only one CW is scheduled within a TTI (rank<=4), 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.  
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Figure 3. Dual HARQ processes with enabling one of CWs
Proposal 3: Support mechanism to enlarge HARQ RTT timing for UL multiple TRP reception with non-ideal backhaul, e.g. scheduling CWs by TDM
4 Conclusion
In this contribution, we present our views on the support of UL multiple TRP/panel/beam operations. The following proposals are made:
Proposal 1: Support SRS resource grouping based UL BM and UL CSI acquisition for UL multiple panel/beam transmission

Proposal 2: Support beam-specific timing advance and power control for UL multiple panel/beam transmission

Proposal 3: Support mechanism to enlarge HARQ RTT timing for UL multiple TRP reception with non-ideal backhaul, e.g. scheduling CWs by TDM
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